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4. T|EFLELLEBRERIE
51 H 11:50JST A5 13:20]ST DREIDORLEIT

L — 45— K 2 BRI A ORF A AR CTd 5.
Z OIS Z OFEIANIZIE ST 235 S4 £TO 45D
FERLESRAE L, 205 B S, 82, S3 BZENENHESE
T1,T2, T3 ZRAESEZ. ZDHH S1 & S2 DEKIE
T ENZ 130kn? & 150kn? (F/KFREE 30mm/h LA_L
OEE) THY ., K[EEINIEELE CRJE, 2012) @
2~3 DA H T H AT NI R E AefiiLET
HoTo. 3ODEEITNT IS ENENOIEELEDN K
KOERIZET HITE 10 SATNCRAE L. TI 2 b7
B L7 FEELEE ST AR AR C 18ms™ i TR
(BN L7z, FEELE S2 & S3IxENEh o3 trs

(12:20JST) I ZIFEAT ST B DRI A TWZDS, £
D% S2 1TIHIR L S3 3 FE L 72, FHELE S41ES3 )
SIEFT TN 38 (A7) » b) LCORELR

FHELE S1. S2 OgpEWER (K6) I2kbd &,
SLEEOHEIT A MR A IE 2 i3 B2 S m B dkm F
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(Vault) & A\ Bounded Weak Echo Region (BWER)
LI D “As3—1 )L (Markowski and Richardson,
2010)” I[ZHFE R L —F —=a—DBIRBRLND.
T ZIAFET DR ERRIRIC X o TRRACKI -3 9%
TCERNWD, FE EFRISKE W ORKRE
FRFHFERELSHRETERNWI LR ZOBRE £
TR & EnTWv5 (Lemon and Doswell, 1979).
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Lo THETZ 5.

5. HEE S1 BAoSFEE
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1. [FLHIZ

FEExHR (22 A 7 —1<20 km)id, 10~20 53 ORICHEE - sl L, #EISM LV BERNE
H7e HF, FEE IO T EME ORI, %@W*ﬂf%iﬂéﬁ‘éiﬂ’iﬁ@ﬂ?%b\%%h
W) EYEEREOMBENEE TH D, VHF KR L —F —1Z 2D X5 73T A —2 D
WIZE e FETHD, ZNETIE MU L—F—IZ L 5MEMZ SRR K-> T, %
M RITRRIZ AR 5 Rk WZPED LA X RIERAD A Y y 27— o —Z B
WD S D _éﬂ’C%f:(Shlbagakl et al. 2000, 2003), L2>L72Mn 5, %ﬁﬂéhk* Exf
WiE. MU b—F =0 OB -G CREL, TORICL—F — 22l L7 b ONIE
EAETHoT, ZDOX M, 20114FE9HDO MU L—X—DL VA A= 78I
M(TANUKI-201DIZ, L —& — FZE TR ET HEEMNTEZR A D Z LITkB Lz, Af
ZETIL, 2 OFEEXRIROFEM R ShE IR A B2 AU KR FFHEIZ DWW THREZ1T O,

. BT —#

MU L —#—® GRATMAC #ZE¥ERLHITIE, £ 60 BT cHiilE - i€ — K& E
T FERHEIIHYIRT Z LT, #1120 BRORE CHiE T — 2 283G ans, 4B
TANUKI-2011 Tix7 > 7 FE—24% 3 HIZRE L, FFT ORICA— =% 7 ) 7
JVBRAE 2479 Z & T, BEMERHI L v & 1/10 O 12 BRI TR v 77 — A7 L OSHE
T 7 ANPELNT, AW TIE, Ry 77 —AXT7 MLPORKT=a—nbEE 3 5’
Sy GRTEFE - BPEJE - pAbE) 2, B 22— bR A 2 R 7=, 7l BT
A AW L U A=V ZIZ R D mEmE S EREG mBLINTOIL TN DA, FEE
X DA FE TIEERTE ST IS 2 AUE SNV FERB TN EE TRz . FEEE TR o Nk
Ry 7T =27 MEFHE L, @EE ) 150 m 2 B8GH - RN T A — X 2 HEE LT,

3. BLHRE R

A, HH LZBEESRIL. BARRISICALET 5 BE D OEIRSIE R 285t A DEREE
DOHFRTRFZELZGR: K1), M2k, FEESmE#EREO MU L —& — CEHl S -
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Z=fUWamm ©2)
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Wiz, @F%EH 1(19:38~19:42): FlEO LRGN EEE CHREL, LENLERTa—»
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L— A= X DB, FZEONMICL AN T a—2 G 5. GO BNT —~
ORENICET D EFmA T BRI, EEE 2D ORI MmDSD)TH 5. DSDIE,
— DO EERSETE DT A =2 —Thd L —4—KHKNT Z # T, BNME R ZH
ETHEENFELS. DSD BEZ b TWIUE, Z0nobDRREEMR R KD Z L 03H
HETH D2, DSD MM Z L ICKEL LT HZ LML TS, ZD7w, R OHEERE
ZERLST D70, LVHEEREOE W DSD OIERESILERSH 5.

AFFECTHWDER L —F —D~A 7 a LA v L —F—MRR)E, B — A ZE EIF AT 7=
BIET>TEY, BKCLD2ZEZa—DOMETn 7 7 A VEBIIL TND. ZOTa—DF
v 7T =AY MG, DSD AHEET H I ENAEETHDH. LT AN, MRR OB E,
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L — & — BT/ D7 REERE RO % 75 L5\ 72 B 2 i O %% T & 270 LT, il
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BLR %], MRR B O TOBMT —4 2385 2011 410 H 14 BHD 0 FEN 5 16 FEOT — X %
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NHEE STV 7%, MRR OBLIER [ KEENE R A ZE L TR E WD BN & 5720,
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FEL AL, MMERICKT 2% FEEOMGRRE O CRMEERZHEET .

V(D) =(9.65-10.3-exp(—0.6 - D)) * Sv(h) )
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MU L — & —#I &% OV BLR #IlIC £ 0 #7E L7 DSD & MRR 87— # JLE i B8\ C, MU
L— A —BNC L0 BN KEERER 2 B8 L2 AI L W H#EE L7- DSD & ki U7 5R
ZM 6 1R, X301, 20114210 A 14 H 15827 508G TH Y, & 1700 m, 1900 m,
2000 m 28V HEREIRIZZ L 4-0.355 m/s, -0.452 m/s, -0.371 m/s TH->7z.

4
log;
2 B IEIC K|V HEE 472 DSD
oN(3
D) | 9= MRR B L 0 HEE & 4L7- DSD
1
\ #1700 m
0 N
R=0.65 mm/h
4 [
0 0.5 1 1.5 2 2.5
R ERE [mm]
10g14
01\;( 3 == 2 JEWIEIC L0 HEE S 472 DSD
D
5 RR BN L Y HEE & 7= DSD
1
& 1900 m
0 R=0.72 mm/h
-1
0 0.5 1 1.5 2 2.5
FSEE [mm]
1 4
o8l = 2 LI D HEE S DSD
oN(3
D) 2 meff=  MRR @] L 0 #E7E S 4172 DSD
1
\ i 2000 m
0
= R=0.83 mm/h
-1
0 0.5 2 2.5

1 1.5

R EAS [mm]

6 2 JEWEEZAWTHE SN 7- DSD & #HEEMMERZ AW i-5Hse
MRR #H7 SHEE L7 DSD & Dbk



F 72, 2 FPIEIC K 0 HEE &7 DSD & HEE R ELAE 2 VO 72 MRR 8Ll B HEE S 4172 DSD
L OB ET D701, 2 AEEICIVHESNZ DSD I LT Ry 77 —3HENS O
TER A V72 MRR B2 B HERE 72 DSD & HEE R E A 2 V72 MRR BRI SHEE S

72-DSD & @ RMS fRZEZZFNZFNX 7 & X 8 IZ/RT.
2 BEPENGHEE S v DSD &

log; * [P = LZFH L 72 DSD
oN( 3 I-fm H 2 BIRIENSHEE S v DSD 2
D) 2 IR | l ST MRR| AL 515 S

1 | 1\17:) DIFHHRMS 335

0 ~J]

1

2

0 0.5 1 15 2 25

FRTEELS [mm]
7 2 JEWEEHWTHE &7 DSD ESnEHEE S RMERZ - L &
MRR B2 5 HEE L2 DSD & O RMS #azE

4 2 JEh A B HEE S L7 DSD &
log; 5 A2 L LT DSD
oV T~ | 2mMaEspHES A DSD IS
D) ? | ' " % UTo MRR @I 545 b

1 ‘,\D‘SE PO FHFERMS 772

0 \j

-1 1

-2

0 0.5 15 2 2.5

1
R EAS [mm]
8 2 FMEE FAWTCHERE S 7= DSD & HEEMRERZ Az & &

MRR B2 5HEE L7 DSD & O RMS fiz%

5. £&0

AHFFETIL, BAED MRR OBELHIT — X IZB WX Ry 77— 247 b L X0 s E 2
TRMEREDHEE STV 525, MRR OBAIFH L, KRIENERZZE L TWHRWN &V ) [
W DT, BT EOSRENR & FERONTE OV FHE & D7 L0 4 U 5 HEE I EAECHEE
D DSD OFEEALITRET DN E WO SRS D, ZD7-H, MU L—F—%H\T
REEREIROE @A BT LT, RKEREDEE B L72%HA 1, MRR BLHI7> 5 HEE 4172 DSD 12



B2 BEBIZOWTHRE 21T o 7. TOFEEN D, MU L—& —BLUINIC X 15 5o KSR ET
EERBLISGE L, BELRWEGETERZI MRR 8Ll HHEE L7- DSD OZX, [N
DYIRIEEDN B KRBT IR DICONTHEDPRE LS Ro TN Z &R mholz. £ LT, g k
DENEHE NS, MU L— & —BLICHE 5 72 KRBT O E & 72 LB\ 2l B & R O % T
WE L AR LT, WHERZHES S, ZOHEWRHER%Z MV T MRR 82 X2 DSD #E
IT9. —J5, MU L—FZ =B KGAR7 MVEHEE L, ff%9 % BLR 8L & BT A
7 MV ERWT DSD #EE AT 5 2 JHIKIET, mFEE DO DSD OHEENFIRETH H. ZiLH D 2
DO EE FAWTHEE Sz DSD O A 21TV, HEERBEIZOW TR EZITo72. 2 2D
FikA W THERE S 4072 DSD % b U 72 /5580 &, HEE T AR 2 72 MRRBUHIIZ K 5 DSD
HEE L MU L — & —81lI &% O BLR 8l iV 7= DSD HEE 1T, TV METH 722 & 035y
Mmofo. Eio, 2 EEENDHEE S/ DSD & EAA Z &I L7z DSD (2% LT MRR @17
54354172 DSD O+ RMS #R7E Tl #EEMNMERZ MW a6 D13 ) SiEN M <D
ZENbhrol.

L2aL, ABFETIE, MU L—& —8LHI72 5 & SIS 2 RRENERZ UG LT, gk
DEREHEN S ZE LGIWTEEZMFE O THEE L LTEY, RKRANRT MVDIRR Y RLHE Sy
BRZBEINTORNEWHIMESERSD. ZOD, SHIEMRRBHNLEEL TS Ky
7T =AY hd MU L—F—BIN 65 LT RRDOEESRETRO AT/, RRARY
MV ZERE LTz MRR BUI AT MV ORI LETH 5.

Vs
e

EL
EL

e
ABFFE TN MU L= —0F =4 KO BLR OF — 4 13, FUHRAAAFBIFFEHTE % MU
BUFTERRIRRZE L LCR S TS £ Lis, IR a2 LE T

253k

Gerhard Peters et.al : Rain Attenuation of Radar Echoes Considering Finite-Range Resolution and Using
Drop Size Distributions, J. Atmos. Oceanic Tech, 27, 829-842,2009

SERREE: MU b—& — EERE L — & —1C X D BERRRIAE 0 A 00 ZJE R IR REBLI ), 5 7B,
Technical .Report. Ieice. Sane93-53(1993-10), 73-80, 1993

FEH—HE:  TMRR 813 X OV 7 VEHRICEE D < @fifg O %Al v — & — RO R F-Reik ), BRK
FRFBER A P LR R 24 S E L5

METEK: MRR Physical Basics version 1.8.3, 5-17, 2005



Ku H 2B OBMBERREE & 228 I UM ERGE & DR

AT 282 - SR AR CR B Ui R R52)
1. IXCBHIT

VARG @IS TlE. B0 REEACICEE 10GHz LA LD A5 DB ANV B A 1E
MIZH BN, WD C H# (6/4GHz) O % HV 24T OEBSEFEICHST, 2ok X
D AR RO ENER A2 AW S EEICH DI O B ARENIZE T 228 E ST, BW
WL DEEEZTOoTWVWE W) MEENTFEET SO,

A7 CIE MU L— & —3h[EFIHo—8 & LT 2002 £ X 0 # 10 4£LL EiCh iz » T, m#ioRE#
5 MU 8UHIFT (MU, & RHET) ., mEKPEREVIZEET RISH, sHEFFIET) BEO
KBESGEE KT (OECU, KIJFERE)IT) TEIZ BS Mkl (BS. 11.84GHz) % HWTAT
> T& 72 Ku HHrEEE OB 3 AFRFEHIC S & D&, ZibH 0 3 HiS M CREMEE AR
D—DTHDHYA NEAN—T 4 B LG EOHRICOWTREL BT 2T TE 2, &
DFER, ZTANR—=2T 4 %2475 3 USRI OB D 2272 B3, MR ONLERIFR & Ao i 5 [
WA NEAN—=2T 412K D BRI R iR THEERERZ R 2 LR,
S HIZ, R @I 7 R0 D L L AR SO RUTE O 88 7 A & b IR IS B e BER S
%éu‘: Hor o TEO,

AIElOHETIX, MU L — —HLFEFIHIZ L > THAS L7 MU L—& — EZ2ED B I2 Tt
P (B 2~6km) D /K R & | B RNREIZ B RRIROR 3 A D HEE U 7= IR O @i B & % brig
L7 5, NI LT MU L—4& — FZEORGED i, FZ21FE 8 N0 M L, &
DA EZEE UM OH D 2 EARENTZO, SRS 52, 2o BS B ST < 1[25%
B ENTZKRTOT A X ATRIBHIB S iz B o s - Jak S BS B 3 s iz L 5
W Eh L DR AT =D T, W5,

2. BREE3RBHEICX 2MIBBEIO T A X A2 X 5 EREDHE

ABFFETIE 2008 H4-~2011 FFO RT3 Hum CREFNIEEE 23784 L7 B 100 Biliz>\C, tHAFERS
B¥E T 3 BT DN - EIEEE T — % O 217 - 7=, A AARBIREEI IR B4 5
ZODAE F M OFELERCRERBEN ORIE AT 9 BRITIRS FIH E TV 5D, £ 2T 3 HLs T RERRT
BT — A Db S ORI OF EAHB B O BB K & 22 F | 28 O, [F—ORFT#RS @ L7 &
HIEr SN2 b DT L TEAL D ORFFZECIBER &2 6| AR O @i F L O m OHEE %
1T-72@,

WIZT A Z A TRIFFHCBI S 7o B a « BUE & SEICl~ 7 AR ARSI & » TH S
MR OB EE S L Oumia Hm & Ol E1To7-, 7 A X AI[M. &, FEoKGukin s
HUg, RERIFIC AR < BT 5 7o o IC Bk &, B - BUR), AR, H IR OB A B BhiiC
1T 9 MBS BLI S 27 5T, BAKEZEL TWADHOREEIC 1300 » A, D95 H 840 »
FTCIXRE R RIS A T, J8mM « B, KR, B RREEREZ 800 L T\ 5, AWFE T 3 HuREiil %



ITo TVWDHLEIC R BTV 7 A X A (KBRS ) . EAT A 2 A G s Bl ) |
BT AX A (BERFET) O3DIRESNTNDET AX AT ST —% Z Wi,
ZDOT—HIIRBRITDOR— L=V TAHENTHDE LD EFH L, ZDOH D 10 43kE TO )
JEGE, R A Lo, 3 R8I & [F B[RRI T 10 SRR o JEGE - Elm 2 2B LS L
TbOa EOEGE - Jm e L, i E T o7,

3. TAF AT X DM LEGE & D

ARETILET 2008 4F~2011 4F00 ITHH AAHBIGRERIZ L - T 3 HLRsR D 7 AiTHR O 1@l L & |
RBFAL T HIZGRE ST A F A DA BB & O ks R4 X 112, Rifgom@iE ST m &
B E A & OHEGERZ M 2 ICENERRT, 2 2 CRUEDMBISRENE 0.18, FEUm DOFHBILRE
1£0.56 L 7podz, F7-, X 3IZJR A & JEGE A 3 #S B HHEE LRI BENZ W T, X4
WZT AZAINLROTEH EOROBENZOWTE LD LDOEZNEILURT, ZNLORERND
JEGE IS 2R OFBIIL S B A3, Hi B O JEGE LRI O BB E OHEEM & T 1HRE < 590,
Z LT, M EORAIXRIEO F RO R X R 2l N H 5 Z R bnDd,

B, HE, BEROTAZANLH/LNET =2 L, TNOEKTOT A XA LEDET
TP LT RZK 5 D@ HIICEFNZEIVURT, 3 HS D@ - JaE 2 ) L7254 O ik )
& OMBIREIT, JEGEIZ DWW TIX 0.11, J&AMIE 0.61 L7257z, ZORERNG, YA A N—
TAIZBNTHY B EZITHRICEETH S 2 REOHTMERD D LT, 7 A X AOHM LR[S
— 2N HRRERSLO L Bl b,

4. BT

Rl R E) & 1 B oo Jala) - BUE & O AT o e kER, B o BUEITNIR OB EEE & T 1
KL< /hEL< b wnwd T enbhote, £, H EORMIINIKOBE 7 I TR &2
B L CWADRERNENT, £70. TAX ZAOHEZEC L CRBOER 21T > 725812 b [FkE
DFERME LN 0D, VA AR T A IZBWTYID BEZZTHOBICEETH S 2 5
MOFMERD D LT, 7 AXAOH BT — 1%, WEARHEICD > GRET U, &
DREERSIO B D E b,

BE 3CHR

(1) SR HE, “Ue— T NERE ARG, A — L%t 1997.

(2) Y. Maekawa, T. Nakatani, Y.Shibagaki, T. Hatsuda, “A Study on Site Diversity Techniques
related to Rain Area Motion using Ku-Band Satellite Signals,” IEICE Tran. Commun.
Vol.E91-B, No.6, pp.1812-1818, Jun. 2008.

(3) millFRZ, LEHEAEH, “Ku H# 2 ER OB & E22o Rk & oBRIZ W T, F6
MU L—&— « JRERR L —F— U RU T A REKRFALFEMIEET. 2012 4, 8 H.



7.0 400.0
60 ¢ 5300.0
&
5.0 200.0 o
z P4 ] P *
E‘ o . * = 1000
., o 00 LR . a4 DI g
® * o ¢, o — 00 il .. 7
20 -"f“_”‘_: * - *$ I.Qv
*
10 - * ia -100.0 £o hd
* * 2 %
0.0 ‘ -200.0
0.0 50 100 150 200 250 300 350 -100 0 100 200 300 400
3 Hit i [m/s] 3 i1 [deg]
5 1. RSO BB & b o ko ik X 2. FSOBBEIHI & H Lo B o ik
o° ]
WOl fow

270 270

180 180

X 3. BS FEJ 3 SN X D NEEE) B 4. FIFOT AKX A X5 H EJE

(@ (b) (©

180

5. @FEHBAT AZA, DUFRT AZX A, BLO)S DFTDT A X AFEEIZ L 5 H



1.3GHZHL VA A= KRR L—F—I2&5
AEERBADE S ARELE R

®Oi%2-IUKEZ-GAN Tong-
Noor Hafizah Binti Abdul Aziz- [LZA# (FARISH)
FHE Z(EHIKX)
AR KRG H )

1.3-GHz wind profiler radar (WPR) in Japan

* In Japan, 1.3-GHz WPRs are used for measuring wind
profiles below several km in height. A nationwide 1.3-GHz
WPR network named WINDAS is operated routinely in
order to assimilate lower-tropospheric winds into weather
prediction model (Ishihara et al. 2006).

» However, their range resolution (> 100 m), which is
determined by the transmitted pulse width, is often not
sufficient for resolving the fine-scale motion of W and

turbulence structure.

Range imaging (RIM), which uses frequency diversity

is used for improving range resolution.

Background

» Turbulence consists of a superposition of eddies that
interact nonlinearly to create quasi-random and chaotic
motions [Wallace and Hobbs, 2006]. Turbulence is
ubiquitous in the boundary layer and produces vigorous
mixing there.

» Vertical wind velocity (W) plays an important role in the
rapid vertical transport of an air mass from the ground to
the top of the mixed layer.

¥

A means for resolving fine-scale turbulence
structure and W behaviors in the boundary layer
needs to be developed.

Bamiy &

Specifications of a 1.3-GHz RIM WPR

Item Value

Peak power 2.8 kW
Antenna

type & beam width phased array antenna, 6.0°

beam direction (Az, Ze) | (0, 0), (0, 14.2), (90, 14.2), (180, 14.2), (270, 14.2)
Frequencies RF: 1357.0, 1357.25, 1357.5, 1357.75, 1.358.0 MHz

IF: 130 MHz

Pulse width 1,2,and 4 ps
Inter pulse period 50~200 ps
Noise figure <2dB
Dynamic range > 60 dB
Digital Data sampling

Sampling rate IF sample with 10 MS s™' (maximum)

Oversample capability equipped

The peak output power of 2.8 kW enables wind measurements

=umiz £~ Up to the top of the boundary layer. PYTI

Digital Receiver for the 1.3-GHz RIM WPR

* In order to implement the RIM and oversampling (OS)
capability to the 1.3-GHz RIM WPR, a low-cost software
radio receiver composed of a general-purpose software
receiver (USRP2) and PC was developed.

» Because the source code of the digital receiver is written by

the C++ language, the signal processing of the digital
receiver is easy to be implemented.

