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Atmospheric composition
Aerosols

Rotation rate
Obliquity
Gravity acceleration

Solar flux
Topography
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Horst et al. 2017

AapBEx (A#168) 0l0F0®RE CEEARICER

Polar cell
Ferrel cell

Westerly wind .,
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Ferrel cell
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Jupiter Saturn
L))
angular momentum conserving
o zonal velocity curve of a fluid
/" parcel beginning at rest at the

° equator and moving poleward
e
3

-45

(Porco et al. 2003) (Sanchez-Lavega 2000)
-90

-50 0 50 100 150 0 200 400

Zonal wind [m/s]
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@ Earth
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Hot dayside Moderate climate?
Cold nightside

B Tidally locked Superrotation

RAREDKEDRA—/\—O—FT—3>
(Knutson et al. 2007)

A minimum brightness temperature of 973 +/- 33 K and a maximum brightness
temperature of 1212 +/- 11 K at a wavelength of 8 microns, indicating that energy from
the irradiated dayside is efficiently redistributed throughout the atmosphere

Brightness estimates on the surface of
the planet

Sub-stellar point

Lammer et al. (2013)

Observed phase variation for HD 189733b
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Observed superrotating atmospheres

Imamura et al.

(2020)
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AHZXL?
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Thermally-driven jets

6? \
N /

<>

Wave-driven jets

Rossby waves

break & dissipate ~ Momentum
divergence

Momentum
convergence

=

Stirring

Rossby waves Momentum
break & dissipate dl\:jrgence
Vallis (2005)
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(Gierasch, 1974; Rossow & Williams, 1979)
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AEHBZEFEME(HE
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mean zonal
2D simulation in a slowly- stream function  velocity
rotating system = |
( Rossow & Williams 1979) 2.8 days

1

SE2ELRILCEmRE (a)
BRETY 1y FEORE =
—IEERRE KFo7—I2& 5T v 1.5 days
R5E) CEAER. FEE A E U
Sk BN m/
17.2 days

X

BURIRVEEML IS A L

(c)

15

T2 RS AIER T T /L (Sugimoto et al. 2019)

FEHRRE U EEFHEOEILLT T v 7 X v

16

2021/3/31



T2 AIRICE DA N Z XL

(Fels & Lindzen 1974; Takagi & Matsuda, 2006, 2008, ..)

A
BEz AR it
—
Thermal tide
N
Heating © <Cm— acceleration
cloud layer
=

Thermal tide %
acceleration
D R A

KRBAMBIFEDBH LY, RAESEBHELZHFODOENRABEINT
ETFGCERBREAR?)ICEH - ERAREBTEAS(ZMNE

17

HMDOEUVOEEHEANSRDOI-AEE = DAL EE
(Horinouchi et al. 2020)

Pioneer Venus774t I KDL EE
BEOO—HILEAA L-SEKE
(Schofield & Taylor 1983)

S OFTRFNOEBIAENSKRHI-O—AIL
A4 LEERZES (Fukuya, FaH)

18
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EIR B IR E TORIRAZIE - Rossby-Kelvin instability

(Sakai 1989; Iga and Matsuda 2005; Wang & Mitchell 2014)

Linear analysis

Titan-like simulation

Wang & Mitchell (2014)

19
Earth-like GCM T D/ 5 X — Z{fkTF
(Dias Pinto & Mitchell 2014)
Zonal velocity Meridional circulation
Temperature
HhER St R, = 0.04
H¥RE x 1/20 R,=0.8
HadleyfBIR D& £ TILA B M
RA=nN—A—=7T—>3»IC&
AR
HEEEx1/20
FEFBRFRT x 20 oT
BE - ERENEEER< TS
ZA—R—A—FT— 3 HERR
20
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REREL BRI A&
(BN EN D ?)
BEEBETHRA—/—
A—7T— avE3 BRR
MIxtiklcie s, 2EMAFE

BEEXRDAA—
(Y. Matsuda)

et B v 0 el

o I v B e

NEZT VY —2 DORBIERH BEREE [ZIKTE (Yang et al. 2014, Apl)

[SpEd=E GRS

21

Jupiter Saturn

Zonal velocity

ERHTAEE  ZWET L
Shallow-water turbulence on the sphere of the giant planets

* Inverse energy cascade of turbulent energy generates multiple jets on
the order of the Rhines scale

* The simulated equatorial flow is mostly retrograde

Scott & Polvani (2007)

Uranus/Neptune
Vorticity field

Jupiter (Ro=0.002) Saturn (Ro= 0.013)

22
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Observation Model Zonal velocity

Heimpel et al. 2005

Reynolds stresses

Showman et al. 2011 u'v,'>0

23

JunolZ&KAKREDEFE HIHETA

Less et al. (2018)

of about 3,000 kilometres.

Kaspi et al. (2018)

The observed jet streams, as they appear at the
cloud level, extend down to depths of thousands
of kilometres beneath the cloud level, probably
to the region of magnetic dissipation at a depth

24
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Jupiter Saturn
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JUPITER SATURN
B Molecular hydrogen Metallic hydrogen
Core (rock, ice)
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from Wikipedia

Zonal wind [m/s]

(Porco et al. 2003)  (Sanchez-Lavega 2000)

» Juno&Cassini DENFHRAIZEINIETED VIR EICHERTIHEDRSET
BATULS(EKRE:3000 km vs. T E2:9000 km). ChIT KRN EBEHEIFEA—
LEFAELHESIIHETIEEZLND,

o FER—N—O—T—I3 DEEREFIKRETIE13°, L2 T31°<BLY, =
?Lifj@%iﬁiuéﬁéh\eEﬁﬁimﬁrﬁj(:1¢libleﬁﬁh“iﬁts‘ibéﬁ;f:u
LT B,
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B34 [E 7E 2% 2 : Matsuno—Gill/ A3 —2 [Z & B I0E ?

Linear analytic solution (Showman & Polvani 2011)

radiative-equilibrium height field

Height field (orange scale) and
horizontal wind velocities (arrows)

Acceleration

black: meridional momentum convergence
blue: vertical momentum convergence
red: net acceleration
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