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IntFOdUCtion What determine sprite structure?

m Spritel2DU\T

~300 km

~40 - 80 km
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Fig.1 lllustration of TLEs. [Sato, 2004].
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Introduction

What determine sprite structure?
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Fig.3 Decay time constants versus NLDN peak current
for selected sprite events. [Gerken et al., 2004]
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Motivation
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Observation

Aircraft Campaign in US

n 20011 EFERTFAF ¥ R—2 in US
2BEDINB O Ty M ICH AT E,
R 7 A)A-a03kRE53
#F A1 HAR - 20116 A27H ~7H 10H

AKX v R—UENHKFEDEIED
HEZ7O Ik

Esrange,

raG \l CSGVSegsnzne el Cos
&g SO | ¢ i P

RN - G O { g I
A = KAS (\ ({/ © (,/i%ﬂ N ah B
e N T o

S

. . Y
; L :\B\F
.‘& ~, ) / %\’5:? 5 3’&5 Onagawa,

Fig. 6 GEON (Global ELF Observation Network)
operated by Hokkaido University.
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Observation Camera and ELF observation system

B NHKAAS DT Hk
High-Speed Camera (Phantom V710)
“Pixel size:  1280x720
"FOV: 41°%37°
"Frame Rate: 8,000 or 10,000
*panchromatic

EM-CCD Camera
"Pixel size: 1024x720

“FOV: 67°x37°
"Frame Rate: 30fps
“color
B ELFF S EHREES AT LDLR
station name Syowa(SYO)
Location 39.506°E, 69.018°S
Sampling frequency 400Hz
Low pass filter 100Hz
High pass filter 1Hz
GPS IRIG-E

Fig.8 Magnetic search-coil antenna



Data

Case selection

BRI, 644 X2 kDHigh-Speed Image D EVIFIZ LT (NHK Camera)
[EZFT AR ]

KEBADFOVIBHNT-IHEE, SINDEES, ELFEEARE TEE0
IZEERWLEER, 226112 DL THEEHT

Tablel. 22sprite events.

sorite 54k Column Carrot Clione Jellyfish Hybrid total
priteli 4 4 3 9 2 22
#RIHAI | 7A38 | 7H5H | 7A6R | 7A11H
W 6 6 2 8

ARFEFK TIL, Column, CarrotLLdY D spriteZx, L TDKOIZHEET 5.
m Jellyfish (Large Carrot)

m Clione

Fig.9 Clione type.

Fig.10 Jellyfish type.




MethOdS CMGC, rise time and decay time

AT SA D FE B EERHE &, BE DCMC(Charge Moment Change)[Ckm],
E—JEiRIE (Ipeak) [kKA]DBEZRZEERARS.

m CMC(Charge Moment Change)
*CMCIENormalized Amplitude Method [Yamashita et al., 2011]Z ALV TEH
&8 = ANV51000km DD BERE TEURIS N DELFIRTR{EZ 1& IEFRIEL,
A AN EE A E OB LELFRBEEDEZENSCIMCEE R T 5.

m Ipeak NLDN(National lightning Detection Network) & & T —QEEFH

8><106 --------- i
mFECHEEERFR] rise time(t1), decay time(t2) i ]
*NHK High-speed Camera® EIE £ {A DB x84 105 \ ]
HILEZETEL, light-curveZ Kk 5. g _  Lightouve |
Light-curve DE —J DR[£ 20% 2715 HEZK D £ 4x106§ \ ]
E—JETIZib EMN SRR Zrise time(tl), E
E—ODD20%(EICRET HFEZdecay time(2) 3 3
&'d_é 2><106—§_ I Ko'f{fj_

rise time(t1), decay time(t2)-CMC, IpeakZ LLEZ 0 D =

rise time(t1) decay time(t2)
Fig. 11 Schematic diagram of Light-curve.



Methods

confirm the light—curve

B Light-Curve DF&EE
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20 RNUMEERD KIS
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B/ AXADFEENKELS
rise time(t1), decay time(t2)
DREICEEMNED.
SINDNSLLEDED ELT-.

Relative Intensity

Relative Intensity

rise time(t1)&decay time(t2)HY
HEEITRTE TED204/ N MEfEMT

8x10° +
6x10° -
4x10°
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Relative Time (ms)
Fig.12 Light-curve at 6:35:11UT on 07/05/2011.
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Fig.13 Light-curve at 5:7:55UT on 07/11/2011.



MethOdS Statistical analysis

7 comparisons

m Ipeak vs CMC
m rise time (t1) vs decay time (t2)
m CMC vs decay time (t2)
m Ipeak vs decay time (t2)
m CMC vs decay time (t2)
- spriteDEITFEEFE
- elves,haloMDFEEL




Result

Statistical analysis

FTARE:20

B CMC vs Ipeak

Ipeak (kA)
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&
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CMC (Ckm)

Fig.14 Charge Moment Change vs Ipeak.

CMC¢é&lpeak DB IZFBEEAMN R 5N S

@ Column
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# Clione
Jellyfish (Large Carrot)
@ Hybrid (Co: Column, Ca: Carrot, J:Jellyfish)

B rise time (t1) vs decay time(t2)
% —r——
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rise Time (ms)

Fig.15 rise time (t1) vs decay time (t2).
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ReSUIt Relationship between the CMC/Ipeak and the decay time

@ Column
@ Carrot
AR :20 #Clione
Jellyfish (Large Carrot)
@ Hybrid (Co: Column, Ca: Carrot, J:Jellyfish)

B CMC vs decay time (t2) B Ipeak vs decay time (t2)
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Fig.16 CMC vs decay time (t2) Fig.17 Ipeak vs decay time (t2)
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Result

Relationship between the CMC and the decay time

B CMC vs decay time (t2)
sprite D EMTFHEE DFE(LXHHH

decay time (ms)
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Fig.18 CMC vs decay time (t2)
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Fig.19 CMC vs decay time (t2)
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ReSUIt Relationship between the CMC and the decay time

R C
B CMC vs decay time (t2) oS
& Cli
elves, haloM &£ (X HHH Jellcl)yr}?sh (Large Carrot)

decay time (ms)

w
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Fig.20 CMC vs decay time (t2). Fig.21 CMC vs decay time (t2).
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Discussion
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Summary
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BICPES TS B 2 WIZEL T 2B R DB ZORER L SDLN TN DN, RIZZORIA &4
WEERET D ERILE S 03> TR,

ZOXH T LD, FBHED DG S5 B S EREE RS I S o X0 s
FIEL TV DONZOFEARIEOBAE, F-FHZEMNORIRTER L T D BB
EAIRET D EEOEMAR 2 SHEICERTHAT —v a Vb OERE L SmEREE
LOENFH (Global Lightning and sprlte MeaSurements: GLIMS) NS LR IN/-, ZD
FRENE, FHATAEIICRR MRS (JAXA) ERRFH AT —a v [EIE ) HAREREMSL
FERT Ty N7 — L WA FMEAERHAI vy a rO—2L LTEEIN, 2012 0O
1 L & 2% OEBFEMICOE D EHER OGS ERNRLOBIHAZIT S TEILR->T
W5, AFETIE, ZOGLIMS FHEOE, FRBXOAEMELRRS,
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B D KRR HIF D DIMEINZ LV REEIRRIEE LT & & | EDORREEMHET D7
DHEELED D2 WVITENBRET D, —MRANTEWNITSRE L H 5 WITRKEL LT D
B+ A— FARREOH LW EAXIT. N Z & ot it O BALOE SR THERK S 1L
ThY ., KxOxfie /v idsEY, WA, HEH W REDT A 7% 1 7 v a2k,
ZDTATHA I NHFT, BEMOD LN EEHIT LT DBEKOIBUITLENEN TER S
BEDHEIT LEMAERIN D, £ LT, KRRADOMRMMERE 28 2 7= & B & v 9 B
loT, ENOEMAPFMIND, ZNEEMEELMFEY, DL EEZRHRL THEREBSR &
FEA TN D,

ZOX ) REREITRA IR BFITRBRAZO—>TH DI bbb | BB
TOFRABERL3M & W o 7ol b AR 2 BRIZ OV T, RWHB L2 TWhiehno
Too BIEND OBRAIOEKBEBRITIRAE O 1SS-b HEICL S VIF HOBHTH 5, Z0
BREICE BN, SPOBRMOREDE LTELNEZLOTHIA, FlHZEMM»SDE
WEBROFENEZRLEZLDOTHY, RROEMESMH 2D THL N L, TDk,
EHEEZBNT 5 2 SR LT ORI, NASA « ~— 2 v VEEHERITE X =T &
% MicroLab—1 2 IZ#E5# X417= OTD (Optical Transient Detector)=C, ZENEHLRGRNELNIE 2
(TRMM) |Z#8#; &7z LIS (Lightning Imaging Sensor) TH 5, ZhbHDOEEBIHICL > T
BONTBLINT — 2005, Bl ZIXREROFESEL I 50 flashes/s &V I FERBGFHAT
WLV, 2B ORI KD FEINE, MESEE 90%IEICETEDDL I LITHRIIL



THY, EREORKS - REEHOLZ LT, [ETHET VICERET — % &1k
SHLHZET, MLWRZRBLGO TRREZ KEICH LS Z Enbhoalc, ZTHHD
ZEMB | KRETIIR M LR G M RICESIRY Y AR T 5 2 LGRS T
%o

HEILED s34 & Z OZEEE, 01D K0 LIS 72 EDO N FBIHNC Ko TH BT/ o> TE 72,
B DT ERFEOREL, VHF OSBRI X > TrRE L 225, — kIS, HREI -
THI SN D BREE OEUTIALS, T TS VHF $ASBERI L, HEERIER b
ENb, ZO VHF HOEMEEITERED Y 7 A< EAEE LY mnicd, mESEND D
BRINAEETH B, 1 AT 7 AENMIZEATIX, 1997 4212 FORTE (Fast On—orbit Recording
of Transient Events) &R %4 H B, frE#E B b EHCERIRO S VHF 48 2
BT 52 LICHRTYOHTHREIL TS, ZOBIHFERICK S &, a) Narrow Bipolar
Events (NBEs) & b) Cloud—to-Ground events(CG) @ 2 FiFEDMEILREIZEET A FEE A
KINTWDLY, NBEIWE, 1 <A 7 a Ll F ORFRREH 2 FEOEZWNEIRO 100 m A — & —0
WEAR P THY, Mt R/ F—13 EIRP 5 T 100 kW ML ETH 5, #7825 CEH
ENDERELIEO VIF BHTIE b - & HMOBSSEoghisn, —J, 6 A hMIf
F ) — X TR E BN O O TH Y, Bt kA OEWRICEL Y IS, L
L7235, FORTE BT IZIX VHE 7 07 728 1l OAFER S TR Y, EEEE & L Tok
BEIXA L TWRV, Z D728, FORTE TiE, RERAIZHEAT 2 ED O VIF EREHRHET 5
ZLIXTEDR, ML VIF#EEN EOEFEN OB SN0 E W) FH (hrEFHR)
B ASY RSN

