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The circulation structure in the Martian atmospheric boundary layer
obtained by high resolution LES
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1. X C&HIC

KEASICIIASERABHRORAICLYBANSEE LTSNS A MDEEL, KROEBE#B SR SICKE
BEE% 5 2 T3 (Montabone et al., 2005). % DAKABERET IV (GCM) EFHWHRICEWTIE, X
EASEBRERADY 7)Yy RAT—ILDRAICLZIRANEZT LIFHNEETHZ EEZONTHEY, ZDER
HENRFA—FELTRRELTVWS. NI A—F{LDOZLUHEDRILE, STETEONZ S X NOXAZRRES P ERE
DAL EAEREBENTHE2HEHNTRITINTWS.

T2ZARNEELIFBREONIA—FICELT, KRBERBICH T 2BERBOMMEESE: BELET I &I
SWURETBZEDPEFLWVW, ZOLIBREFIECNETCINTIRI 2. ZDREHT—VIT 14—
Tal—v3av (LES) #ZHWVWEAEHITHNTWLWS. Fenton and Michaels (2010) (& ETILDKERRIRE %
100m & LT, MHICEAZKERDDHEZE X LES RE%&1To /2. thREEREE % RO/ER, FIHIDK
TRADBICE > TR A NDEZ LIFN+HPRIBZ I ENRINA. LHOLBESOSEREEIZHELS, ¥ MF
ELDEDIBEA m RT—ILOBRRDEZBHEIFERTZ TWVWARL. TNhIZx L T Nishizawa et al. (2016)
FETEREREEZEA 100m A5 5m FTEALLES ERAZ1TD 2 & T, sHEBEREKRFHEICOVWTIHANK. 4
BRICAKEIC— R ABIERSEZRE L. FARFICL2IEE 5 m OFEIE, INETiThh/i K2 LESEE
DR THREBICBEEDEVEDTHZ. BOEETIEE 625 m BT HBELMERICOWVWTHANRK. 20D
BER MERDOZEEAMICOVT, M BV ERREZBERICH O EIRBEDHFAEN RSN £LETIVAT
£ L2 B0OBECHEROHEBRREREFEEICOVWTEAR, SRRESEOANL YR, NAT—ILOBETE
BWEINDZEAERLE UEDHETHARICEWVTI, ¥R MEE EIFICEHL 2 MREHEDHEFIC D WTIEAN
5N TWVLARL,

AFRTIE, F R MNEELEIFEREDFIHMRABANBRBOBEE EOL D R EEFONERT 22
EEBEL, MREMEOBERERUCHEREGNIZICOVWTHEAELTY . ARKRTEHMREMETH S ET IV
TREICEE L TRNIRERERY.

2. AT —%

RNTICEA T 2 DI, Nishizawa et al. (2016) TEHEI /=T —49 TH 3. I NnlE, RIKEN/AICS TREI N/
SCALE-LES ver3 AL THELNLEDTH 2. S ETHW RS A—5{EId, KEEZBELTHEEINT
W5, EHEEBOY 4 Xid 19.2 km x19.2 km x21 km, fR&E X 100 m »5 5 m OETHEER VST TV
5. ME - AMERUCHMKREEICDWTIL, Odaka et al. (2001) ICK B2 —RITETITHOLNLHEREALH S
52 % KEERZUEIIEAPERTH . WHIZMIE, Odaka et al. (2001) @ 0:00 (HbAE) ICH T 2AERE
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DEICHDIBAIBELEZMA =B LERRTHS. LT —Y DA, BREES5m DEDIE, BRRE 10 m T 14:00
(AR FTEHELEERZVHEEL LT, 1 HEAKSHELTEONLEDTH 5. KR TIIEFTEREKE 5m
D 14:30 ICH BT —4 %A= Nishizawa et al. (2016) & E#k, EFTIVICHAAEFNTWVWEER—DRAF—L4A
HERAWT, RERAEZ KD,

3. BER

HREISHOBESEEDHBICHARER, $8E130.03 Pa fHEICHE T TR L, 0.046 Pa £ TIHELH
I 9 . Greeley and Iversen (1985) DEVARBR TRLONIZY A N a2EZ EIFHEETH S 0.03 Pallt
DISAEFOEED, SHERTF 1500 AR, M+ REBEFEELTWS.

ISADEE D & BREBEDH/BERICOVWTHARS 2D, ETLETE (BE25m) ICEIT2EEL T %
AR, TR, KERT—IL+HH m OV EFERBEIRICA > THREROBEN RSN, 2O LFRHE
1% Nishizawa et al. (2016) TRE N/ LD BREILVKBEDRERICHIELTWSR EEZ 5N 5. F-ILRE
BIXREIGE DK IFEKERT—IILBANSWZ &b 2. NS5O EFRMEIZKERNFREE —HL
TWa. FEEFREHISH>T, DL OHE m OKERT—ILEFORENKZ WEENAFEELTVS. &
W& RTIBGFAODHIZKERDOEMEDEEAHICE /B LTWBR I & bh o 1.