- | software radio
o receiver (USRP2)

USRP2: Universal JE—
Software Radio Peripheral 2 BamsT 4 signal processing necessary for RIM and OS. BAELT M

System block diagram of the 1.3-GHz RIM WPR
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Digital Receiver
v For RIM, STALO oscillator which can switch five frequencies every
transmission is installed.

v' The digital receiver samples IF signals and performs real-time ____



Signal flow at the digital receiver

£
H ) I e
—| - Video 12 5% -0.
i C++ compiler (g++ 4.4.3)
free library (UHD* and Boost1.40.0)
| *: UHD is a driver for USRP2
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« A/D conversion and |Q signal detection are executed at the USRP2.
Other signal processing (ranging, pulse decoding, coherent integration,
data storage to HDD) is executed at the PC. The signal processing is
necessary to the data amount stored with a rate of 40MB/s.

« Continuous real-time signal processing is attained by using a threading.
‘Data Taking’ and ‘Signal Processing’ threads are interfaced with the
Boost thread libraries in order to implement the double-buffer memory

access. —_
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Advantage of RIM plus OS
(a) without OS (E}TI

22 Jun 2012 14:11:00 -14:11:02
B=00 (REC =55 150m

(b) with OS5
22 jun 2012 18:11:00 -18:11:02
IB=00 IREC =55 1!

T ]
Doppher vescty fm |

When OS is not used, the decrease of echo power was seen at the edges
of the range gates due to the range weighting effect. Doppler velocity also
showed the gaps at the edges due to the discontinuity of the Doppler
spectra.

Because OS overlaps the radar volumes in range, using RIM plus OS, the
effects of range weighting effect are significantly mitigated. ‘an%g &

Gravity wave measurement using RIM plus OS
Time resolution=3 s
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» By improving range resolution using RIM plus OS, the
oscillatory W motions with a vertical scale < 100 m and time
scale < 1 min were resolved.
» The W oscillations were likely caused by an internal gravity
wave in the entrainment zone of the boundary layer. s amxz &

New method for resolving small-scale turbulence (RIM-OS)

(a) Without Oversampling (b) With Oversampling
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+ Owing to the range weight of the transmitted pulse, received

signal intensity decreases significantly at the subgates which
are near the edges of range gates (range weighting effect).

* By overlapping the sample volume in range (RIM plus OS), the

range weighting effect significantly decreases. PYTTR

Gravity wave measurement with neither RIM nor OS
Time resolution=3 s
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Though oscillatory motions of W were observed, vertical
displacements of the echo layer were not well resolved owing
to the coarse vertical resolution (150 m for the present case).
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Dissipation of the thermal
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» The thermal with upward W of > 2 m/s dissipated in the
stable layer with echo intensity of > 134 dB.

* Enhanced small-scale W perturbations associated with the
thermal dissipation was observed in the spectrum width.

RHBAT £




Fine-scale W motions in the clouds

i Do rumbes = 0

11:38

* With the passage of the cloud, upward W was observed.

Downward W was also observed above the heights of the upward W. At
the altitude of downward W, enhanced small-scale W perturbations and
echo intensity were also observed. They suggest the presence of
turbulence there. RREAT A
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Conclusions

* 1.3-GHz range imaging wind profiler (RIM WPR) was
successfully developed. We demonstrate that the RIM
WPR, which has both the RIM and OS capability, is able
to resolve wind perturbations with a vertical scale as
small as 100 m and a time scale down to 1 min.

* From the measurement results of the thermals and cloud,
we showed that the RIM WPR is a promising tool for
clarifying dynamical and cloud microphysical processes
in the boundary layer. Additional use of CPRs and lidars
is highly recommended to clarify these processes.

» The low-cost digital receiver provide us opportunities to
implement OS capability to the existing WPRs. We are
now developing a new digital receiver in order to
implement OS capability to the Equatorial Atmosphere
Radar (50-MHz RIM WPR).

BusLyn



Accuracy assessment of spectral parameters for range-imaging
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1 Interdiction

Wind profiler radars with range imaging (RIM WPRs) measure turbulence and vertical
and horizontal wind velocities with high time and range resolution (several tens of seconds
and several tens of meters, respectively). Previous measurements showed that RIM is an
invaluable means to resolve fine-scale structure of turbulence (e.g., Yamamoto et al., 2012).

In order to measure the wind and turbulence quantitatively, the estimation accuracy of
the spectral parameters needs to be assessed.

In this study, we used numerical simulation to evaluate the measurement accuracy of
spectral parameters, and proposed a criterion to assess the accuracy. Also, because
incoherent integration can improve the estimation accuracy of the spectral parameters with
the drawback that degrading the time resolution (e.g. Yamamoto et al., 1988), we propose a
criterion to decide when incoherent integration should be applied.

2 Numerical simulation

By referring the measurement parameters of the MU Radar (MUR) and the RIM-LQ7, we
set the simulation parameters as bellow (shown as Table 1):

Number of calculation times 1000
SNR range -15dB ~ 30 dB, 3 dB step
Number of spectrum bins 512
Spectrum width (o) 10, 50, 90
Doppler velocity (Vy) 0.0
Table 1

The spectrum width which is 10, 50 and 90 are considered as a typical value of narrow,
medium and large normalized spectrum width. For the MUR case, 6 corresponds to 0.3 ms ™,
1.6 ms ' and 2.9 ms™, respectively. For the LQ-7 case, ¢ corresponds to 0.4 ms™, 2.1 ms™* and
3.7 ms™, respectively. In the simulation, we assumed that the Doppler spectrum of the echo
following Gaussian distribution and has perturbations following x? distribution. The noise is
white noise that we set the noise level is 0 dB. We used the moment method to calculate
the spectral parameters of a Doppler spectrum, which are echo power (P), Doppler velocity
(Vg) and spectrum width (o). Compared with the methods which require iterations to
calculate the spectral parameters (e.g., the least square method), initial values of all the P,
Vg4, and thresholds to finish the iterations must be used. The initial values and thresholds
raise a problem how they are determined; their robust determination is difficult because



measured spectral parameters have large variability. On the other hand, the moment
method requires only the determination of the Doppler spectrum points that are used for
calculating the spectral parameters. The simplicity of the moment method also enables easy
and practical assessment of the estimation errors of the spectral parameters.

For the calculation of the spectral parameters, in order to reduce the effect of noise, we
used the noise level as a threshold to select consecutive Doppler velocity bins in which the
peak is contained and the spectrum intensity is greater than the noise intensity (echo range).
However, because the perturbation of the Doppler spectrum, it is difficult to determine the
echo range with a good accuracy. In order to improve the accuracy of the echo range
determination, we used running average to smooth the Doppler spectrum at first. And then
using the Doppler spectrum without smoothed and within the echo range to calculate the
spectral parameters. Figure 1 shows the simulated Doppler spectrum and the determined
echo range.

FFT Spectrum (ave point = 13.0)
V; = 0.0 0 =50.0 SNR=-3.0dB

15

25 \\\!I\\!\\\‘I\II‘\\Il.II\\II\\‘\II
i : : = IModeled spectrum | |
20, ,,,,, . ‘1.....| — 1 Doppler spectrum ||
: : A — IRA spectrum
1 : : H | .
i1 — - | Noise level
1
|
1
A

Intensity [dB]

—-256-192-128 -64 0 64 128 192 256
Doppler shift (normalized)

Figure 1

As Figure 1 shows, the blue curve is the simulated Doppler spectrum and the red curve
is the smoothed Doppler spectrum. The brown lines are the boundary of the determined
echo range.

3 Simulation results

Figure 2 shows the simulated results. As Figure 2 shows, different running average
points impact the simulation results. When SNR is greater than 3 dB, the simulation results
are similar with each other. However, when SNR is smaller than 3 dB, the results show
different. By comparing the simulation results, we selected 13-point running average to
smooth the Doppler spectrum.
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Figure 3 shows the simulation results that the Doppler spectrum is smoothed by
13-points running average. The white curves are the difference between the peak of the
Doppler spectrum and the noise level (hereafter as LD). With the increase of LD, calculation
errors decrease because the accuracy of the echo range selection improves.

Results of 13-point RA
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Figure 3 indicates that LD is a good indicator to evaluate the estimation accuracy of
spectral parameters. When LD is greater than 5dB, mean and STD errors of P are smaller
than 0.5 dB and 1.2 dB. The mean and STD errors of V4 are smaller than 4 and 10, and the
mean and STD errors of o are smaller than 10 % and 20%.

Figure 3 shows that when LD is smaller than 3 dB, the accuracy of the spectral
parameters is not sufficient. In order to get accurate spectral parameters, we considered



using incoherent integration. Figure 4 shows the results when incoherent integration is
applied.
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As Figure 4 shows, with the increase of incoherent integration times, the accuracy of
spectral parameters improves. However, incoherent integration degrades the time resolution.
Large times of incoherent integration should be avoided in order to get high time resolution.

4 Conclusion

The numerical simulation shows that using noise level to select the Doppler spectrum
range can improve the accuracy of the spectral parameters. By using LD, the accuracy of the
spectral parameters can be evaluated, and LD also is a good indicator for applying
incoherent integration. By using incoherent integration, the accuracy of spectral parameters
improved. However, it is noted that incoherent integration degrades time resolution, and
hence large times of incoherent integration is not suitable for high-time-resolution
turbulence measurement.
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Introduction

Mixing in the oceans and the atmosphere, which is invariably turbulent in nature, plays a major role in
determining the state of these two fluid envelopes that are vital to life on Earth. But turbulence is a major
unsolved problem in physics. No accurate theoretical or numerical solutions for turbulent mixing exist or
are likely to emerge in the foreseeable future, leaving us no alternative but to model turbulence with
differing degrees of fidelity in our numerical simulations of the two fluid envelopes. Given the fact that,
away from the turbulent planetary boundary layers adjacent to the earth’s surface, turbulence tends to be
highly localized in time and space, turbulent mixing is also hard to observe, measure and monitor in the
free atmosphere and the deep ocean. Consequently, we know little about the spatio-temporal variability of
turbulent mixing beyond the surface boundary layers, especially in the atmosphere.

Over the past few decades, oceanographers have made significant progress in observing and measuring
turbulence in the global oceans, both in shallow waters on the continental shelves and in the deep ocean.
This progress has been made possible by the successful development and now rather routine deployment of
a remarkable instrument called the microstructure profiler. It consists of an airfoil sensor capable of
measuring the forces exerted by lateral velocity fluctuations as the tethered profiler deployed from a
stationary platform such as an oceanographic research vessel falls freely through the ocean column. The
data collected can be used to infer the dissipation rate of the turbulence kinetic energy (TKE) in the water
column. The microstructure profiler enables oceanographers to measure and even monitor turbulent mixing
anywhere in the global ocean accessible to a vessel equipped with a winch to deploy the profiler, limited
only by the logistics and cost of the deployment. Figure 1 is a typical example (Kantha et al. 2010), which
shows week-long measurements of the dissipation rate at a station in the shallow Baltic Sea, made from an
anchored research vessel of the Baltic Sea Research Institute in Germany. In principle, similar monitoring
could also be carried out in the deeper ocean anywhere on the globe, provided sufficient resources are made
available.

No such atmospheric counterpart, which can be deployed anywhere in the world exists. Turbulence
sensors deployed on towers and tethered balloons cannot reach high altitudes. The only practical in-situ
probing technique uses properly equipped research aircraft but is prohibitively expensive, which also
makes it impractical for routine monitoring on a global scale. Consequently, very little is known about the
characteristics of turbulent mixing in the global free atmosphere. While using commercial airlines is being
explored, only MST (Mesosphere, Stratosphere and Troposphere) radars are capable at present of filling
this void, albeit at only certain locations. These radars operate at frequencies typically between 40 to 50
MHz, and are capable of inferring the TKE and its dissipation rate from the faint radio signals
backscattered by turbulence in the measurement volume. But these facilities are expensive to set up and
operate, and there are only a few such radars still functional around the world, including the Middle and
Upper (MU) atmosphere radar operated by the Kyoto University at Shigaraki in Japan and the MST radars
in Gadanki, India, Jakarta, Indonesia, Aberystwyth, Wales, Harrow, Canada, and now Antarctica. They
have provided valuable insights into physical processes such as atmospheric gravity waves in the
atmospheric column above the radars and their role in the dynamics of the middle atmosphere.

While nothing can beat in-situ turbulence probes in accuracy, by borrowing a technique
oceanographers used to employ before the advent of microstructure probes to infer the location and
intensity of mixing in the ocean, it may be possible to routinely measure and monitor turbulence at least
approximately in the free atmosphere around the globe. The technique requires nothing but high resolution
measurements of the density structure or equivalently the potential temperature profile in the atmospheric
column. Radiosondes are routinely launched at least once a day at about 900 stations scattered around the
world, providing potential temperature profiles from the surface to roughly 25-30 km altitude before the



helium-filled balloon carrying the sensors bursts. This radiosonde network, albeit mostly over land, forms
the vital backbone of weather prediction so essential to the functioning of the modern society, since the
measured temperature and humidity profiles are indispensable for initialization of numerical weather
prediction (NWP) models. Potential temperature profiles from these high resolution radiosondes also
enable measuring and monitoring of turbulence, as explained below.
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Figure 1. TKE dissipation rate, epsilon (in W/kg) in the water column as measured at a station in the Baltic Sea using a
microstructure profiler deployed from an anchored research vessel (from Kantha et al. 2010).

Even more promising is the technique that makes use of the occultation of the radio signals from a
Global Navigation Satellite System (GNSS) such as the US GPS satellites. By orbiting low earth satellites
carrying simple radio receivers, it is possible to infer the refractive index profile in the atmospheric column
by measuring the bending and retardation of the GNSS radio signal as it passes through the atmosphere to
reach the receiver (Figure 2). This profile can be readily converted into either a dry temperature profile by
assuming the water vapor content is negligible (which is a valid assumption above the tropopause) or
temperature and humidity profiles in conjunction with NWP model output. This is precisely what the
NCAR/Taiwan COSMIC project has done since 2006. By deploying 6 radio occultation (RO) satellites,
COSMIC has been able to use the radio signals from the 30 or so GPS satellites to provide over 2,000
profiles per day with accuracies equal to or better than radiosondes, but unlike sondes with good coverage
over the vast oceans as well (Figure 3). The utility of GNSS RO technique to NWP is beyond dispute.
However its vast potential in identifying and quantifying turbulence in the global atmosphere paving the
way for routine monitoring of atmospheric turbulence globally is yet to be realized.

The Technique

The technique in question makes use of the fact that while the free atmosphere (and the deep ocean)
are generally stably stratified, there exist imbedded turbulent regions where the stratification is unstable.
These “overturn” regions can be readily identified in the potential temperature profiles (Clayson and
Kantha 2008), whatever the source may be, radiosondes or GNSS RO. With proper attention paid to the
spatial resolution and measurement noise issues (Wilson et al. 2010, Balsley et al. 2010, Kantha 2012), it is
straightforward to identify the locations of turbulent layers in the atmospheric column. The next step is to
quantify turbulence intensity. It is here that a technique developed by an oceanographer Steve Thorpe back
in the 1970’s, well before the advent of microstructure profilers, comes in handy. Thorpe (1977) simply
sorted the density (equivalently potential temperature) profiles so that they become monotonic thus
restoring the stable profile that presumably existed before the overturning event took place. The
displacements needed to move fluid parcels vertically to restore stability provides a good measure of the



outer scale of turbulence. By assuming that the root mean square value of the displacements, Ly, called the
Thorpe scale, is proportional to the Ozmidov scale L = v&/ N’ , it is possible to infer the TKE dissipation
rate as well as the turbulence mixing coefficient: €= C K,L?,,f\fsand K =veN"*(Clayson and Kantha 2008,

Kantha 2012). N is the buoyancy frequency after sorting, 7 is the mixing efficiency (with a value of 0.2 to
0.25) and Ck is an unknown proportionality constant determined from independent measurements.

Figure 2. Radio occultation geometry (from the COSMIC project website). As the radio signal from the GNSS satellite
passes through the atmosphere to reach the RO satellite on the opposite side of the Earth, the signal is bent and retarded.
This phenomenon can be used to infer the refractive index profile in the atmospheric column. Since the refractive index
in the lower atmosphere depends on temperature and humidity, this enables almost instantaneous profiling of the
atmospheric column.

project website). Over 2,000 profiles can be retrieved daily by the 6 RO satellites using just the US GPS satellites. The
global radiosonde network shown consists of about 900 stations around the world, with at least daily launches, but note
its sparse coverage over the oceans, unlike RO soundings. With EU Galileo, Russian GLONASS and proposed Chinese,
Indian and Japanese GNSS in place, and with the deployment of about 100 RO satellites, it is possible to increase the
number of daily soundings by two orders of magnitude, thus providing a dense coverage of the global atmosphere.

Figure 4 shows the results when the technique is applied to a typical high resolution (in this case 2 sec
sampling and roughly 10 m vertical resolution) radiosonde sounding. We have put Cx = 1. The buoyancy
frequencies before (red line) and after (blue line) the Thorpe sorting of the potential temperature profile are
shown. To highlight overturning regions in the plot, the undefined buoyancy frequencies in the unstable
regions have been arbitrarily assigned a value of -0.005. Measurement noise introduces some uncertainty
into the identification of overturning regions and thereby decreases the number of layers that can be
confidently identified and quantified, as seen by comparing the blue and red circles in the TKE dissipation
rate plot. Nevertheless, the results show that it is possible to identify turbulent layers and quantify the



intensity of turbulence in them. Note that the use of the buoyancy frequency resulting from sorting to
compute the dissipation rate makes the technique capable of distinguishing between active and inactive
mixed layers. If the layer is well-mixed and nearly homogeneous, the sorted buoyancy frequency and
therefore the inferred dissipation rate will be small, indicating weak turbulence. On the other hand, freshly
overturning layers will have a correspondingly large buoyancy frequencies and high dissipation rates.

Figure 5 shows the results when the technique is applied to the COSMIC GPS RO soundings. The
example shown is the RO sounding in the vicinity of the MU radar in Shigaraki, Japan, on September 25,
2007 at around 14:19 UTC. A strong turbulent region immediately below the cloud base in the troposphere
is evident, along with other turbulent layers above and below the tropopause. The relatively coarse vertical
resolution (roughly 150 m) of the RO soundings makes them somewhat less useful than high resolution
radiosonde soundings, in the sense that only thick turbulent layers in the atmospheric column can be
unambiguously identified and quantified. Nevertheless, their utility in understanding and monitoring
turbulence in the free atmosphere is self evident.
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Figure 4. A typical high-resolution (2 sec) radiosonde sounding with a resulting vertical resolution of about 10 m. The
buoyancy frequencies before (red line) and after (blue line) the Thorpe sorting of the potential temperature profile are
shown. To highlight overturning regions in the plot, the undefined buoyancy frequencies in the unstable regions have
been arbitrarily assigned a value of -0.005. Blue circles show dissipation rates inferred ignoring the impact of
measurement noise, while the red circles show the rates when noise is taken into account.

While identifying turbulent layers from sonde and RO soundings is rather straightforward, comparison
of the inferred dissipation rates with independent measurements is essential to ascertain the value of the
constant Cg. Data collected in the oceans using microstructure profilers to measure the dissipation rate and
CTD probes to measure density confirm the proportionality between Thorpe and Ozmidov scales, but the
scatter in the value of Cy is large, even on a log-log scale (e.g. references cited in Clayson and Kantha 2008,
Kantha 2012). Uncertainty in the value of Cy leads to potential errors in the inferred dissipation rates and
therefore it is essential to reduce this uncertainty. While one is hard pressed to find concurrent in-situ data
from aircraft-borne sensors to ascertain the value of C, remotely sensed turbulence data from MST radars
are a definite possibility. The spectrum of the back-scattered radar signal is broadened by vertical velocity
fluctuations due to turbulence in the measurement volume. The spectral width, when corrected for
extraneous effects such as beam broadening due to the finite width of the radar beams, and shear
broadening in off-vertical beams due to the horizontal wind velocity component, contains information on
the TKE. With the assumption that the outer length scale of turbulence is the buoyancy scale g/N (where ¢
is the turbulence velocity scale), it is possible to derive the TKE dissipation rate from spectral broadening.

g= (_"rBIN , where 8 is the corrected spectral half-width and C, is a proportionality constant approximately

equal to 0.6. Thus MST radars can provide an independent measurement of TKE dissipation rates.
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Figure 5. As in Figure 4 but for a GPS RO sounding in the vicinity of the MU radar on September 25, 2007 at 14:19
UTC. Because of the coarser vertical resolution (about 150 m), far less turbulent layers are identified in the RO
sounding than for example in the high resolution (about 10 m) radiosonde sounding in Figure 4.

Figure 6 compares histograms of dissipation rates measured by the ST radar at Harrow in Western
Ontario, Canada, and those inferred from sondes released in its vicinity, during an intensive observational
campaign in 2007 (Kantha and Hocking 2011). The comparison suggests a value of 0.3 for Cx. But more
such comparisons are needed to further calibrate and validate the technique. Because of the localized nature
of turbulence, it is essential to make sure that the radiosondes do not drift too far from the radar. This
requires careful selection of ambient conditions for measurement, so that the wind shear is significant
enough to generate turbulence, yet the winds aloft are not too strong to carry the sonde too far from the
radar.

It is also possible to compare turbulence retrievals from RO soundings in the vicinity of a MST radar
to radar measurements. However, in all the data collected by COSMIC RO satellites since 2006, only a few
dozen soundings fall in the vicinity of a particular MST radar (defined as within a 1° x 1° box around the
radar site). Since the radar may not be operated continuously, the actual number that can be used for
comparison is even lower. Nevertheless, such comparisons are feasible to make and are being made,
especially at the Wales, Gadanki, Jakarta and Shigaraki radar sites.

To summarize, there exist only three practical means of monitoring turbulence in the troposphere and
the lower stratosphere. All three, radiosondes, RO soundings and MST radars suffer from drawbacks. High
resolution radiosondes do not provide a true vertical snapshot of the atmospheric column. While this is of
minor consequence to temperature, humidity and wind measurements, it can be a significant problem for
turbulence retrievals. RO soundings, while nearly instantaneous, suffer from less than satisfactory vertical
resolution. Both require further exploration, calibration and validation of the technique used to retrieve
turbulence information from the soundings. MST radars suffer from weakness of backscattered signals and
uncertainty in the length scale used to extract the dissipation rate from what is essentially a TKE
measurement. Nevertheless, a synergistic use of all three can advance our understanding of turbulence in
the free atmosphere.