—J7, BE L TIHRAET HIEIER R EH S (TLEs: Transient Luminous Events) DfE{E
1%, 1989 AEIZKE D R. Franz HIZ L > THID THER S 7=, 1990 ARWIEAICIE, KEIC
BV TR AR Y6 - BB T, Z OB 72 5B 5L E E M Rk E (CG:
Cloud-to—Ground discharge) [ZfE-> CTEE FZETRATHZENRHLNIZSEW O
TLEs X2 DOREFREOE NS, AT T7A N, ZATA, TA—Yxy b, ERXY=zy b
RMETHEEINTND., ZOIBATTA MOREAD=ALE L TINE TIZRBEN
TWD DI, BELEOWEFRERIC X DHEA I =X L (EFRELSTT V)9 THD, L
ML, ZOEHESLETNLTIE, HIzE@ATIA FMERESELIEMEOT LT —X
#1000 Cokm ZEEE T 5, ZO X REMMECCIZTT < FAUTLFEELZRY, Ll
BRI, @ArE— A2 M 100C-km & =R L F—D/NSWIEMME CC TH A7 T A ME
BAETHHED, ) AT T4 FHRLT L C6 DE _ETRAEFITHRK 50 kn DAL ET I
25, @ﬁ?ﬁﬁﬁ82734F@@%@%L%W#ﬁ%m%ﬁwﬁ, FORERNH
HZENERMEINTWD, ZIUIx LT, BREOKESm~OHE H:OEEM}IL LT
m%éméfm>®%%ﬁkﬂgﬁénfw5#,_®ﬁ%ﬁM%_ﬁ%¢ék 2ix, e
ITLCAERETL2EMEL AT T4 M RIFBAIL, ZOKPEMSMERET DI LNE
BLieD,



(2:2) HHY

UbDZ &6, GLIMS 2y ia T, EETFHAT— 3 (ISS) DHAFEREY 2
— /L (JEM) MRREE B (BF) ICR% i S5 AN — LA R ERIEENIIC, OM0S AT 28, 74
KA X 6B THERT 2 FEISE L, VIF LY — N1 HBE, VHF B W 2 B05 725 T
R A ERE L, RERLEKE, seERERLEABINT S, FOBRMIE, 1) EKE
BLOE B ERER SO RSN L T OEB & KGFERIMBI» RO 2L, 2) 2T
T A MRS OB & s T 5 E BRI ORI - BMOMOEL O S5 E
s SV ZBREE & OXHGRAROFEE, 3) mmERER RGOS NBIIIC L HERS A
FURKOMHERE BT RNVX—DFE, 4) A7 74 F&ETe TLEs DFESRMFDOFE,
Thb, £72, GLIMS TliE, A= A7 T M7y Mg KRIZT 572DIZ, JEM-GLIMS &
FIEREEHNCHT B 6 n 1SS TOFE - HER Y <8l I v > a » (ASIM) &, /R R
NEOE - MIERY L~ BB S v 2 3 o (TARANIS) &l L 7Bl 21T 9 FiEIC > TV
5o

3. Ivialtas

AT TA M, BARFZIE 2-3 ms, BV H DT 100 ms A HEZ DRIk &, 50 km
FEEEDIRA Y, 1 km BEDH T LROY THEIEN DR - TR Y, RIEBLHIN O Z DK A%
& FORME LA BRI 2120, 1km, 1 ms A EOSMENERIND, £/2, St
D EREBEBOKERE G ZIX, EETHAT v 7 ) —ZRERIT Y 2T ms, JRiRERITHK
10 ps, K Z{biTH ms OFRRE2HF L CTRY, Zhbanfd57-0121%, I VBEMO
REM T RRENER S b, ZHUCXI LT, RI v g Tk, CMOS 7 A 7 ClE, i 2 ms
ORI RERE L 1 km LLF ORI iREE, 7 4 b A X TIL 50 us ORFFEEEE T2 =
LIZEY, EEEREREOKTAEEDRE L EREREEITOZLELTWD, —F,
AT D VLF Lo — NTlE, BHMEN O Sz VIF HERKEEI D 5 HA A v 27—
Lp o THEBEZ2ZXHIT T AT 7 XA~ Eh %2, 10 us OKFE 2 fREE CBLAI L, VHF T3
FHCIE 10 km DZE[ESfERE 10 ps ORI MFREZABE L, HHEN DT S 415 ENP FH
WA RFFHIAY « ZERIRYICHRSE LT, mm BB & O RIIBLIIC X > TZ ORFZE[H
% RD D,

FBPERO B EVERRAE K 112, 20T E A K 2 125737, £ TOBNKGROT —Z 1T,
T HAB T o Y ONE Ny 7 7 AE VITHRIR—FERAE SN DD, IR CMOS
AT R o THRINEND &, SIS MY TEFHEIN, WERLNRAE LAk e
BT — 2 %RV iAty, MU T L7cA Xy MIEEERERLBENGFET L2057 —X
W7oty HIZTY 7 b =7 TR L, FEPHERSIIUIT —%% 1SS OF — %@
BB Z A L CH BB 5, JE28INIE 1SS 2SHER ORI 2 REFR 9~ 5 BT TV, Bl



T 2 & X I TENZRO BRI TN LB RIFRIREE & -5, VHF TG HEIN A M) - B
EDLICHNIZIIBEEIREBICH Y . EREORELRE T H&EMD,

#F1 GLIMS 2 v g Of#Eieso B & ke

CMOS 7 A
(HrY) EER XS EERERBLIG ORI REDOERE S D
FHREF 28. 3°x28. 3°PNIZH AT D IR N OB @l (512 X512 pixels) %,

(HrE) 2R (A=762nm, 785nm), FEMHEISIAFAE 2ms, 9ms, 34ms (W[Z) TIT 9,

7 b AF

(BHY) FHHES L O R ERERCHG O R OERES T, EHR0TDE
FIREOR 21T 5,

(H%8E) LB 87°, 43°PNITHEAET HIMIERSEOMX I EDORFMZ % 20 kHz O
Y AW, 6 E (150-280nm, 337+5nm, 762+5nm, 600-900nm,
316+5nm, 392+5nm) TELHIT %

VLE L3 —%
(BHY) TR KO EEEIRCBLG: ) 6 O VLF S B O a2 152
JEBEECH 1 - 40 kHz O VLF # 77 X< #h% 100 kHz O > 7Y 7

(HrE) WA TIN5

VHF T955t
(B#) > B O VHF B & R U AR O R - ZE R iR O W A 45

)
(K1) AR— NG T FEBRIERE O EEEIZ 2 50 VHF Sy F7 > 7 F % 1. 8m B
LCi%&E L, 70-100 MHz @ VHF B 2k U T80 217 5
SHU

(HHY) BRI OB LOT —Z B L SR DA v BT 2= 2 %AT D
AVAR— NN YTHREEE I E L, b A LTeA 2 h OJEMERAT, S A

) | ~OF S EREEITD, Fim. FLA—H - 3l LT bR S

(BHY) GPS &0 6 DOEW % %15 L GLIMS #E28 DEFAZIE IE 21T 5
GPS L o — R ZHEH L 2 us ORI FE 2 R7ET 5

(F&HE)




X2 BRsgESONMELTHE

4. BLSBROTE

GLIMS X w3 >0, 2007 4 2 A4 Thodurz JEM @i BRI H AR — b 3g EReEE o
INFHZBWTRE SALVTLCR, [A4E 11 H BB HOBSIC L 58E, FF 12 AFHEYE
BENTY—F 0 77— DR, 20084E3 HDO I v g VEREFEBASMR), AT LE
KA S (SRR), 2008 4FE 8 H DL AT AEFHRBFAS (SDR) Z#% T, 2008 4 11 A ICBHRBAT
L7z, D%, 2009 4 7 H AR HA S (PDR), 2010 4F 1 A ZEMIEREH A S (CDR) 242 T,
RGO TR, IRE) - FRERBR A L L2, £ LT, RERABREREES - HWATHFES
(PQR/PSR) % 2010 4F 11 AT T Uiz, T ETIE, 2012 4FEF 2 HEFEL T 5,

INET, EFICN— KRRV a— L en— NLVEFERET— L —FRBR L T,
BUREATICIZ S KRB L BT L T&E T, LDOLEBHOH L LTS L4k, 4% LB
ZiEE L, TEEBHBGICEEBIT T2 000> TCVARETHD,

X ik
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SFEHAT—YaVHSDENE - aEERLER
RS v > 3 Y (GLIMS) DB E £ 3RIR
- BRI -

e D, R MDY, HAED, SRS, [LIRE®, FR s,
A B 35T, A 7, Ivan Linscott™, Umran Inan®, & #5350
(DALHEE K KFPEEREAIERE, Q)RR T: KFPpe LEF5ERE,  (3) ISAS/JAXA,

(HFEREERT: RFEEHE T ER,  (S)RBRFSLRT: TENER:,  (6)E AR JE AT,
(MHRAERT: REFPe L2 ERE,  ®)AZ 7 —F R &+ L%

1. JEM-GLIMS ORZ B

HEM EMACE D & s R L BLS: (TLEs: Transient Luminous Events) %, [EFE5H A
7 —3a(ISS: International Space Station) H A ZZERE 2 = — /L (JEM: Japanese Experiment Module)#iz
#& 58 (EF: Exposed Facility)H8LHIF 25 HE 28 2007 HFE0Hi#EITLTEY, ZOIvy g% JEM-
GLIMS (Global Lightning and sprlte MeasurementS on JEM-EF)&FEA CUND [Ushio et al., 2011],
JEM-GLIMS [ FE#) 400 km @ ISS #liE _E2D, L 40-90 km OB E - I8 TH4E % TLEs
ZE EPLBHIT DIy ar THY, TORFERTZLU FIZEEDbND, FEMIC OV TIE, Ushio et
al. 2011 BIOKRL R AOFRLOFEEGS-4.pdD) SO L,

(A) TLEs DI AESLMBLUORAEAD =X LD R E

v TLEs O /K22 7540 2 8L B FEE

v' TLE Jihe & B 084 JEM-GLIMS B LU FEHIE T — & TR E
Vo OBl Ral — a KA EE EEOEL ORI R - 2R A L2 HEE

v o BEET LD T I TLEs D384 Sefh b AT = X 1A fi B

(B) TLEs DERFE A BH L 53 A0 DFF IE

v REFEL51°%7, &2 LT Ofm s #IlZX 5 TLEs OR8N H
v REREIRIE A Sy AR LB DR E
v' TLEs BNER KRUC 5 2 D30 R0 & EROHEE

(C) TLEs i & D=3 /L¥ —H#EE

v' TLEs Z& DA M LVELH
v P ERGNEE O pL X —HEE S B IRREHEE

2. JEM-GLIMS DIBZER AR

JEM-GLIMS O#griE, £ 1 I[ZR7 5 DO AR TSNS, HFBIIIE T 2 FEHY, 1
21X CMOS %% 7= CMOS 7 A7 (LSI: Lightning and Sprite Imager) T, ©9 1 DX ZE[H /7 fifHE
BB TR0 IS B A I8 357 4 FAX(PH: PHotometer) Cdhb, — )7, HILENLD BRI E) %
BN BB 2 FEHY, 1213 1-30 kHz #7 0 VLF 848117 % VLF L > —/3(VLFR: VLF