RTE, 14:30 LA DDEZICRREICOWTHEEITRTH 5. TDRBRHL SHREDADBWGRICE T S
BRZBOBEZARND I EICE T, BAGEBEREZONICERICET 2EREZRBE2FETCH 3.

F—U—R: kKB, XQERB. 5EBREZ—VIT+—>YIal—Yyay, @R, wREEH, ¥
BHE LIS
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A numerical study on the impact of ocean general circulation on
aquaplanet climate with a coupled atmosphere-ocean-sea ice model
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1.1 X C®HIC

EERZ EFRINZRABREBETEEFRAKBESIRRINTWVWDEEZ LN, TOBEDERDLOICKE
SIBEOBEY I 2L —2a VHABAIITODNTWVWS. BADOHRIIL—TTH, RAREBEOTIEREICHT 5K
SARBEROZEDERAFEDD-DIC, RKEABRETINEBAWT, REXRANKTEOLNAREKZKE)DS
1Z$FER % 8 T & 7= (Ishiwatari et al., 1998; Ishiwatari et al., 2007; LL# INTHO98, INTHO7 & £&<). #Z Tl
RKEABERORENCEREYTED, BERBERIIECZEEINAD o712, LHL, BERBRICK 228 %
HELBREOKEAEICR LTCEERFEEAEZ 2 TH? D . BFDHERZOREBIIASEEBKESET
LWORBEESATREICL, KBREOKRBEHARICEWTHEEABRABICER LIEMELILRINEDTWS
(51: Marshall et al., 2007; Rose et al., 2015). 18 5 D FERMFFRIC L W, KEEFEROKUED KIZEHIKF
%, BEAEEREEREINELMNIARYDDOHS. LH L, KBREFEARDABERKELEDER—DELT
t, BEREXITEEDLEK[URL O — LABRDER, BFES CIHRERILBABENREMIKE KEERD5E
TORZ BV OERGRERFEKAE LTRINTULARLL.

AR T, BERLAEESTETILEAWVWT, INTHO7 THRAR LN KBREDSIED KIS ERKEMEDBIEICE
FARBROMREBEAL, KEREOKUEREICH T 2BFRBROFELERT DI EICEREYTS. £,
TR TIIRINEI >R EREE TEESDLEBEETNICLBREL V—LARDOEKREBIET. KRR
T, INTHI8 % INTHO7 L A#DAKRESE LA ETIICELY ZZETICHETE S LS IR o7, XF5
EHIERRROIZEERR(KIGEHRIIIREROE)DERERE T 5.

2. BIEET IV

AR ETFTIVITRERK[KBERET )L DCPAM (https://www.gfd-dennou.org/library/dcpam/) T %. 1%
BTE=ZRTT) I T4 THARRREKETEENS AT MUEICE > TEMNS. £72, INTHIS DKBRER
BRIABROERBREBIRT 272012, HEHBTRICIE Nakajima et al. (1992) DK B AT HE X £ — L4, BB
F21C1& Manabe et al. (1965) DR EMRASRHA F —LE KIBERBERAF—LEBAWVS. IhbILY, KEET
WICE - T R, BE, REEA, LLEORERBAGTEINS. KK ETIIVORKE KR FRERN 5 K - £
E26BICE. —A, BEBKETIVIRAFTE ZRTETNTH S, BEONFBRTIIBNETIOXRRIA
BARDPART MVEKICE > TEIND. ETILHBETERVWHRERPHARICK 2BEEGERIAT S70DI,
Gent and McWilliams (1990) % Marotzke (1991) MRS X ¥ Y E— a3V EHWS. Ihbick Y,

EETTIVIERE - BE - BEOORBEREAEET 5. BKET/LIL Winton (2000) ICED < $AE 3 B&A
BETILTHY, BKOBEI EBENFHEINS. LTORRTIE, BEBEET I OBREE LIS FREBEHN 2.5
FE - $R1E 60 B, BKETILORRE I B FREMRK 2.5 BEICRET 5. RIEIC, E20ETIVRAY TS
55— - 54751 (Arakawa et al.,2011) ICL U EASINTWS.
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3. 1R

