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This study is conducted under the joint research project of the Earth Simulator Center with
title “Simulations of Atmospheric General Circulations of Earth-like Planets by AFES.”
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During 2 years’ sabbatical leave

» Geophysical- Fluid Dynamics (#hEk 7k %)
v' Spontaneous Gravity Wave Radiation (B F I E 1 ET)

Sugimoto, N. and R. Plougonven, Generation and impact of spontaneously emitted
inertia-gravity waves, Geophysical Research Letters, Vol. 43, (2016), p3519-3525.
Sugimoto, N., Inertia-gravity wave radiation from the merging of two co-rotating
vortices in the f-plane shallow water system, Physics of Fluids, Vol. 27, (2015), 121701
Sugimoto, N., K. Ishioka, H. Kobayashi, and/Y. Shimomura, Cyclone-anticyclone
asymmetry in gravity wave radiation from a co-rotating vortex pair in rotating

shallow water, Journal of Fluid Mechanics, Vol. 772, (2015), p80-106.

. Yasuda, Y., K. Sato, and N. Sugimoto, A theoretical study on the spontaneous radiation
of inertia-gravity waves using the renormalization group method. Part I: Derivation
of the renormalization group equations, Journal of the Atmospheric Sciences, Vol. 72,
No. 3, (2015), p957-983.

. Yasuda, Y., K. Sato, and N. Sugimoto, A theoretical study on the spontaneous radiation
of inertia-gravity waves using the renormalization group method. Part II: Verification
of the theoretical equations by numerical simulation, Journal of the Atmospheric
Sciences, Vol. 72, No. 3, (2015), p984-10009.

Sugimoto, N., Inertia-gravity wave radiation from the elliptical vortex in the f-plane
shallow water system, Fluid Dynamics Research, submitted. 4




During 2 years’ sabbatical leave

» Planctary Atmosphere (REXK)
v Venus Simulation (EE2DHEFTH)

Lebonnois, S., N. Sugimoto, and G. Gilli, Wave analysis in the atmosphere /of Venus below
100-km altitude, simulated by LMD Venus GCM, Icarus, Vol. 278, (2016), p38-51.

. Ando, H.; N. Sugimoto, M. Takagi, H. Kashimura/T. Imamura, and Y. Matsuda, The puzzling
Venusian polar atmospheric structure reproduced by a general circulation model, Nature
Communications, Vol. 7, (2016), 10398, p1-8.

Sugimoto, N., M. Takagi, and Y. Matsuda, Waves in a Venus general circulation model,
Geophysical Research Letters, Vol. 41, (2014), p7461-7467.

Sugimoto, N., M. Takagi, and Y. Matsuda, Baroclinic modes in the Venus atmosphere
simulated by GCM, Journal of Geophysical Research: Planets, Vol. 119, (2014), p1950-

vI%&do H., N, Sugimoto, M. Takagi, T. Imamura, H. Kashimura, S. Tellmann, M. Pétzold,
and B. Hausler, Vertical structure of the axi-asymmetric feature of Venus polar
vortex, Part II: Comparison with radio occultation measurement, in preparation.

v' Ando H., T. Imamura, S. Tellmann, M. Pitzold, B. Hiusler, H. Kashimura, N. Sugimoto,
and M. Takagi, Vertical structure of the axi-asymmetric feature of Venus polar
vortex, Part I: Observation by Venus Express radio occultation measurement, in
preparation.

v’ Kashimura, H., N. Sugimoto, M. Takagi W._Ohfuchi T. Enomoto, Y. O. Takahashi, and
Y .-Y. Hayashi, Energy spectra of atmospheric motions simulated by a high-resoléltion
oeneral circulation model of Venus, in preparation.