Receiver), 9 1 -21% 70-100 MHz %70 VHF J8)Z R 1.5 m Bz 2 Ro7o7FTZETD

-1-



# 1 JEM-GLIMS ¥ P s OfRH S AEAR
2 ¥ ID ik
2 D> CMOS H AT
CMOS HAZ LSI 512X 512 pixels, FOV = 28.3°X 28.3°, fps = 29 — 500, 10 bit
LSI-1: A =762+5nm, LSI-2: A=740-830 nm
6 XD 7 +hAZ (PHL - PH6)
MPH1) = 150-280 nm, A(PH2) = 337 %5 nm, A(PH3) = 762£5 nm,
MPH4) = 600-900 nm, A(PH5) = 316 5 nm, A(PH6) = 392+ 5 nm
fs =20 kHz, FOV(PH1-3, -5,-6) = 43°, FOV(PH4) = 87°, 12 bit
| 0 VLE 7o 75
f=1-30 kHz, fs = 100 kHz, 16 bit, L=15cm monopole 777}
2 o> VHE 7o 77

T A NAZ PH

VLF L3 —3 VLFR

VHF T-#3 VITF "
TR f=70-100 MHz, 8 bit, patch 7> 77, FEHRIERE=1.5m
paiiteads i K| SHU FEES IR ON/OFF, NRIAXRE, N, T —X Bt/ EHE,
=k TULAN) ea<w U RA AT 2 — A

X 1. (£)JEM-GLIM O2 X (72721, VITE 727 78 %ER<) ., (4)JEM-GLIMS 77 A MET VO ERIRED T H,

VHF T#EH(VITF: VHF InTerFerometer) CHERK S 41D, ZALH DB FHEZRZHIMEIL , A~ MY AT AL
B, F—ZBUE - EMELER, o~ RZAE, TUANERE#EEEZ L S H 26 = = v MNSHU:
Science instruments Handling Unit) CH§k S 415,

I OMERIE, AN — M LR E (MCE: Multi-mission Consolidated Equipment)& (X415 /3
ZIEHERMS DD, EHMEZ R G 2T DD FEEZS D 1 DOERICEEAE SR M T52
L&z, B 1 (E) IR T DIFFMEE AT TR BB D AR THY, K 1 06) 1IZ5EMREED
JEM-GLIMS #4537 7 A NET VD EE TihD, ZOKIE JEM-GLIMS O HERF [ A DR LIb D
T®HY, LS L5 R, PH LR, VLF 7o 7 RGO R LI IR E L > T D,

3. LSl

JEM-GLIMS Ti%, BRILL @@ B ER A RIEBIN T 5, A7 TAMIFEMER LRI 1
ms FEEDRIERZL > TRAETDHIEND, 30 fps DET A 7L — AL —FNCEG IS TIIATE
FWz RIERAGBLCII M 2R RIS B 522 LM TE220, LL, RAa2B8HEEREZ 2 A



2. LSI D# I

HH BlE
R 740-830 nm (LSI-1)
762+/-5 nm (LSI-2)
cover FOV 28.3°x 28.3°
bl HFF F=1.4, f=25mm
AR CMOS (STAR-250)
; =A% 512 x 512
‘ » JE%JE @SNR=10 6.9E-6 W/m’
connector & YA 10 bit
cables / 221 53 R HE 0.55 km/pix @nadir @ground
housing RE[H 50 fi Re 34.5ms, 8.6ms, 2.1ms A 25
0 MO I . RES 185 x 87 x 75 mm’
& 0.7 kg
&7 0.8W

2.LSI 7I7AMETIVDEE,

DHAZIZE S TRFHRE T 2L T, TUOE BT 2ZENReLrb, 20720, HiHERIZ CMOS
oY EH W A7 T AN AZ(LSI: Lightning and Sprite Imager)% 2 B#5# 952 &E L7 [Sato et
al., 2011a], 2ICLSI OEE%, £ 212 LSI OftfEkEELDH D,

BIEDR AT T THRIR R T- o TARI ML O — I B IFEIET 58, W5 740-830 nm OO H51;
ICHERIR T LRI T ICLDRIMERPFIET D, — 7, BT AR FRSN TNDRT T A
RDOFEH AT I LD E, 5 762 nm DFEHITEEFE /Y IS L TRINEHL, KKADOBHEFRI 0.2 f2
JELR, F72, R 762 nm OB ST T ORIIIAT TANE ORI THIRBIRE D EV, DFY,
KR OB BRI FE 5 I Lo TRINS NI SLIRE R T2, BEFR 5 T LRI AN X
LA T U E S ECRAETARATIANEIE, BIBRENZIERELR2D, L EOZEnd, 1 &
DI A FITIFP R 740-830 nm DJRHIRT (V2538 L, FITE LT 5, 9 1 BOHATITIT
I £ 762 nm T FWHM=10 nm ORI T 4 V252 2EE L, FICATTANEEMRE T2, ZOXHCLT,
TR AT TA NN FIRHC B T 5, AT OMRHHERIZIE STAR-250 B! CMOS &%
WD, 2O EMIZEDAY YN, 300 kRad & DR —X &It HIFE AR AT SR PE B
NHZEE, BRI AT DM EN2NWDO TRIBE E ARG IERTEDLZETHD, CMOS
T O 72V HIL 512x512 THY, & 400 km O 1SS $E _E>HHEF 28.3°%28 300 i FH 2 # | L 7=
Be, 1 B2V A XDOZEM A FREEIX 0.5 km &720, ZHUTL > TERAALTHD 1 km/pix DZER 5y
fIRBEZ BERK T D, HFL L XIZBEI LTI, F14, =25 mm O R4S C-~vrhar Ruh U X H AL,
ZORFFRORNRNCT AV EHET D, £, CMOS B H OB NI 7 Ea~v R THOLN LD
ELTELZEILEST, R FF M fREL ficm 2 ms £T LIFHZENTES,

4. PH
LSIHIAT TA NN DR AT REA RGBT 203, ZNEITBNIAT TA DO TR E AR T 5
7 4hA% (PH: PHotometer)t, JEM-GLISM TliI#5# 3 5[Sato et al., 2011b], LSI Tl 2-34 ms DRFfH]



PH Unit #1

# 3.PH DT
HH BlE
R 150-280 nm (PH1)

337+/-5 nm (PH2)
762+/-5 nm (PH3)
600-900 hm (PH4)
316+/-5 nm (PH5)

Eﬂi:?:the safety 392+/-5 nm (PHS)
requirement of 1SS) FOV 42.7° (PH1,2,3,5,6)
86.8° (PH4)
R F1.5 (PH1,2,3,5,6)
PH Unit #2 \ F1.72 (PH4)
e PMT (PH1,2,3,5,6)
PDD (PH4)
|78 4 512 x 512
& @SNR=10 6.9E-6 W/m®>  (PH1,2,3,5,6)
6.9E-6 W/m®> (PH4)
[ 0-1000 V
Sy fERe 12 bit
Yo7V 7 JEPEER | 20 kHz
(due to the safety 37-pin D-sub N 3
requirement of ISS) JEM-GLIMS | PH-U2 Tk 209 x 136 x 130 mm
S B 2.3 kg (for Unit#1)
BXXREEEXY: ) 2.0 kg (for Unit#2)
&7 5.4 W

3.PH7IAMET VDG E, (L)PHI-4ZHHLIz2=y]
#1, (T)PH5,6 5L/ =y M2,

O3 FRHRE CHRAGEBLAIZITO2S, PH TIXEVEED 20 kHz Yo7V 2, 20 ps O[5> i HE TG B
#1719, K 312 PH D7 FAMNET VDEE%, $ 312 PH OfifkE £l 5,

1 LSO BT, HIERKRKUCEDWIN  HUELD 728D, AT T A DU ERS S st 5 B R
LR o7z, 20728, IME-GLIMS  TIERFIZIT SNl T D AT T A MO M & B A B9 1
ML 2, ITEIMNL TOATTAFEINDIHBIENIREE DGR, EF 51D st positive band 3 LT
2nd positive /3R, EHR Sy A4 D 1st negative band & E T 5, BHITRERIL 42.7°L 1L, LSI DR
B 28.7°x28.7° % TFWAET D, — 7, HIERD L ~HUTGF) WD B I EICED T~ R D FEL,
JEM-GLIMS TiZ TGF Z5| &I E MELBIRIT 2 TE Thod, BEEICL> TIhESh 72k
EETIIHEROBS I > TRKT D720, ZOIeEedEREERHTH20120E, JVIRHFHFHO
A ER T DN ENDD, 2078, % 87°L T 574 b A% %L | BT 5, BT 59 Rk
1, REUCEDWIN - BUEL DR B A Z T IO R 600-900 nm &%, ZDLHIZ JEM-GLISM Tl 6
BOTFIAREERH L TND, £ 3 OHEERICHDHERY, 74 MAXTIEEB 2 E R 35, 207k
RL, ZANVENLETE AL STV Ny 7ot R a5 3%, PHL-3, PH5, PH6 OJE5%
OFE AL 12 mm THY, F=1.5 THDH, —J7, PH4 DHFROFE NEIT 6 mm THY, F=1.72 &
725 CND, W FE 72X, IR R= 2D A5 VR r— VY68 TS (PMT)Z IV, &
BIRAARSE 7L LT 1 inch WMo/ NS EEERE FHV)EH# T 5, — 5T, BEONEITLLLE
KE\72b, PH4 Ok SR, HV 2@ LW 7+ 8 A4 —R(PDD)&#:H L7, PMT 1% 500 V
TEREN T2 FE T, ZAU1E 5-7x10° FEE 2725, PMT OO G E1E, 2 Bed 7 Fus 7o 712k
STIDLITHIES L, A/D AHisnbd,



5. VLFR

FBIEICLV TSN D BRI D720 Thib IRE N K EV VLF W Z (57 5720, fhe
JIR—=NT T rha= 250675 VLF L' —/N(VLFR: VLF Receiver)%Z JEM-GLIMS (Z
£# 3 %, VLFR O L Zha=7 2%, Kk[FEHO Stanford KENAFELZLOTHY, 3Tl
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Sub-spacecraft ]
. Distance . Subsolar Point
Date Time [UT] M N Point
[km]
Lon. Lat. Lon. Lat.
Dec. 9, 2010 00:13:58-00:16:06 600,000 32 32 67.2° 1.4° -84.1° -1.8°
Dec. 9, 2010 00:40:11-00:40:14 605,000 1 1 67.3° 1.4° -84.0° -1.8°

Dec. 10, 2010 02:00:11-02:00:14 886,000 1 1 68.2° 1.6° -80.8° -1.9°
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Lat[°] Cloud Particle Mode  Optical Depth Height [km]

<30 1 13.4% -2.5
<30 2 305% -8.0
45 1 22.4% -4.9
45 2 105% -6.7
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AKATSUKI [2010/12/07 -- 2011/07/27]
(X-Y Rotation Frame Fixed to Sun -> Venus Direction)
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1: 2010 £ 12 A 7 BLEROHERAKRKELS 2011 £ 7 BETOKE - SEBEREGREEZTO HHhDE, #E (#H
). EROKRLL Bo TWBXEFRICEEANEBAZERL. [1] VOI %5 1 EE&EHRK (2011/01/07), [2] €28
BiEI/N (2011/03/13), [3] KIE£EMEE (2011/03/22), [4] VOI # 1 @HEHA (2011/04/17), [5] H D
=44 (2011/06/25) [6] VOI # 2 EEEHR (2011/07/28). RiRIFER TOHIKARTH 2.

