WERY I 2 L — & AFEHE — Earth Simulator Proposed Research Project —

AFES ZHW7=8h - RERXKADRHEERTERY I 21— a v

TR
R MFRS KBRS TERE

%%

BOORA L EAE VSR, OBA BET A R, B T

AP IERET, hES IEE Y, s AT, dLbELx—U T BE EAT
w1 AU KFBEBERIER, 2 BRSNS ERRHEOEEE £ > 5 —, 3 SURIERR: B3,
xd LR JOF BRGNS, 5 JUNAS: KA BEBEORIERE, 6 WIS K%bE R
7 FRUFRERIE BRI

KEAKIGERE T )V AFES (AGCM (Atmospheric General Circulation Model) for the Earth Simulator) (242 { GCM & VT, 4
ABLUPKERAOEMHEERGRERY I 2 b—Ya v 2%, E#RRAY I 2L —Y g VIZBLTE, Bk Al
BRI L7RAER [Hp20 & ] IS 2 BIIRCR L OB EAT) 2 L2 HEIS, Sh I T EOMREE (T319L120, T159L240)
TEBRZERL 72, I, D20 & R2 BHTH O N REBEEOFHIRMEE I ST T 5 & A 5N R BENIcEs 2 &
I U7z F7o, B OGBS 2 04T b D72, ZEFEEOSRE S, By OTIFNRR,. 2 L CTET VOS5
PERRAOBEN GREEOHBUCEZE TH L 2 LAVRENTZ. EHIT, B ZORINE V27— [Ffby X7 A Ok
e BB, RITT vy TN AN< 74 VvE SR RKARE 7075 2052t L 72, KEKRKY I 2b—
Ta VI LTIE EKEECHN /NIRRT 2 57 ) ¥ =2 3 YT ARG R RRL 72O DOEBEE TR L, O
PeAELE L7z, FERFERDI O REMIIZMBESMIZ/XT XA 5 )= a VOGRS L w2 &R S vz,

F—U—F: BEKR, A——0—F—Ya v, F¥AMA =21 HEk, &8, KA

1. IL®IC DIRFAr — NV & FO/NBIBEE F TR FFICEI L &
WERMEEDORLAKRERIIBEVICRELL BTV A5, RAMBREELZHRL 2 EDTHETH 5,

5o KERERDKAOHEIIBEIEESLEMEFRICL -

THEA ICRHRONTE A, ERKRADZA——a—F— 3, R

Yav, KEKKDOF A FOFERLEKS A M A =24 31 SRR ER

DL L Vwo 7z, HIERTIEA S N2 WL O FE BRI INFETIC, EEKRKKEEREOKE LU TH D A —

REHMENBIZIZE TRV, TOXILRAKRE N—0—F—3 3 Oz HIE L TR & HiT %

ROBBOBEVRED L) BRPEICL->TL2HENT  fToT&, BEDOHETIE, A—X—u—F—T 3~

WEDPEIRT AL IAREAR YD L VERENFO  OERBIO 72012 KRS T RIS IEBLE I B IR ] % 5

b ok HBERELEELMEO—DOTH D, RiFETIL, v BB EEE TV EHCCEREBBES T 5 HiESFER

AFES D152 7 % 3Ll Fe i (b ER A 2R L AR 2 o Wy B 2 Thotze L LIEAIE BEN L KEMEGRT] 2 v,

A LEE L C& 72 GCM & Hv, HER & 6 U2 T, ZRETHMMEORRECEORK G (FEH 55-

MADT T, &8 L KEDORFEE - HfL %2 A - 5k L. 60km) DFFAEITEH U CTEBE T W AREAR R E I AEE)

KEBROZHEZ ST HENBEZHMT LI L2 BRAOMEICHEETHL I LE2HMLTE22,3] %

Hi83, 72y BIEMZ KB INEUC X o TBI [4] & &G0 2/ EE 4>
HiebOEBEEDOA—/R—TO—F—3 3 ARSI,
2. EFI EREE CEBEN IR RSN EIET S L 2R L

KIFETHWZET VX, IR I 2V —% LTE#l 2[5 F72. BRI & JRI Ry RAK RS o0 B G210 70 il
WWEFTEDL L) ICHRBIESINTELZRAKRERET NV EOFHBUIEII L7z [6]e S 51T, KFAET-BIREK 79km,
AFES (AGCM (Atmospheric General Circulation Model) for #7118 120 J& (T159L120) O &\ MRIRE O B fE S ERIC & B
the Earth Simulator) [1] 12, @R KR L KEKFAZE DA, ABBEKGAELORNEZ R TE 72,

