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TEAMBERENR), #ILERESH, BAMEAGRER)

AFES-Venus; Atmospheric GCM For the Earth Simulator for Venus
ALEDAS-V; AFES LETKF Data Assimilation System for Venus




T—A2RIEL(E

A L—La EERBDOERA T —2ED0EHhHh .
SaAl—=3  DEEZEELTIEMALLSIZEHDZE

ETIHHLHEE.
SRRV BEDY

= 1~ 9 EROEY
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LETKF (Local Ensemble Transform Kalman Filter: BRF 7Y 2T ILE#RHILI T1ILA)
DLIESDEEL > -EHDNHE (A LoD DER) Mol 2al—avETié FERD
[E5DFIEIKRELLGSL (FDEM) . T THANE (FOA) EoFHhHhE THERERKY AH
(FRDIEA) . TNEDEFANLDUIAL—a v DHHEET S,

http://www.data-assimilation.riken.jp/jp/research/research.htmi

HhER KSR NCEPEfEHTT—2 (RA), ERA, JRALLE
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KEXRKBREDOHRANT —2ZAV-R{LRER
Oxford Univ:/Open Univ. /LMD/CaItech/MaryIand Uniy. /@&

v £2XYERIT—INE
\/:ET)H AREE @ﬁfﬁli

Mars'Global Surveyor®;2E ., F A= D [E1E
,mfi(i)&ﬁgumﬁf'aﬁaﬂ(?:) (Montabonne+05)

Mars Atmosphere Data Assimilation workshop
on August, 2018, at Savoie-Technolac, France.

MACDA (Mars Analysis Correction Data Assimilation); Montabone+2013
EMARS (Ensemble Mars Atmosphere Reanalysis System); Greybush+2019
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2010&£12A7H =ZREIMESADEA K,
BEGRIHADET OO0 E

2015412 A7H \& EEETE~OBEAIHEY,
LEHHAT O EES

VCO (Venus Climate Orbiter: £ EKIEHE)




H M D= D FFEL (\enus climate orbiter)

S m&\EJEs §|—ux0) W%Eﬁ./ﬂ“ (Nakamura+2011, 2014...)

BNE Al
Ultraviolet Visible light Near-infrared Longwave-infrared

e [HH\DOF | OFEEE
Wavelengths observed by Akatsuki

EEHEEREENNFET—FEMEIZF AREE

http://global.jaxa.jp/projects/sat/planet_c/




EE2DTETIL: AFES-Venus ' DQ
o MFRBIEE KGR *AFESTAT T/ (20067-)

(*AFES; Atmospheric. GCM For the Earth Simulator)

v MREAE(BR-JEX, B -HX)KHSA, BERSA..

v H£BDNFAV(AFES)ZRANTEZIRGEREARTD
ZE-FLUMTDOESZZHIZEET D,

v NEB(EESA). TEE2(EARKSA). KERE(HRESA)..
. FADEE T IL—TIZA2T=DI1F2010<5 LM 5




_ (AFES; Atmospheric GCM For the Earth Simulator)
ETHTERE
e AFES (Earth Simulator@ <& D GCM)
VIRORIVBEI A I E# ES2 RTEESS)ZexadE1E
Y K2 TT639L96AZR B M 51/ 5245 (Takahashi et al.)

1) R TERE ~11 km (1920 % 960 grids with 96 layers)

e 64/—F NS RIGRE S RO
22|45 N 99.4% (.\:[%Jg_{?il\?ﬁ)
I H{exhE 99.8%

CPURKsE 1MER . ~4FR
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IR S1L— A TERBEBEOEEGCM (NPETIL) SHEEET
Strateqy

o MEAISIEBBIELIER—/\—O~F—La %R E
v EREETOHEIXMEIE

e IEMLRTE CA—/N\—O—F—33 %
v BEMEABMBREARREE. FIARHET1— LA

Targets
e ERMOEDKIBIEICERZTKL*

{EE R, @A IC8AHIEEV A ERIICTEEN T R (Sugimoto et al., JGR2014)

R3] iR EE&AE THEEHRE (Sugimoto et al., GRL2014)

EERS I K. SAE S L Z DEIE (Takagi et al., JGR2018; Ando et al., JGR2018)
IRILF—RARYBIL; £ B TlEEREFREHAMIT (Kashimura et al., in preparation)
FBE; <S> BEDEBI(VIRTIS). IEERREHEIE ? (Ando et al., JIGR2017)

O— LA —; GCMTERHIOH N EBIEREES (Ando et al., Nature Com.2016)

IREIE; Hr DEBAIOER (Kashimuraetal., Nature Com. 2019)
* FTEXR DEFFIR T—ILIZETERITT ..