Concluding Remarks

No measurement technique is perfect, and the technique outlined above, making use of radiosonde and
GNSS RO soundings, is no exception. The difficulties associated with observing and monitoring turbulence
in the atmosphere, especially those arising from its highly intermittent nature, are quite well known.
Nevertheless some knowledge is better than none, and the synergistic use of MST radars, radiosondes and
GNSS RO soundings has the potential to significantly improve our understanding of the spatio-temporal



variability of turbulent mixing in the global atmosphere. With all the GNSS in place and the deployment of
around 100 RO satellites, it will be possible to retrieve over 150,000 soundings daily and build up an
impressive database in due course of time. This database, when combined with the high resolution
radiosonde database, and synergistic use of MST radars for calibration and validation, should enable us to
vastly improve our ability to monitor turbulence in the global atmosphere and put it to good use for societal
benefit.
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Figure 6. Histograms of dissipation rates measured by Harrow ST radar and those inferred from sondes launched in its
vicinity in 2007 (from Kantha and Hocking 2011).
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Study on Orographic Precipitation in West Sumatra
Based on an X Band Doppler Radar Observation
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Abstract

Precipitation characteristics and circulation, specifically focusing on its relationship
with elevation are examined over mountainous regions of west Sumatra, Indonesia utilizing
the XDR (X-Band Doppler Radar), EAR (Equatorial Atmosphere Radar), sounding and
surface observation data. This study presented a comparative analysis of orographic
precipitation mechanisms over the rugged topography under varies of atmosphere condition
in two periods of observation (CPEA-I and CPEA-II). This study indicated distinct
orographic precipitation mechanisms over the complex mountain terrain in more-less
humid atmospheric conditions. When atmosphere condition was less humid, horizontal
cross section of radar reflectivity showed precipitation developed over higher altitude.
Vertical cross section of radar reflectivity exhibited that precipitation developed as isolated
precipitation. On the other hand, when atmosphere condition was sufficiently humid,
horizontal cross section of radar reflectivity revealed wide area precipitation system were
easily triggered over the foothills.

1. Introduction

West Sumatra is located in the western part of Sumatra Island, Indonesia. This
region is facing directly to the Indian Ocean. Figure 1a shows the row of hills from the
north to the south of Sumatra Island which is used to be called as “Bukit Barisan” passes
through west Sumatra. As it passes west Sumatra, the topography of west Sumatra becomes
very complex and particularly consists of mountainous area as it is shown by Fig. 1b. Some
studies have found that “Bukit Barisan” may control the weather of west Sumatra.
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Figure 1. (a) Sumatera Island (b) Research Location



Previous study has found that the eastward propagation of super cloud clusters (SCCs)
are blocked by the topography over Sumatra when they reach it [1]. Another study
suggested that the orographic influences of Sumatra when the eastward migration of
westerly wind burst (WWB) were intercepted by the mountain range [2].

The objectives of this study are to examine the effect of sea breeze to the orographic
precipitation and correlation of humidity to the development of orographic precipitation.

2. Data and Methodology

Data analyzed for this study is mainly taken from XDR radar. The XDR was installed at
Sungaipuar (0.36°S, 100.41°E, 1121 m above mean sea level), located 20 km to the south-
southeast of the EAR site at Kototabang (0.20°S, 100.32°E). The location of observation of
XDR is shown in Fig. 1b. The XDR collected three dimensional reflectivity and Doppler
velocity data every 4 min, through a series of conical scans with antenna elevation angles
from 0.6° to 40°. The observation range of XDR is 83 km in radius. Due to the topography
in observation area the data within 1 km above the ground level was not used to remove the
effects of ground clutter [3].

EAR (Equatorial Atmosphere Radar) data is used to retrieve the information of wind
profile at Kototabang. The humidity profiles at Kototabang was taken by radiosonde
observation. Finally, surface wind at Sicincin area was taken by AWS (Automatic Weather
Station) is used to get information about local wind circulation.

3. Result and discussion
3.1. Surface wind direction
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Figure 3.1. Prevailing wind directions in Sicincin on CPEA-I and CPEA-II project

Surface wind directions at Sicincin can be divided into two time periods as it shown in
Fig. 3.1. The first period is from 0700 LST to 1200 LST while the second period is from
1300 LST to 1800 LST. Surface winds are classified into three groups namely; calm,
westerly and easterly. Calm condition means that there was no wind flow; westerly wind
means that the wind direction ranges between 135° and 315° while, easterly means that the
wind direction ranges between 315° and 135°. Surface winds at Sicincin were dominated by
calm weather condition. Surface wind direction as shown in Fig. 3.1 exhibited westerly
wind flows which increased in the afternoon. We assumed that sea-breeze flows are
perpendicular to the coastline and follow the gradient of pressure. Sea-breeze flows have



increased in the afternoon since the temperature difference between sea and land become
larger than in the morning.

3.2. Humidity profiles over Kototabang
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Figure 3.2. Vertical profiles of relative humidity over Kototabang.
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The relative humidity profiles for two days were observed by sounding over
Kototabang shows in Fig. 3.2. The conditions of atmosphere detected on 20 April 2004
(MJO inactive) were drier than 23 November 2005. The more humid atmosphere on 23
November 2005 provided a favorable condition for increasing potential precipitable water
than the drier atmosphere as observed in the inactive phase of MJO.

3.3. Cases of orographic precipitation
3.3.1. Orographic precipitation on 20 April 2004
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Figure 3.3. Horizontal cross section of radar reflectivity at 3 km ASL on 20 April 2004 (14-
15 LST). The back-ground topography shows elevation increments of 500 m. The black
slanting line at 1500 LST indicates the direction of the vertical cross section.

Isolated precipitation with reflectivity greater than 40 dBZ detected by radar over
windward slope of Mount Merapi on 20 April 2004 is shown in Fig. 3.3. The location of
the development of precipitation is at the foot of Mount Merapi where the elevation of the
place is higher than Padangpanjang. The development of precipitation coincided with the
southwestward movement as it is proved by wind profiles in Fig 3.4.
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Figure 3.4. Vertical profiles of zonal and meridional wind on 20 April 2004 (1500 LST).

Fig. 3.5a shows the vertical cross section of reflectivity on 20 April 2004. The
precipitation developed as isolated convective precipitation in the higher slope of mountain.
We assume that less humid atmosphere condition on 20 April 2004 has generated
convective precipitation at the higher slope of mountain. The vertical cross section of radar
radial velocity shows in Fig. 3.5b. The different movement of precipitation inside of
precipitation cell indicates the occurrence of convergence in the convective cell.
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3.3.2. Orographic precipitation on 23 November 2005

Figure 3.6 shows the development and migration of precipitation in the mountainous
region. At first precipitation was detected by radar in the lower terrain with reflectivity
weaker than 40 dBZ. As time elapsed, precipitation migrated northeastward and
approached the higher part of the mountainous area.

Longitude

Figure 3.6. Horizontal cross section of reflectivity at 3 km ASL on 23 November 2005 (11-
12 LST). The back-ground topography shows elevation increments of 500 m. The black
slanting line at 1212 LST indicates the direction of the vertical cross section.
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The reflectivity of radar was increased in the sloping terrain (around Padangpanjang
area) as shown at 1212 LST (Fig. 3.6) and might have increased the precipitation. Further
the precipitation expanded as a wide stratiform precipitation over the mountainous region.
The movement of precipitation to the eastward or to the mountain site was detected by
EAR and it was proved the consistency between wind direction detected by EAR and
precipitation movement as shown by Fig.3.7.
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Figure 3.8. Vertical cross section of a) reflectivity, b) radial velocity

The vertical cross section of reflectivity on 23 November 2005 shows in Fig. 3.8a. The
precipitation developed as widespread precipitation in the lower slope of mountain. The
figure reveals the enhancement of precipitating in the lower windward slope of the
mountain. The stable air approached a barrier and followed the terrain upward. The vertical
component of the mobile precipitation systems at the mountain barrier caused reflectivity of
the radar to increase and probably produced heavy precipitation in the windward barrier of
mountain. The vertical cross section of radar radial velocity shows in Fig. 3.8b. Radial
velocity was dominated by positive numbers showed that wide precipitation area migrated
toward the radar (northeastward). We assume that the stable layer could not produce
isolated precipitation on mountain slope when the air approached the barrier.



4. Conclusions and future work
Short discussion has been made and we conclude as follows:

1. The sea breeze reached sicincin area and its intensity increased in the afternoon when
the different of temperature between sea and land area is larger.

2. The less humid atmosphere on 20 April 2004 generated isolated precipitation in the
higher slope of mountain.

3. The more humid atmosphere on 23 November 2004 generated widespread precipitation
in the lower slope of mountain.
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Pair of internal waves = Convection
Plain monochromatic wave far/frec from boundary On solid boundary (w =0 atz=0)
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How to get signal from GRBR?
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Doppler/ phase
data of 150

MHz signal

TEC was calculated from the phase |

Doppler/ phase
data of 400

MHz signal

GRBR vs. GPS

M, 2008)

3

GRBR | GPs

Frequencies

Orbit height

Phase
difference
Pseudo-range
TEC estimation High spﬁ)tial
resolution

Long
consecutive
time coverage

150 MHz
400 MHz

~700 km
Yes
No

Yes

No

1227.6 MHz
1575.4 MHz

~22000 km
Yes
Yes

No

Yes

GNU Radio Beacon Receiver

GRBR is an “open” digital receiver to measure total electron density of the
ionosphere. The system is based on GNU Radio (toolkit for software-
defined radio). Cost is 2000-3000 USD.

GRBR homepage is, http://www.rish.kyoto-u.ac.jp/digitalbeacon/

Digital beacon receiver network (> 30 sites)
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20 40° 60° 80° 1000 120 140" 160"  180°

Japan (8 sites) Thailand (4 sites)
Fukui, Shigaraki, Uji, Shionomisaki Phuket, Ciang Mai, Bangkok, Chumphon
Sarobetsu, Hirosaki, Sendai, Chofu Vietnam (3 sites)

Indonesia (7 sites) Bac Lieu, Phu Thuy, Hue
Kototabang, Pontianak, Tomohon

India (1 site [several more planned])
(Manado), Biak, Tajungsari Tirunelveli

(Bandung), Yogyakarta, Watukosek Pacific (4 sites)

Malaysia (2 sites) Kosrae, Kwajalein, Majuro, Pohnpei
Kuara Lumpur, Jorge Town Africa (2 sites)

Nairobi, Bahir Dar

Equatorial Spread-F (ESF)

L
[i i
Density: high ‘Geomagnetic field

B 1000 km

lonosophere|

100 km

2] ]
’ g ‘ )
e U o —

Development of plasma bubbles Meridional structure of plasma bubbles

— Local density-depleted regions at the bottomside of the

ionosphere develop and rapidly move upward to the topside of
the ionosphere.

— Rayleigh-Taylor instability is the mechanism.

— ESF occurs mainly near F-region sunset over the magnetic
equator.

— Meridionally elongated structure along the field line.

— Accompanied with small-scale irregularities that are detectable
by VHF radars.



C/NOFS offers unique opportunity
to study zonal LSWS

» 13%inclination angle
» Provides a wide zonal (longitudinal) coverage
» GRBR offers a fine spatial resolution

Snap-shcm)f TEC and ESF variation
over wide longitudes

20410309 - 1132 UT - CNOFS

—— Bac Lieu
——— Hochi Minh |
—— Nha Trang

B 88 58 3

R, Stant Tac (TECU)

IPP Lan

Determination of Absolute TEC
Long lasting problem

- Va = Absolute Vertical TEC
Va=Vr+¥.Cos P Vr = Relative Vertical TEC

% = satellite zenith angle

Leitinger’s Two Station Method W = unknown phase offset

S, s,
S ©__Satellite Path
|
/ -
/

Mean lonospheric
eight
—

h
5
o

Two ground stations

Va = Vag, fork=12,... N Leitinger et al., 1975

Vra = Vrg = Wgi COSYgy - War COSYay, fork=1,2,3....N

Then, solve for \y, and by least-squares fit

Comparison between single-station
and two-station methods (C/NOFS case)

Afternoon After sunset
5
e =— BCL
€0 60 —— HCM
E w0 E 0
o "
UT = 0848 UT = 1450
e — L
single station Matnoa —r=mm Single Statisn Mathed n»-ms]
—— =358 w=3518
3 40 5 40
4 | 8
g g Less TEC
> =" 30
Both successful “ =" reasonable
o 3 J
Turo Station Method aian Two Station Method ::::;ﬂ
E 40 e —— E “ “/.-f\\_’__ Faill When
=" 20 =@ . . whole data
T T are used

% @ = o u  Agreel if only earlier
IPP Lon

95 00 105 190 115 12 125
PP Longitude
data were used.

W0 95 100 W05 10 15 120 125
aitude

Bias effects on the GRBR-TEC

* Bias: initial phase (or phase offset) problem...

12 s oagmec|
[ 'Mmﬂl
: b
Bias=0/too low bias g% -ttt
fa PR TR R T I S
U-shape |
T e e s %
- GRERTEC
Too high bias 4™ Pl |
N -shape " e —._E
aF £ E] [] L] 1% i3 ] El x E ]

How can we determine correct bias of the GRBR?

Absolute TEC by single station method
for longitudinal TEC distribution with C/NOFS

Tulasi Ram, et al, 2012

Z, Altitude

Y, latitude Determine phase offset
with single station by
assuming “TEC variation
along satellite pass (=
longitudinal variation) is

linear”.

1
Vg = V=% 4 m.x, and x, = h.[tan?y, — tanPy]Z

- 1
Vo = VA% 4 m.h. [tany, — tan?y )

Veg= V=% 4 m. h. [tan?y;, — tm’xeﬁ—‘l‘- COSYe  fork=1,2,..N

Validation with Digisonde observations
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Spatial alignment of LSWS with scintillations

Local Time (hs)

‘¥J 18.7 121 194 ‘ﬂI.F Zpl.l Zq.l 20.7
E (a) } : 26 Feb 2011 - 1225UT
g . R % The zonal wave-like structures
s == equator from the three stations are
8?: ol aligned
o
% :: % The wave structures are aligned
ds to B field-lines
S
31 % Zonal scale sizes vary from
% 0 ~250 - 615 km

-
. T % Scintillations develop at
g, ! westward walls of TEC

o
% e e depletions

-0/ 0 Mite " hilal fal, {l

20 95 100 105 10 115 120 125
IPP Longitude (°E)

Tulasi Ram,et al, 2012

Estimate of latitudinal distribution
of absolute TEC (trial over Thailand/Indonesia)

LSWS intensity occurrence
(Amplitude in TEC unit)

Africa
amp>30
2.0<amp<3.0
1 0<amp<2 0
amp<10

0 10 20 30 40
Occurrence (days)

Asia
ampr3 0
2 0<amp<3 .0
1.0<amp<2.0
amp<1 0

0 10 20 30 40
Occurrence (days)

0th guess based on GPS-TEC

GRBR (5 stations) GPS (17 stations)

® SEALOH
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- Hebbais Unir,
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10%s
80 % o5 %e 1o % 105%E M0 ¥E M5 TE

* Select the GPS-TEC derived
from the IPP along longitude
100E with window size +-2.5
degree.

TEwE T e .
From 17 GPS stations =, ws s 1= .

E: A number of IPPs
§ Filter

Long € [97.5, 102.5] @ Set to NaN

‘ Yes

Lat € [-5, 5] Inb| Lat € [3,13] l@

Ye:

Group the data into 5 groups
regarding to the GRBR locations
with window size +-5 degree.

Define the mode value of each
group to be the 0" guess.

Lat € [6, 16] inb Lat € [9, 19] 'ﬂp Lat € (14, 24)

‘ Yes l, Yes ; Yes

Bias;y; = Bias;, = Bias;;s =
mode(GPS-TEC) mode(GPS-TEC) mode(GPS-TEC)

GRBR-bias dataset (1t iteration)

Define the bias set from the

0th guess
0th guess values with +- 25-TECU

B!as'"“ window.

o P - Sampling with 5-TECU step-size.
Biasfna * Run all possible combinations to
Biasm obtain the minimum RMSE.

intS
b
i& . L —
X;ZS X X+; g |/ Set of TEC ‘

Y —_

Sampling with step-size 5 TECU.

TEC,

TEC

Finally, 11 biases are obtained v TECZ
from each station. . 3

TEC calculation TEC,

RMSE calculation

115 possible combinations. ),-'

I ——————
Beacon receiver

RMSE calculation 2

TEC

e 1N2 2N3 3N4 4N5 _ Latitude
115 RMSEs are calculated regarding to the number of the bias sets.
Find the minimum bias set which yield the minimum RMSE.

Min. RMSE | Set of TEC |
Bias, TEC,
Bias,, TEC,

X =| Bias; 3 Y=|TEC,
Bias, s TEC,
Bias, s TEC 18




GRBR-bias dataset (2 iteration)

Result: Latitudinal distribution of

.

Define the bias set from the
previous process.

Use the best bias set, which
yields the smallest RMSE values,
with +- 3-TECU window.
Sampling with 1-TECU step-size.
Run all possible combinations to
obtain the minimum RMSE.

;

! |
T
-3

x

Sampling with step-size 1 TECU.

Finally, 7 biases are obtained
from each station.

——————
| Linux PC

TEC calculation
RMSE calculation

7° possible combinations.

Beacon receiver

Another example: before sunset

absolute TEC from GRBR network

90 -

IGS-TEC
IRI-TEC
GRBR-TEC
Reconstructed TEC |

80

70

o
=]

TEC (TECW)
e
3

.
10
Latitude

March 29, 2012 13:11UT (20:11LT)

20

Another example: before sunset

ESF echoes from EAR

Dip Equator
100
an-[ PR HE T [ NRTea -
S
B
ol * -
1
LS
s
Latitude
Start-End obs time

March 24, 2012 17:290T - 17:52LT

Summary

GRBR network is expanded to Asia, Pacific, and Africa regions.
They provide TEC/scintillation over large
longitudinal/latitudinal region.

Estimation of absolute TEC is the long-lasting problem. As we
our network is relatively sparse, two-station method with the
least-square fitting can fail.

Instead, for C/NOFS satellite, which pass is longitudinal, we can
use the single-station method by assuming linear distribution
of TEC along the pass.

For polar orbiting satellites, we are successful of using the two-
station method. But we used 5 stations, and were finding
minimum of RMSE by the “brute-force attack” way.

Statistical relationship between ESF and LSWS was tested over
Asia and Africa. Intense LSWS seems to be a proxy to the ESF
onset.

ESF echoes from EAR

Dip Equator

Start—End obs_time

March 24, 2012 21:30LT - 21:53LT
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Rate of TEC Index (ROTI)

Total Electron Content (TEC)
measured using phase difference
between L1 and L2 GPS signals

srae = 21 f2) f2)? % (L,
RV B )
Ly L = carrierphas

f1f2 = 1575.42MHz2,1227.6MHz

ROTI is standard deviation of ROT
for 5 minutes interval.

Rate of TEC :

ROT = STEC(t + AAtz— STEC(t)

ROTI is being used to indicate the
irregularities from few kilometers
up to few tens of kilometers.

ROTI (TEC/MIN)
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Occurrence rate of S4 > 0.5 at Kototabang, Indonesia Occurrence rate of ROTI > 1 at Padang, Indonesia
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Distribution of GNSS receivers

latitude:
e

GPS data is collected
from 1GS, Sugar and
MyRTKnet network
within 8° to -8° degree © :
latitude and 92° to
120° degree longitude.

(127 stations).
-10
20

longitude

Comparison with 630 nm airglow image
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Global GNSS receiver networks
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As of 2012, more than 6,000 GNSS receivers data are available.

[Courtesy of Dr. Tsugawa of NICT]

ROTI map in SEA region on 05 April 2011
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12 ROTI for each station is
; rnH obtained in 5 minutes
o, interval for every visible
satellite.

ROTI at 300 km ionospheric
piercing points is assigned
into 0.15° latitude x 0.15°
longitude grid.

ROTI for 3x3 grid will be
averaged to produce ROTI
map.
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Three-dimensional tomography of
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The image data is often called a path integral or a projection of the variable of the subject.
Tomography is a procedure for recovering the 3D information of the field variable from a
collection of projections. The projection data is recorded at various angles by turning the
experimental apparatus or the light beam, specifically the source-detector axis.

lonospheric Tomography.. Cont..

Algebraic Reconstruction Technique (ART)
Multiplicative Algebraic Reconstruction Technique (MART)

ART
N ki i=number of path;
Yi— 25y Ay
it =gt 4 ,\:‘.L 44 j=number of grid;
|4 k=step of interation;
MART §Cnla| rlumnher '.ﬂ- gm'ls,
zj=electron density;
k1 3 Ui RN "A." 4 =TEC along i path;
7 =r(=w ) A Aij=path length in grid j;

T, Auat

Ar=relax parameter;

The major difference between ART and MART algorithms is in the method of computing the
corrections. While ART uses the difference between the calculated projections and measured
projections, MART uses the ratio between the two. Hence the corrections applied to each cell
during calculations are via the multiplication operation. The structure is otherwise similar.
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lonospheric Tomography

Austin et al, 1988 suggested two dimensional
tomographic technique using the TEC data from
beacons from LEO, which applies medical
tomography to study the ionosphere.

Ionospheric  observations are limited by the
minimum elevation angle, rate of data collected, and
the number and spacing of receivers in the array.

The tomography technique requires the knowledge of
number density, and is also insensitive to stratified
ionosphere. Hence, a prior data has to be included
from other sources, the reconstructed number density
is only accurate upto the class of background
ionosphere.

Advantages of 3D Tomography using GPS

o The results of the most ionospheric tomography
methods are strongly controlled by the model or
initial guess.

o We proposes a new tomography method using GPS
TEC data. The method does not use model density as
initial guess (We actually start calculation from flat
distribution.)

o High-density distribution of the GEONET GPS
receiver network will provide good resolution.