HHIT INTHI8 ICE > TRETILN RO EODZEDER %R T 5. MHIC 280 K DFRKRK - BF %%
EY &, BARIEAEESRICHETHTEARRRISE L, KIFEE 50 EOMDREMR 1S5, Hr DIERIE,
KKEBESSTEDKLITHME TH S Marshall et al. (2007) BB RKDBERBERD/INY—V &L BUTWE D,
BREEILBV ENBFHTH 2. RIS, BEORKELBEECEERBROMNEERIET 272012, FBOERY
KL% swamp ocean(BABAEE O)% slab ocean(BABENAMR)ICEA-ERE1T 7. INLDEBRFERDLL
BRICKY, BEABREAZZER LZBEICE, PMERERORILEEZ NS ERD L, ZAEDEBEEBEENKW 4 E
BTI2Z&hah o7k, — AT, KGREPESRTHERERMEE E, BFORVIEWILST, ZnEhil
S0E LM 283K TH o7 RIS, KFTIWRRT 4 — RNy VEETCOBERBROMRERILT 72012,
INTHO7 ER#RDIKTILANRT 4 — RNy (263 KUTOMTRAT7 I R%E 0.5, ThIUMAFEOICRE) %
BALEBEDOHRRAZERT 5. SEIDOKGEHRDERTE TIlE, swamp ocean EER & LR T, slab ocean EERP
BEREAWVWERBRTIIKREEIIN 10 ERRL, Zhedib L TRREHRERTMEE TN S Ea<
Ro7=. ZDZ &IX, Rose etal. (2015) BERT B LIS, KFILRR T4 — RNy IDNEFEHET D E X, BFE
DB EERMENKBREDOTIFERAEICH LTCLWEEBAFELRZ 52552 TET 5. KBREDKIER
EICH T BEEARBREROBREDIBRA I SITEDDOIC, SBIETKABERERLICEZL /IS A —SERAE
DS,

F—T— R RQBFBKESET IV, KREOKE, KTBFERIE, KTIANRT4—RRv 7
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Ol ERBkak N D IERE M RITR DR T — R ISR T 2 BLBURBOER DB D

B/ 38R
Ro=

Effects of radial distribution of thermal diffusivity on critical modes of
anelasticthermal convection in rotating spherical shells
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Linear stability analysis of anelasitc thermal convection in a rotating spherical shell with thermal
diffusivities varying in the radial direction is performed. The structures of critical convection are obtained
in the cases of four different radial distributions of thermal diffusivity; (1) «is constant, (2) £ Tis
constant, (3) k£ p ,is constant, and (4) k£ p ,T, is constant, where kis the thermal diffusivity, T, is the
temperature of basic state, and p  is the density of basic state, respectively. The ratio of inner and outer
radii, the Prandtl number, the polytrope index, and the density ratio are 0.35, 1, 2, and 5, respectively.
The value of the Ekman number is 107 or 10 . In the case of (1), where the setup is same as that of the
anelastic dynamo benchmark (Jones et al., 2011), the structure of critical convection is concentrated near
the outer boundary of the spherical shell around the equator. However, in the cases of (2), (3) and (4), the
convection columns attach the inner boundary of the spherical shell.

A rapidly rotating annuls model for anelastic systems is developed by assuming that convection structure
is uniform in the axial direction taking into account the strong effect of Coriolis force. The annulus model
well explains the characteristics of critical convection obtained numerically, such as critical azimuthal
wavenumber, frequency, Rayleigh number, and the cylindrically radial location of convection coulumns.

The radial distribution of thermal diffusivity is important for convection structure, because it determines
the distribution of radial basic entropy gradient which is crucial for location of convection columns.

F—7— R BRSR, JEEMERE. AERRRE
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Numerical simulation of circumplanetary disk formation for estimating
the disk size and surface density
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Circumplanetary disks are possible targets for future observations and include some information on
planet formation. Numerical simulation is useful to predict such observations.

To investigate the structure of circumplanetary disk and its environment, extremely high resolution is
required. Hence we parallelize a three-dimensional hydrodynamic simulation code of static mesh
refinement method. The parallelized code enables us to compute 10 times higher spatial resolution than
previous studies. When 15 times Hill radius is adopted as the computational domain in the radial
direction, the finest spatial resolution is 10 of the Hill radius which is comparable to the present Jovian
radius. The resolution is sufficient to investigate circumplanetary disk structure.

We perform a numerical simulation of circumplanetary disk formation around a planet embedded in
protoplanetary disk. We consider a local rotating Cartesian coordinate. The coordinate is rotating around
a star with Keplerian angular velocity and curvature is neglected. Basic equations of inviscid fluid
hydrodynamic without self-gravity are solved. Some symmetric boundary conditions are imposed to
accelerate the calculation, in which rotational, periodic, and mirror symmetries are imposed as radial,
azimuthal and vertical directions respectively. The other side boundaries in the radial direction and in the
vertical direction of computational domain are connected to unperturbed flow.

In this resolution, the angular momentum of the initial condition can not be neglected. Then a artificial
retrograde circumplanetary disk forms potentially and the disk is not dissipative even in long time
integration. To avoid the problem, we introduce sink cells around protoplanet. Finally, a prograde disk is
formed.

Acknowledgement: The computation was carried out using the computer facilities at Research Institute
for Information Technology, Kyushu University.
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