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Venus is fully covered by thick clouds of sulfuric acid, and its atmospheric circulation and inherent phenomena are poorly
understood.

Recent observations by the Venus Climate Orbiter/Akatsuki have revealed a variety of atmospheric phenomena, 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 global models and to understand the mechanisms in-
volved. In particular, AFES-Venus (Sugimoto et al., 2014) has realized high-resolution simulations of the Venus atmosphere,
and many structures have been analyzed (e.g., Kashimura et al., 2019; Takagi et al., 2018;  Sugimoto et al., 2022; Takagi et
al., 2022). However, AFES-Venus is a hydrostatic model, which cannot explicitly express vertical convection.  The vertical
convection in the cloud layer is not only interesting in itself but is also very important in the Venusian atmosphere because the
neutral or low-stability layer resulting from convection 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 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.

We are developing a non-hydrostatic Venusian atmospheric global model to realize a global simulation that explicitly repre-
sents convective activities in the cloud layer. We utilized SCALE-GM (http://r-ccs-climate.riken.jp/scale/) for the dynamical
core. We imported the solar heating and Newtonian cooling functions used in AFES-Venus (Tomasko et al., 1980; Crisp et
al., 1986; Sugimoto et al., 2014) to SCALE-GM. Then, we performed numerical experiments with zonally uniform heating
and cooling and obtained features such as the superrotation and streak-structure similar to those obtained by AFES-Venus.
Here, note that the used thermal forcing leads the atmosphere to a hydrostatically stable state (though it is close to neutral)
and does not directly drive convective motions in the cloud layer.

In this study, we attempted to perform global simulations with vertical convection by providing a thermal forcing that
brings a hydrostatically unstable state. Specifically, the forcing stability (i.e., the stability of the reference temperature field
for Newtonian cooling) at 55-60 km altitude was changed from 0.1 K/km to negative values (e.g., -1.0 K/km), and a diurnal
component of solar heating was added. Simulations were performed at several resolutions from dx “52 km to 3.3 km.

Numerical results show that vertical convection occurs in the region of the night side at every resolution. However, the
horizontal scales of the expressed vertical convection depend on the resolution. We will show the basic features of the circu-
lation and temperature structures and discuss the location, morphology, and role of convection in the Venus atmosphere.

Acknowledgments: This research was supported by MEXT as “Exploratory Challenge on Post-K computer” (Elucidation
of the Birth of Exoplanets [Second Earth] and the Environmental Variations of Planets in the Solar System) and “Program
for Promoting Researches on the Supercomputer Fugaku” (Structure and Evolution of the Universe Unraveled by Fusion of
Simulation and Al). The supercomputer Fugaku provided by RIKEN was used for the numerical calculations. This research
was also supported by JSPS Grants-in-Aid for Scientific Research JP19H05605, JP20K04062, and JP24H00021 and JST
FOREST Program, Grant Number JPMJFR212R.

SRIIERDVPBIRBONEVETELNLTED., ZORXKDMERMEELHAET 2HBEAROEFIIALLITHE > TV
W, L LILE, SEFEEK THho% ) oBHNIC X > T, HREHRE D SR (Fukuhara et al., 2017) iR &
(Kashimura et al., 2019). BifROME. BE km BEO/NMNIEZ L8 (Limaye et al., 2018) 7 ¥k &4 R KRR DIFER



ThTW3, o, IO OHRERAKBERETATHEL, X=X LICHZRADERIITDOATVWS, BT
b, HiBERY I 2 L — X ICE#E (L X N2 K& E TV TAFES] (Ohfuchi et al., 2004; Enomoto et al., 2008) % % ¥ 12ff
3§ X417z AFES-Venus (Sugimoto et al., 2014) 12 X - T, &fHGEFHENEH N, A RSP XN TE T (e.g.,
Kashimura et al., 2019; Takagi et al., 2018; Sugimoto et al., 2022; Takagi et al., 2022), L7%» L. AFES (& /1% i % (R E
LERKETATH D, KA km FELTOHKIITHEL TES 3. EEOXNMGEEZBICHS 2 b TERV, &
JEOXFIEENE, ZNEHEPEREN TR, MROMRE LTAHEU 2HILDH 2 WIHELEEDED, KEHED S
WHELH RSO RANCE S b o T D, EERIABRONBEEMR T 2 LTIERICER I EZONE, Th
FTI, IERNFOEBE T M X o TEROMRIEELZ 20 6L T 2ENFR EPMAINT VS (e.g., Bakeret al,,
1998; Imamura et al., 2014; Yamamoto 2014, Lefevre et al., 2017) 23, ETEMEBAIRE XN 2500 212, KERBEHERICH T
BEBEFAND Z 2 ZHR TR,

Z 2 TEAZ,. EEOMNRIEEZBICERR L SR RKOLEHE2FZHR TN, EFNEORREERKET VDM
FHEHED TV D, RXGEFCEIERZHS 1% a3 712i% TSCALE-GM) (http://r-ccs-climate.riken.jp/scale/) % F|FH L T\
%, SCALE-GM 1%, E2EMATERR % IEZ+{KE 48T (Tomita et al., 2001, 2002) = THIREREE TR J14#
A7 THb, TNFTIT, AFES-Venus THWOLN TV A KIGIE « = 2 — b > 5 A (Tomasko et al., 1980; Crisp et al.,
1986; Sugimoto et al., 2014) ZEA L, HPEA—NEGHIEGI O N TEEZHIT L. AFES-Venus & [FlkE 722 5 PE &
DR ERBHIRAEED RTINS Z & RHER LT & 72 (BRI, 2021), 72720, ZOMBGHTRGNZ, (FIsicidan
DD, MPEINC & BN LEMRERD) BHNRERGALED 2D TH D, EEMHIOMEXTHHZ EHEEKE L
RWERETH o 7=,

Z Z TR T, BARRERGAN LD 2 INBUSHIRT % 5 2 5 Z & T, ShiEM RO EERE) X h 2 RERGHE
kAT, BEARRNICIE. SE 55 - 60 km 1281 2 LEEMEH (=2 — bV ISHIORERELOLER) &, 1ERD 0.1
K/km 25, BOME (- 1.0Kkm ) ICEHE L, KGMADOHZ(LKRS B IMZ 72, 8. KPS FME dx 752 km 5
5 3.3 km ¥ CEREMICEE O BIGETIT 5 7=,

AIEORER, £ TOMEE THREDEE 50-60 km (I THEXRAEL 2 2 e BRI NIz, 2L, BB SNk
EXROKFEHBIE dx 752 km T 500 km F2EE, dx 3.3 km T 50 km 2 ¥ G EITIRFE S 5, i TlE. PR %
F L & L7 BN 2 EERRE CI EIE 28 L7 1%, SnExiio HiBUgA, M, B X0 - EIEOREHAND
FHeHm T o TETH B,

e L ARIRIR, SRR TEE) BRERARINE 7 v 75 & TFH OMEIER & ELh o REREREAH £ TOHf
—HHROME) MU T Iav—2are Al OBETHEIT 2 FaomME L) O—RELTEBLE L, &K
AR, LA se O KA GHERE TEE) 2L £ L, ARSI ISPS BHffE JP19H05605. JP20K04062,
JP24H00021 M OF JST AIFERIRFSE SR H53€ JPMIFR212R OS2 321 £ L7z,