GPS Constellation showing 24 satellites in 6
orbital planes, 4 satellites in each plane at
20,200 km altitudes, with 55 degrees inclination.



Observation matrix

»Use the TEC data along the ray path from GPS satellite to GPS receiver
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» GPS-TEC observation matrix
Ax=h

GPS-TEC value

Electron density in each grid

Length of path in each grid

» Limitation of the GPS observation: lack of horizontal observation path

» The proposed method combines least-square fit and constrain conditions.
7

Area of the 3D GPS tomography
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Selection of hyper parameter
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Hyper parameter

We conduct many fitting runs by changing hyper parameter, and select
appropriate results from them. This selection scheme is the key!

Constrained least-squares method

» Constrain matrix
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Simulation with model data — spatial distribution
23rd May, 2012 at 03:30 UT

(a) model density at 300Km
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Evaluation by changing altitude of the electron density
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Result with real GPS-TEC data — vertical profile
23rd May, 2012 at 03:30 UT
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Comparison of time series of density profiles between model
and result at a point 36° N, 136° E for date 2011-1-2
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Not much but there
are some problems ;"
mainly in nighttime. |
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Results

We developed a new 3D tomography with GEONET GPS-
TEC data by using constrained least squares fitting method.
This method is mostly independent of the background
ionosphere unlike popular ionospheric tomography
algorithms.

We succeeded tomography with the real data. Some more
improvement in selection of hyper parameter is hopeful to
reduce occasional appearance of poor results.

The total time taken for the convergence is about 15
minutes (for 2x2 deg resolution), hence it is possible to
implement this tomograms of electron density as a real-
time service.

In future, combination of GPS and LEO Beacon data as
inputs for tomography will result in better tomography
(work in progress)
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Objective

GEONET U “19 ‘r.L\ 9 %m Ly TL‘_ % Develop a realtime ionospheric disturbance
monitoring system
BEEEIEALY PILY T LE=Y IEDOWT =

% Support go/no-go decision of rocket launches for

TREE TREZ WERE ionospheric disturbance measurement
' FRUERTFCRT - As low latency as possible
IR EFENTRT %* Examine performance of the new method comparing

with the commonly used one

The 7th Symposium on MUR and EAR The 7th Symposium on MUR and EAR
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™
. e
ENRI Rocket Experiment ENRI GEONET realtime data
(g (g
* Target %* | Hz realtime raw observation
OMocnlighA - Mechanisms of mid-latitude data from 200 stations out of
ionospheric disturbances in 1200+ GEONET stations are
the E and F regions collected by ENRI.
* Current selection
- Covering all over Japan
- More weight on southern

200 stations selected from
1200+ GEONET stations

Plasma in-situ
measurement

(density, electri
filed, etc.) s-52027r0cket ¥ Measurements

Lithium release - Plasma density, temperature,

F region wind

X and electric field (in-situ)
\ - Neutral wind (TMA and part of Japan
Lithium release) * Selection of stations can be
/ " T % Requirements: changed on request.
Rocket rajectry, Ereonvind - Clear sky * Due to terms of use of the
Qpechoobs. ¢ - Moon light data, raw data (incl. RINEX)
_5 e CANCEL = lonospheric disturbance may not be used by third party.
JAXA USC (Uchinoura) 5 5 occurrence . * Data collection stops a few
Launch of 2 rockets with :T"A_:'r:ed;; - = Realtime monitoring with days a year due to power cut at

15-20 minutes interval G0 a oo dons

latency as short as possible

ENRI. (Normally daytime only)
The 7th Symposium on MUR and EAR The 7th Symposium on MUR and EAR
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ENRI Realtime monitoring system ENRI Perturbation TEC estimation
slant TEC
ENRI Slant
EONET |29 | Geoner | PV | enpipaia |92 | TeTEC °|bsetr_‘l'_:dc
Stations [~ Server Thz server  [“Euoy Map slan
Realtime Realtime smin | Generator
mean (t£30 min)
dTEC (forward prediction) —$”dTEC (centered
i moving average,
P et polynomial-fit (£-60 min ~ t) 2 £9)
o EV;RI Web \ —
= erver -
Svery / latency (30 min)
* GEONET realtime data provided directly from a data server of a N N N time
N t-60 min t-30 min t t+30 min
data distributor at | Hz
* Improved perturbation TEC estimation algorithm for short * Current method: * New method:
latency - Subtract average TEC - Subtract prediction by
- De facto standard is the centered moving average: Latency of over +/-30 min polynomial fit to TEC in
at least half the average time constant (60 min) - At least 30 min latency previous 60 min at every
- More than 30 min latency is not very useful. moment

The 7th Symposium on MUR and EAR The 7th Symposium on MUR and EAR
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* Nominal slant TEC + Perturbation
- Nominal slant TEC
- NeQuick Model

Rl Evaluation of new method by simulation -
single station & single satellite

TEC

- Solar activity: moderate (F10.7 = |14 as of 20 July 2013)

- Season:summer (July)

- Satellite constellation: GPS standard 24 satellites

- Perturbation TEC

- Sinusoidal perturbation (artificial)

* Perturbation TEC estimation
- Polynomial fit
- Order:3
- Time constant: 3600 sec
- Moving average
- Time constant: 3600 sec

The 7th Symposium on MUR and EAR
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* Polynomial prediction gives similar

pattern as modeled, but

- shorter period than modeled, lager tail ringing
* Conventional moving average method preserves period.
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Polynomial prediction
14:50:00
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Reconstructed perturbation TEC

Moving average subtraction
14:50:00
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Offset: 0.0057 TECU

Offset: -0.16 TECU
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* Polynomial prediction tracks the model well.

* Smaller offset than the conventional moving average method.
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* Nominal slant TEC
- NeQuick Model
- Solar activity: moderate
(F10.7 = 114 as of 20 July
2013)
- Season: summer (July)
- Satellite constellation: GPS
standard 24 satellites

* Perturbation TEC
- Sinusoidal plane wave
- Arbitrary period and k-vector
- Perturbation TEC as vertical
TEC (slant factor is multiplied
when added to nominal TEC)
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Residual (Poly. Fit. - Given)
14:50:00
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R| Evaluation of new method by simulation -
perturbation TEC map for 200 stations

The 7th Symposium on MUR and EAR
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R| Deviations from the given perturbation

Residual (Mov. Ave. - Given)
14:50:00
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Offset error: -0.0036 TECU
RMS error: 0.36 TECU

Offset error: -0.15 TECU
RMS error: 0.33 TECU
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Latest TEC perturbation map
s houns TIC penurhucion mass
Seins TEC o0t AR By B

14:00,00 2013107719
T_fit = 3600 sec, Fit_arder 3, EL_mask: 30

aon .
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3rd order fitting is deployed I« 08
(1 order more than the <04
simple quadratic curve) o | -0
08
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Cameratied by Eiciron Navigation Revearch inst e (MR,

* Realtime perturbation TEC map distribution

- http://www.enri.go.jp/cnspub/susaito/rocket/recent_mstid.html
- Service is still available. The 7th Symposium on MUR and EAR
.
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Summary

* Realtime ionospheric disturbance monitoring system has been
developed based on a new ionospheric TEC perturbation
estimation algorithm with small latency (~| min)

* Characteristics of the new method is evaluated with simulation
studies in comparison with the conventional moving average
method.

- Much smaller latency
- Smaller offset
- Comparable RMS error
- Phase shifts (shorter periods than the truth)
- Longer ringing tail
* Improving the new method
- Fitting time interval against the time scale of the disturbance
- Order of polynomial function for fitting

* lonosphere sounding rockets were successfully launched based on
the information deduced from the realtime TEC perturbation

monltorlng SYStem' The 7th Symposium on MUR and EAR
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Development of atmosphere—ionosphere
coupling model at NICT
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Ground-to-topside model of Atmosphere and
Ionosphere for Aeronomy(GAIA)
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Variability of Ciliwung River Water Level due to Diurnal-Cycle Rainfall
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1. Introduction
At the last symposium (Sulistyowati et al., 2012), it has been found that the water level of

Ciliwung River has a diurnal cycle generated probably by the rainfall diurnal cycle which has
been confirmed observationally over the catchment area. Here we show results of numerical
simulations by using a distributed hydrological model (CDRMV3) and compare this with the
observed diurnal cycle of water level.

Figure 1. Coverage area of Ciliwung River basin (6.2-6.8°S, 106.7-107.2°E), flowing from upstream
area (mountain site of Bogor/Puncak) to downstream area of Jakarta city (Source:
www.google.com/maps/).

2. Observational evidence at Ciliwung River

The Ciliwung River basin, which runs from a southern highland through two provinces,
West Jawa and Jakarta, has downstream in the center of Jakarta city before finally flowing into
the Jawa Sea. The length and catchment area of Ciliwung River are 126 km and 387 km®
respectively (Widagdo et al., 2013). Ciliwung River has very long narrow watersheds and steep
slopes in the upstream to the middle, where runoff is very small because of a concentration of



dense population only in the downstream. Therefore, when extreme rainfall occurs in a short
time at the upstream can lead to the flood in Jakarta area in the downstream (see Fig. 1). The
risks of flood have been increased also by land subsidence.

Radar rainfall observation data from C-band Doppler Radar (CDR) installed at Serpong
(106.70E and 6.40S; 46 m MSL) (Sulistyowati et al., 2012). The CDR can observe rainfalls over
Jakarta area with a time resolution of 6-min and a horizontal range of about 105 km. Radar
rainfall data used in the model (see next section) are 2-km grid spatially distributed data. The 6-
min radar reflectivity is converted into the surface rainfall in the Ciliwung River basin using
Marshall-Palmer formula (Z=200R"®).
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Figure 2. The diurnal cycle appearance of (a) water level at Manggarai, has similar patterns with diurnal
cycle of rainfall data average from (b) AWS Citeko, Bogor, Serpong, and (c) weather radar data
over Ciliwung River basin.
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Figure 2 shows the diurnal cycle of water level at a downstream station (Manggarai),
compared with rainfall data from AWSs (automatic weather stations) and the CDR during a one-
month observation called the HARIMAU 2010 IOP (Sulistyowati et al., 2012). At Manggarai,
we find clear persistent systematic appearance of a diurnal cycle with amplitudeof about 0.1 m
the water level, corresponding to about 32 m*/s in the discharge. The diurnal cycle of water level
anomaly has the minimum value in the morning (07—08LST) and the maximum in the afternoon
(16—17 LST), this pattern similar with the diurnal cycle appearance of rainfall data.

3. Application of CDRMV3 model to Ciliwung River

The Cell Distributed Rainfall Runoff Model Version 3 (CDRMV3) is a distributed
parameter runoff model, which is suitable for un-gauged basin or poor information basins,
because this model has ability to define model parameter values with spatially distributed data
such as radar rainfall data, topographic data, land-use data, and remote sensing imagery (Kojima
et al., 2007).This paper introduces the first application of this model to Ciliwung River basin,
West Jawa, Indonesia.

This distributed runoff model needs geographical data such as flow direction, slope and
land cover on each grid-cell for developing the hydrological modeling. The topographic
properties (slope angle and slope length) are produced with DEM (Digital Elevation Model)
from SRTM (Shuttle Radar Topography Mission) satellite, and drainage paths are based on the
DEM data with 1-km resolution (see Fig. 3). The model needs the equivalent roughness of each
land use category, the Ciliwung River basin is classified into nine land-use classes based on
Ministry of Forestry, Indonesia, such as paddy, field, orchard, forest, wilds, urban, water body,
swamp, and river.
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Figure 3. Drainage path with 1-km resolution derived from DEM data over Ciliwung River basin.



4. Results of numerical simulations for one month period

Simulated hydrograph throughout the one month observation period (18 January — 15
February 2010) is shown at Figure 4. The diurnal-cycle rainfall (involved in spatially distributed
radar rainfall data) produces the diurnal cycle of water level, but the latter is not so clear as
appeared in observation. By using spectral analysis, we find that the simulated discharge has 1.3-

day periodicity.
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Figure 4. (a) Observed and simulated hydrographs on 18 January - 15 February 2010 and (b) average of
discharge simulation showing the diurnal cycle in the Ciliwung River basin.
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(blue bar), compared with river discharge observation (red dot).



5. Numerical experiments for various diurnal-cycle rainfall magnitude
Hydrographs have been simulated using the spatially distributed radar rainfall data also

for selected short periods. Figure 5 shows an example (11:30 —21:00 LT, 14 February 2010). In
this case, maximum peak of river discharge is 275.2 m’/s at 15:30 LT. Although the radar
rainfall was fluctuated, the discharge produced only one peak during this period, which can be
simulated by the CDRMV3 model. This might be due to an effect of rainfall accumulation.

Figure 6 shows simulation results using rainfall multiplied by a factor, which suggest that
overflow or flooding may be induced when the amplitude of the rainfall’s diurnal cycle is
stronger than a critical value (~1.5 times the actual values). We expect that the critical value is
dependent on the spatial distribution and migration of rainfall.
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Figure 6. (a) Observed, simulated and five experimental (with artificially magnified rainfall) hydrographs
on 14 February, suggesting (b) a critical amplitude of the diurnal cycle of rainfall beyond which
overflow or flooding may be induced in the Ciliwung River basin.

6. Conclusions
The CDRMV3 model has been used to simulate the diurnal cycle observed at Ciliwung
River, and to obtain a critical value for making floods in its downstream area.



Acknowledgements

The first author thanks to Dr. Kenichiro Kobayashi of Kobe University for his kind guidance and
valuable comments on the hydrological model stage of this study, to Prof. Jun Matsumoto of
Tokyo Metropolitan University (TMU) for his comments and encouragement during this study,
and also to Prof. Yoshi-Yuki Hayashi for his encouragement and support at Kobe University. We
thank many other colleagues in Japan Earth Observation Science Promotion Project (JEPP) —
Hydrometeorological ~ARray for Intraseasonal Variation-Monsoon AUtomonitoring
(HARIMAU), who did the HARIMAU 2010 IOP, and operators at Balai Besar Wilayah Sungai
Ciliwung-Cisadane (BBWSCC), who provided the river data. In the completion of this study, we
have been supported by Science and Technology Research Partnership for Sustainable
Development — Maritime Continent Center of Excellence (SATREPS-MCCOE).

References

Kojima, T., Takara, K. & Tachikawa, Y. A distributed runoff model for flood prediction in
ungauged basins. IAHS Publ. 309, 267-274 (2007).

Sulistyowati, R., Hapsari, R. 1., Syamsudin, F., Mori, S., Oishi, S. T. & Yamanaka, M. D..
Hydrometeorological significance of C-band radar echoes migrating over Ciliwung River
Basin, West Jawa, Proc. 6™ MUR-EAR Symp., 68-72 (2012).

Widagdo, Sawano, H., Sarwono, S., Bambang, W., Hananto, K. & Sukiyoto. River Management
in Indonesia English Edition. Directorate General of Water Resources, Yayasan Air Adhi
Eka, JICA, Appendices B2 (2013).



BHIERZEY 4V R T 74T L—F =X 5 ILENFIRO B HERE R

iz 1), FilipEsn, mEEsER]L TR, AEZ(2], Erikelal
(1] I T3ERE, (2] mORZE A A BT JERT

1. &

BHTHERFETIE, SRR OFASL KA IS AT TE BRI A i 38 I RIR &7z Tekeiikic B0
HEEE O LRI AIEILEIBR ] e e s MIBWT, @HFRDERICSI#T 256 % ¢
VRAIWIZ13GHZz V4 R m 77 A4 7 L—4&— (LT, WPR) BN Shiz, ZO WPR MW=Lk
MR IZ 31T 2 KRB E OB 218 LT, ZEMICEE T 2 RHE BRSO R KIG U E OIRE O FHE & 2 3
HZEHAME LTS, AFETIE, ZHIVE COBMTESN-EROMEIZ SV TR,

2. EHIEKFE WPR OHE

WPR N B SN TWAEHTERLZH DD F v o 7SR T B AL OWF ST MSATE L, WINDAS #&
H R BIACALTE o J5 NI EAREREE TR 24km LN TV, Fi2, 7 A X A ZEHRNFEISK 5km (2
HY, FEEOEWH BB & DA FRETH 5,

# LI T RS WPR OMERERE T2 7~ ¥, FEARMIIZIE WINDAS CEH SN T\n5 WPR L RIFITH
573, WINDAS fEHm~DOEBERET 5720, E%(FE 4% WINDAS L ¥ 600kHz =\ 1358.1MHz
LLTWA, T, MW IEEESRE 2 EHATRER L U A A=V THEREZ A L TWA Z L REHMTH 5.

#z1 : @BHITEKTE WPR OHRERHET

BT A 1358.1 MHz [N ¥ 3
EIEET 2.2 kW L A5 5 200 m ~ 5 km
7T Tx—RART LA i Loy fRE 100 m ~ 600 m
a1t 4mX4m RF [ 53 fifie W 104 (b2 )

3. BB X O R
3-1. ERARKR

BHTERFEWPRIT20124E 3 Blzhb b X v o _RRIZRBEIN, TAMND 12 A £ TR L > =
T LT ETT o721, 2012 45 12 A XD AN A -7, TDth, BEICE D E TIRITEFRNICT — & B
BEIT>TWD, BIGT —Z OWNEIE, 20134 7 A £ TH 10 /50 FEDO A, 8 ALK 10 /3 F¥IE & 1Q
HAOTHD, £, Ly VA A= 7 OUMENEZ 2013 £ 6 AB IO 7 Ao <> MEE L THEE
L7z,

3-2. WFEHORD R
3-2-1. ERERJEER O

MRV ORIR T, MR & Pef OIRE SRR T 2MERIGRS AT 2 2 N EL<bMb5NTE
D, KRIGRWE O EICHET L 2 EMERESNL TV, BEOBMENC X Y, WPR 23 ERERIEER O
FHE, BHCEEFMOFEREET IO TH L 2 LARENTWA[1], 2T, MTSAT O#R4t
BT — 2 TENDRNT LRG> TWD HO WPR D 10 5 EEOF — 212458 L, HEREIEE ORh
& I T,

—REDFEARET S0, FEEICBWTEEO 1 HSEBEEZEH L, 84 0 10 45 5 0 sl H
b1 HEHEAESIER L, 72, BERTINIC 40 OB 21T olz, I, KPR I [FIHR A
e L, MR IR B Ay & ARy & R D T2, #EV T, MTSAT ORAERT —Z B LT A X4 A
SEHRBOT—ZEHWT, ENDRLBERAEAISN T RVWEEZRINL, ZOVHEBE2HE T L, 2013
5 HOMWTEREZX 1 R, ZOfrcids A3, 5, 9, 12, 13, 14, 21, 22, 24, 25 H» 10 H
M OT — & BRIV,

ENIEFE & 7LD &R 8~10 BRHZEE 1.5km LA F T EFFAREL TS, A7 MUEEZRD L, Zh
WS TREBE BN E L, 14 FFEICEE 1.5km (HTIZZE L, 0% 17 B S IZRBISHBEL T2
ZEMbnd, 12~17 KOREMHIZEE 1.56km o KGR E O Bt Tre a—EREL /o> THD,
WEICRE SN REREREORM E —% T 52, —77, AREROWERICEE RS T, &E 500m
UTFOFET, KREEAEORENHE DA 10 FFE SRS SEML, OGN EE 2km £ THE
LCTW5, REEEAEOMEIEE 5 17 KFED O 1T PR CIEERIC, BB cimRic2b L kb, Al
Y 72 Y2 B B8 D B O TR S LT D, 0~5 BEDIRFRI AR ABIH S LTV RN, TAX R =
FHROT—X TR E > TRV EEKD EEX BN, LER->T, 0~5 REORERIE OFRm O3S
S WPR OB TIREE CTH 5 200m % FlEl> TW D RIREMENRE 2 5D,




WPR echo power

30 80

70
= 2.0
é 60
W [dB]
5
= 50
5
Iz 10

40

0.0 P RS I IR H . P P BT B

L 30
WPR spectral width

3.0 2.0

2.0

15

1.0 [mi/s]
10

0.5
0.0 . | . | . | . | . | . | . | . | . | . | . | . 0.0

ALTITUDE [km]

00:.00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:.00
TIME [JST]

AWARA WPR : 201305 Perpendicular wind
3.0 T

2.0
[m/s]

1.0

ALTITUDE [km]

0.0
3.0

2.0

[m/s]
1.0

ALTITUDE [km]

0.0
3.0

S bk WN R ORMNWRERDRWMDRE ORNMNWEA

2.0

0 [mss

ALTITUDE [km]

1.0
0.2

N 52
S 0.4

0.0
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:.00

TIME [JST]

1 :2013 4 5 A DKRKEFIEDOEHH, MTSAT TEAHEVBASATELT, 7TAXX=ZEHRFTH
ARSI TV 10 HREOT—Z2 A Lz, End, Za—@ERB LAY hUE, AKFEROWE
SRR L CRE ALY & ACER Ry, BLXOSRER CTH D, AEBOWEFEIICKR L CRERK DL, 7
T ANMER, ~A T ANERZET, £, EERICH L TKERESICOWTIE, 77 ANEN L
R EOEFOHATHD, KABEFEORKE - M, S 1km LT O @ TR - RS 5 E
LTWb, F£7z, KEMAEE 2km £ THRIBEINL TS,



3-2-2. WINDAS & /5 & D Hik

BEWT, MEHOBEOEMEZALNCT D720, BT ¥%KRY WPR CHEI S iz @ ozt %,
WINDAS #&H /5 CBU S U728 & ORI K W BRGE L7z, faH TR WPR & WINDAS & H R iR E AR
HEECTHT 2 24 kn LN TR ST, Wi OBMT — & ZHle+ 25 2 & T, INEIEA QRO #R
TE 5,

