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The circulation structure in the Martian atmospheric boundary layer
obtained by high resolution LES
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1. 1 FCHIC

KEASICIRASERABHORAICKYBANSEE LTSNS A MDEEL, KROEBE#BELR SICKE
BREE% 52 T\W3 (Montabone et al., 2005). % < DAKABIRET IV (GCM) ZAWEHRICEWTIE, X
EXSEBEREBEROY 7)Yy RAT—ILDRAICLZYRARNEZT LIFHNEETHDZ EEZONTEY, ZDBER
HNFA—FIELTRELTWS. RIA—SLOZLHEDORKRILE, GTETHEOND Y X NOXZHRSIPRE
DEHIERAFEREBENTHEIHOEHNTRETINTWVWS.

S2NEELITFBREONRIA—FICELT, ARBEREICS I 2BRSBOMMEBE L BERELBET D LI
SWREETBZEDEEFLWVW, ZOL I ABREFIECNETCINTIARI 2. FDEHST—VIT1—>
Tal—Yav (LES) #AWLAAEMITHNTLS. Fenton and Michaels (2010) I&E 7L DK EARE %
100m & LT, MHICEAZKERDOH AL AT LES ERRATo /. IWREBEEREE 2 ROER, MHADK
ERADPHICE>TIFFAMNDEZ LIFHA+TORIZZENRIN. LHOLES DETERRKEISHEL, ¥R T
ELDEDIBE+ m AT —ILDREHNE R 2FEBIFERTEZ TWLRLWL. ZHIIR L T Nishizawa et al. (2016)
FETERRBEEZEA 100m NS 5m X TERA LESEEBRA1TO Z & T, stERBEEREMEICOVWTHRANRL. 1
BRICAKEIC— R ABIERKZRE L. FARTICL2IRE 5 m OFEIE, IhEXTiThh/iz KE LESEE
DR THREICEREEDBEVELDOTHS. BORFETILEE 625 m ICH T 2RELMERICDVWTHARE. 20
R AERADOEEAFICOVT, <RV ERRLERICH O CILRBEDEFEELN RSN FLETIIHNT
EL2RADBECHEROEEREEREEICOVTHAN, BfREEOAN L VRS, MNRAT—ILDBETE
BEINZZEH5RLEZ ULEDERITHAETICEWVWTI, ¥R MEE LIFICEDLZHMREIHEDERFIC D WTIKANR
LTV,

ARARTIE, S XA MEZ LIFERED T 2MRAGAVBERBOBEE EO LD BHIEEFHONERT ST
EEBIEL, MREMEOBERZRCHMRAIISHZICOWVWTHAEETY . ARXRCIEIBREMETH 2 ET I &
TRBISER L TRANIEREZRY.

2. E@AT—%

R ICER 3 % DI, Nishizawa et al. (2016) TEIEINAT—4 TH 3. T 1, RIKEN/AICS THRE I
SCALE-LES ver3 #{FA L THELNIEDTH 2. TETHWZENIA—4{EIF, KEEZBELTHEINT
W5, StESEED Y 1 XiE 19.2 km x19.2 km x21 km, BRE L 100 m 25 5 m DETHEEALV STV
%, INE - ARMERUHFREICDWTIE, Odaka et al. (2001) IC& 2 —RTETIVTEHELONHERENEHI S
52 % KTERZMIIEPERTH S, #EAKMIE, Odaka et al. (2001) @ 0:00 (M AEF) ICH T BRERE
DIV IBABELEMA BIEXRTHD. LEBT—Y DA, FRIEESm DEDIE, FRRE 10 m T 14:00



(MhAEF) ECHELAKERZWEHES LT, 1 HEYEELTEONAEEDTHS. AR TIEFEREKE 5m
D 14:30 ICHB T BT —49 &AWL Nishizawa et al. (2016) & E#k, ETIVICHARAFNTWBRER—DAF—LA
EFRAWT, IhREHAEKD.

3. kR

REISHDOBEEEDHBICHARER, $58/130.03 Pa (HEICHE T TRBUSHE D L, 0.046 Pa  TIEPLH
IS $ %. Greeley and Iversen (1985) DEVARR THEONIY A N =EZ LIF5E{ETH S 0.03 Pa L L
DS %EF OB, ETEERF 1500 Hmt, H+RRBEEELTWS.