EOWERIF 0.055 ., HAMREDA X 70 1 i
B OB AT 0.012 ERD T4 E7 L )VEBRED
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4. BB HZR{LDREH

312 283nm & 365 nm DEEHPEKRERT.
R O3 LI R, e VR & PR A & R B A
1AU & —ZEOHiEcE LG ADEIEL b DT
H%. FFFAURLACEBLTV2 1y + (3H) D
B A Y v MU 1% BEOEWTREER < HlE
T&7. 365nm, 283nm & I KE A E LT, &
WA X 2801825 W42 ORI CRK &
oTW5,

DA A ORFHEZAL W 5 2 h 7% 3 H 22 Hoiili
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VEX/VMC-UV % T2 ZE Bk

N — (ISAS/JAXA) . ARl CRORER) . AR (RUKRER) | M B GRORE2ER),
RIATESL CROKHELD) A4 (ISAS/JAXA)

1. 1ZC®IZ

HIPOZIHERINT. 4 DDA AT > TEREEEIZKIT 2Em g HEMT —%) 215252 &0
T&5, £/, IO OFEHGEAREIL, Z<OHHSTA——r—F—v a3 LIZERHTL &
INCRESNTNDHDT, A— = —F—v a3 VICERS>TWDHEL OFEEZHRIT 5 2 & AHIfES
D, SHIT, ZBNC K - THEEET —Z b ACERGED 3 T iR bivd, Z0O K 5 el
ERREDT —Z T+ 5 2 LI2kY, RO<EMINTERLARA—/"—m—TFT — 3 3 OHEREES
TFHEEEROA R LI LT, IEMRIFRPGEOND LTSN D, AT, &> 2BEL
THERR SN =T — XL s & . =% Venus Express ## ¢ Venus Monitoring Camera (VEx/VMC)
DA EHRIZE L 7= F 2 BT 5,

2. BEROREIEEE

X 10X 5 eI R (x,y,2) & 5 2 D, BREREORE L FEE ¢ (1281 5 5 PQ,@) 1%, SPICE toolkit
E D Z L CTHERIEIER DS Py IE#HINDS, = LT, Pxyz 3 BHlH#E D CCD H oS
Py, PIZHEEEIND, A PRETEAFLNIRD EITRL R0V T, JABO Y 7 2Oz
L. mPOMEET 2, R POMIET b b s PA,@)OFEEEIZRHE L, B0 R T DWW A
B Z & 2T 203, MEMOKRERE~y 7RG OoN5, 7272, MEOKBERICE TN IHEENKE
WIS ARITEENLETH S, X 1 OBBREERICBIT 582 OMEITHEDOESFEREZ AV TIRESH
TV, FROEBEENRKRENE —HOERERE O AN, CCD i ETFEHIIHIELTLE D (1K 2a),
L= o T, MEOEBEREETET S Z L NLEIC/ S, B ORMR <7 MUd—RIziT4E2d
DEEST, ERZHKEETNIE CCD @ EICE&RIAEME LTED, ZOMAORTER, KEE,
IO E 1L, HREOLREL —xt—IZxET 50T, EREDCHMN T 4 v 7 4 U Z7IZE0) 2RO REN
X, BT OERNSFHEMICHEDOREEROETZ ENFREL /2D,

Z ZClX. Ogohara et al. (2012) D Ji{EE AT, &R2BOYV MM 7 4 v T 4 VT HfET Z LTk
DR ORBIRZEZNT D, X 2b 1L EFEDOHIETHEDRBRRZELEIE L T OLIER LT-&2 O
RE~y 7 Thbd, X2 TYLEDIZAZ TWIZRBWNEHS GRo TFEHEY v B 7 Ly 2372<
o TWNDH I ENgND,

3. EiBBF

EBPMCHWD T2 Y XAE, FEAMINC Rossow et al. (1990)X° JMA (1980) THW L= b DIk
SNTW5, EBPMLERIX, EAMNIC 2 RO 2 Ko Eig R O EFBE %2559 5 5 THBINIC
fTihoivd (Evans 2000), FH—WEEOX—57 > b U7 L5 2 WOV —F U 712 30 7'V » KX30
70w R (7.5°X7.5°) & 120 77U » RX90 77U > F (80°X22.5°) &L LT, #—7 v h=UT &DH
HABIMREN R AR L 70D X 5 fEk A2 —= U TN CTHRREL, TOMHEEE Y —7 v b= U T L OLED



FEERBRSNTES =Ty NOEMART ML ET D, ZORIIT LU TRDIZEMRT binb, &7 4
N =D RAKIET B EEICE T D AFERRRD b, ¥ —47y b=V 7 ZEERER 5 15 7
Uy RFOFTHL TN Z LT, 3.75° X3.T5° DG EE D RIE M3 G b D, i< D8R KKK
TEBRET NVOMBE LR CRETH D,

3 IR OEBHAE L E LT TICEBM AT R EEEL T LEBHEZ{To R E2 R LT
Wh, WTNLEBERY MVORFERS &AL Th D, HFERDICET 2 RERAEEEDF V M
LOEZIOmsHUEETHY, A—R—ua—F7—2 a3 UNBLZ100ms! THDHZ EEE2 IR, EBHR
TEpnEEnz/AhEn, LaL, EAERCET 2 EITB8 X% 5ms1 T, FEbasy
P m s~ m sl THEZLaEZNUTE T EETERY, FHiRSOTEAETRALA->TND
ZLIEFEKRTH D, MENOEBEINY T — X 2 EETIULRREN NS 2B DT TRy, L
BoT, EBHRT MERAWNTHNT T L&, FRIEEEICEET D& XX, UITHMEORSEEY
BELTHOEBWEIT) ZENMHATHLENZ D,

5| FH LR

Evans, A.N., 2000. Glacier surface motion computation from digital image sequences. [EEE Trans.
Geosci. Rem. Sens. 38, 1064-1072.

JMA, 1980. The GMS Users’ Guide, Issuue 1. Tech. Rep., Meteorological Satellite Center, Japanese
Meteorological Agency, Tokyo.

Ogohara, K., T. Kouyama, H. Yamamoto, N. Sato, M. Takagi, T. Imamura, 2012, Automated cloud
tracking system for the Akatsuki Venus Climate Orbiter data, lcarus, 217, 661—668.

Rossow, W.B., Del Genio, A.D., Eichler, T., 1990. Cloud-tracked winds from Pioneer Venus OCPP
images. J. Atmos. Res. 46, 2053-2084.

P(A,p)SBELP(x,y,2)

Venus

| Z:boresight vector
A

P’(x,y,-F)
CCD array

1. MR R OBEEN, O IXHll&GOfA, ClTal
b, QUEHARRZ R CCD i & Kb DM TH D,
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3. VEx/VMC D#iE 0030~0061 £ T CTROZEBET MLVORBAIY &, FEILRY DKFESA, (a)
BEOLEBERAAEEETICRO RNy, OELEL TROZHERK S, OBEEYEFITRkOZmEILES, (DE
IE L TR =04y,



KEBEKXKKDO HDOH,O R : BRI I 22—y a it ka7 u—F
HEH S GRAERER), #E)1TER(NICT), EHEEF(NICT), P HEECRAE KHR)

1 KERKIZEIT S HDOM,0 RHOES

BUE DX BB HEIITIREOKITFEL RN EZZ BN TND A, TAVE TOKEEEMS &R
K DB TIE, WZE D KE MK E AR D AKDERUAFAE LIZFEL 2 R T HIE AW Db R ST
% [Seibert and Kargel, 2001; Okubo and McEwen, 2007; McEwen et al., 2007; Squyres et al., 2009]. Z DK D 9
HZ AXKRGEUC L0 FHZEFICBOR LI L E 2 65— 5T, JLMOKIKE J UM FKM FoK) & LT
20 DEOKPBEDKBITHFET HZ LB HBILTND. #HFKCOK)IFHIED S Im INOIRS D & Z
AR IZAFAE L[Malin and Edgett, 2000; Feldman et al., 2004], db¥-ER#&Eko 7 L—2—nbZh
DHIFITE X H L TV AT BB STV S [Byrne etal., 2009]. = 0 X 9 2B HE L ORI 2K D@
TEPRD ETCHBERBEL RV 5 500, KEKKH B LUKKD HDOM,0 (LT IKEK)D DIH )
EHP)ERET D LICKAKOEROHEETHS.

HDO(K Sy - DIKFE T2 1 DHEAFICEE Hb > T D HD)NIH0 L0 b ARKIEME W0, FH
ZEMNCHGE LI <, E7KOHIZE EE 00T 0. ZOOKREATOKERE, KR LKOM TKER
REDEFITATIOIL TV D FEIOIKRKD DIH HIFREBIZEm LS D &2 bILD. —FH THEADHU VK
PRROH TR FIT % HDO OFIEITIKEL Y $IRNEFE TR TND EE X B, W& D DH %
P92 2 & TROBORDOERF 2 Al 2 2 &N TE 5.

S HIZAKRD DH EORER, £D2EH - AL ZFE L /LD Z LIC K VIKTERICE T 29 7 vt
Az AL Y — & L TR RTEECTdH 2 (IER KK T odii 5l & L T Frankenberg et al. [2009]72 &).
Ko TKREBIZEBWTREEORALZITH Z & T, BUEDKRREEICIH T 2 KMEERORRT, FRIZHIE~KK
FIOKELKDOHAY 257D TFHN0 L7 Z LI ng.

FIBFED O RLDHAIZE D EFTORERKUCEIT 2KkO8E) & DA Z X 1 1ZRT. Fx 38 e
YIialb—varhnb, ANELEZBAEICZO L S 2KOEE ZBONT TWETZNEEZEZTND.
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Water-ice clouds

1: KRR 5 KOH) = DR [ESA/AOES Medialab, 2011].