X 21%, 20134 5 A DOFEE 384m IZB T A IO/ RTH S, Eonn, HbbOLoORMAOE R 7T A K
RhHb o EEFOFHRE, bbb EmIFOROMERE, Hbb LEFFORINZED HI 6 TORIFNIIX
THEREMEZ TR LTS, K EHOE X NI ATIRIEFVBLOENASHEY ORNEHMS L TS 2L
R LTERY, ZAUIEICHAERBS X OR#EEREORZROFETH S, L& O (BiHo 330~360
FOV0~60 ) ITMHBERE AR b EL, DL LEHFOMB CTREORAZBH L TWAZ L EZ R LTVA5,
=770, BEICIEETOENAH Y, Kb b TOmIMN 30~60 EOHFAITM 45 LI N T5, B
#HY omE (BEEoO 150~210 ) (3dbF Y OR LY LETHBEBREA TRY, Hb o TORIMIETFEL T
BB DOENETHZ ENROBND, EFD OFE (Bl 210~270 &) 122 CTIFEBN 0.6 2 TlEl-
TEY, BHOEDIZLDENREL 2S5 TND, AR TITRIEOHLE TRZHEIZET 5, ®E 2.9km T
ETEED OROAPEB L, H o EEHFOMERET 0.9 ICFET S, £, RmOELIEFIT/NEL,
i A A CImPER A B L T D Z e AR LT D, K212/ LND AN - FIEHOEWLEE 1km BLF T
B REL R AHEMICH Y, DTh 24 kn LOBEENL TWARWHLERI TS, KEEERE OB L - TAFE
DOREENRR > TNWDHZ EEARLTWD,

Altltude : 0.384 [lkm]/ Total day : 24 [days]
& T T T T T T T T

Frequency [days]

5 —|—|— I —

‘ ! T
FUKUI

Average Wind [m/s]
w
1
T

Correlation
o
~
L
T

o
5
- o &8
&
g &£ B% o
ped s o ¥
g o
S P il
@ E i ® P P T 8 oW o
w k= oo o o o W e o0 o 0%% o G0 o
§ -180 %y T® %"?’o o 3@? "o ] 0 IR el anins® o°93|§n°3 e o?ngonoB°$£,O 0ol ®,
0 30 60 90 120 150 180 210 240 270 300 330 360

Wind Direction at AWARA [deg]

2: 2013 4 5 H O 384 m (2817 D@ LR WPR F LU WINDAS &7 TR S 72 mod
",

3-3. 2013 FEE =DMV RERFFCBLE & iz Bk DR

2013 FEEZ (L, KriZ 8 H THIN D 9 AFIEAIZ2NT T HAHE L TIEFRITIEE) L 7= KR ATRR OB 2 521 ¢
EHETHLROERSEH SN, ZOFT, 94 3 HOBHT —XIZonTik15,

M3k, 9A3HOT AXFA=EHRIZEBTHRIE, FkE BEBSIOVRARNT—XThsd, 14 FHEEH
5 16 BRZANT T, 10438472 0 OFEKED 4~Tmm [ET HMOERABI SN TS, KM TIZ9 A
3HICHAAMELE, 91 4 BICHFICHIAIFEL, ZOMICEFRZBELZZENTREND,

413, EBHITEKRYWPR TBHIENT-9 H 3SADESZTHS, End, WEBRICEERHESB LW
KEZRRRSY, $hERE TR LTV, 27710, KERICOWTIEEEZLIC 1 HOEBELZBI B L, —i%



BOEELRELTND, @r% B2 a5 L, FRiFICEE 1km BLF O TE TR S HEIZH D>
I JEASERE L, EJE Tl R A3 f@of%@, ATRRICEE > B E 2B L T\Wb EBbh b, 20,
12 R RTINS REIZm D A, B CiEE» SMIzm 9 BUCZ b L, pifd@E -2 &%
RLTWD EEZBND, R ’ﬂ:ﬁiﬁﬁk’\ _Ob\f% 13 IR Z BRI AmAZE L LTH Y, At @i
WZESY b L Bbhd, 20X oig, MR ﬂbfﬁﬁkiomI&ﬁm_Am¢ét A 7 R
ﬁ@ﬁéhéo:®:&ﬁ,%ﬁﬁ®ﬂﬁ CHENRIFTHEL R L WD L IcBbh b,
*ﬁ,%Eﬁ%ﬁék10ﬁ@#%%fﬁhnULTTMm#ﬁMéhﬁbfwéoYXﬁXEE%T@
B SEH S N TR W TH 5728, EECEHBECERNPBE > Wb D e HEE SN D, 12 BREIC
EEER) 4km ZHEIC TR T TR, BB T RSB SN TEY, Z ORFEHATIZ OV TR fERE 2
BT —% % AR 8 iy O 7etiE 2 R~ TR A K 5 1R,

AMEDAS (MIKUND

35.0 L | L | | 8 =
. - precipitation g
¥ 300 |- temperature —e— _| g o
= v £
v 1 =
= 250 |- ir -4 ¢
@ - S
8 L ] =}
£ 200 |- 2 2
g H s
S
15.0 | | | | ! | \H | | | ﬂ || I | ! | H— 1 M) &
' 1 ' I ' 1 ' I ' ] T ) ' ] wee | ' I ' f ' =
w . " . wind velodty ——— o
£ ol " . . wind direction . 1270 &
> LI ) 5
g 100 | o aennie - . renn . — 180 ©
1% L1} LITT] . - LETTT) LI LI RTY) a
@ o wemsismnns amas =
> . T
o 5.0 90 o
£ =
T oo o

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14.00 16:00 18:00 20:00 22:00 00:00

TIME [JST]

X3:9H3HOT7 AXAZFHRICEIT AR, MkE, Bk XM mT —4, 14 HHERE)D 16 HFIC
T, 104470 OFKED 4~Tmm ([ZET 2ROV ERABH ST b,

AWARA WPR : 201309 Perpendicular wind

5.0 \ i

4.0

3.0
[m/s]
2.0

ALTITUDE [km]

1.0

0.0
5.0

n n
Parallel wind

4.0
3.0

2.0 [m/s]

ALTITUDE [km]

1.0

0.0

5.0 Vertical wind

4.0

3.0

[m/s]
2.0

ALTITUDE [km]

1.0

AWM b orRrMmMwEREOL AR, WwERERODNEORNMW B

00 L L L L 1 L L L L L L L
00:00 02:00 04:00 06:00 08:00 10:00 12:.00 14:00 16:00 18:00 20:00 22:00 00:00

TIME [JST]

X 4: #wHFTERTEWPR TEHEEN7Z9 A 3 HORFR, End, WEFRIC &W TR LUKy
SREMTH D, 72720, KERIZOWTEEE T LI 1a@+wm%m% H®%@%%£LT
W5,



Zonal Wind

20

15
g 10
= 5
a 0 [mis]
3
[= -5
=
= 10
-15
-20
20
15
E 10
= 5
a 0 [mis]
35
= -5
=
? -10
15
20
4.0
3.0
E 2.0
= 1.0
Il 0.0 [m/s]
=]
E -1.0
4 2.0
F -3.0
g _[—— e g 4.0
1150 1151 11:52 11:53 11:54 11:55 11:56 11.57 11:58 11:59 12:00
TIME[JST]

X5:98 3 H 1150405 12 HRHZRBI A%, EnD, AR, fibEB I OMERTHD, K4 &
ﬁ@@,*kﬂ%@f?ékﬁﬁﬁofwﬁwoit,ﬁrﬁ4hnuh B3 AGOMHEKIT, —a—0
SN 2MEL JBGEE & R D HivZe o7 Z L Z /R LTV B, Esz&imub%l:%u#ét&) JEGE D A%
THHT—a—ROmxEK 4 L3 LTnD,

X 5 OFEFAE R D &, 11 1 52 43 LAKE, B Skm LA FOEE CTHW FERABIIS N TEBY, Ky
T =AY MR LIRER, BN THDI EHEIND, Bt SZ RS &, 11 R 53 /pE2 5 11
B 59 EEICONT T, EE 1~2km OFPH CRAOEANK 1 0 OBYPI TANBRDLIHETFTNRA XL TED, X
SERDBENTWD Lo WCRZ TN, £72, BEPHE S Lm0 EE 3~4km OE _ET 4.0m/s (2T
LR EREABBEI STV A, 2O R E EOHOIENER & OBRIZONT, 4%, ALHERIZX
LETFT—HLEBAELRAETLITETHD,

34, LUTPARA=DVUTDOT R MEHIRER

B%IZ, 20134E T H 22 BT Lo DA A=V 7 OT A MERERO 1 #l2 X 6 12rkd, ZOH
EENHEL TWERERNIERS, BhoBIZoEID, HnmEEEESIE, 1857.6MHz 25
1358.6MHz % T» 250kHz D 5 TH 5, X 7 Oi@E OBMTIETORIE & ik 5 & & ES b
N ELTWD ZERNbh D, B, BEM 1.4km (2 AL FAEOREWEWNERDH Y, ZOEENET
TEREFN LA & FRE2ZEICH D E L TODEETAHEICRER SN D, RS T 2 EOFRIR D A
FILEDEORGT — 200, EER 1.3km BNED N Th b EHEE S, EOERICET 5 KK OET
R TOWDAHREERH D,

4. FRESHBORE

BHRNEBROBEI IEREZHD L X v /SR ZEE S WPR OF —X 2 W, dtkieisgo fHH
TEER OB M ZH SN T D100 T — 2 BT 2Bl L=, TOHWFEE LT, 5 A ORFEER B ICiEiEkEER
PEEEMNRAE L TS Z R sz, £72, BE 1km UL F O FETiL WINDAS &3/ & 2722 5 a2 8l
WEND Z EWREN, FTERKOBOHOEEENLD ORENTE, A2 M LT, 9H 3 H
DOIROEERRIF ORI DWW TIHE L7 fE R, TROBEIRAARAE L7RZ 0f) 2 REFIRNCRTRRO@EE I 4E 5 m
MO L, BOWEROREK & 722 o I FELER AR T 2 a0 H 2 5V EFRS Bl S s &
LRbroT,

S181E, RIGHTT — 2 O % H R ARG B 3 L Y WINDAS &35 & OB W OEFH L2 52N
T 5L, ANTHET—X LORAEBLINL L O A=V 72 LD REER) OB Z 5 L,
B SN2 BSR &RV OBMREZH S LT TETH D,



signal to noise ratio
2.0 T T T T T

30

E 25
= 20
&
E 15 [dB]
= 10
< 5
0
vertical velocity
2.0 4
é 1.8 2
s 1° 0 m/sl
m/fs
E 1.4
512 2
1.0 -4
spectrum width
2.0 T T T T T T 3.0
E
= 2.0
w
S [m/s]
= 1.0
a
=T
0.0

0 5 10 15 20 25 30 35 40 45 50

elapsed time [sec]
B 6:20134 7 H 22 BIATo7e Ly VA A=V 7 OT A MEIIFE R, 11 K 40 53226 D 1 53 OffMT
FERERLTWD, Eb, SN, ShEM, A7 MURTH D,

signal to noise ratio

2.0 T T T T T T T 30
T 18 25
a2
g 10 ?gmm
3
514 10
z 1.2 5

1.0 0

vertical velocity

2.0 T T 3
T 18 2
= 1
g 10 0 Im/sl

m/fs

E 1.4 I
E 1.2 -2

1.0 -3

spectrum width

2.0 T T T T T T T 3.0
E 1.8
"
u 1.6 2'0[ /o]

m/s

o)
= 1.4 1.0
512

1.0 0.0

0 5 10 15 20 25 30 35 40 45 50

elapsed time [sec]

B 7:H 6 OF=ZIZONWT Ly VA A=T 2 7 ZATDRVIBE O FiEZ HOTCRER (8 fiRRe

100m), [ 6 &l L CRES M ONREENEN Lbnd, 74 —~v v MIK6 LFHL TH D,

2 3k

[11By Tri W. Hadi et al., Tropical Sea-breeze Circulations and Related Atmospheric Phenomena
Observed with L-band Boundary Layer Radar in Indonesia, /. Meteor. Soc. Japan, 78, 123-140, 2000.

[2]Hashiguchi, H. et al, 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.



EOS/MLS 7— #2235 < g - FRBICET 5 F 4 AHYHRE OfFT
OB WL - R T - BN R OUKBEED - 0 3 GLKIS A

1. IICHIT

PRIEIE PG R, FRIEIRE A OW BN, U 2 4R 5 iR
#(QBO), AEFEWHREN(SAO) e & D A A B DAFAED
b, %< OWREFEOBK LG E DT TE e, — T, 8
PSR L0 bosElid, BIHFROROND Z &b R
TR BIZ2 g LR DTV, SR, B o
BUREAT ORI B S A & FHBEVE 7>
T ORI DN T b RERBY ) AT A TTRE & 7o T2, %
ZTAME T, @ 90km fHiE E THELAIFIREZ: Aura
EOS/MLS 7 — % % VT, B rk i - Rk
BIF5 SAO & HLICHREBIER IOV THT 21T o 72,
PIF T, T — & & Ok %E L b, BRI
EWET D,

2. T—F LIRWTFIE
2.1 EOS/MLS 7—#

AL Tl NASA 1B D Aura EOS/MLS Version 3.3
Level 2 DRI E VA RT Vv Y VEEDT — X B EHT
%o BRESARREIIAUEE TR 4dkm, RBESEAEST
HHHEIE TR 8-9km TH Y | mEK 11km~97km DO HiPH
2T — Z WA 42 J8 B %, KFEI7 10 ORI 160km
T, MEIFMALENEN 80 EECHATE D, AT —X
IHEREBUEIZR > THZ bR TWA DT R/it: 3 ADT
— B ERET H T LT RS X 5O IRT — 2 &
1 HREIFECIERR L. fEFTIC AW, 1Bk LT — 2 1322/
R — VIR EAREES” x 57°C, K| 2 77— /173 3 AL Lo
Bz NFINTFE L BTS2 Z L S FIRE T d 5, AT
BliE, 200841 725 201346 H TH 5,

2.2 RDOFORDF

VART v VR ED BRI R R A KD 5 7=
B2, CIRA1986 £ 7 /L THE S CTu 2 fBEE R Al 0D 5
(Fleming et al. 1990)% iV 7=, [ 112 2008 ££7> 5 2009
FEDFRIE T I1T 2wk 45 R R D IRFE 28 2 3, Ak
JEHE TR 5% QBO I HREUC b~ TP R ASFE A 550
Z by D, E AU E S AT (ThPa) 2 8 T

B EHENEY EDD SAO BA LD, —F, [
[(0.01hPa fi1)TH SAO ARSI D, LARAEE Rk
130> SAO % SSAO, i Hi[HIE > SAO % MSAO &
O, T ZRLICHTZED 2,

PRESSURE(hPa)

2008 2009

1 2008—2009 FEZH 1) D ARE LR EH HPE RO &
EERRR M R, SRR 15m - s~ R R R A
E S

2.3 BETT— & L OB

F T ARBIFE TR O T ARG R & gt 7 — & &
DR EAT S . WBIZAW=T — %X, ECMWF (3 —n
o NEH T 4 —) OFHENT ERA-Interim T %,
212 2008 FEDOFRIE EIZE1F 2 HIR R BE B O R 5
BErT, EXBAE EOSMLS 7 —# M bR ED
$T, T ERA-Interim OJRDOEH ThH 5, Wi % ik
FT% & EOSMLS 7 —4 bR 7= RO BT A By
BEENDHDOD, QBO X SAO OfFHRC, EH Ot
EIZIEE L TVD Z & bbb,

1.0

PRESSURE(hPa)

2008

PRESSURE(hPa)

L 10

1 : 1
JA FE MA AP MA JU JU AU SE OC NO DE
2008

2 2008 T H3 T B AR ik SR B G A 0D i FE IRE R
WX, (F)EOS/MLS 5 —#4 . (F)ECMWF, A{E#rRE
FEid 10m - st R ERE £,



3. FEATHER
3.1 FEROBE

fEAT I O FRIE 1 0 B D5 OB A 51 5 72 12 A EH)
L7 AR O #RRSEE VG R ORI b & X 3 IR T, |
X R, TXIE 1hPa & 0.01hPa &2
LA ERYHLIELDTHD, ZNHOID
SSAO & MSAO T OBIRICH 5 Z L bbb, =
UL Hirota(1978) CHE Shizu 7y MY T & vz
FENTHRES: & —F9 5 b DT, ZHuE MSAO 73, SSAO 2
L2 L BB OB T 2 B R E KT
TR EZEx TS (FlxIE.
Dunkerton. 1982),

WIT X 42 H T LA RS R A~ LD
oA wd, QBO sy sk B (10hPa i) THL
BL TS, AO o id BEBaE R & T8 I < Hisey
WCREL o TWVDNR, HE VB TITAR, FRHIETIE
TRy b IR 72 Okt L, BB B TR AR 0%
HRHbENDH, AHFIETHER LTS SAO iisri 5hPa
itk ECTHRb EBT 545 T, 0.1hPa fFiF &
0.02hPa THi/NE 720> TWAH Z b5, £, SAO
F 5y DREIE G E AR 2 Rl < & | ik L Jg T idm BRIl
TRIRDRER A & 2 DIt L, S X v - CidaRiEst
Bré. MEICL Y B2 EMEN RO DX 5), R
[ L8 o RiE I FPE L Belmont et al.(1974) THE S h
THEY. Hirota et al.(1983)1Z & ¥ FEFERIBK T = v B
K OE ORI AR Z &2 LY FRE R
LTINDZ EBRINTND,

~ 1E-2

PRESSURE(hPa

zonal wind(m/s)

o1z 2015
3 A Lol RARRE R R o R A2, (1)

R R B, A ERREIRRIL 10m - s~ PRI AR
%33, (F) 1hPa i () & 0.01hPa (R DA,

sl
2011

FTTTEFPTTTY FETETY FETTTY FRTETY PP
2008 2009 2010

w Tl

P |-

PRESSURE(hPa)

1 1 L
QBO AO SAO

1
I - B ]

1 1
120day 90day 60day
Time(day)

4 ) U T ARE IR S R D 45 8 S oy
ORIE, BALEm - s~ feImE, BEhida ek,

o 80

2 70
60

50

HEIGHT(km)

40

PRESSURE(hPa)

30

20

C'\./r_‘.‘)l.l.m\ 10

N T
80S 60S 40S 20S EQ 20N 40N 60N B8ON
Latitude

5 SAO ROy OREEESAT, SAERRFIMEIX 2 m-s™1, it
HhITE BRI A R,

3.2 MREEZEARFE~D SSAO - MMAO DJHE

SSAO & MSAO DA% BB &~ 52 db 7z v AL fEko
AFICEAL TR 3O FRERTHD L, 2009 4 - 2010
H . 2013 HEDAZED SSAO & MSAO DOIREIE ML K
DERNZ EMNDM D, 6O, KEBKEE RS
R (Stratospheric Sudden Warming : SSW)23 2 = - /=4
TH5H(2009 4F 1 A - 2010 4 1-2 A - 2013 45 1 I KA
RFEH), RFR&1E, WMO (5S8R 2WE#RT 5.

THARE 5B LT, 10hPa 22 AU BLF OO CHaE
60 FE X VARMIASEIR & 720 . PEEAREIZE D D) &I
wi o9 e a R, AR E R TR S D e R 2
AR L AR D SAO ORRE I 57912, SSW Ak
IKFoD SAO DA & 7z,

ZIZTHE. & LT20184 1 AICEZ o7 SSW %
WY L5, B 6 o LRIZAbkE 70-80 2SI 2 HIk T
PREE, FRUTHRERORH- & EWHR CTh 5, R4
IRFE B\ SR IR b S0 P R AT L) & SRR A~
DEDLDLZONRRLND, SSW IdxiitlE TRt S %Kik
MR D7 3% 52V —We 3 B B ~FEE H AR 3 S iz



THBLT D, SSW KL 7 O T E T h i R
MITIEETHOHEE D LD RRIEERPEEE) S, ERAGIC
PEOBTEVINEL, FRERICIEVETBVREINE Z 5 L HF 2 bh
TW5b, 2O K D7 SSW D KIEER & [ £ 2 FRIER O IR
FESZZ OV TR TS,

PRESSURE(hPa)

PRESSURE(hPa)

0
10 20 31 10 20 31 10 20 28 10 20 31
DEC JAN FEB MAR
2012 2013

6 20134F 1 ATt = o7 SSW Kroddbii 70-80 I
Témb@i’ﬁmr (EX, SR 10K) & H#RF

Ey i (R,
e D) @H%?F'ﬁ’ﬁﬂ:o

SEfEARMEINE 10 m - s, [REEITRE A

ié‘“l
‘)
V F<O||

=
BiiHD

] 4
S0km~30km
s 1 v%
;Iiﬂll 77$&'J—2&C ! ’m
V-F> 0 -
7 £,
E B L.y

7 RJBE AR O BB . Matsuno(1971),
F:Eliassen-Palm Flux,

TRUEEIE 14208 U CREEA/ NS Wz KRR
fLZ o TORWED SR e FRFIEIT 2 R D b D
RAEZ -T2 b D& K 81277, Z DRI RFIRIFIZ AL
fe P U AL CRIR S AR, TR R T E RS & 7R
D BB AL CRER, PR TIE AR LTV D
TEBREZLND,

912, 2013 4F 1 A 11 H OIREAR A2 O & B /A &
#9, M7 TR L7 SSW KD FJR & BRIR ORI L < R
TETWBZ ENbND, £z, KHHE SSW 234 U7t

OFEICELTH, I RIEFEOREN O (KER),

Wiz, EROREZEE . SAO DIRIEZELOBRE S
Z25, ZZCHREEOBFEIZE T DIREROIIILL F D
£51272% (B2 1X, Andrews et al. 1987),

du R d?T

dz ~ HBdy?
ZOBFRRE S LIZ SSWHO RIERZHE 25 &, BRIRT

DRECIEEE & TR R < 72 0 | FR T D kTl
B LSRR 72D, Z OB D SSW RO X5
TRRRI & ARE B SRR ME U D & XX, SSAO O AN
., MSAO OBEEIEZE % 55 (¥ 10),

11 1ZHRE LD KRFIRDAE = - TRV S O FP
EURZEZ T, X 8 & [FIERIC SSW R 5l B S i 43 ¢
A, FEHRHE TITEREL 2o TND Z LMD, K
Ji L S A 30 C U P RS, R R TR I RS BR < A o
TWHZ ENDbND, DFED ., SSW ITHE D IR R4
SSAO & MSAO OiiiE % b 5 Al 8 5 Z L HyRie
Ensd, —JT, MSAO O FE AT SSAO O HUENNIH
W3 LTBILTWD 2 ERbA D, Z ORI O KA IR
DIRFIZ S H BTz,