ISADEE D EBREED/BERICOVWTHARS D, ETILRTE (BE25m) ICEIT2REL %
AT ZDFER, KERT =+ m OV EFRBESRICR > THEBROBENR SN, ZOLRRE
1% Nishizawa et al. (2016) TRENZ LD BREIKBEDRERICHIEL TWE EEZ 5N 5. F-ILRE
EIFHREICEDCIFEKERF—ILHBNSWZ Elbh o7, TN S5O LR FRMEEIFKFERINERS & —FL
TW3. FLEFRBHISH>T, B OHE m OKFERT— LV 2FHEDORBENRE WEEIAFELTWS. A&
WD ERTIBAAODHITKERDEMEDEEAHICE /B LTWER I & bh o 1.

IBTE, 14:30 A DMDOBUCEEREICOWTHRITHRTH 2. TORRL SHREISHDBVIZAICHS TS
BRZOBEZFAND I EICK T, WG EBRGONISEARICE YT 2EMETE2FETH 2.
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1. Introduction

Dust in the Martian atmosphere has a great influence on the temperature structure of the atmosphere
(Montabone et al., 2005). Dust is lifted from the ground by the wind in the atmospheric boundary layer. In
many studies using atmospheric general circulation models (GCMs), dust lifting by the subgrid scale wind
is parameterized. Validity of parameterization schemes has been examined through comparisons of
distributions of dust optical depth and temperature obtained by calculations with observational results.

More direct validation dust lifting parameterization comparing with the microstructure of wind fields in
the atmospheric boundary layer is desirable, but has not been conducted. Instead, examinations with the
results of large eddy simulations (LESs) have been performed. Fenton and Michaels (2010) conducted
LESs whose horizontal resolution was 100 m. They used initial states with various horizontal wind
distributions. Their results suggest that certain initial wind distributions cause dust lifting. However,
effects of phenomena such as the dust devils with horizontal scale of dozens of meters could not be
represented because of coarse resolution. Nishizawa et al. (2016) conducted LESs where several different
grid spacing ranging from 100m to 5m were employed to examine resolution dependence. The isotropic
grid spacing of 5 m is the highest resolution among Martian LESs performed so far. The initial state is a
horizontally uniform rest atmosphere. They examined vorticity and vertical wind at altitude of 62.5 m. The
vertical wind has cellular structures whose boundaries are composed of narrow regions with strong
upward winds. With the higher resolution, the intensity of vorticity becomes stronger and radius of
vorticity becomes smaller. In the previous studies described above, the circulation field near surface has
not been examined, although the circulation field is related to dust lifting.

Our aim is to understand the relationship between the circulation structure and the surface stress. In this
presentation, we show the results of analysis focusing on the lowest level of the model (z = 2.5 m).

2. Data

We use the data calculated by Nishizawa et al. (2016) which utilized SCALE - LES ver. 3 developed by
RIKEN / AICS. The values of model parameters are those of Mars. The model domain is 19.2 km x19.2 km
x21 km. Five experiments with the resolutions ranging from 100 m to 5 m were analyzed. The heating rate

and the surface temperature are given externally from one-dimensional simulation by Odaka et al. (2001).
Horizontally periodic boundary conditions are adopted. Except for the 5 m resolution run, the vertical
temperature profile of initial state is obtained from Odaka et al. (2001) and tiny random perturbations are
added. For the 5 m resolution run, integration is performed for 1 hour from the result at 14:00 (local time)
obtained by the 10 m resolution run. In this study, we use the data at 14:30 obtained with the 5 m
resolution run. Surface stress is calculated using the same scheme as Nishizawa et al. (2016).

3. Results



In order to compare the surface stress distributions with the circulation structures, we examine the wind
velocity distributions at the lowest level of the model. To estimate the frequency of dust lifting, we
investigate the histogram of intensity for the surface stress. In this presentation, we will show these results
in detail. We are now proceeding analyses of the data at the time other than 14:30 and other resolutions.
With considering the results, we will obtain an understanding on the relationship between surface stress

field and circulation field.
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