N

NN X X < X



cNETOREE(-2019, AFES-Venus)

o BALES EI’~J7§?Z—/ \—HA—7—3,3>/ (T63L120 rln)
v FREEMNERICGEAEEITBEEDGCMTIEEEIN TLVEL

AFES-Venus Observations: Doppler measurements

Uy) at 65, 70, 75 km

75 km

Velocity (ms™)

o
~~
E
P
=
o
o
()
>

—— VLT/UVES PLA1 LA
—— VLT/UVES PL2 {
VLT/UVES PL3 alll
= VLT/UVES PP 1-6 (Machado et al.,, 2012) | T9|[1}

Galileo (violet) (Peralta et al., 2007) 1411
CFHT/ESPaDONS 21 Feb 2011 (this work) L{|]
VIRTIS-M Vis. CT 21 Feb 2011 (this work) A

308 EQ 3 ' - 75 6 -45 30 -15 0 15 30 45 60 75 90
Latitude [deq] Latitude (deg)

0% 8~ &k B IRE NEE (Takagi et al., JGR2018)

BEERICKBARE—KDOFE A (Sugimoto et al., JIGR2014 & GRL2014)
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NOENOCENENE

Ando et al. (Nature Com. 2016) Ando et al. (JGR2017)



e HMNDOFIR2EHREEZEAFESD LB (11591120 run)
vV IRBEDBHEREAN=X L

Akatsuki IR2 AFES-Venus

OMG (sig = 4E-3)

-0.16 -0.08 0 0.08 0.16

CONTOUR INTERVAL = 1.200E-05

2=0.00370027 hPa
0005-01-01 01:00:00+0(

Kashimura et al. (Nature Com. 2019)

http://www.isas.jaxa.jp/j/enterp/missions/akatsuki/compile/gallery.shtml
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T—3EME DA (TALEDAS-V* | &S ; HET LK)

*ALEDAS-V (AFES-ELETKEF Data Assimilation System for Venus)

o EEVOEEHBWRITOFLIOMDIER, (T42L60; 31 member)
Y M DOEDEHEE. EEEDRREAT—5%F|F

HphDEIDEA

o J}: \ " 4 ol iy ' ' B -
J" '/, | S E‘ e ;_:; ',‘ = _ € s' E = 2 -
.y M - NN \ " : - |
- | REDOERRH QST
©ISAS/JAXA Jas ok ‘; LD

Sugimoto, N. et al., Development of an ensemble Kalman filter data assimilation
system for the Venusian atmosphere, Scientific Reports, Vol. 7, (2017), 9321, 9pp.




. o
B0 D #E fR (2019-)
® AFES-Venus
FFLE R EED 5D X —/ N—O—7T—=23> D AEBF (Sugimoto et al., GRL2019a)
K Z T [ZEDEIEEELFFEEE (Ando et alySci. Rep.2020, JGR2022)
BB B0V o D B FERY S E T ST (Sugimoto et al., Nature Com., 2021)
ENIEBFEDEA LT EZE T EIDZEZFZE) (Ando et al., IGR2020, 2021)
ZTEED DK R IZLDEFES KD (i 46 24 = (Suzuki et al., JIGR2022)
TILE > B DEIEEFIREE XD =X L (Takagi et al., JGR2022)
RX—/N—O—T7—23 > DK FTEHF I (Sugimotoet al., EPS2023)

& ALEDAS-V (AFES-LETKF data assimilation system for Venus)

Venus Express® &R T —2A[El1E (Sugimoto et al., GRL2019b)
HMDEDEET —FREE (Fujisawa et al., Sci. Rep.2022)

BT T —2PO3—JLFHAS— (Ando et al., JGR, minor revision)
ﬁTEFﬁﬁﬁiﬂi*ﬁﬁ@OSSE (Sugimoto et al., JSCE2019, Fujisawa et al., Icarus, revision)
Z MUV DOSSE (Sugimoto et al., Atmosphere2021, 2022, Komori et al., in prep.)