PRESSURE(hPa)

10
10 20 31 10 20 31 10 20 28 10 20 31
DEC JAN FEE MAR
2012 2013

8 FE EITBITA, KFENEHRL THRWENLD
BERAEICHOWTOR 6 & & RO, SRR 2K,
T AmEERT,

Tz=Te—no—S5SSW 2013m01d11

PRESSURE(hPa)
HEIGHT(km)

- 10
BOS SDS 405 205 EQ 20N 40N 60N BON
Latitude

X9 201341 H 11 BIZEBIT B KRFEDFEH L TN
EDD OIREREORKEE SR, SERERIL 2K, R
IFRREERT,



i 40

Bl R

10 SSW K DRiE EOIRERZEICH 5 SAO FR{LOFK
KX, WIikvsaEmmdE, EixsEingz £,

PRESSURE(hPa)
HEIGHT(km)

10
10 20 31 10 20 31 10 20 28 10 20 31
DEC JAN FEB MAR
2012 2013

11 B EIZBT D, KFEBFEI L TORVEND
DHPGARFAZ DOV T DK 6 T & RO X, Sl
10m-s™t, BEISITARSEEZET,

4. FLOHLEBROTGH

ASEIOWIETH LN SAO OFHEE LD, £T.
SSAO & MSAO (ZWHrAHDBAMR T, FL LD ZE Mo Am
1Z SSAO MFREHHFFRT MSAO 1ZARERFETH - 7=,
SSW TERRIZ Y 5 JREIROIR R 727 SSAO - MSAO D
W 2 58D 2 FTREMEAS R K AUz, S 7o H s T8 oo v JUn
TR e P S i A T 0 BRI BB CREZ D 2 &
Wohotz,

SElfE Hiv7e SAO OIRIERE KD ATREMRIXE MR 72 2 &
Th D7 A5 %I S 5 IR 2= EBIC B R O
RELZ ERMICHITE 2008 ) DT 2D TV &
72 M4 LUK 5 TR O  HRHIE SR f( 4 (0.001hPa
T OFAEF RN DN T S REOMRHT 21T 5 TET
HD,

BE R
[1] Andrews, D. G., and M. E. Mclntyre, 1976:
Planetary waves in horizontal and vertical shear: The
generalize Eliassen-Palm relation and the mean zonal
acceleration. JJ. Atmos. Sci., 33, 2031-2048.
[2] Andrews, D.G., J.R. Holton and C. B. Leovy, 1987:
Middle Atmosphere Dynamics. Academic Press,489pp.
[3] Belmont, A. D., D. G. Dartt, and G, D, Nastrom
(1974). Periodic variations in stratospheric zonal wind
from 20 to 65 km, at 80°N to 70°S. @. J. R. Meteorol. Soc.
100, 203-211.
[4] Dunkerton. T. J., 1982: Theory of the mesopause
semiannual oscillation, /,Atmos., Sci., 39.2681-2690.
[5] Fleming, E. L., S. Chandra, J. J. Barnett, and M.
Corney (1990), Zonal mean temperature, pressure,
zonal wind, and geopotential height as functions of
latitude. COSPAR International Reference
Atmosphere: 1986, Part II: Middle atmosphere models,
Adv. Space Res., 10, 12, 11-59.
[6] Hirota, 1., T. Hirooka and M. Shiotonai, 1983 :
Upper stratospheric circulations in the two
hemispheres observed by satellites, Quart. J. Koy.
Meteor. Soc., 109, 443-454.
[7] Hirota, 1., 1978: Equatorial waves in the upper
stratosphere and mesosphere in relation to the
semiannual oscillation of the zonal wind, /. A¢tmos. Sci.,
35 714-722.
[8] Matsuno, T., 1971: A dynamical model of the
stratosphere sudden warming. J. Atmos. Sci, 28.
1479-1494.
[9] Plumb, R. A. and R. C. Bell (1982). A model of the
quasi-biennial oscillation on an equatorial beta-plane.

®@. J. R. Meteorol. Soc. 108, 335-352.



BHEAVFETHRASNERETIVEVRE =0 FEBEENRICELESEELE)

SHARIEF - BRRIEE-mEFAC
1:JAMSTEG, 2:dti#E X%, 3: B RIEH
1. Introduction

Cirrus clouds frequently occur in the tropical tropopause layer (TTL) and play a critical role in
the dehydration mechanisms of air entering the stratosphere [Holton and Gettelman, 2001;
Fueglistaler et al., 2009]. The dehydration processes in the TTL control water vapor variability in the
lower stratosphere and may influence surface temperatures through their impact on the global
distribution of the radiation budget [Solomon et al., 2010]. The variability of cirrus clouds in the TTL
is dependent on cloud microphysics, cloud dynamics, and large—scale dynamics.

In this study, we investigate cirrus variations associated with two types of equatorial waves over
the tropical Indian Ocean (8.0° S, 80.5° E) in November of 2011. This study mainly utilizes data
from the Cooperative Indian Ocean experiment on intraseasonal variability in the Year 2011
(CINDY2011)/Dynamics of the Madden—Julian Oscillation (DYNAMO) field campaign [Yoneyama et al,
2013]. In this campaign, we conducted regular radiosoundings at 3—h intervals, 15 balloon—borne
cryogenic frostpoint hygrometer (CFH) soundings, and continuous high spectral resolution LIDAR
(HSRL) measurements onboard the research vessel (R/V) Mirai. After describing the cirrus
variability over the vessel during the study period, we investigate the humidity and temperature
conditions inside the cirrus. We then characterize the equatorial waves that modulate this cirrus
variability.

2. Data and Methodology

During the CINDY2011/DYNAMO field campaign lasting from late September of 2011 to early
January of 2012, the R/V Mirai sailed in the tropical Indian Ocean with a primary objective of
studying the initiation of the MJO; the ship remained at 8.0° S, 80.5° E from 30 September through
24 October and from 31 October through 28 November [Yoneyama et al, 2013; see the R/V Mirai ‘s
track in their Figure 4]. Onboard the vessel, Vaisala RS92 radiosondes were regularly launched at 3-
h intervals, and a total of 15 cryogenic frostpoint hygrometers (CFHs; Vémel et al., [2007]) were
launched. The CFH is a chilled mirror hygrometer measuring the temperature of a frost layer on a
small mirror that is kept in equilibrium with the atmospheric water vapor; this temperature is by
definition the frost point temperature. The relative humidity over ice (RHi) in the upper troposphere
was calculated with the frostpoint temperature measured using the CFHs and with the air
temperature measured using the Meisei RS06G radiosonde that was attached directly to each CFH.
The accuracy of the troposphere (stratosphere) measurements is better than 5% (10%) RHi [Vémel
et al., 2007]. The Meisei RS06G radiosonde transmitted the CFH and radiosonde data every 1 s.
Because the ascending speed of the balloon was set at *5 m s™', the corresponding vertical
resolution of the data was ~5 m. In this study, we averaged the data every 100 m to improve its
statistical interpretation.

Also, we continuously operated the high spectral resolution LIDAR (HSRL) instrument of the
National Institute for Environmental Studies (Japan) onboard the vessel. The LIDAR system
separately measures signals at 532 nm that are backscattered by atmospheric particles and
molecules using a HSRL technique that is different from the conventional Mie scattering LIDAR; the
HSRL method directly provides particle backscatter and extinction coefficients at 532 nm for
optically thick aerosols and clouds without assuming a LIDAR ratio [Nishizawa et al., 2010; Nishizawa
et al., 2012]. The HSRL system also provides attenuated backscatter coefficients at 1064 nm (P 4,).

The P,y data for the total (atmospheric particle and molecule) scattering were originally
provided at 1-min temporal and 3.75 m vertical resolutions. Here we averaged at every 60—min



intervals and for 90 m vertically to compare the RHi profiles measured by the CFHs and to reduce
random noise. We used a threshold of 6.2 X 107° ("—4.2 in the common logarithm) km™ sr”' to keep
cloud signals by comparing to the RHi profiles (see Section 3 for details). To detect cloud layers and
to calculate the optical depth for every cloud at each time point, three criteria for spatial
homogeneity were applied. Note that observed clouds were judged as non—spherical ice clouds if
they had both adequate P,,, and the particle extinction (f3 4;,) signals as follows: First, a cloud layer
must have had vertically consecutive Py, signals over the threshold for at least 180 m; thus the
vertical distance between cloud layers must have been equal to or greater than 180 m. Second,
clouds whose base was lower than 6 km ("0° C) were removed from this study because we focused
on ice clouds only. Third, the optical depth ( T) was estimated by integrating B ;, for each cloud
layer. It is often difficult to clearly measure the signal-to—noise ratio of S 5;, for the subvisible cirrus
(SVC) clouds, which are identified by their very low optical depth [Kircher, 2002]; therefore, we
estimated the SVC optical depth by integrating the particle backscatter at 532 nm using a LIDAR
ratio of S = 25 [cf. Martins et al., 2011]. We defined the SVC as a cloud layer with an optical depth
of 7<0.03 [cf. Sassen and Cho, 1992] and a cloud base of >10 km. The HSRL ground-based
observation system was capable of observing cloud particles up to the cold—point tropopause every
day without being obstructed by thick clouds in the lower troposphere during the second
observation period (from 31 October through 27 November), as discussed in Section 3.

To investigate the relationship between the cirrus variability and large—scale disturbances, we
analyzed the temperature, zonal wind, meridional wind and geopotential height data at 125 hPa
("15.3 km) and 100 hPa ("16.5 km) using the European Centre for the Medium—Range Weather
Forecasts (ECMWF) reanalysis (ERA-Interim) data [Dee et al., 2011], which are produced every 6 h
and gridded at 1.5° in both longitude and latitude.

3. Results and discussion

Figure 1 shows the time—altitude distribution of the 1064—nm attenuated backscatter coefficient
(P06s) for cirrus cloud signals over the R/V Mirai. During the study period, cirrus clouds were
continuously observed at altitudes from 12 km to the cold—point tropopause. The tops of these
clouds frequently reached the cold—point tropopause, which fluctuated every serveral days. It was
observed that a very low cold—point tropopause was often associated with the top of high cirrus
layers. SVC (7 <0.03) frequently appeared at 14-16 km and both above and below thick cirrus
clouds; on the other hand, there were no thick clouds in the vicinity (e.g., on 8 November at ~14-15
km). The Madden—Julian Oscillation Index (i.e., the MJO index), as defined by Wheeler and Hendon
[2004], is used to represent the time—varying phase of the MJO. As shown in Figure 1, all of the
MJO phases (MJO index 1-8) occurred in the observation period; the active convection center of
the MJO was located over the equatorial Indian Ocean during phases 2 and 3, over the Indonesian
maritime continent during phases 4 and 5, over the western Pacific during phases 6 and 7, and in
the western hemisphere and over equatorial Africa during phases 8 and 1. Convective system of the
MJO was reached in phase 3 over the equatorial Indian Ocean on 25 November. The HSRL system
was able to observe cirrus clouds as far as the cold—point tropopause each 60—min period until 26
November. Some precipitation occurred, but its duration was less than 60 min. The cloud
appearance frequency (hours in a day) over the vessel decreased during phase 4, which is
consistent with a previous study that showed using Cloud—Aerosol Lidar and Infrared Pathfinder
Satellite Observations (CALIPSO) data that cirrus signals over the Indian Ocean weakened during
phases 4 and 5 [e.g., Virts and Wallace, 2010]. However, in other phases, cloud appearance was
subject to frequent fluctuations, even in the same MJO phase. The variability in cloud appearance
frequency for both total cirrus and SVC clouds was high during the period of 3—-16 November, as
measured over a time scale of several days; therefore, we focus on this period in the following



discussion. Note that the backward trajectry and cloud image analyses showed that the cirrus
variability during 3—16 November was less affected by deep convections (not shown).

Figure 2 shows vertical profiles of relative humidity over ice (RHi), temperature anomalies, and
P.oss between 10 km (upper troposphere) and 18 km (upper part of the TTL) on 6, 7, 10, and 15
November. The temporal range for the Py, profiles is =4 h centered on the time of the CFH launch.
High supersaturation (up to ~150% RHi) and high RHi (>90%) were observed between 12 km and the
cold—point tropopause. On 6 November, a high supersaturation layer ("150% RHi), in which there
were large P, signals, was found at approximately 16 km. Similar cases of high RHi and significant
P, ., CO—existence were also found on other days (e.g., at “15 km on 7 November, at “13.5 km on 10
November, and at “16—17 km on 15 November). The geometric thickness of these layers was equal
to or less than 2 km. On 6 November, a high RHi at 16 km co—existed with a negative temperature
anomaly; such an anticorrelation between RHi and the temperature anomaly was also observed on
other days. Colder regions provide favorable conditions for cirrus persistence or formation in situ
and via horizontal large—scale transport, whereas warmer regions tend to evaporate cirrus particles.
Specifically, to understand the cirrus variability, it is important to clearly identify the type of
disturbances that affect the temperature field throughout the TTL. On 7 and 10 November a cirrus
signal was not detected in the P,,, data near the cold—point tropopause ("16.5-17 km) in which the
high RHi and negative temperature anomalies were confirmed; we discuss this cirrus absence later
by considering temperature and wind components of large—scale wave structures.

The variability of the dynamical fields measured by the regular radiosounding on the R/V Mirai is
shown in Figure 3. We observed a wave signal with an amplitude of “1-3 K around 15-16 km, with a
perturbance time scale of "4 d. There was a substantial meridional-wind component with a time
scale of "4 d around 15.5 km that corresponded to the temperature oscillations (Figure 3b). To
identify waves, Figures 4a and 5a show the propagation direction and the horizontal structure of the
two types of equatorial waves, i.e., the n = 0 eastward inertio—gravity equatorial wave (n = 0 EIG
wave) and the equatorial Kelvin wave, using ERA-Interim 125 hPa data. Figure 4a shows the
longitude—time distribution of the total temperature anomaly (<7—d period) and the n = 0 EIG and
equatorial Kelvin wave components with a <7-d period at 125 hPa ("15.3 km) and at 7.5° S. We
extracted the n = 0 EIG wave and equatorial Kelvin wave components using filters for the specific
wavenumber—frequency domain; thus, we used zonal wavenumbers from 1 to 14, periods from 1.82
to 5 d, and equivalent depths from 8 to 240 m for n = 0 EIG waves, whereas we used zonal
wavenumbers from 1 to 10, periods from from 4 to 7 d, and equivalent depths from 8 to 240 m for
Kelvin waves [Suzuki and Shiotani, 2008; Suzuki et al., 2010b]. Eastward—propagating signals were
observed in the eastern hemisphere. We observed a zero temperature anomaly on 6—7 November, a
warm anomaly on 10 November, and a zero value again on 15 November around the location of the
R/V Mirai; these observations are consistent with the radiosonde results collected on the vessel
(Figures 2 and 3b).

Here, linear theory is used to confirm that the <7—-d period disturbance around 10 November at
"15-16 km is the n = 0 EIG wave: in Figure 3b, the vertical wavelength, A ,, is estimated as "4 km
(the positive region from 14.5 km to 16.5 km on 10 November corresponds to half the vertical
wavelength) and the period, T, is estimated as ~3.6 d (the positive region from 9 to 11 November at
15.3 km corresponds to half the wavelength). This period corresponds to the inertia period at 8.0° S
where the R/V Mirai stayed (73.6 d). Additionally, the Brunt—Viisild frequency (N) and the
background zonal wind (U) at the TTL (averaged for 13.5-16.5 km) from 31 October to 28 November
were estimated to be 1.4 X 102 s and —4.6 m s™', respectively. Figure 4a shows the warm anomaly
moving eastward over the equatorial Indian Ocean from 8 to 12 November at a zonal phase speed
(c,) of 13 m s™" (which was roughly estimated using the 0.2 K contour line from "70° E at 12 UTC
on 8 November to "80° E at 12 UTC on 9 November) with a zonal wavelength (1 ) of "25°



longitude (which was roughly estimated using the warm anomaly for one half wavelength on 10
November). These wave parameters are consistent with the linear theory regarding the n = 0 EIG
wave [e.g, Andrews et al., 1987: therein e.q. (47.16")]. We confirmed that the latitudinal
antisymmetric components were dominant, and the temperature and geopotential height peaks were
located at “5° N and 5° S around 75° E-111° E at 125 hPa on 11 November using temperature,
horizontal wind and geopotential height anomalies of the <7-d period and eastward—propagating
component (not shown). The horizontal structure was also consistent with the theoretical structure
of the n = 0 EIG wave. Note that the ¢, and 1, values estimated using the linear equation were " 11
m s and "18° , respectively; these values were similar to the estimated values (13 m s™' and
"25° ) from Figure 4a.

After 7 November, equatorial Kelvin waves of a <7—d period were observed on the western side
of the vessel (Figure 4a). Because the equatorial Kelvin waves of the <7-d period consistently
overlapped the n = 0 EIG waves over the R/V Mirai during this period, the parameters of the
equatorial Kelvin waves of the <7—d period could not be estimated from the linear wave theory using
the radiosonde results (Figure 3b). However, we confirmed that the equatorially—symmetric features
around 20° E-75° E (not shown) indicated the theoretical structure of the equatorial Kelvin waves.
Note that the equatorial Kelvin waves around the tropopause observed here had a time period ("4 d)
similar to those reported by Holton et al. [2001], although the equatorial Kelvin waves around the
tropopause had an average time period of “9-14 d [Suzuki and Shiotani, 2008]. We can observe from
the above result that cirrus variability in Py, signals were mainly caused by both “4-d period waves,
i.e., the n = 0 EIG and equatorial Kelvin wave.

Figure 4b shows the longitude—time distribution of the total temperature anomaly (>7-d period)
and the extracted equatorial Kelvin wave with a period longer than 7—d (i.e., zonal wavenumbers from
1 to 10, periods from 7 to 23 d, and equivalent depths from 8 to 240 m for the wavenumber-—
frequency domain) at 100 hPa ("16.5 km) and at 7.5° S. We observed a warm anomaly having a >7-d
period and a positive phase of equatorial Kelvin wave over the R/V Mirai on 10 November, a weaker
warm anomaly having a >7—d period with a zero phase of equatorial Kelvin wave on 7 November, and
cold anomalies having a >7—-d period and negative phases of equatorial Kelvin waves around 6
November and 15 November. We confirmed that the horizontal structure shows the theoretical
equatorial Kelvin wave characteristics (i.e., all components are symmetric about the equator, there
is no meridional wind component, and the zonal wind anomaly correlates with the geopotential height
anomaly) at 100 hPa and 10° E-111° E on 11 November using temperature, horizontal wind, and
geopotential height anomalies of having a >7—d period and the eastward—propagating component (not
shown). We can also confirm that the equatorial Kelvin wave having a >7—d period passed over the
R/V Mirai during November based on the radiosonde data; in Figure 3a, the oscillation at 16.5-18 km
has a time period of ~16 d, which was roughly estimated using the peak—-to—peak on 8 and 16
November. The ~16-d period oscillation shows significant zonal wind but a lack of meridional wind
components (not shown), which are the theoretical equatorial Kelvin wave characteristics.

Clouds frequently spread into cold anomalies of equatorial Kelvin waves around the tropical
tropopause [Suzuki et al., 2010a]. However, cirrus clouds disappeared due to the warmer anomaly of
the “4—d period wave around 16.5 km during 15-16 November despite the cold anomaly of ~16-d
period Kelvin wave (Figures 3c). On the other hand, although the waves of the ~4—d period created
favorable temperatures and RHi conditions for cirrus formation, the cirrus clouds were absent
around the cold—point tropopause during 7-11 November (Figure 2). The latter case was because
the preriod correspond to the transition from the cold phase to the warm phase (shown in Figure 3a
around the descending zero—temperature anomaly from ~17 km on 7 November to ~16.5 km on 10
November) corresponded to the maximum downward-wind (subsidence) region wind region of the
theoretical equatorial Kelvin waves. Under these conditions, it is difficult to produce and maintain



cirrus clouds. Furthermore, it is likely that cirrus clouds disappeared under unfavorable conditions
(e.g., downward flow and dry) caused by the “4-d waves, although the ~16—d wave was producing
favorable conditions.
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Figure 1: Time-altitude distribution of the 1064—nm attenuated backscatter coefficient (Pq4,) for the cirrus signals at 6—
18 km over the R/V Mirai during the period of 1-26 November, 2011. Regions with > 6.2 X 107° km™ sr’! are shown. The
location of SVC clouds ( T <0.03) is indicated by black dots on the colored cloud signals. The circles denote the location
of the cold—point tropopause. Gray—colored bars at the bottom indicate the cloud appearance frequency (in hours) for
each day; darker bars are for SVC clouds only. The numbers (1-8) indicate the phase of the MJO index (see text for
details). Vertical lines denote the times of the CFH launches corresponding to results shown in Figure 2.
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Figure 2: Profiles of temperature anomaly (black lines; in K), relative humidity over ice (red lines; %), and the 1064—nm
attenuated backscatter coefficient (gray circles for all cirrus and black circles for SVC (7 <0.03); circles at =4 h
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tions of temperature (shading; in K), geopotential height (contours; 1.5—-m interval) and horizontal wind components
(vectors; m s™') of (a) a <7-d period and (b) a >7—d period eastward propagating wave on 11 November. Crosses indicate
the location of the R/V Mirai(8.0° S, 80.5° E).