2 kB HDO/M,0 kA DB L I 2 L— a OB

BLANZ X HHDOR L OVKODMEEORIE L, BLK CTI3k 2 BI#GE D & OBIEIX72 <, H EEimsis
K OHERIT S O/ ~— > = VFEEH D O OB THONA TN DDA TH L. KERKHODMEIE, &
ERSPA5 CHIEREEE O LI (SMOW) D 4~7 {52 L D737 £ 41TV 5 [Owen et al., 1988; Krasnopolsky et
al., 1997; Hartogh, personal communication]. % 7-H,035 X OHDOD B /1 7 AFER EN D HEH S =KD
D/HEEIE, SMOW®D 2~8 i5 L FEF IR E RZERZELR & D Z & H/RME S LTV A [Villanueva et al., 2008].
F 72 K DODIHEE DENE AT DU TIRBLRGI A FEE L7200,

HDO &R ® 3 Rkt 2 = L — 3 %, Montmessin et al. [2005]iC &L % kB KK KIEERT T /L(MGCM)
ERHWELORMOLN TS, HHICEDKD DH OFHRERERIL, (K~ O3 5o O BLRS

H[Novak et al., 2011] & EPEANIE ST D (X 2). Lo LB TIIEEET 212 2 KD DIH HeasiE < 7 DA
ZRTRER b A S AU TE D [Fisher et al., 2008], Z#UTA Dfidgk/s EKEREN/NS 2D L ZATK
DODH ENRFELLBL TV Iab—ra UERETVOBEMAERLTND(X3). 202 LixkEp%E
MOMOHFELEEDETHE SN TWVDHETH Y, ZOMIIZIIH FAKCK)D DIH A6, Ka~2EmH
DKDOAZHEFE, BRODIR LDV TOIVFELWVHMARMELEZ HND. ZOTHDOLVFELWN
BRI 2 b—ya VRSB ESND.

IVH (wrt. SMOW)
(@)s ; (b) & . .
* Current Work(1537 W, Morning side)
A Momimessin 2005 (x 1.32)
71 (zonalmean) $
z $
9 a ¢
w B A f
5 g 3
o 5 i -
O . ]
4 fid |
B " %" $
£
= 3 A sub-solar
l latitude 1
2 F e e R i
- v 0 I -60 -30 ] a0 B0 80
&0 RLi] [} 150 I 21 240 i) 360 :
Latitude

2:@Yy Izl —a itk 57J<0> D/H ke D Z=Hi — #& ) Z8{k[Montmessin et al., 2005], (b)-t-EkEk Z=(Ls=50°)
BT BHKD DIH AEE SR OV TR & 2 2 2 b—3 3 @M LLE [Novak et al., 2011].

(@) s T (b)10 1= =TT LY
44 O La=67 L
o ® Ls=155
8 1 o na=307 [ 1000
o o ® Le=357 |
4 A
£ DH 64,0 ¢ - 5000
% _ - “é?' g . L SIDJ
Z . a & o/oo
- 4] o ed® - 3000
2 J . @ R
- ®
21 d “11000
0 ul | sl . 1 I I 3‘0 40 50
MR i o A Precipltoblewmercolumn microns

3: (@Y o b— g Tk AKREZEFR D & ko D/H EGitdh) o+ B [Montmessin et al., 2005]. K
OMIEFEYER, Bao+FiddeEm®ofE. (b)Mumma et al. [2003] DEHNIC X 5 Rk O+ B [Fisher et al.,
2008].

1 D JF+/H FEFDH T~1.56 X104 (HDO/H,0 £t TiE~3.12X 10%).



3 FIRE/MELOS {2 & % HDO/H,0 L& HIF i

KEDOKIEERR L KRGOV CTHAEDRREZ FfFT 572512, KD DIH HoZER - RefZ1 b
EHLSHET D Z EBNNET, S%ITFICKEEER O OB IS, 2016 FITHTH RIF T
7E 7 ExoMars Trace Gas Orbiter (EMTGO)!IE H,0 & HDO (ZE D & 5 HIgR 2 #4588 TE T, ZIul k> TK
L[ DOKD DIH HSARICHONTEL DF =N G565 Z LR/ SN D.

ZhIUTHEE, 2020 FERPNFADFT S LT IIAT THRETZ1T > TV D HARD K EHEAER - MELOS K84 —
B X TlX, /KO DIH BN B 597 X U ¥ 7 > # FIRE (Far Infra-Red Experiment) D& # % T &
LTW%. MELOS R A —E X IX A MG FOMAEZFEHRE LTWDHR, TOHTYH T I VYD
HFHAMIR LTI E AV ERBEN RN & 2RI, IRE - WEMRR ED 5] 22 2 MRE
WCEASNTIE, XAREZEPLTBHTL2LT, INOLDODXARNAN—LIILDRELRZD L
N TE%. FIRE/MELOS Tl 550-620GHz 5 % VT, /KAKSCE DRINAL, Z OftiigEEIAD 3 kT
DA EBT D TETHD. K422 OJEEEEICE T D Nadir 8 L O Limb OB AT hLD v =
L— g UREREZR#ETS. HO & HDO DD A~27 hVINZ DJEEBHIIFET D72, HO &
HDO D&% [RIFFIZBIIT 2 Z & TRAFDOKD DIH b L0 EfEICRD D Z ERAETHS. £/-2h
FCOM LB EMTGO TTEINTWORAAILY &, ¥ A FOREEZZIT 2 L0 EER Y
U= SURAIRETH DH. S HIZ FIRE Tl miRE T 2 HiZk ~ N oWPE & BUHIATHE C, EMTGO
P ORPEETITH A # LD #IE~ KRG OKOHAY #3252 & b EEL LTWV5.
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4 : FIRE o (a)Nadir &1, (b)Limb %] (tangential height=20km)(Z CELAIAHIFE S H AT LDV R 2 L—

g iR [Kasai et al., 2012]. ZHEAED H,0, FH A HDO OWRIHRZ 7~ .
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4 DRAMATIC MGCM &% HDO/H,0 bk ¥ I 2 —v g v

T2t I 2 b— 3 UKo TRIRER K OETBIINIC KV 5 b2 7 — % OFEMR iR %217 5
T L ERBFICAN, Fx Tk ERKKIEEE T L DRAMATIC MGCM? % iV /-HDO % & e KIEER o 3
2 L—va UZEF L. DRAMATIC MGCMIFHRIE K FERUE S AT AMFFFEE o & — (B « KKUHFEAFSE
TR S AT BFER) 728 & CRI% S U7-MIROC-E 7 /L [K-1 model developers, 2004]%_X—A L LTH Y,
CIVETIZKEDOWEL N T A — & (B - REHAR - BB E R L), HiFm T A — & (i - 71X
R« ZUEM), # A b & IR E O h R [LL _EKuroda et al., 2005], AU % TKR(HO)fEER, K& —
sl DK E « BUEIER R 6, 2010] 72 ERES - TEASNTWS. E£-RED I - B - K
RRT T v ADFHREIZHT- Y, Heavens et al. [2008] D HiFE FIHLE /T A — & & @M E 2 T\ 5.

2 DRAMATIC = Dynamics, RAdiation, MAterial Transport and InteraCtions between them, [H4 #r CCSR/NIES(/FRCGC) MGCM.



HDOI!ZMontmessin et al. [2005]iZ7¢ 5, TERDKIEER A F — L OHTRZEK - KEF L OHIZFREDK D
HOIZIRE CTEA L, FAZEDOBICAKIEL R EKFODMEED ()% LLTF O X 5 I KA (T) DR % &
L TH -z % (Merlivat and Nief [1967] D= %).

(HDO/H,0);c, 16289
%= (HDO/H;0)pap eXp( T2
725 o OfEIT T=160K, 180K, 200K DHFZZ41 1.72, 1.50,1.37 £ 72 5.

Montmessin et al. [2005] TIE K5 H DIKZRRDEEREIZLE 5 DIHELOE Y $u & LT 2 D — A %48
E LT\ 5. 1-2%Rapid isotopic Homogenization case (RH) T, /KZED X 5 (ZZFERIN OHDOSy 1 DHEHE A
FoHREVFEHICHEATE, %570 v F/BIZBWTKERT EKEFODMEED 2V IZ (1) D alZ e
FFEhd. 95 1-2lFRayleigh Distillation case (RD) T, 2N OHDOS LB L7V OKEEZFEE L,
fii L CA L2 KERODIMHIL & BERE AT O KR RDOBREICB T HDHE D Zal T LD TH L. BwHY
VI KBITAFTET D & 5 70K ETIHERNOHDO S 1 DILB FIT A T X H1F E/h SN DO TiEZe
LENTWAT®D, AFEOFERMETIIRHAZIAE LT 5D 4 E - s E KA F3E L CARRIC R 5
FRIZFBWTIE, AWML TIEFE AT D KRR ODMHEIECOEE KD END ok 725 L HIZ5 2T
.

SR FR IIRTE(200K), KAH DKAESR « kEZ L, bk 80°N LALIC KA I HERIZK 24tk TE 5
K5 (D/H Feid Krasnopolsky et al. [1997] D& & Kk B O L2EREE & S 415D SMOW D 5.6 {5) Z 7% E L
T=RISAED B 12 KBS OFHE 21TV, ZORIZHOWTDOKER(H0) D T L2 FEE £ L O D DIH
PEORRFERZ K 5 IR T. ¥ A MEEEDOZH - 2 {kiX Mars Climate Database D [H/N—27 = Z31T
% "MGS scenario” [Lewis et al., 2001[IZ &SV TN 5.

ETOVEERIT 12 KEES O E CIIEFIRBICESE T, AEBO K AOKRE D S KRR HHE S el
TW5. DIHY 5~6 KBIFEHAZE—7 & LTHEAEMIZH S, Montmessin et al. [2005] TIIAMISE & [F]
FROYIRAED D EFIRIEICET 2 £ T 15 KEFHOFHREELEL TEBY, Ko TEHITHKEFEFD A
EUT I RBEEEZBNDLH, TIUREREEE T 5. Fio 12 KEFEHOFHEMERICONT, b
BRE E (L9022 BT D AKELAB L OKEFD HDO &, F7-/KAKKD DIH 5ROV T OREE — & 5y
%X 6 1R T. ZZFETOEZADKERD DIH LLOZRHE — DA, 5L ORREE Y LT — 5
JE 434713 Montmessin et al. [2005] D& 5 & EPEAICEE AT 5.

—9.45 x 10—2) )

5 &

KERZICEIT S HDO/H,0 HHlEDERIZE SV, ZROBHFEB LV MGCM IZLH¥ I 2
— ¥ 3 SO THROMmFHR DL K OMEBRI AT Lz, BUR CIEEBOBNT — % Off#E v =
L— g VX DHEGHMRICE > TH ELHHATE TV ARWES DY, ZOMROTZDICHL L VFEL
WEBLHIE 2 2 L—3 3 VIO B O )7 24T > TV M2 H 5. DRAMATIC MGCM Tld4#IkE
TERAT 31T DIEaFn DR, b samte, KR~FREHOKDO M, KREKLFHBORIEFE: & DEAL TE
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1. Introduction

Wind profiler is a useful means to measure altitude profiles of vertical and horizontal wind
velocities with high time and vertical resolutions (Hocking, 2011). Range imaging (RIM) is a
technique that improves range resolution down to several ten meters by using frequency
diversity and adaptive signal processing. RIM is useful for resolving fine-scale structure of
atmospheric instability such as Kelvin-Helmholtz billows. Therefore RIM can be used for
early detection of small-scale turbulence. In order to develop an algorithm that detects the
small-scale turbulence automatically, a software with high portability (i.e. work under
multiple platform) and generality (i.e. written by popular software language) is required to be
developed. In developing software, we are using Python with SciPy and NumPy libraries.