BT 272012, N0 OS5I Y 2 AR, Gl SRR, BERERKAEBOS LR LERE/LE LT,
WHHAREZEALZDDOTHD, COETFTVIE, HESIC  BHELBGFEBOREEEEA %A S —J, TI59L120
BT, BURTIE, 120 /7 — FTETITRE (X7 bR OMGEEORMEERZME L. H2> & IR2 BIIITHS
EBIULRIR O E L) THLHZ LML T N THEROXLEREIIET L HREESOHI LY
BY., &R KEIIBVWTEERBEMEE2 S, 0 (10km)  FMHEREZRAAT, BB TCOBBOMIT,. 7%

85



Annual Report of the Earth Simulator April 2016 - March 2017

by 27 208275 b1, 2hETICHWT

& 72 TI59L120 DFFAREED &, &N Z A O KPR
(T319L120) B X R0 $RE G (T159L240) 12 L 725
Bratioreo UTICEERBREERT,

D% BB O I

B0 E IR B THE S N2 E G I 0 5K B
RHERICHIET 2 E RN EZELZENTEL
(K1) 0 KFEINER %0 B & 2k S & 72— O B F2 BRI
Lo T, ZROKERERE & EEARR E W DOIAEA T R
WEOFTEIZHGT 5T EHRIEENT: [7]e WEIZDOWT
DIFRT % BAEHED TV D
QEIH B P DR 3

Bl FEER T 5 N7 BT I O R % AT L7z 20
R RO ERL Y, BREEO—HENIK RN
MMM EE DL, FOmALim R ERIIEY o m
TEEREL D DT > EREVH 105/ 2 LAVRENTZ (8]
(X2)o
ORI D SR R 3%

Venus Express @ T ik B O K2R & BE6 19 2 IR EE D
SRMEREE 2 L L. 2 OREE AR T I AE AT 2 T
Baua A8 —JICk o THMTEEZEEHLNITLE
(910 F 7=, BUH & A A58 0 HUFE JEE O RF 12D
TOHHBUCHEII L, XA A= X LD %247 > TV 5 [10]s

0.1

0.0

e —— ~0.2
T159L120 DIFEAREE D 428 KR EHR TR S N2 HER 60km
2B B (£ 54,

Latitude

60E
Longitude

60w

30241812 6 0 6 12 18 24 30

@OF =7ty 27 4

O EOBMEM V2T = ALY 2T A DR E
HEZ, RF7 vy TV ry 74 vy 2wz
ERRA T RML7a 77 20l HEERFTH D,
Venus Express @ Venus Monitoring Camera (2 & % B}l T[]
fLRkBRZ i L 72 [11]o

FREOREIL, ARECTERL TV IEEY I 2L —
Yarvd, ERMAEORKRAEA—=—a—F7— 3 YOifft
FA A = 25 & RKRBEALO RO F AR TH
5Tl BB, TOEFNVICT — & AMLHAN 2 L.
B EBD S RENGERT — & ZENT 2 ReEA S
52 LERLTWVD,

32 KEKRKIER

INFETI, KEKRGHPISFET 525 A bOEE
WBEEZH-TWD EEZ SN HUNIBEBRL O %
TARD LRI L CHIEERE BT 217> T & 720 I1E
R F T AP T BB 11km OB IR % FEHE L
T&7D ZORTREEICHN S LB O /NRB I
HLU. ZOEOMNT 2 fkiE L TERL T2,
KEEBIZH V2T T IV, AFES ICHI R L T&
KB RGKIEERE TV (12, 13] 2 S SLRRA G
MHEEET), MEHBETH L, COETNVEH VT,
T639L96 DIEMRIETEERZ T - T E 72 FEERIZB VT,
KA —FET, HETCTOMFIEZ 02 D5 R b5 K
EL7

T639 FLIE DAL Tid. & F VN TH 4 D% &
IcRBT 52 L3 TEY, Wi L IiFiEn s 85 2
FN)VE—=vavilioTZEoORREERIHT S, L L,
Ko AR A AL O BAT U X o TIEANZE e KA & 28
RO, BELOARICEE LY KT TREYRD 5. FEEE
RO S N /NBBRO BB 35, R
i WA ORI 2 R D 72002, o T i B AL o 34T
MO FREEZ 2ERYERL T BANHORHZ
ARz ZOEBRICBWTIE, EILOMEOWELHED
WZT 572D, 7TV N, B E Vo 72 R
P —fIC L CTERZHELZZ. LrL. SHOFEET
BoNFMES A (K3) Tt WEECErRoNn5
A5 ARFE NI BN S 2 & BRI ELIE RS

Latitude
w
o
4]