CTOP ETET —# Z AW =R L ERRE I LAY S EDET

T B - B B KERES
(IFERXE 2K - K&KUE¥ 3 FIEKX - CEReS)

1. EUBIC

BIEKSKEEMTSATRART VY NI 42 R—F—REEL —HA—EEEFHECloudSatDERIETEZ Lt
BIBEICK2T, BLEEBANOATEEREZHETDILY VT Y 77— IL(LUT)ZERL 1=
(Hamada and Nishi, 2010, JAMC), 07—/ LAV TEHE nEEESER EOHEECTOP)A, R
HMARFEBEET—AIR—AD—BE L TLHENTWS ', CTOPIE, BEEEUTILZA ATEHRD BT
5NTWVWD, DY, Version! TRVWEENTUVSREBEICKGLEFHL VROT—2tEY M EAFREL
foo TR, FLLROT—REY MCOVWTENX, ThZRAVTIT 2 ERBEI AR —OFTIZD
WTHNT %,

2. CTOP version 2

FILWRTREZ< DHEHABENTVEDN, TOSEELZEDOELUTOEY) THD,

CloudSat TEN BV EHMENLEEIEILOEVWEZZEEL 1z, chs5NZ<IE, CloudSat TlRES A
SNBEVWHENISEVEN FEEL TVBFELEEEZS5ND, Version 1 TRREESEOkm &ELTILY D
T 7 T—T7 JULUTHERRICAW =D, version2 TIRRAWEWZ EIC L, ZOER, I 11um BEBE
< BEREENREBREVEILICHL THE/NA T AN KEICERE ., BEN LU,

HMIMIEZ M X f=o CloudSat EVRIICXIST 2 ILFEEAERE RO S ERIC |, CloudSat NETESES &
UCBIEBERBEAZZERBLEY U J%1T21c, ChIZK2T, $5IC MTSAT OREETE THEN
EREIZAR D =,

LUT #ERKIZ ALV CloudSat 8UHI7— 2 & 18X L 1=, Version 1 TREAINEREICEZZEVNT, 8
IHEFE L OERBZIZEN 1 2BROEDEFZAVTWE, LAL, FRMEZERICLTE, SRkEiE
RFESHEIDICENEZENS DA 2=MOT, version2 TlE 5 0 ETEHFLE.

TOX T NOKFHRHEENDEE #1721 TS MTSAT FA2 Fr o RIILBRAONEBEThICLDE
K SNBDREFEOFBERN 7TOX U N THEEICASNIE, CNEBEFTZ 10 MTSATD4EI1)L%
FHEHTBDEICR > TKFHEBEZ 0.08 BEICEE LI,

T—RT A=Y NEEEL /=, NetCDF 57— N4 FIICEEL =, GrADS 1> RO—IL7 7
AN ZEBEL 1=

3. HEEVTAR—OfFT

EESEHEICOVTR., ZICHENRFEAIE THRINEQNE > TV EOD, REFRIBTIE,
11km A EOEEZEDLBEICKH U TRHFEHERBREZRL TVB LN TORODBN SERENT
WB, Tl F—2AAOTEMZLTREREDH 2T, 11km KV EEVEEZE DEDHATIC,
CTOP F—&+t v NOFIAERA S,

BETLEICENDENBVEL ) EPREVEEFG 511km)ZEDEGCA T HEE)C VTR,
congestus(EABE) B EZFRICTNDEEMR LI <HSNBD LS IZ& 2 TE Iz, CloudSat 75 & DETREHE
FRICKRDFETETONATVS S, EEERIKEENICHENTH Y, TOZEBINELNY) EBESREIC

1 http://database.rish.kyoto-u.ac.jp/arch/ctop/

—100—



Rondiz®, FEEDTA 7H A VLI OVTRETZICANShTVD EEVAEV, I, B
BEKkm ORAT—)LZEDLEHBEIC DOV TIEZTD 2 XTHRARR TORERLEH E VDA 2 TLERL,
Z Z T, CloudSat DEL —X—&VRIIC & > T N EEHEEIC DLW T, CTOP % CALIPSO 7
—XZEHHEBAVD LR DT, TOMERRE BRZHSHICTD 28I D,
CloudSat(2B-GEOPROF)IC & 2 EEEEN A ZBEIC R > THAN, 195 ERFROPEZNZEN 8
Bk V) KREL22BHEHE L i, BERFEBEDBEBRBEIS KO, ITCZ HENDKFE LEICHYEKNOE
BINTFET B(R 1)o MTSAT DREFHLMIIEL 110E-160E ICDWTE T D L. #8150 DM EFINR
WEEN, JIAIZIEDIF OREEK A RVIEE N, EEEEEOUT) TR, BEHE14LT)K Y E/ZULS
<wiEEhil, RAICIZDZRR, LEHFBEEOKRICHEAHOEINHDEE2RRLTVS, EE10
B LEFRED SBENLEHIC K, FREEDNSOERREHL OIS BNEZ—2 2/ >TVDEOHNBEE
N2NT, CCTIRAMHIBATNABHEZTANDLHIC, FEHNS 10 EULAOEHICRD ZEIC Ui,
CloudSat EBRIEDHIRBIC DLW T MTSAT ICB T2 NS DEORREZFAN =, COBEERFARK CTOP A
HELULEBEFRVEW-®D, £ CTOP FRYUESEERL TVIHZFANE, K2 &, BERNKREL
HHEBEOSAGIT, HE km ORT—I)LTIBKEOENTEAN > TVD, CTOP IZLDEER., <hs
DEFFRBEICOVT, FUVFALILTIEBEZRLTWVWREVS KK, HBLTH 1-2km ©
overestimate &2 TWio LUT RO Y > 7IILICE2 THRAXNTHD E, FEED LA KZFISEWN
tEENHZFINFEEHDHY) . ThONEERUBSEEZEDLHIC, PEELOFIEEL L THE
EEAPXEVEEZRLTWA ZEN DY 2 0 EBICEN DR TOHBENE D 11um OEERE
(MINB LY 11pm & 12um OEEREZEAT)ORRNKEZTANDE, TOZL T T11 F49 250-270K.
AT A% 0-2K TH2 7=, CTOP F—ZtY KNME, T11 BRUPAT £2EATVS®, ChszE&hEAV
BlEILKOT, HEETHAUREMOREVEZRY T EANTES,

Wide middle—range cloud (annual)

)%! . - -

B EN

--

160E 180  160W 140W 120w  100W

60E  80E 100E 120E  140F

3 4 5 6 7

K 1: CloudSat =& 2 T E hiz[HHFEENSHIFEE(2006 F 6 A ~2011 F£4 A XEIEEZERRL)

—101—



Latitude [dgN]

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
16 | 1 1 1 | 1 I_ 1 | [dBZ]
14 ‘ . C B 15
—_ t | 10
12 3 . o
£ ‘ - IRl X Tt i 5
= 104 ‘ LY [ ' . L . - o
v g o ' ' ’ ! . N ) -3
I o e - ‘ W : Ml F il -0
6 4t ‘ [l [ m— F || 15
2 o Jeil o L ; it
<< 4 i ' ¥ i E\ R =
2 'Mr . \f , “ “ . p ' : 2 f‘\‘"- f "fw, he) v . —25
SR T L S v AL S
s e I B o B e o L a s o
138.3 1364 1385 138.8 138.7 1388 1389 139.0 139.1 139.2
0.5 1.0 15 20 25 3.0 35 40 45
200 | 1 1 1 | 1 1 1 | 10
L —
g " J_l"--.a - N s E
— 250 1 TR vy, s Pyl »t o
= ¢k
300 -5

T T T T T T T T T
138.3 138.4 138.5 138.6 138.7 138.8 138.9 139.0 139.1 139.2
Longitude [dgE]

K 2: 2008 £ 6 A 20 BICEAIE hWi-[LEAHEE
( L) CloudSat 2B-GEOPROF |k 2 R§38E(dBZ: Fa%)& CTOP IC&BEBHESE(KmM: =), (T) MTSAT IC&3 11um BE
BEKERE 1Mum12um BEBEEK SR, ROTIICREE , LAICEEZRT. (CTOP ver2p)

—102—



M=

ﬁﬁiﬁ54ﬁ—|:$é§%®§ﬁﬁﬁ}ﬂll « FEFIE—DKRBN FEDERFR)
BLUOx B SR mEEA Y 8l .

FERELESICRETIE

BRI RLEREHE RN

Bff B RESE RERH - NARERELY S RERAADS (S —ORERER
EEPRTS " "

FESAE —DERIL R - EBRZERRLIEH S Y —BAR

1 007 2008 ngﬁ 210 2011 2012

(It [T

WLRIFFRA BESHRE BESHE DEGOE

0~11,13~24H |59 30m 20cm
Fk (8) 02:30~05:30 153 30m 8cm/45¢cm
FRE B 02:30~05:30 5% 60m 45cmx3
SERBKER 02:30~05:30 5% 60m 35cm

= A =0 E xRE R E LI HEEL
HARBZAT—DIES LR TTL Cloud (B 1 7kmEL £ )
SHIZBEMALE ! -

2013/3/21 TTL : Tropical Tropopause Layer

BigSky LidarDBGIRE R DIE S L&

10000

Temperature (K)

160 180 200 220 240 260 280 300
BEOASABORFEAR Ly i
18 1 ——Lidar B
1000 = ==Sonde@Singpore
16
14
s 1 i €12 ™N
£ =
H FALTHTOHRA 20130321 510
3 20100328 2
10 T 3
==20121125 < \ \\
6 Y
1 4 n WY
2
01 4 1 | i’ 1 1 L l ! A‘ ‘L,g 0
o 2 4 6 8 0 122 14 16 18 2 01 1 10 100 1000 10000 100000 1000000
Altitude (km) signal

—103—



, km

A

o — 1 ] \
18 ‘17 S | ——2013/03/19
— — «— —2013/03/21
16 7 = 2013/03/22
L :: ——2013/04/02
o — :
j | < @REA
Eu
10 3
g E\
5 a‘\ \ Y
\ N
4
, \ \ \\\
T~
0(1.01 0.1 1 10 100 1000 10000 100000 1000000 10000000 100000000
signal
N »
RBETOI7AIVERBERILTITAVIL(SE)

Altitude (km)

532 nm Total Attenuated Backscatter, k" sr'
Y

SEBHSNEE KUT7AVILTEEN (B

2011/6/28

EERPAIPE:I9)

~——Sonde Temperature at Padang

KRESA L —(2 & HEAIH]
(F7akil)

=Lidar Scattering Ratio

-100 -80 -60 20

Temperature ("C) .~ (Scattering Ratio -1) x100-100

2013/3/19MTTL Cloud
CALIPSOET 2 £ /8| E D LLER

UTC: 20130318 19:16:17.9 to 2013-03{18 19:29:46.5 Version: 3.30 Nominal Nighttime

833

&

2013/03/19 00:07:2

Fatatabany

2

T
]
H

§EEE3EIESEURNELELTRERINEEEELEE
2

1

—104—

TTL Cloud W &R Bl &S 7= 451 (2013/3/19-4/29)

Fatam__2013/03/19 00:07:23-25154:59 Soat. Ratio Foaam__2013/05/21 00:05:00—25/54:57 Seat. Rtio

i - i
17 .- 17
i ok
i i
i i
Ti EiE
4 i
210 zio
i 1%
23 3
i
H
H
H
H . . . .
012345678 9101112131415161718192021222324 012343567 83101112131415161718192021222324
tacol e {Hour) Locol Time (sour)
Fatotehang 2013 /04,/02 00:00:00—23:55:10 Scat. Ratio 2013/04/15 00:00:20—23:55:06 Scat. Ratio
kil 3
is s
i i
i i
it i
it i
=1 1
ERH Tz
<n Sk
21 ¥ie
i 3%
el ' 3
§| 8|
s " 5
4 & 4
H H
H 2 :
H . it

012345678 3101112131415161718193021222324
Lo

8 9101112131415161718192021222324
Lacal Time (Hour)

01234567
col Time [Hour)

SARESAFE—IZLHRLETT OV IL OB ()

ratotsbarny 2011,/06/14 00:00:01-08:25:36 Scat. Ratio Fatotaseny  2011/06,/27 00:00:28—07:40:33 Scat. Ratio

w ¥

i ]

BE e

f

1 .

i
i _ ]
Bty g E
£ H i
1% i 1
25 H ]

H ]

:

i

3

3 2

it .

13 ais e e s e R

, km

A

532 nm Total Attenuated Backscatter, km ' sr'  UTC: 2013.03-21 16:29:45.1 to 201p
»

Fatataban

T
5

RLUERaIE

o bis v wwed s

Loeal Time (Hour) Local Time (Hour)

=

T

—auposn

. AN

2013/3/22MTTL Cloud
CALIPSOET 2 £78I L D LLER

03-21 16:43:13.8 Version: 3.30 Nominal Nighttime

gites
§

2015/03/22 00:04:5|

i

SE88EREEEREkEREbTRREREEEEEE
H

g
H

1798
13272



Atitude (km)

Atitude (km)

Altitude (km)

Attitude (km)

Atituce (km)

15 LI
2005

BEDTTL Cloud D 3 BIZE 45 (2004-2007)

2004,/05/12 00:00:01=23:55:01 Scat. Retio

Atituge (km)

2005/05/03 00:00:05.

23:55:04 Scat. Ratio

01234656783101112
Local Tim

5678 9101112131415161718192021222324
Local Time (Hour)

01234667 80101112131615161718192021
Loeal Titme (Hour)

TTL Cloud A &R BlIE N =8

Davis et al. 2013

2006 2008 2009

2010

-\: SR
E: RE
E 1\“}& ;\ﬂ L"n"”‘l\\l Vl JM:\ ii ] z

(| L
2011 om0 oss o1 o1

RBEOSEAMEERESEAEEETTL Cloud RIS TS

S

Kototobang 2004 —

SAEBEOSML L FHELD LR
(SEHDLB)

Kototobong 2009 — 2013

"maa

o

n
w
-

7
Menth

Kototabang

Atitude (km)

iz s a4 5 6 7 8 9 10 11 12
Manth

Kototabang

8

P

Atituge (k)

&

—

&

18 - 3
12 .
10

8

€

4

e 3 & 9 1z 15 18 a2

Lacal Time [H]

20
18}
18
148
12
10/

B

&

4

o

5 e s 1z s a8 a1 24
Local Time [H]

—105—

.

Altitude (km)

BEDTTL Cloud D #7815 (2008-2011)

v 2008,/01/17 00:00:11-23:55:15 Scat. Ratio

2008/01/17 00:00:11-23:55:09 Scat. Ratio

foRe,

e (km)

Atitug

r

01234867 89101112131415161718192021222324

01234567 89101112131415161718192021 222324
Local Tine (Hour) o

Local Time (Hour)

o __2010/04/13 00:00:03—23:55:00 Scot. Ratio

o

sk,

012368567 809101112131415161718192021222324
Local Titne (Hour)

ENREHENLER ? QEBDLEE)

*® BE14kmL LD RS
EEMIE, S RT LBEE
1 LDFELEZLNDID,
KYBRMTRITABE
14
12 ===2004,2005
—2006,2007
10 2008,2009
===2010,2011
===2012,2013
8
PR—
6
a
o 30 40 50

Cloud Occurence Probability & "

xtRE S EA Y L EE

AV UDIAL KA RESREOAY VEGHAZRCERBREZEY K
BEMORREANA Y UHEESN TOSHRFNIE-TYERLND .
FEEBTIEINEFHECHTENSREENDHEENHDEZEZLNTDHY,
EEMERIERIZEND,
FEETAVRRIT - DR DEEET AT —EA—RIZ, F=IZT
HRBEAY VREOEED MABRI T REEDIAL BEEE T 5T LIS&Y,
FEETHRBEDOAY VREGES O, GEHE-SESRENTET.

*tiEA S

0510.......25
FJDIRE (mPa)



Kototabang TDA Y U DIALERRID AT —4 Kototabangl 2§ [+ 2%t iREA Y i FE 5 A5

2013/8/28 03:58-05:58

Kototabang

20
h s
18 \ ——2013/08/27
16 2013/08/28
——Model
14 \
2 2km-smoothing
~—OFF(355nm)

-

Altitude (km)
o
5

o N & o
Altitude (km)
Py

%ﬁﬂ \ ~—ON(295nm)

100 1000 10000 100000 1000000 A X
40

Photon Number 0 10 20 30

Y
«n

5

50 60 70 80

03 Mixing Ratio (ppb)

PEHEOR 40cm, L—HFH 1 :5mI@295nm, 40mJ@355nm

Off-line(355nm)M 53RO BEETOT7AIL BRSNS A YV UDIALDEIERE

TR BRI  BFFE

Tropical Model FH 5 ARRE: 1.5km

Temperature profiles

w
S

18
17 2 B
20 ==
16 20 s
,

~——Kototabang (Lidar)
28/08/2013 03:58-
04:28

Height [km]
G

&
ALTITUDE (km)

= =
@ N
Altitude (km)
>

Smoothing : 1.5km

12 T T T T T 5
-80 -70 -60 -50 -40 -30 -20
Temeprature ['C] o 0 o 5 0
e N - ERROR (%)
BEQRRMETbASHEN, BREBENSIF—NOHETEE 1EHT7 1E+18 1E:19

04 Concentration (m™)

FEH

* KototabangDFREFAF —ILFETHERERIALT =

o MRBIAF—DOT—205., *tTRERE - LE (18kmftif) (S
NIUFTREFELZBTTLCoudNREOMY, BIRESENSL.
BEMEVEHICRELTWSI LA LMoz, BESAH—
BRIELRIEL TS, SERFERGHEITEED D,

s RABAICKIEREHELMITL. AFRELEOEHESE
ENLRELTLSERENEONN . EBREOELLEE
EZELEICEEICRTZEDDILENHD,

- MNRBREAYVVRESAROSAF—OMERIZKIIL
MEBR ERESENELEBEV O, EROABLEEITL.
BRAmLBETOHALSIEHEEET.

—106—



'the Antarctic Syowa
Radar (PANSY)

Program
MST/I

Syowa Station
(40E, 69S)

- Preliminary results -

>

K. Sato (U. Tokyo), M. Tsutsumi (NIPR), T.Sato (Kyoto U),
T. Nakamura (NIPR), A. Saito (Kyoto U), Y. Tomikawa,
K. Nishimura(NIPR); M. Kohma (U Tokyo),

H. Yamagishi, & Y. Yamanouchi (NIPR)
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Cagnazzo and Manzini (3. Climate, 2009)
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, JAS, 2013)
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[Okamoto et al, 2011]
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R bl v,: geostrophic (balanced) flow
& §"= v, ageostrophic (unbalanced) flow
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$ {5 v°: Stokes drift
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A1 jug
1w Residual mean flow induced by wave forcing
e T L e It T Ly
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From its definition, 3D Stokes drift B° is
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S, 1( vl
¥ =), + 03" (p0VT) = @) *p—ﬂ(Podez’ )z
W =, -0, - (2 ¢’) +(UN€’)y

From Eulerian mean momentum equations, v, is estimated assuming
that the mean flow is steady, and that mean wind shear is small, as

Ug ~ —%[(POW)X + (Pov_'z)y +( PoV W) ]/f

_ 1 —_— J— _ ——  EEE—— Sato et al., JAS, 2013,
Vg = p_[(poulz) + (pourvr)y +(p0u'w')z] /(f — uy) =5.0-8.2-18-06 06 1.8 42 9.0 lem/a) (satoeta )
0 x —t . .
_ 1. _ w is not zonally uniform due to non-zonal wave source
Ugx + Vay + — (poWa) = 0 __—
Po and nonzonal wave filtering
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(a) PMSE occurrence frequency (vertical beam)
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EISCAT Scientiic Association

AssoJciIaEc ntries and institutes Contributin:
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Miyaoka (NIPR), Y
R), S. Oyama«STEL), T. Nakamura
, and R. Fujii (STEL)

Japanese EISCAT activities in northern
Scandinavia and Svalbard
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(2) Radars and optical instruments under operation in
northern Scandinavia

(3) Recent scientific results
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Why in polar regions?
Only polar regions are connected to the
magnetospher

Why in Scandinavia?
The best base and observation network

@ Magnetometey
O + allsky camerc

solar wind
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EISCAT radar site at Tromse (69.6° N, 19.2° E)
EISCATL—5 %38 MFI/’;?' v ED

EISCAT VHF radar

W EISCAT UHF radar

Sodium lidar

All sky imagers ‘

Photometer
S/Digital beacon
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Response to the solar energy input will vary with height because of
neutral density, electron density, conductivity.

In particular, ion dra @ — -
p g i Vip(u — V) a1
Tin=—— 8.
has strong dependence of height (i.e. neutral density). " n v
. E-folding time:
Joule heating rate qQy (W/m3) =0 Ef A few hours in the
p lower thermosphere

also has height dependence.
Joule heating can significantly change the temperature structure, atmosphere
composition, and electron density. — Hegaive el

S—e

Complimentary observational studies
are needed!

Using various radars, FPIs, imagers,
LIDAR to measure winds, ion flows,
electron densities, E-filed, temperature
etc., we can investigate the response in
more detail.

Deng and Ridley, 2006JA012006, JGR, 2007
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120 km

EISCAT radar

EISCAT radar

100km
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Radio wave instruments (NIPR/STEL):

Digital beacon receiver observation
Sampling rate: 8 Hz, Operation: Oct 2011-
Measurable parameters:

Scintillation indexes and TEC
Frequencies: 150 and 400 MHz
Number of satellites: 16 (Formosat,
Cosmos, DMSP F15,...)

GPS scintillation observation(s)
Sampling rate: 20 sec/1 min, Operation: Mar 2008-

Japanese EISCAT activities in northern Scandinavia and
Svalbard

Contents

(1) Scientific targets

(2) Radars and optical instruments under operation in
northern Scandinavia

(3) Recent scientific results

(4) Future
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Optical instruments:

Narrow field-of-view Watec imagers (NWIs)
Sampling rate: 1-4 Hz, Operation: since Oct 2010
Lens: Yakumo 25mm, F0.95, FOV: 15 deg x 11 deg

All-sky Watec imagers (AWTs)
Sampling rate: 1-2 Hz, Operation: since Mar 2010
Filter: Baader RGB filters (since Oct 2011)

Trarmmission of RGH filters (1)

Transmesson (41

500 600
Wavelength inmj

Aurora spectrograph (ASG) (in cooperation with Tohoku Univ.)
Sampling rate: 2 min, Operation: since 2000.
Spatial coverage: 180 deg (geomagnetic meridian) ]
Spectral resolution: 512 pt across 420-740 nm, i.e. 0.6 nm

Narrow field-of-view Watec imagers (NWIs)
Sampling rate: 1-4 Hz, Operation: since Oct 2010
All-sky Watec imagers (AWIs)
Sampling rate: 1-2 Hz, Operation: since Jan 2011
Filter: Baader RGB filters (since Oct 2011)
All-sky Color Digital camera (CDC)
Sampling rate: 30 sec, Operation: since Dec 2008.