Ando, H., N. Sugimoto, M. Takagi, H. Kashimura, T. Imamura, and Y. Matsuda,
The puzzling Venusian polar atmospheric structure reproduced by a general
circulation model, Nature Communications, Vol. 7, (2016), 10398, p1-8.
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1. FEHFFmETE I3 (Yamamoto & Takahashi, 2003...)
2. ENER4 K (Takagi & Matsuda, 2007...)
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Yamamoto & Takahashi (2003) T10 (= 11°x 11°) 32x16 grids
Lee et al. (2005) 9°x% 5° 72%36 grids
Kido & Wakata (2008) 121 (~5.6°%x 5.6°)  64x32 grids
Takagi & Matsuda (2007) =T21(~5.6°% 5.6°) 64x32 grids
Lebonnois et al. (2010) 7.5°% 5.6° 48x32 grids
Parish et al. (2011) 1.2°x0.9° 300x200 grids
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90 levels
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Center for

(Atmospheric GCM Eerthe Earth Simulator) Planetary Science
(Y.-Y. Hayashi;Y. O. Takahashi, W. Ohfuchi, T. Enomoto, etc)
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® AFES (RZ )L i 5| ;.Jr:%i#?é@f—&)@AGCM)
v/ ES2 (Earth Simulator, FIKES3)Z&x@E1t
v K E TT639L96FEE E D & & E#E (Takahashi et al.)

Node number 64 node

Vector efficiency 99.4%

Parallel efficiency 99.8%

CPU time 1 martian days / ~4 hours

KEEE,; KEHFREPFE 11 km, Nx=1920 grids, Ny=960 grids, Nz=96 layers
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EERES E O 5l
® AFES (AtmosphericGCM for Earth Simulator) for Venus

@ 3-D Primitive-equation on sphere (hydro static balance) without meist process

® Resolution: T42L60 (0+120km, Az~2km), T63L120, T159L120, T1591L.240,
T319L120, T319L.240, T639L120 (Ax~20km, 1 Ed ~3 hour with 320 core)

»  Specific heat: Cp is constant (1000 Jkg-1k-1)
" Horizontal hyperviscosity: e-folding time 0.1(T42), 0.01(T159) 0.003(T639)Ed
' Vertical eddy viscosity: 0.15m?s!

® Rayleigh friction: lowest and above 80km(sponge layer except for zonal flow)

® Solar heating

® Excluded in control run (to investigate baroclinic instability)

® Prepare zonal (Qz) and diurnal (Qt) component of heating

@ Radiative process
® Simplified by Newtonian cooling: dT/dt = —« (T-T,.(2))
® «: based on Crisp (1986)
® T..«0, z): latitudinal gradient field for control run

zonally uniform field for runs with solar heating
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AFES results

U(y) at 65, 70, 75 km
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Observations: Doppler measurements

—— VLT/UVES PL1
—— VLT/UVES PL2

VLT/UVES PL3

VLT/UVES PP 1-6 (Machado et al., 2012)
Galileo (violet) (Peralta et al., 2007)
CFHT/ESPaDONS 21 Feb 2011 (this work)

VIRTIS-M Vis. CT 21 Feb 2011 (this work)
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AFES results Observations: Cloud brightness

(a) U, V, Z at 70 km, T at 60 km, day 47
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e *-ﬁ ij 0) S |E] 1:% 0) ﬁiﬁ, Taylor et al.(1980)
v BEHULSFDIBG
v A= )LFHS5—(RRGEET)
Ando et al. (Nature Com. 2016
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-3 power law
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-5/3 power law

1c 100 1000

Takahashi et al.(2006)
(b) divergent component
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Gravity waves might
be more important

kinetic energy [m?/s?]
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_ B B, s | =5/3 power law; 4 <n<45 |, s,
than those on Earth 11y ;p.: W W5 M

1073 x 103

Dlvergent energy > rotational energy;10 <
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Kashimura et al. (lIl preparatlon) total spherical wavenumber total spherical wavenumber
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(https://www.jamstec.go.jp/j/kids/press_release/20101117/)
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