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Development of a non-hydrostatic global model of the Venus atmosphere: A sim-

plified Venus simulation
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Venus is fully covered by thick clouds of sulfuric acid, and its atmospheric circulation and inherent phenomena are not well
understood. However, recent observations by the Venus Climate Orbiter/Akatsuki have revealed a variety of atmospheric phe-
nomena from the planetary-scale bow-shaped structure (Fukuhara et al., 2017) and streak-structure (Kashimura et al., 2019)
to a front-like structure to small-scale vortices and waves of several hundred kilometers (Limaye et al., 2018). There have also
been active attempts to reproduce these phenomena using Venusian atmospheric general circulation models and to understanc
the mechanisms involved. In particular, AFES-Venus (Sugimoto et al., 2014), which was developed based on AFES (Ohfuchi
et al., 2004; Enomoto et al., 2008), the atmospheric general circulation model highly optimized for the Earth Simulator, has
realized high-resolution simulations of the Venus atmosphere, and the planetary-scale streak-structure, thermal tides, gravity
waves, meridional circulations, and other structures have been analyzed (e.g., Kashimura et al., 2019; Takagi et al., 2018;
Sugimoto et al., 2021; Takagi et al., in prep.). However, AFES is a hydrostatic model, which is not suitable for phenomena
whose horizontal scales are of less than several tens of kilometers and cannot explicitly express convections in the cloud
layer. The convections in the cloud layer are not only interesting in themselves but are also very important in the Venusian
atmosphere because the neutral or low-stability layer resulting from convections is closely related to the formation of the
planetary-scale bow-shaped structure and the streak structure. Though non-hydrostatic regional models have been used to
study convective activities in the cloud layer and the resulting gravity waves (e.g., Baker et al., 1998; Imamura et al., 2014;
Yamamoto 2014, Lefevre et al., 2017), due to the limitation of the domain size, effects of the convective activities on large-
scale phenomena have not been investigated.

Then, we have started developing a non-hydrostatic Venusian atmospheric general circulation model to realize a global sim-
ulation of the Venusian atmosphere that explicitly represents convective activities in the cloud layer. We utilize SCALE-GM
(http://r-ccs-climate.riken.jp/scale/) for the dynamical core, which determines the coordinate system and calculates atmo-
spheric motions. As a first step in the development, the various planetary and atmospheric constants are changed to Venusian
values, and the solar heating and Newtonian cooling functions used in AFES-Venus (Tomasko et al., 1980; Crisp et al., 1986;
Sugimoto et al., 2014) are imported to SCALE-GM. We then tried a simplified Venus simulation similar to AFES-Venus in
various resolutions to explore the necessary numerical properties such as time-step intervals and strength of the numerical
diffusion and the sponge layer. The planetary-scale streak-structure are represented in the same way as in AFES-Venus, in
case of the resolution of a horizontal grid spacing of dx 52 km and 120 layers (dz = 1 km) in vertical with a second-order
Laplacian for the horizontal diffusion whose e-folding time for the minimum scale is 100 s. However, in SCALE-GM, a
strong sponge layer that dumps not only the eddies but also the mean flow is necessary for computational stability. Therefore,
the superrotation strength and the angular momentum budget of the atmosphere are influenced by the artificial sponge layer,
and we need to seek better ways to keep computational stability. We are attempting to calculate in higher horizontal resolu-
tion, and we will also present these results.

BEIGREDEMBEONENETEDLDNTE D, TORKDMEERMEIEPNIET 25HEORTUIHSMICZ> TV
Te UL LR, SEBER ThhDX ) OB K > T, RERBIO SIS (Fukuhara et al., 201 AP AR S
(Kashimura et al., 2019) HifiD X 5 7ahiE, #H km F2E O/ NIEIR 2 (Limaye et al., 2018%x & &\ o o bk & 7%
REBAGDHEAEIN TS, oo INHOHHRZRKKATERET IV THIL, TOA N XLIHZ B ETEFRIC
TONTV 5B, B Th, HBRY I 2 L—ZICR#E (LT NIz KAAIEERE TV TAFES| (Ohfuchi et al., 2004; Enomoto
etal., 2008yx & L ICHHF X 17z AFES-Venus (Sugimoto et al., 201 &K > T, SfREDY I 2 L— g3 YRR
N, WEFEOFIESBRY I, E. TR & OREN T S N T &7z (e.g., Kashimura et al., 2019;



Takagietal., 2018;Sugimotoet al., 2021; Takagietal.,in prep.) U/ L. AFESIZE 122 2 IE LT KKETIVT
HY. IKFEHA km LI FOBSICIEE L THE 5T, EEOMRIGEZHICS T & & TERV. EEOMNTGE
. FNEHEDEEENZF TR, FHROFRE LTAELZHIH 5 WIMMRZEE D@, BE B SRS
ARG ORISR B> THE D, @EARKICBWCIFEICEELZ EEZAENS, TNETIC, IFI1ZOHEE
TINC K > TEBOMRIEELZ THhHEC2ENWE R EDWIFREINTE R (e.g., Bakeret al., 1998; Imamuraet al.,
2014;Yamamoto2014,Lefevre etal., 2017) A, FHAFEEAEE N2 0D 21T, KBS 2082\ 5%
EIFHBR TV R,

Z T THRIE, BEOMTEE Z R U BERKRDORRY 2 2 L— 3 V2B JER 22O ERGIKIE
BRETIVOFRZIED TV 5, RRGHEPEEIESRZHHS J)2¢ a7 1ld TSCALE-GM (http://r-ccs-climate.riken.jp/scale/)
ZFMd %, SCALE-GM X, se@Ei /TR R% Ik 20 HfAME—KE 7 (Tomitaetal., 2001,2002) I CHIRARGE T
R NFaAT TH %, HFEORMO—HE LT, RE « RADFERZERDOMHEICZE L, AFESVenusTEDHNT
Wz n#asi] « = 2 — b > #! (Tomaskoet al., 1980; Crispet al., 1986; Sugimotoetal., 2014) # 52 5N b K5I L
7zo Z LT, AFESVNenust [FIRkDME 5 & et H 2 Bk < i TadlT Uy BRI A AR EUEHL RS AR > Y
B 75 B o Tz, KRS T REIBR dx "52km, $h1E 1208 (dz= 1 km) DRIEIC BN T, KRS LT 2 X0
FTSTT v, BINAT IV ZERAIRE 2 100s & L72aic, BB BROMRIRMED ., AFESVenus & [Flkk
ICRBIEND T EDMERETE Tz, —77 SCALE-GM Tld. FHELEDT=DITIE FHRIGR S o E 2 5N AR Y
JE@%ET IV EERICE AT 2R ENH 5T, TD, A—/8—a—F—3 3 VOMERRKKOMAEFEIGIIC, AT
IZAR VBN E 2 GATLES>TED, EHE5 LRMRETHS, £lo. KO EHFEOELRITLTE
D, AFEKTIFINSDREREMAN LT,