SRIER

Real-time pl

http://kho.unis no/Quicklooks/ASG/asg_latest.png
Blue: Continuous/remote operation

Hydrogen ion upflows (polar wind)
in the topside ionosphere

Using the EISCAT Tromse VHF radar, Levhaug et al. [Radio Science, 2001]

found considerable variation in the drift of the light ion component (H") in the
nightside subauroral region.

in)

aa|
Density r-n'
™|y

Ampaon pmg

EEEIEAN

On closed field lines the H* becomes the larger contributor to the upward flux
above about 550 km. The total upward flux seems to be conserved.



Solar activity dependence of ion upflow

£ Sol:

§ 2l Ma;?nanrum Maleum% g High upflow occurrence

5 i {W‘% W around solar minimum
bl )

High upward ion flux
around solar maximum

=1 Starting altitude of ion
upflow also changes as
altitude of electron
density peak changes

Year (Ogawa et al JGR, 2010)

The solar activity influences long-term variations of the ion upﬂow occurrence because it
modulates the density of neutral particles, the formation of the F2 density peak, and ion-
neutral collision frequencies in the thermosphere and ionosphere.

These investigations will give important implications for the long term evolution and future
climatology of planetary atmospheres.

FRIDLBEEEBEA—OTE TR FORBEMR: EISCAT and Na LIDAR
Tsuda, T. T., et al. (2013), grl.50897.

Ns-Deviation (%)
50 ° 50 Ne-Average (x107 w)_

Hoight (km)

Sodium density decrease
during high Ne (i.e., strong
particle precipitation)

EISCAT Ti at 154 km (K)

16:00  18:00  20:00  22:00  00:00 02:00 04:00  06:00
ur

Figure 3. (a) Deviation d sodi ber density at each height nsity
and (c) the ion temperature (blue) at 154 km and the neutral temperature (black thick line) frnm the NRLMSISE 00 madzl [P/con: et al, 2002) Black
and gray lines overlaid on the Ns-deviation indicate the electron densities of 3 101 and 2 x 101 m, respectively.
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17,

PRRE—TIXAIHAOHR (DA RR—ANHEXRICEZDHE)
Fine structure of the sporadic sodium layer on January 11, 2011

Counts (5sec x 96m)
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Tsuda et al., GRL, 2011
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EISCAT 3DL—4 —&tHE:

BITOKST UHF/VHFL—4 —[2fh B, R
HRDEH/IT—XRFT7LAISL—F—L R
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R THMHF.
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ASAM:RINEAKER

EISCATAERDHP
https://www.eiscat3d.se/

EISCAT 3D EMA HP:
http://polaris.nipr.ac.jp/~eiscat/eiscat3d/

728, BITOKST UHF/VHFL—4 —($2013
ERITEAR T BL. 2017FETOHE
FRBHORRERSD) .

B NIPR 2 i

2003%F~: EISCATY} R (E-Prime) Di%515 A
200545 A~ 2009448 : EISCAT 3DT 42 ZA%FT 1 (Design Study: FP6)
7o =)
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EUXZ!
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20074 :

20084 : EISCATEE:#SIZ&BEISCAT 3DHEEDRIKRTE

20084~ 094 : EISCAT 3D FARK #k (230-240MHz7) S 3 E 1S

20104E10A~ 201449 : EISCAT 3D#E{ T —X (Preparatory Phase: FP7) &3
EU M54.5M1—0 ($35f8 M) . 14D 5 Rl & (Work Package) THREBASA
Project Manager%¥ 3%, Dr. Ingrid Mann 201148 A &%

20104118 : EISCAT 3DY A IVRAWGIS LIFf (BAMSEHSM)
“EISCAT 3D A4 IUR7—R" — 201146A 2T AR, 201246 AtRET

20104 : EISCAT 3D7ARATZ{ER (KAIRA) T2 5 FALERIC IR ERBRSA

7 A MR AR RS

20104127 : il ;) v
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MBERZOIOLT(7 I (ABRERKL -4 —8AHEEZEL)
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20124E 108 : /Lo z—HAEHFHEAFE (210MNOK ~3848F)
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Table 1 EISCAT 3D Specifications
Transmitter Features
1 Type Pribsedd - | [ S damensional vector and sealar imaging | &
1 Duty Cyclo 25 % 1 Phase/Amp transwitter modulation
3 Max Pulse Leugth 10 ms | 3 Arbiteary Tx/Rx polarisation
T i Shortest Pulse Length 0.5 (75) s (m) | 1 One Care Aetive
! & Poak Power MW =
() & Centre frequency 2 MHz e site with power ~1 MW
E 7 3dB Bandwidth £25 MHz am-forming
W & Modulation Phase/ Amp -
g SAYTSYARVI E # Polarization Arbitrary
E AND@YA + Antennas
3 : Phased Array
SkibotnZ =
=t hne et site ~ 10,100 .
KARESUVANTO % 1 ﬂ;ﬁt 3] Bandwidth £15  MHz
_ It ~50 dbBi
LTRE B T ieonsitigioiiin o
EEP 15 Transverse resolution at < [§05 . |
100 ki better than i et Jow duty evele
y 0 Grating-lobe free radiation  40° - 60° 18 Special Pro 1o respond ta
- pottom: zonith all aximnths pre-dofined/unsual goophysical evonts
14 15 16 17 18 19 20 21 17 Power-aperture product— >100 GWm® | 15 Validated archival datalus:
LONGITUDE m Restricted real-time data

Transmit/Receive @

Receive only

IV I—RURIT—TUDTFERFELYIRH
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# Unique Technological Innovation
##% Major Improvement

Essential Features to attain the
Scientific Goals
(I z—DFHEBFELY IR




System Frequency | Pawer Q.T Apﬂl’ill“‘ g;'er' 'l::::!:rlilnr! PA . Bembcduranema e B phmend ey oy
(MHz) (MwW) (dBi) (m=) a0 K (GWm=)

EISCAT VHF (1 klystron 24 1.5 3110 125 300 467

EISCAT VHF (2 klystrons) 24 3 30 12.5 300 933

EISCAT UHF 930 2 48 522 12.5 120 1.04 3 3

EISCAT Svalbard S0 [} 45 903 25 65 0,90 _i E

Sondrestrom 1290 35 49 341 3 85 1.19 E] 3 &
| PFISR. 449 2 43 208 10 120 ].42 et
EISCAT 3D Core 233 9 10000 20 190 90.00 M

Jicamarea 50 45 750000 | 6 3000 0150|2246 KE_\,_ q \
Arecibo 430 2.5 550000 ] N0 137.50 | 35.46 ¥ | = .

Y e * el saparmin gy

Table 1. The parameters of some current incoherent-scatter radar sysiems and the planned EISCAT 3D core sie. The figure-of-
merit (FOM) is defined as poar = PNE, where PA is the power-aperture produici, D is the transmitter duty cyele, Toys 1 the system
noise temperature, and f is the'madar frequency. For comparison purpuses, all FOMs were normalized to that of the two-ystron

Figure 2: For a dish-based bi-static radar, shown on the lefi, the remote radar
receives sighals back-scattered by structures that match the Bragg condition in the

EISCAT VHF. The FOM of the EISCAT_3D cove is seen io fall in the same range as those of the Arecibo and Jicamarca systems. intersection between the ransmitted beam and the receive beam only. For a digital
PADuty cycle phased array radar, shown on the right, multiple beams can be calcwlated from the
The ﬁgu_re-of.merit (FOM); receive array back-scattered signals so that the atmosphere can be observed along

Tovs frapar the entire transmitted beam.

RYz—TUDFH
From U.G. Wannberg et al., EISCAT_3D: A Next-Generation European & 54’ 3
Radar System for Upper-Atmosphere and Geospace Research, 2010. EFI L4 g J ﬁﬂ"

Tuble 3: Overview of the EISCAT 30 lmplementation Phase
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Figure 10: Volumetric imaging with EISCAT_3D. Modulation of the transmitted S EISCAT Rusckar Operativn Hours

radar signal (Tx) subsequently illuminates layers at different distance from the Br _ [ v | waa | wai | wm | wa | wai] e | e | em | wai ] e

bt el e e - oot o ks b v i A A e e A

from different angles. Combining the transmitted and received data (Tx and Rx) Remates o] on| n oy [ o | ar

provides the back-scaltered signal together with height and radial information - it 22

hence from well-defined volumes in space (“voxels}. Aethe RYI—FUNFE
EISCAT 3D White paper &\ $5#% s HEEE &Y R

(L. Mann FADTHMI A= v DDRFIEHRKY)

Investment: Baseline design 135 MEUR (12 MEURDEEEFHBEZET)
Annual budget: ~ 8 MEUR in 2022
(14% site operation, 35% radar operation, 50% staff cost)

Norway: Funding proposal submitted in October 2012 29 MEUR
Sweden: Funding proposal submitted in March 2013 29 MEUR
Finland: Roadmap proposal submitted in May 2013 25 MEUR

UKFBEEOXREO—FTy T I2B#8FH . BRTEERERP.

BARIFKREHAEHEO—RTYTIZ2013F38I2HE, FDH®IAIZ
EAAMRARAEEECAT-BEDETYVY,
2D 15% (F9258A) DRHFFEEDRFELTRFTP,
(BRITDEISCATHS Al EERBF R #4 (20085 . £2ADHI15%) DFER
D1=8)
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EISCAT 3D Mateors
The Middle Atmosphere

Polar
Mesospheric
Clouds

Airglow layers
Metal layers

Intaractng
| waves and
i tides of large
— amplitude

Strong wave filtering by BIIXEISCAT_3D
stratospheric winds, the W hite paper &Y

polar vortices SSW etc
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EISCAT_3D Science Case

Anita Aikio', lan McCrea’,
and the EISCAT_3D Sc Working Group

roject WP

Wersion 2.0, lune 2012

-5,
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LTHE,

201156 AIZ#IhR%E . 2012456 A5
2hREHE AR £109R—,

“FEDIROR—D) DA,

EISCAT _3D SCIENCE CASE DRZE:

A. Atmospheric physics and global change
B. Space and plasma physics

C. Solar system science

D. Space weather and service applications
E. Radar techniques, coding and analysis

Appendix A: Table of EISCAT 3D radar
performance requirements by science topics

1T R=IITIBH

http://www.eiscat3d.se/project/fp7/science-case
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Craig Heinselman

EISCAT Scientific Association
(formerly SRI International)

AMISR Technical Specifications

Peak Power: 2 MW

Max RF Duty: 10%

Pulse Length: 1 psec - 2 msec

TX Frequency: 430-450 MHz

Antenna Gain: ~43 dBi

Antenna Aperture: ~715 m?

Beam Width: ~1.1°

System temperature: ~120 K

Steering: Pulse to pulse over ~ +/- 25°
Max system power consumption: ~700 KW
Max operations: continuous, depending on
power availability

Unattended operations

Data volume ~6 TB/year at Poker Flat

No moving parts on the antenna
Environment: -40° C to +35° C

Altitude coverage: ~60 km to 800 km
(depending on Ne)
Minimum measurable electron
densities: ~le? m™
Typical time resolution:

E region <~3 min,

F region <~1 min,

~10 look directions and typical
ionospheric conditions - many caveats
apply!
Typical range resolution: 600 meters to
72 km (mode dependent, can be
extended)
Plasma parameters: Ne, Te, Ti, Vi, v,
composition
Derived parameters: E, J, J'E, JE", Un,
Op. On

in>

Potential Configurations

Equatorial
32 x 1 panel

PMSE Radar/
Wind Profiler
2 x 4 panel

Advanced Modular ISR (AMISR)

@Newest NSF ISRs

@Modular/Transportable/Reconfigu
|

rable
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@ Heavily Networked /

Graceful degradation

@ Run themselves (no

AMISR Buildup
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AMISR Timeline

Proposal: Conceptual
design, mid 1990s

AMISR-7

AMISR-128
first ops at
Resolute
412009

at JRO
12/2004

Proposal: Prototype
Development, 2
panels, 1999-2001

AMISR-96 first ops.
at Poker Flat
1/2007

AMISR 8
al HAARP
2/2005

Gommenced 2477
ops at Poker Flat
312007

PFISR JASTP
special issue
5/2009

RAO
orkshop
4/1999

)

|
| [
| I [ | | [ RISR-N
[ [ I I I [ T T T
)9 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

E
Ht

1960 1965 [1970 [1975 [1980 [1985 [1990 [1995 [2000 |2005 [2010  [2015

solarmax 4% 4t E=3 E=3 S

cycle 20 cycle 21 cycle 22 cycle 23 cycle 24

IMNIEE:TAMISR-** | D** [EERIIZ AL/ IR ILE

AMISR Coverage

PFISR Coverage

3-D Imaging (PMSE)

@26 beams
@ No spectral information
@~1.5 km range resolution reflectivit

measurements
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Coverge Map, 400 KM Altitude

2007 | 2008 | 2008
% full power| 30 34 39 45
% low cycle| 49 4 55 54

%onl 79 8 94 99

PFISR Operations

Maintenance

Maintenance

System Failure
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Example of a 3D Radar:

He 09:1 5:05 - 09:15:19

Semeter et al., JASTP, 2008 el

PFISR: Images of the Aurora in 4-Dimensions (3-D images v. time)

11007 11 8611 94 UT

Altitude / T
- i Cross Secti

T 53 T T

e
St Lttt

14 March 2007, 05 01 —0614 UT
Me at 100 km

Latitude / Longit
.___Cross Section

0 20
Ground distance (k)

-20

RISR: First Resolved Observations of the Polar Cap lonosphere

0 LSRR UT - 821700 1S YR T
T @ mmr o 187wy w

The first RISR observations show a highly structured
and dynamic ionosphere. N, perturbations are
strongly tied to B, and seem to originate in the cusp
region, from which they drift in the anti-sunward
direction across the polar cap.

lon drift {m/s)
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Gravity Waves Density perturbations
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orview of | PERAS VHF Radar Network

Fer(RISHY: fapan
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MST Radar (operational since 1995)

Constructed in 1993

Specification
- y Parameter MST New
Lower Atmospheric Wind Profiler (LAWP) Antenna array 130mx130m | 28mx2.8m
(32x32) Micostrip Patch
Old (1998-2006) New (since 2010) array (16x16)
. _ 5 _ [Frequency 53 MHz 1280 MHz
National Atmospheric Research Laboratory - = Wave length 5.66 m 0.22m
L - Transmitted peak 2.5x10° Watts | 1000 Watts
- power
A / Beam width 28 5
39397 4, it Receiver band width | 1.7 MHz 1.58 MHz
I " Inter Pulse Period (IPP) | User defined 20-999 ps
'1 1 ] Maximum duty ratio | 2.5% 10%
l -+ ) - : Transmitting Pulse 1,2,4,8,1632 or | 0.258.0 s
L ” " . Width 64 ps
L ing Heig 36km 100m
Max. No. Coherent 512 4-1000
integrations.
Max. No. Incoherent. User defined 1-100
integrations
Na Lidar SODAR Airgiow Phi FET points 64-1024 32-1024

LAWP Block Diagram
Off line processing of spectral data

Signal-to-noise ratio

Radial Velocity and Range Height

S Doppler width

Least Square method

Zonal Meridional and vertical wind

Typical Doppler profile

MST Radar: Block Diagram

Antenna
Se

Total Power (0 moment)

1 1732 Palch ANT slemerts 191050

Spectral data (P, f) Doppler (x*momen)

New LAWP
s

MST Radar
- .

Acquisition
section ok
Rao et al., 1995 Srinivasulu et al., 2011
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LIDAR (LIght Detection And Ranging)

The working principle of LIDAR is similar to that of
RADAR where laser pulses (containing number of
photons) transmitted at speed of light instead of radio
waves.

Each Photons corresponds to the pulse energy and
wavelength of laser generated is given by

he .
A= + »where h is planks constant

The photons interact with air molecules and particles
cause scattering and absorption

Elastic Scattering-Rayleigh Scattering/Mie Scattering
(no frequency shift)

In elastic Scattering- Raman Scattering (with
frequency shift)

Rayleigh /Mie Lidar

Lidar setup at NARL, India in collaboration with CRL, Japan during 1998-2000.
Laser : Nd:Yag operating at second harmonic of 532 nm with energy of 600 mJ,
pulse width of 7 ns and PRF of 50 Hz.

Typical P-5 and R-U Channels Typical Temperature Profiles

8. by 178

Day time Night Time

T3 3
e
s===rz Low level cloud

-

me mm mwm e sm T es

High altitude clouds

Bhavani Kumar, 2006
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LIDAR (LIght Detection And Ranging)
I [heceiversecton | | |& ™~ [Tansmittersection | |

100y etary
Mie Laser Beam

Telescope 90mm
diameter

Beam Nd: VAG Laser Power
Expander Laser and Control
Unit

Rayleigh I
Water re-circulator

Telescope

Off line.
s System

Pulse
generator

*Rear type mirror
2Pocket cell

*%/, plate

“Dielectric Polarizer

511 aser Rod

“Output Coupler

7abed Mirror

#Diverging lens ? Converging lens
1 Apodizer ¥ Pinhole

= EDichroics

Boundary Layer Lidar

BLL System Configuration Specification

Transmitter

Laser: Diode Pumped Nd:YAG laser
o e Wavelength: 532 nm

Output Pulse Energy: 10 micro-Joule
Pulse Repetition Frequency: 2500
Hz

Pulse Duration: 10 ns

Polarization: >100:1

Transmitter Field of View: 200 prd
Receiver

Telescope: 15 cm diameter
Cassegrainin

Field of View: 400 prad

Detector

Type: Photon counting -high gain
PMT

Data acquisition

PC Based MCS card

Bin width (min) : 15m

Bhavani Kumar, 2006

Trancwsiteer

SODAR (Sound Detection and Ranging)

SODAR
52 (%« W}
1802500 He
100 W
a4

i
Reflecting masde
5

User detined

FE ]
PSR

Anandan et al., 2008; Shravan and Anandan, 2009



Radio Acoustic Sounding System (RASS)

m
At of v noeme
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A Hyperbis hor
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m and virtual temperature

cal Doppler spectrul

o

-

Sarma et al., 2008,
2011,2013

CT

Upper air meteorological data

Range Resolution Accuracy
Frequency
GPS Antenna 403.7-405.2

MHz +/- 2 MHz
Radiosonde Antenna 400-406 MHz
Temperature (Thermistors) -90° C to 60°C -0.2°C-0.5°C_| 0.1°C
Relative Humidity 0% t0100% 2% 1%
(Thin film capacitor)
Pressure 1080 to 3 hPa, 1hPa, 0.1hPa
(Derived from GPS height)
Telemetry (from GPS)
Wind Speed T0-60 m/s (015 m/s [01m/s
Wind Di 0to 360 degree | 2 degree
Height 10 meter

Indian Climate Observatory Network (ICON)

Itis an initiative of NARL to
generate high quality long-
term data set devoted to
climate change studies.

Radiation measurement instruments Aerosol and Trace gas Instruments

Total Sky-imager

Sky-Radiometer

Nephelometer Aethalometer

Pyranometer and
_ Pyrheliometer

Aerodynamic Particle Sizer

b i

Ee

Surface Meteorological data

Automatic Weather Station (AWS)

Optical Rain Gauge

Pressure : piezo-resistive (0.1 mb)
Temperature : RTD type (0.1C)
Humidity: Thin film capacitance (+ 3%. )
Wind speed :3 cup rotor (+ 1%. )

wind direction: Potentiometer (<1°)

Disdrometer

Vertical momentum of raindrop=> Electric pulse
(amplitude is a function of the drop diameter)

Drop diameters (0.3 mm-5 mm, +5%.)

Mesosphere Lower Thermosphere Photometer (MLTP)

MLTP is a simple multi-wavelength airglow photometer with F/2 optics. It measures
mesospheric OH (at 840 and 846 nm rotational lines from ~85 km) and 02 (at 866 and 868 nm
rotational lines from ~94 km) emissions together with thermospheric O(1D) (~220 km, 630 nm)
and background (at 858 nm) near simultaneously of ~3 min

- T e ——y
T

e o]

"

i

®

HE

1=

Airglow Imager

Circular medium format F/4 Mamiya fish eye
lens with a focal length of 24mm. A set of
plano- convex lens. Filter chamber temperature
is maintained at 25- 1C which has a filter- wheel
inside with 10 cm diameter interference filters
mounted on it to measure OH,0(1S) and O(1D)
emissions at peak wave- lengths 840,558 and
630nm respectively

Taori et al., 2011a,b,c, 2012,2013

Summary -1

Scientific Facilities

Surface and upper air observations [AWS (since 2004), GPS radiosonde (since 2006), Optical
rain Gauge and Disdrometer]

Radar systems [MST RADAR (Operational since 1995), LAWP (1998-2006, since 2010), SODAR
(since 2007), RASS (since 2008)]

LIDAR Systems [Rayleigh/Mie Radar (since 2000, Sodium Lidar (since 2005), Boundary Layer
Lidar (since 2006)]

Airglow Instruments and

lonosonde

Basic atmospheric data

3-dimensional wind, temperature, pressure

Relative Humidity, rain rate and rain drop size
distribution, aerosol, trace gas, radiation, cloud height,
cirrus cloud and electron density, etc.

Height coverage of various instruments

T

Thermosd
s pnef

Mesosy

Horizontal Wind (Surface to 35 km)
[AWS, Radiosonde, SODAR, LAWP and MST radar]
Vertical Wind (~0.1km -20 km)

([SODAR, LAWP, MST radar])

Temperature (surface to 80 km)

[AWS, Radiosonde, Lidar]

Relative Humidity (0-10 km)

[AWS, Radiosonde]

Aerosol [surface -20 km]
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Summary-2

Research Topics and Potential Researchers
Boundary Layer
Y. Bhavani Kumar, K m.c m
Gouse Basha, Shravan Kumar

Anandan,

Aerosol
A yaraman, H. Gadhvi, Y. Bhavani Kumar, Kiran Kumar, N. Suman

Publications

Total =309

FRISIIEES TS

Radar Development

P. Sriniwasulu, "V.K.Anandan
Lidar Development

Y. Bhavani Kumar, K. Raghunath
Sodar Dovelopment
Anandan

RASS Dovelopment
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