=23
b=
w

90S -+ T T
180 60W 60E
Longitude

120W

-35-28-21-14 -7 0 7 14 21 28 35

2 T63L120 DFFGIE DGR ILER T H N7z B 70km FHE O BGHIK B AE D HPEE (a) & AL (b)o

86



WERY I 2 L — & AFEHE — Earth Simulator Proposed Research Project —

Year 1, Ls = 198.7 degrees, 0.0 hour
vorticity ( Te=5 s-1)
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High resolution simulations of the Venus and Mars atmospheres have been performed by using General Circulation Models (GCMs)
based on AFES (Atmospheric GCM for the Earth Simulator). In simulations of the Venus atmosphere, we have adopted higher
resolutions (T319L120, T159L.240) than prior experiments in order to make comparison with observations of Venus Climate Orbiter/
AKATSUKI, and succeeded in producing a feature resemble to planetary-scale streak structures found by AKATSUKI IR2 images.
Investigations have also been made on the thermal tides and the polar vortex. The results indicate that the vertical distribution of
static stability, dynamical effects of the thermal tide, and the model resolution are crucial for reproducing the realistic structure of the
Venus atmosphere. Moreover, we have started developing a data assimilation system based on the local ensemble transform Kalman
filter (LETKF) to make full use of the AKATSUKI observations. In simulations of the Mars atmosphere, the dependence of small
scale vortices, which appear in the low latitudes, on the choice of convective parameterization is investigated. It is confirmed that the

details of convective parameterization does not affect the existence of small scale vortices in the simulations.

Keywords: planetary atmospheres, superrotation, dust storm, Earth, Venus, Mars

1. Introduction highest resolution is extended from T159L120 to T319L120

The structure of the general circulation differs significantly and T159L240, which are equivalent to a horizontal grid size
in each of the atmospheres of terrestrial planets. Understanding of about 40 km with 120 vertical layers (dz ~ 1 km) and about
physical mechanisms causing such a variety of features in the 79 km with 240 vertical layers (dz ~ 500 m), respectively. The
general circulations of those atmospheres is one of the most main results are as follows.

interesting and important open questions of the atmospheric (1) Streak structures: Planetary-scale streak structures consistent

science and fluid dynamics. The aim of this study is to with AKATSUKI observations are obtained at the cloud
understand dynamical processes that characterize the structure levels. It is suggested that the baroclinic instability waves
of each planetary atmosphere by performing simulations of and the cloud layer with low static stability contributes to
those planetary atmospheres by using GCMs with a common their structures. (Fig. 1). Detailed analyses of the generation
dynamical core of AFES [1]. Appropriate physical processes are mechanism are in progress [7].
adopted for each planetary atmosphere [2, 3]. (2) Thermal tides: The structure of the thermal tides at the cloud
level suggests that the remarkable subsolar to antisolar (SS-
2. Results AS) circulation coexists with the atmospheric superrotation.
2.1 Venus simulation The meridional and vertical winds of the SS-AS circulation
Starting from an idealized superrotation, the model are about 10 times stronger than those of the zonal-mean
atmosphere reaches a quasi-equilibrium state. The meridional meridional circulation at cloud top levels [8].

distribution of the zonal flow agrees very well with observations (3) Polar vortex: Vertical and temporal structures of the

[4] and planetary scale waves consistent with observations temperature field reproduced in the model agree very well
appear at each latitude in the cloud layer [5]. The cold collar of with the Venus Express radio occultation measurements.
the polar vortex is well reproduced for the first time [6]. The It is suggested that these structures are formed by Rossby
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waves caused by barotropic instability [9]. Furthermore,
observed short-period oscillations of the polar vortex are
also well reproduced [10].

(4) Data assimilation system: We have started developing a data
assimilation system based on the local ensemble transform
Kalman filter (LETKF), and tested it with observations of
Venus Monitoring Camera onboard Venus Express [11].

These results described above indicate that the Venus
simulations performed in this project are quite helpful to
elucidate the atmospheric phenomena observed at the Venus
cloud levels and the generation mechanism of the Venus
atmospheric superrotation, and the model must be useful to
synthesize data from AKATSUKI observations by the data

assimilation technique.

[Pas]
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Fig. 1 Horizontal distribution of vertical flow (p-velocity) at 60km

simulated in AFES Venus simulation with T159L120 resolution.

2.2 Mars simulation

We have been performing high resolution (T639L96)
simulations of Martian atmosphere to reveal the features of
small and medium scale disturbances in the Martian atmosphere
and its effects on dust lifting. The resolution is equivalent to a
horizontal grid size of about 11 km with 96 vertical layers (dz
~ 1 km). In this fiscal year, we have investigated dependence
of small scale vortices in the low latitudes on the details of
convective adjustment. With the resolutions of T639L96,
local convection cannot be resolved explicitly, and its effects
are represented by convective adjustment. Now, if the degree
of adjustment is not enough, an unstable layer remains in the
model, and such an unstable layer may have influence on the
structure of small scale disturbances. In order to examine the
possible effects, we have performed an experiment in which
convective adjustment is performed many times during the
progress of one time step to eliminate unstable layers in the
models. Our results indicate that the intensity of vortices become
weak, but the small scale vortices appear in the low latitudes
regardless of details of the convective parameterization. We
will proceed to analyze other physical quantities to reveal the

generation mechanism of those small scale vortices.
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