2. USRP2 as a Radar Digital Receiver

USRP2 (Universal Software Radio Peripheral 2) is a software defined radio receiver. USRP2
is controlled by UHD (‘Universal Software Radio Peripheral’ Hardware Driver). UHD is
available from C++ and Python. Software defined radar receiver is able to be developed using
free and popular software languange. Because USRP2 does not have trigger terminal to start
and stop data sampling, the leakaged of transmission signals are used for ranging.
Oversampling facility is easy to be implemented because of high-time resolution data
sampling up to 25 MHz is available. Data were collected by USRP2 and 1.3-GHz LQ7
transmission system (Imai et. al., 2007).

3. Python with NumPy and SciPy

Python runs on Windows, Linux/Unix, Mac OS X, and has been ported to the Java and .NET
virtual machines which is free to use, even for commercial products, because of its OSI-
approved open source license. SciPy library is built to work with NumPy arrays which is the
fundamental package needed for scientific computing with Python. NumPy and SciPy contain
a powerful N-dimensional array object, sophisticated functions such as linear algebra, Fourier
transform, and random number capabilities. Indexing like operations can be used in this data
signal processing (example ‘numpy.where’ which returns array indices which satisfy given
conditions). Other useful mathematical operators such as numpy.mean, numpy.max,
numpy.empty, numpy.sum, numpy.array, numpy.copy and numpy.dot is used to increase the
calculation and coding efficiency. Using Python, radar signal processing software has been
developed in order to estimate spectral parameters (i.e. echo power, Doppler velocity and
Doppler velocity variance).



4. Signal Processing Flow

The signal processing starts from IQ signal detection and analog to digital (A/D) conversion
which had been processed in USRP2. In the PC, the IQ signals are ranged, decoded, and
averaged in time (i.e. coherent integration). Subsequently, in offline signal processing which
developed using Python with NumPy and SciPy, it is divided into two parts: time series
signal processing focused on clutter rejection and spectral parameter estimation. In the time
series signal processing, DC component had been removed and then high-pass filtering is
done by running mean method. Ranging, decoding and coherent integration are processed by
online or offline. In the second section, there are three calculations: Doppler spectrum
calculation by FFT, noise level estimation and spectral parameter (i.e. echo-power, Doppler
velocity and Doppler spectrum) estimation by moment method.

Figure 1 shows a result of time series signal processing. Figure 1a shows a raw 1Q time series
data, and red and black curves show real and imaginary component, respectively. Figure 1b
shows a time series after DC component is removed (black and red curves). Low frequency
1Q signals computed by 100 points running average are shown by blue (real component) and
purple (imaginary component) curves. Figure 1¢ shows the time series after the running-
averaged data are subtracted (i.e., highpass filtered data). The time series data shown in
Figure Ic are used for spectral moment estimation.
a) Raw time series
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Fig. 1 : Example of received time series.



Figure 2 shows a result of spectral data using the time series shown in Figure 1. Red curve is
a Doppler spectrum computed from raw time series (see Figure la) and black curve is a
corrected Doppler spectrum from high-pass filtered time series (see Figure 1¢). Clear-air echo
exist in the range between 2 to 3 ms™ and noise level is 92 dB. For executing FFT,
scipy.fftshift and scipy.fftpack are used.
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Fig. 2 : Example of spectral data.

In spectral parameter estimation, the following procedures are taken. (i) Noise level
calculation using Hildebrand (1974), (ii) 5 points running mean (smoothing) to the Doppler
spectra, (iii) peak search, (iv) determination of continuous Doppler velocity range where
received power is greater than threshold (noise level + 3x(noise standard deviation)), and (v)
spectral parameter estimation using the moment method. In the all procedures, numpy.where
and numpy.max are used. Figure 3 shows a result of spectral parameter estimation. The black
curve is raw Doppler spectrum and green curve is smoothed Doppler spectrum. The Doppler
velocity range selected by smoothed Doppler spectrum and the threshold (blue dotted line) is
used for spectral parameter estimation such as echo power, standard deviation and Doppler
spectra. These calculations use numpy.mean, numpy.where and numpy.max.
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Fig. 3 : An example of spectral parameter estimation result.

5. Oversampling Result

Figure 4 shows a spectral parameter estimation result using original range resolution
determined by 1-pus transmitted pulse width (150m), and Figure 5 shows a result of 10 times
oversampling. The result demonstrates that even the simple oversampling can reveal the fine-
scale vertical changes of received signals. The vertical variability of Doppler spectra is much
clearer than no-oversampling scale. Therefore, oversampling is useful for high accurate
reproduction of turbulence structure by further using RIM and for developing an algorithm to
reveal fine-scale turbulence structure by decorrelating signals in range.

6. Conclusion

A radar signal processing software necessary for building detection algorithm of small-scale
turbulence using RIM is being developed using Python with NumPy and SciPy package. Our
results demonstrate that Python with NumPy and SciPy is a powerful tool for radar signal
processing. The software includes the following functions remove clutter signals by high pass
filtering, calculate Doppler spectrum using FFT, estimate noise level using method by
Hildebrand (1974), find the Doppler velocity range where radar echo exists, and estimate
spectral parameters with good accuracy. We showed the example that the software we
developed is useful for mitigating clutter signals. Further we showed a capability of
oversampling to reveal fine-scale structure of radar echo and wind velocity. Further
development will be show in subsequent studies.
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Abstract

We present verification results of the SMILES v2.1 ozone product by comparing the
coincidence statistics with other data sources (ACE-FTS, MLS, MIPAS, SMR, SABER and
SD-WACCM). The agreement is within 10% in the altitude range from 18 km to 26 km. In
the higher altitudes, although there is still very good agreement with SD-WACCM, the
SMILES ozone shows negative slopes with respect to some satellite data.

1. Introduction

The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) was
designed to be aboard the Japanese Experiment Module (JEM) on the International Space
Station (ISS) as a collaboration project of Japan Aerospace Exploration Agency (JAXA) and
National Institute of Information and Communications Technology (NICT). SMILES was
successfully launched and attached to the Japanese Experiment Module (JEM) on the
International Space Station (ISS) on September 25, 2009. Mission Objectives are: i) Space
demonstration of super-conductive mixer and 4-K mechanical cooler for the submillimeter
limb-emission sounding in the frequency bands of 624.32-626.32 GHz and 649.12-650.32
GHz, and ii) global observations of atmospheric minor constituents in the stratosphere (O3,
HCI, CIO, HO2, HOCI, BrO, 03 isotopes, HNO3, CH3CN, etc), contributing to the
atmospheric sciences. In this study, we validate the SMILES v2.1 ozone product using other
data sources (ACE-FTS, MLS, MIPAS, SMR, SABER and SD-WACCM).

2. SMILES ozone measurements

We focus on the ozone product based on the measurement by the Band B, which provides
the longest measurement time (about 83 days in total with more than 1000 scans). We
conservatively use non-flagged profiles and the altitude level data with a positive calculation
error.

3. Definitin of the coincidence measurement

We use the satellite data sets obtained during the SMILES observing period from 12
October 2009 to 21 April 2010. Then, we define time and space criteria for coincidence with
the SMILES measurement to be within £2 hours, +2° latitude and £8° longitude, which are
comparable or somewhat tight to other inter-satellite validation studies (e.g. Frodevaux et al.,
2008; Jegou et al., 2008; Dupuy et al., 2009; Rong et al., 2009). There is large number of
coincidence events in the northern mid-latitude region. It is because the SMILES
measurement density is higher at these latitudes. On the other hands, for SD-WACCM, we
extracted the nearest grid data from all the SMILES observing points. Thus the maximum
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difference in time and space is half of the calculation time step and the resolution: +0.25
hours, =0.95° latitude and *=1.25° longitude.

4. Methodology

For the comparisons, the altitude is converted from geopotential height to geometric height
to match the SMILES data. Thus the altitude shown in this study is expressed in geometric
height. We also smooth and degrade the high-resolution profiles such as ACE-FTS and
SABER by convolving the SMILES ozone averaging kernel functions. Both flagged data
points and their corresponding coincident counterparts at each SMILES altitude levels are
removed from the following comparisons.

5. Comparisons

Figure 1 shows the comparisons of vertical profile in the latitude bin between 55°N and
65°N. From the result, it is found that the agreement is within 10% in the altitude range from
18 km to 26 km. However, in the higher altitudes up to 50 km, although there is still very
good agreement with SD-WACCM, the SMILES ozone appears to have a negative bias
~15% with respect to ACE-FTS, MLS, SAEBR and MIPAS. The latitudinal distributions in
Figures 2 show that there is no clear latitudinal dependence at all altitude levels. Especially,
the agreement between the SMILES and WACCM ozone is less than 10% in the altitude
range from 20 km to 50 km at all latitudes.

55.0 < lat < 65.0
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DAC : Digital to Analog Converter, ASIC : Application Specific Integrated Circuit
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5-5. Rossow et al, (1990) & HEk

T AU AZEFEH RN B TR RERE T, OCPP M2 X » CTEEOMT 217
STebDThHD, OCPP &k, EEOESMENEST HMasDZ & ThD, LLTOXDE
HBThb,

TABLE 8. Components of the time-averaged momentum transport in m? s~; positive values indicate northward transport of retrograde
momentum. See (13) and (14) for definitions of the components.