v AR IR (LIR)DOSSE (Sugimoto et al., GeoSci. Lett., 2022)  —
OSSE(Observing System-Simutation Experiment) : £ X T LS ab— 3 FER

AN N N N N N

AN N N NN




EENDT—3RIEI AT L: ALEDAS-V

(AFES-LETKEF data assimilation system for Venus)
LETKF (l=zoCal Ensemble Transform/Kalman Filter)
o HhEK(ALERA*)AR X 2 Tk FH

(Hunt et al., 2007; Miyoshi et al., 2007...; Hoffman et al., 2010)
*AFES-LETKF experimental ensemblereanalysis: #hER DB EFTrT—42

T—FRHEIC LD
FRATIODFE)

Local: 3155 D £5 8 D A% F

Ensemble: 7292 T ILF 5k

Transform: SE AR T4 ILA2—

Kalman Filter: ZR7E DK EE
HEICBEEHREFIA. — X
TREEASHHETE (F4Eh) ETIDTUOHTIL

THREEE M A
but HEIRMEINHE

. YZa =3 VRBROTE

http://www.data-assimilation.riken.jp/jp/research/research.htmi B Rd



® ALEDAS-VD I E
c TUYLUT LA IN—: 31
« T—ARE{EHAD)L: 6h
- BTt /KFE400 km, $ATE INP~0.4
° Eﬁ/ﬂ“:m% 4.0 m/s
e AL —232:10%

analysis
(t+0)
31 mem

- ORI FHM(t=0H5)L T, t=3h5t=9%R1EIZ{FED,
o t=3MLt=0NEAZE A DL TRE1E., t=6FBEHIELT S, (=4D LETKF)



® ALEDAS-VO#I =
c TUY T LA IN—: 3]
- T—AEMEH14)L: 6h
- BFTt: K400 km, $A1E InP~0.4
- BURAIEZRZE:4.0m/s
c A2TL—32:10%

Time

Ensemble forecasts by AFES-Venus

assimilation | assimilation

observations

observations .
(Venus Express velocity) :..

(Venus Express velocity) {..

. ORFRIFER(t=0H5)L T, t=3M5t=0%FFEbIZ{ES,
- =30\5t=9NERIF A AL TREML. =6ZBEHELT 5., (=4D LETKF)
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SN DOZEET—4
\ @ISAS/JAXA

T—3RE1E
ALEDAS-V

S yoLvInwis

@A KABIRET L AFES-Venus b s i
#hERZ 2L — 3 https/ Aweww. jamstec.zo.jp/es/ip/ ( i%T _9 -t,‘y F)

Y. Fujisawa, S. Murakami, N. Sugimoto, M. Takagi, T. Imamura, T. Horinouchi, G. L. Hashimonto, M.
Ishiwatari, T. Enomoto, T. Miyoshi, H. Kashimura, and Y-Y. Hayashi,

The first assimilation of Akatsuki single-layer winds and its validation with Venusian atmospheric
waves excited by solar heating, Scientific Reports, Vol.12, 14577, 11pp, (2022)
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1. EVEA R TE L DT A B (Sugioto etal., Sci. Rep. 2017)
2. /\Venus ExpressT —% (Sugimoto et al. \GRL2019b)
3/ B DET—H(BEIEEMNT) (Fujisawa.et al., Sci. Rep.2022)

e HMDOEHRE KRS (LIR)RE
1. OSSE™ (Sugimoto et al., GeoSci. Lett., 2022)

2. HMDOEST R (FEAETVer2)

[ 2

OSSE(Observing System Simulation Experiment) : £ X7+ L Sa L — 3 EER
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Venus first analysis

@ We planto releasethe analysis on the web soon.
e Data format: NetCDF

e Assimilation periods:
s epochl: 201612 — 201701
e epoch2: 201707 — 201709
e epoch3: 201802 — 201804 s
e epoch4: 201809 — 201811 ; . : : R

Weighting Function [%/km]

“© Towards the Ver2 prOdUCt Fig. 6. Weighting functions of LIR for nominal and no cloud cases
e Technical improvements in data assimilation Taguchi et al. (2007)
e Assimilation of UVI(283nm) and/or LIR

e Revisiting the assimilation period (Periods suitable for analysis of short-
period disturbances, etc.)

g
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=
=<

It would be possible to assimilate other obs. directly, such as cloud opacity and
radiance, by improvement of physical processes of AVES-Venus...
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*OSSE(Observing System Simulation Experiment) : &38|
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