Lat
@g (UM () [T [ T ] WUVl Uty (U
-50 —603.1 -171.5 | -774.6 | 172.8 | 2.0 -0.7 171.5
—40 —477.1 -67.2 | —544.3 | 58.6 | 0.9 -9.5 67.2
-30 —474.3 -93.1 | -567.4 | 95.1 | -0.2 22 93.1
-20 —-507.1 81.5 | —-425.6 | —85.9 | 0.0 —-4.4 -81.5
-10 —268.8 63.8 | —205.0 | -58.1 | 2:1 3.6 —63.8
0 ~5.7 14.1 | 8.4 | -13.3 | 0.8 0.0 —14.1
10 302.9 —63.2 | 239.7 | 77.8 | 1.0 13.6 63.2
20 414.3 =73.1 | 341.2 | 85.1 | 1.8 10.2 73.1
30 606.0 ~16.6 | 589.4 | 37.5 | 0.6 20.3 16.6
40 894.7 90.1 | 984.8 | -59.2 | 5.3 25.6 -90.1
50 699.9 ~59.8 | 640 1 | 913 | -10.2 41.7 59.8
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FARELFAEHEDZESLOLR LY, HEEE—7EOH S 33.8°S 7> bR
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ERICBITDREEDOME LV KE W, uv TR TA, FEYERTIRIETH D, REEICER
WT uv BREPERE D AR CRE < 2D JRKIE, wv DEEELEX LD THD
EEZOLND, DFEV . wv EEN & OFEB A ACEER CIERERND, mEEER SRR
ks 5,

5-7. WERRXGR

BRHR T FTERICE T E X RV CE 72, uwv Tk, FRMOAEFFTX, v T
XL T CTE T,

UV TR IR B R 2 R 00 & 2o T2 0s, PRI TR & 720y, LasL, 20°8
PIRIZEBWT, 175°E & BWEICFRI & TR A 2 & TR GMEEFRE W, F
7o FRHEICIE, ENRR DA LM ST TWd, > T, KEMXIOFEITTR
e Iid,

u TIE, 10°S~40°S @ 9:00 i ZBr< & PARSNTRERE/D 2 & kT,

REREAIZ, wv TR, BLZ 1R FEAICEEI S 13:00 {1k L, o Tidk
K # 2 B8 S 14:00 & L7o, UL B0 BIRER ERITTZICH Z BRSNS,
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- RS B L2 ZABME © ZFRTD D IEFIS T THOE, B0 S 512N T,
CHEPEICAE B LT ¢ i <R < P )IE C RS I I5R < 72 B
s WP 5 & EER 0°0~20°0T 1, 20°S~40°S THIE L, 40°8 fr CTHIfEE Y
v NOIFHEDRIEE D, 40°S LA Tl 5.
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SEAWRE DA O L T,
- AT L K< —FT B,
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- PUERITIE, FEERO— I W TR RN S, SRR I E T SRR &,
C VBT S &0 WEER 0°~20°T—E, 20°S~45°S THH L, 45°S TR & 725,
ZOBRITIE L, mfiE CREICER U D,
s RATHE L K< BT,

@ uv & uV
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EERIIIBITHAINHBEHEONEE AT ML

LEfEE GEKR - #), 58H (ISAS/JAXA)

1. &

HER R BB B Tl SREARIl T 2 TR IR AL ER Y T — RNELE
Za U LT, B o LIRS i % O B DI O IRIE 2 — & DfEIC
FIRT 25, Whbwd, fafiBnECHERMOI TS, & LT L7-E K
DEREILA 7 FVOEZ 3, m@iEIT-3 1272 %5 2 & 25 Dewan and Good
(1986) <> Smith et al. (1987) 2L » CHmMIIRB S, Z0H%, 7V4
7R GPS ERRMRBLANZ L0, 2B R SN THLENRINT
VW5 (e.g. Tsuda et al., 1989; Tsuda and Hocke, 2002),

—Ji . MIERDIAA OB RKICEB T D EAWR, 2O X5 BB I26E 5 )
BINTONTIE, FERANONT=FDN 72, £ 2 TH AL, Venus Express &
WHERCBLINC & > TR DAL SR ENR E A 2 B/ N O B )3 (BREI R 1%
1.5-15 km)ZMH L, THOMEREBART M ZFHR L, & HICHIERKS T
WHE S C & TRl /I OB A~ L LT 2 F T, &2 KK T
& EE AT D008 D T,

2. M FIE

EPE LN IEESA ISR LT 65-80 km O#IPH T3 E 7 4 v T 4
27T % ({1, TESRGOREY To L L L, JLOWRENMN 6 O
ZTed25 (K2, 2L TTIMToa@mERMIIT—Y ZE#MT 5FICED . T/To
DIREWIANRT MNEFDHZENTE D, ILIZINDZREK0°-20°),
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Tsuda and Hocke (2002) TH x 515 L 9 efafiflin A7 ML ZnEh
DREERETD AT ML E LT 5,
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TWn5,

AT PRI D 2~ MVIZERT 5, M3 K0, BUHIL TWDEAE
DOXBEL L ERE BT 5km TH D, £ L TEIHI L TV 25 &Ik O ) 72 K



RLZEHEIX0.02 rad s BRETH D, Jo THENFERE T, 16 m s FRET
HDHLREMEEL BN 5, Peraltaet al. (2008) @ Figure ba #& &2 LT, Kk
FEHETHLBL% 100 km ThDH, 2D ZFEICENEDSBEHBEERICH D
BoMENEFHRELELOEK 4 1737, ZNE /D &, ARIOBLHE
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BHRD Z NG5, XoT, MEEPREHREIZEEN EHEETD &,
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4. L ¥
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Venus Expres$” L2 5IMARSM BG4 VT
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s MEOERLER
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TFAET DALMY E D 53 Afi % BB L T2 D
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F R AN BRI LT, F7-, local time
(ZRF T DRRE A% LD e HEE 23V T local
time 7% 12 IpfF T OFEE TRUE AR/ INZ72D | F#
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4 3.21 13 T"\/p DIESIAR, K322 1ZEE)E T 7 v 7 R pu/w* DIEIHTD %, M
BAEEDNE L 25 L R 40km AHEDOHRIFIZ R E < & 273, W60 km DI
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EER LB ICONTREL 25 (K3.22),
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TG 2 LT 2 LHBIE T Ty 7 A pulw 13 pQ? ICHMIT B, S pe,Q DERTIERE
DERBEZIETED, ¢, DEEZII L LR TH 20 T2 L FEMNIC pQ DSRTER
TBREINT VDL Z LIk S, HEE7 7 v 7 A LM L DI pu/w* < (pQ)?/p
DX D LD7- D, FERE U TMBEEDE LI/ NS W EEIch UL dH 513 L, 7
T I RAFRELLBLIEITK S,
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3.4 HIRATDREME

HZRAHE ORI X A HOR S ¢ 2 HE L L THEETH S, 13 LA EDEEFNTIX
HBER T DOEHERY 22 il 2 W ER IS T USKEIE X H £ D &l v E b 53, HFR AT Tl
BREOMT A LI X DMERRE R 2 eI ns, L, BHENZERIC
BT ZORMEREOMEIZ S D> Tode\vn, REICIEIHIRE TORMEREDOMEEZ 2 Z
7o & 2 OB I DOREEIZ DWW THHRN S,

3.23 135 2 ToMiEER B D SRE AT T H %, Al TIEESE Sk MU TOREMEZ 1.0 m?
sTLELTWED, EESkmBITT00lm?s ! ELAbDE GL, EES5 km BT TO0.1
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5 km YA EORMERENZ 0.1 m?2 s~ & L7,
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3.24 X T'\/p DERIEIIAG, X 3.25 IFEBE 7 7 v 7 X pu/w* DIMETHTH %, %
721 3.26 131 3.25 DEEE 0 km 2> 5 & 60 km F TOWTZIARL 7 bDTH 5,

ERFEDTTIE, Gl OBAKRIEHMEMIEE TEO> TEVIREL RO RKE WD (X
3.24), HEIE7 7 v 7 AZALD3TD1LIEETH S (IX3.25), G2 I3 RIFDEEE7 7 v
JABHALLD/NILGLEDRE N (K324, X3.25), G3DHEBE7 7 v 7 A%, &
FE30 km LR CTIX AL &% DiE e 2> Tw 3,

Elg X b BT, MEOREREDMEIZ EHRIE (1X13.24), #HBIE 7 7 v 7 A (IX3.25)
EBITKRELS KRB,
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s ER D, KoTHED S kmisb 2D %< L HKI3-30 HDH 5, —JiEES km DUT
TOPEEIF 1-3 km & DT 3.2 fifi & FFRICKEIC X 28EMIE 7 2 7 = D?/v, D=\, /27
PHRDODZE v=10m?s ' DEERELEDH026H, FAFICr=1.0m?s ' DL EZ
26H. v=01m?s ' DEEIT26 HIZA D, A58 0 T 2 ISkt & > Tl
WINDEZEDTD 5,

25 5 km OFHEAREDS 10 m?2 s7t, 1 m? s~ 0.1 m? s7! TH 256 13 EGHW K
REPEIZE DIREI NS DS, 00l m?2s ' DEZRIRNINE EEZONDE, ZDO,
00l m?s e ESHEERE7 7 v 7 RAETHETNMN %5,
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4 FAYVKRITOEHY K

RIZDA—"—u—F—yaviE@EBGOHKL WI DT TIER Y, LEOHEY
A Z BT HRETOHIREE 11.7 m s~ IS L TEIER 270 km TiF 200 m s~
£ ) DR NTE D (Achterberg et al., 2008a), A — S—0—F— a VIFEL T
WA ZEDTho TS,

SRR, Y47 DA——0—F7—2a v ZOH - HFEX A= X LI3HEHI N
TELT, RZDORAAZALDBEELFEL DD TH S &) AR/ 2w (FH 2011),
Z ALY B TR I X 2B REEOFEMIE LV, T2 TSI A F v RAI
B 2 B0W I X 2B EEEZAIHE L MU 1 RICE TV TEIREL, 74 7V TOE
WIS & 2B RENE DI A — = —T = a YO - HERRICES L) 2089
2Tz,

INFETEAY VRADKERRIM A & DEIZ DWW TIE Voyager T O#LHIZ £l X -
THESMF SN TIRB D, I S LR DEIRD S #HEE S 1TV 7223 (Flasar et al., 1981),
2005 £ D Huygens ZFRAMKIC & > T X O 3l 72 77— & 23% & 4172 (Fulchignoni et al., 2005;
Bird et al., 2005), Z Tl Huygens Z 58 2N E TOHL DBNC X D o728 4
8 v RERD HGEP L 7% EDEIZ DWW TR 5,

FA Y TRERITRYNMTX B HEDEDORIN E | A5 2 & 2 RBEDRIIC & H K
SAFMBLI 115 (Tomasko et al. 2008), Huygens IZH5# S #1172 DISR (Descent Imager
Spectral Radiometer) 13 EJ5. TH 7 7 v 7 A% Wk 350-1600 nm DHEIPHCTEiFE 150 km
2> 5 i | F THIE L 72 (Tomasko et al., 2008), K 4.1 FHIEI N7 T v 7 R LB,
E BV £ 9> 6 Tomasko et al. (2008) 12K > TR SN/ fEFE L, KRBT X %
MHARTH %, /o, MA213MBK Q ICHEZHIT 2 DTH 5,
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Solar Heating and Thermal Cooling Rates Vs. Altitude

=—a—Solar IHeating Rate (KlfTitan day)
- 10" | |—=—=Thermal Cooling Rate (K/Titan day) 250
©
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W . /\ AN
4.1: 4% v DOfNEE (Tomasko et al., 4.2: pQ DENETIAR.
2008).

Voyager 1135 A4 % v %7 7434 LB, ST &5dmz Bl L 72, 8 S 75
S RMDBIRIC X 0 | RJEE T OMBEDAEDRR S 172 (Flasar et al., 1981), £7:,
HIBK 7 & 5 A O ik 2 Bl LTI i 2K 5 2 LI X D BEDFEDRIR S L7
(Hubbard et al., 1993), Voyager I il D% & 135D BA £ TR0 6 %%ro 7
D3, 2D, RN S I A F Vv RADIY VD Ry 77— 7 P 2BHIL 7. & 25,
gAY O@BHVEE, 2F)HIEEFACHATHD, 2 DHMEIZ200ms™ TH 5 &
HEE X 9172 (Kostiuk et al., 2000),

JEGH D FEH 22 iR B 0 AT 1 2005 40 Huygens 12 & % Z OEHNIZ X D535 41172, Huygens
IR 10 FEMEZ 87> 2 — P CTREF L, 2 OBMIERICHE T TEE I NE RO Ky 7
77— 7 b 2 OB IR TR L KRG DK & 6 17z, M 4.3 1F Huygens 12 & D 15
5 NI AP ERDENES A TH 5,
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X 4.3: %4 % > OKFJEA (Bird et al., 2005). Bk Voyager I Ol % LI L2 €T
)V (Flasar et al., 1994) TOf.

YAy DJREDEE AT EFNIEMT 282 L 1382 ) SPER IR >Tw 5,
HIFRUT < TIEFFOPHESR\TE D, S 1-5 km £ TIE 1-2 m s~ DHEAIR LTV S,
HE 513 km DT —F IEZETETMERTro TRy, LZ L, ZOMLEEKD
AKX AEGRIIFEFEINTE D, ZOHE» SHEEKI BRSNS L) R L
<, ZoREEOMEIIHZHETEZ ) TH S Z LT ->T w5, FE 13 km 2
5 60 km F TIEHEGEIZHEFNHML, 40 m s~ IHET 032D ETIREHIZITE D, &
FE 70-77 km (T IH I IZTRBEDOFIIDIEE T 5, = 77 ki DL ETIEFOREGE XIS %,
ERRTIE 22\ 028, BAFICHII LS 120 km DL ETIRJEEIZ 100 m s™ 22T\ 5,

i 140km DAL ClE Cassini (S L7 R 6EE (CIRS) 22 615 & ¢ 72 LT
R DOBARIC X D 2BRDJEGEAK ® 5 31T 5 (Achterberg et al., 2008a),

LOEREIT KA DENE G (K 4.5), BIOEREBD» SR L 72, M4.4 13 ZEEDH
EOTH 5,

D & EE 40km MEE T 1 K km™! Z TH2{HE 2> T3, EE50 km 226
100 km (Z IFLE LD O HIEDFEE T 523, W 100 km B ETIEPENIC 2 K k™!
Z FE>TEDBRE &R ELEREIIDL R D/NI BT D305,
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4.4: KAmOBMIE (X 4.5) EEBIEHED S RD 15 4 8 DUEE.

LI Z X 4.1 DWHETEL 2 & T2 — b VIHHIOERIRR & L 7%,

545 v OFERAEEIC O VBT O BREFAKZ DEIZ T > Te o T, RithE Tl
CROFHETHCZLD LFEU, S EES km £ TIEIm? s™ HES5 km LD I
T2 0.1 m? st EIREL 72,

E B RS Z Ny 2398%., CH, 232% & L. Tomasko et al. (2008) 127 &> T

=a+bT+cT?+dT? +e/T? [J mol™! K71 &\ 9 iafllh 63K 72, 100-500 K Dl
T Ny DIREUE a = 28.98641, b = 1.853978, ¢ = —9.647459, d = 16.63537, ¢ = 0.000117
T % (webbook.nist.gov), ¥ A % ¥ D5a D HEIH T EEHBDZLRIZ/NS VDT
EEE 1051 J K kg ! —E & L7,

54 % v DRJmE Voyager 1 DB X > TRD ST w7228, Huygens b T
DI 2 JE L 7,

160 km DA BTl AU I B SIE DIRE 12D 53K 6 11T 5, Huygens 1&F%
TOR, BEAEHUC X 2 > THEI LTV 2D T, ZDIHEED & HFEIRD ST
%, FEEEENNEED & FHKEFEOIREDD &, [EDRDSNSE, KRADW-
Y4571 & 13 Engineering model % fi\> %, Engineering model & I% Voyager O & K #EiH,
AT HEF UVS 0EHC K 2 7= 2 HfET L TR o N7 ET AV TH S (Yelle et al.,
1997), ML LMl 652K 5 2 ED3TE 5,

=B 160 km DL P Tl Huygens 1387 > 2 — MZEXDETLTE D, Z o5l & T
N3y —IZ X DPEI N TS, [¥4.5 1% HASI (Huygens Atmospheric Structure
Instrument) (2 X > THIE S N7 ¥ A ¥V READFREXIM A Td % (Fulchignoni et al.,
2005).
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4.5: ¥4 7 v O5ImEESTAN (Fulchignoni et al., 2005).

EFN ERIEEE 400 km, $RTEMFEUE 3000 & U7z, FUglEE A 400 km TH % D3,
S 250 km ML BIZWEZRINZ B2 7-0DARVPEE LT,

4.1 R

461X T DEREDMTH %, RIFEIXEE 200 km T0.04 KTHDH, UL
N LD TNS v, K47 T\/pTHD, BRERRD, FHE250 km THIHEI N
TR WI ERT S, K481 T MK E 7% % Local Time DIETMHMTH 5, &
ETEEED>»S EVICEPMBIEL Tweds, 45 Tk FED S BRI THEME
HoTWVBEIENTH D, K49 FWIC Ko TR I N EFE 7 7 v 7 ZADHESH
Thb, IFEAEDFETHEIZAIICE> TV,

250 TA'1 T T 250 T T
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— 150 | . — 150 -
£ £
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-0.04 -0.02 0 0.02 0.04 -0.01 -0.005 0 0.005 0.01
T'[K] Tp
4.6: T" DERTEAR. A7 T'\/p DEEITA.
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B4 . Ay 7 . A1\
4.8: T' D’ KAH & 72 5 Local Time D #h 1.9: T DI,

[ENagiiR
4.2 =

T D3 KRAH & 72 % Local Time DERE TN 6. ¥ A4 ¥ ¥ Tl BN X AE 2
5 BB - TERLTw L S E%9h 2 (K48), EBIE 7 7y 7 A28, 1ZEAED
RETHTHS (K49 TLLOVEENTHD, T2 ICHDHEH, ¥4 5T
IR OB I I H 270 EEZ 6D, TOZEDLLIA TV RRAIZENT
X, SEOBWNWIED X 9, BRI X o THUERADE IE XN 7 @ B 2 23RS
LAEHRAZIL TA— -0 —F—2ar2b k56T 0 X XL @k
EEZo6N 5,
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LB DOERIZEBT DX

AN CERED ., AFH (ISAS/JAXA), mARfEIL CGRORER) . RIEHOE (4 KRHUBOKIEER) | ki CROKEE)

MR - BW
£ BT E ERIA5-T0kmIZ ETE T AFRBE D EITE LTV 5, VEGADBalloonBlll T, #R1E 225 EE55 kmfT T

WCCHRAICEE D &8 2 B D ENEJE S B S AL 7=(Crisp et al., 1990), F£7-. BIFHEMBHIC IV ESNT-KIE
AR B ERE FES0-55km I NI E RN B D Z LML TR Y . RHRISBIOFELZ R LT\ D
(Tellmann et al., 2009), = OxHiElE FE KX D O LM & BB N EERTRINENDLZETELTNDLEEZ XD
2, Bakeretal, 1998 Tlt, EE&EE CTOYREE  RENMCERBIKEE L, 2 KILEREMHET
MZE > TRZEB~BATD5ENFHE I, Lo L, ARITHHEE I L > TERBEZHAD T 5800 K%
EBIZ > TREL TWD ZERMERE LTET O, ZEOMGEOMWENHEEINT- LITEVE, &4
DEEIZI T 2 5 D FEAREIE 2 0 2 BR &2 BRET 5 72 D121, L0 BUEA R BETEZ & & Lzttt
BEATOMLERD D,

AT TIE, RS0 AV RBELNEE T /LCReSS (Tsuboki and Sakakibara, 2007) % ffi > T4 R DEREIC
BB RHREIE 21T > T 5, S IEBaker et al., 1998 & A U Th B3, R HaHTITFE L0 8
FITEWETE 2 5, A ENTNMBGRE O K & SRERO K E S 2 2L ST 7256 OXHR ORI OV T~ T,
IO, KVBENRGEOERICE T DR E LT, MG TEFHR 2 & B S v 7z R BN EGR 2 I
D ANT-HE ORI R EZIT > 72,

HENE

x—2D 2 RICHHA T, FHREE Z B PE200km, & E40-60kmDEILZ 3% E L CRtHE 2 1T-7-, FHEREEZE 1
R, BLTISRT (1) -3) DBEITIIT D%t & i~ Tz,
(1) RS K 2 IMEGRE 2 2 S 1256

KRR EE & KB NEE [ XBaker et al., 1998 LRI U DO 1, 2)&MEH L7z, REHSHMEEITIMEE)
B % K(type-A). H(type-B). /IMtype-C)D 3FifEAZIEL (K3) . ZNENOHAIZ O N THRFHRZ1T >
oo TOREREK 4177,
(2) FrAENE 2 ST 56

XD T A7 ML OFH SR 2R 5 720 W EZ K& < LGS L mdbrmic biis 2 8o
BWITLEH R EIT o 72, RKREEE & RKGHEMEEIZ (1) LR U b0 L, RSB E I I type-BE H
Wz, RO BEI 2 200km7)s 5 500kmiZ 284 (xJ7 S - H A 10072 52501028 1k) SE 7L S OFHEMRZX 5 (T
AT, AL AICHE 50100, B MR 2kmD B LR 200km % N 2 72 3 R ICFHAEFE R 2 6 127”7,
(3) 1 WRITHS TP ArEH R (i 5, 2010) 12 X - TR Sz Bl 2 08 L7254

MR IIVIRAOIRE T —% (X 7) 25 %2, REFEINESE (Tomasko et al., 1980) &, £ i b &I2AT
bl 1 kot chi FEEt S (E 5, 2010) 2 HEIBES R REKSN (K8) A{KE L. XitHEZ1T-
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F L

INEGR 2 28 S B2 A TIIEMEDEE ISEWTIH 2 b DD, 3 DDFHHRTITT A7 MHAK 1:2~1:3
FREEICHE— L7e kP OIS D3 R ST, KRE RMMBGREI % 52 5 & BV ORI - TV D K5 ITH 2 D03,
INHO3DOFELET TIIMBAFRH OKRE I L7 A7 MUZBEERH D L I1X 5 WEEW, K2 21k &
FIHATIET A7 RHICRE @0 T2 < AEFMOEBIRTFEIT/ NS WER L 2o7z, LavL, 2R
FHECIIZEEF et OISR 2 B e DIk LT, 3RITHAE TIXER ITHEBENROEENE U, Bl
e RIS 2 &0 ANTZIGA TIET AT MERB X E 1:5 T 8EHE N K 0.25m/s FEE O EF 72 %t
TSFHR Sz, Z OfflE Vega Balloon |2 & » TR S AU7ZShER DO K& S LR Uiy, /NS REIC/R > T
W5,
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