REDRKIJAKEIR



ARIDERMNEZDOY ., K[EEDLD

o ENEZELLEMGTEMNLEMNS
o MIFKIXRETER0.2IZHSEHBEFETKMNFEEIZEHER

RE1#E=0.8%H=bLTLDEENDE,
SVWRFARDEVNTEENZITIRLK
G TRILEF—ILHER K YE D0,

REt#E=0.3%HT-6LTL \5ih
BROE, EIFKRERICES L
SERTELS,



EE (km)

=

15

2 Rl AT %

100

LI B | 1 1 I 1 1 1 I 1 I | R L]
o P N LR e
00 g AT kB R

_ _x

£

= 200

iz}

=

=

1.1

(LS O O N | ]
80° 60°S  40° 20°

Sci., 28, 305-314.)

Oo

20° 40°

60° 80°N

[X] 4. 4 1962~66 ‘EDOEBEBANCHE D { FRFEE L 7o e o
#EE 54 (Vonder Haar and V. Suomi, 1971 : J. Atmos.



Radiative energy flux (W m2)

5 B Bl i S IR 32

100/
|

50

:
|
0 L

=== Downward shortwave flux
=== Upward longwave flux

0° 20°  40°  60° 90°N

Latitude Moroz et al. (1985)

HMDELR 10umE{E



7Kt T

BEMBCTHOTLKEAMICEEENHNIEIARIIEIRT 5,
INFL—BIRIFK IS RD—F2

.-*""'___-"‘

— — T~
/"- \\ // ™~
e ~ ~ ™~
—_ W — W

R z R
e — M — — M
e—

Sea level a —
(a)

(b)

Fig. 3.11 Adjustment of surface pressure to midtropospheric heat source. Dashed lines
indicate isobars.

Holton (1992)



YA N KRR EFDE




[BIgRAk 5 ERERIAL 3

IKFERERTMLV IETRIRER Y ERERT v )L 0ZRLT
v= kxVy + V¢
Bl %5 /2 FEHR

Rotational wind Divergent wind

ERE D

BB 7 L FEEEL
V- (kxVy) =0 —thfiE . ARE—K

FERR 7 1L BIERZRL

VxVo=0 ik, BEHEK :
3y
@ g/

Bk FERURR Y



MEBRT—)L0DES)

\

A I BRETEIR
([E1%x (RER),/”,



BELEXKRKTE

\J

A

A A

Rl
o) A T

"

v

EEALR Y AEOT

=|

BEn (O L TG ERBIREEEZALH L. RER
fu+ 19 _ 0
p 9y
ELSTHERNSU R 1FiE-dTRARY FZITHAEFEET 5,
(W RV BREATHENV=OIZIE,. BEBEHLYDOAEBENECTEHERILEWVS 4]
BREDH THLIDLENHD)



(@)}
i
I
N
I
N
o
I

D
o

mhy

1Tl

104
g2y amzm
= - BSE N
4 ot it fr 102 Km
SR - 2RERE
i ‘ 10 km
9o REZ— - 1Bk T
] 1 km
=X - NERE AN 100 m
PR ELR FBEAER T m
BEREEDELN 10 cm




1%

EXRRDEREEE

6 3F i

2H

Tl

o
by
Tl

20H 1£

A—/N\—0O—F
— 3

104
107
102

AM
AM

AM

10 km

1 km

100 m

10 m

T m

10 cm



o Bl 12 AL

a Rotational Wind _
—_— [B] &5 &
0N
e W
"T = ;ﬁ(’ <) R .. 2y
208 -{‘J:/S_i— N Tg?’}@@i{?%m ,ZE_*_

180 150W 120W  S0W  BOW  30W 0 A0E  GOE  90E  120E 130E 180

b Divergent Wind
I-gl - | I_ 1 IIIﬂhllsl % jﬁt&m

] e i "J'l.ll-,f-"*l LILE] ‘Ir i-I.l.-"‘- I’r I _:I‘.
L I AR Y
5, - e b Dy M Tem by
'

30M P ¥
o h,:‘_',:}if;__{“zh‘ahﬁr,fg 'ﬁ“l::' ..-"'..11 'i
Ve W
=77 =

FHEE & EE
RToow)L




ARKE

AOXE— ([E%x)E) 1R (FEE)
HEDHRTARNLELEDBEIZ KIOHRBOMRTELSRNLELE
LEEDSETDNEETNELTUEDL OBEICEEELIETINEETAL
5B, REWITKTEENOKE. R LTEHhEHE, AEMICKEKOLT
BREDIETEE, BEMHS, ILERELE.

Height —>
&
<Oh/
.
Y '4’/0,9
K
(Oh/
\&\ \ <

(Salby, 1996)



EEDERICRoN-O0XRE — KRR BEL

10 ms!
e
....... T T T —_ ke
NI RIS IR A Venus Express|Z kA EIE
R 2SS S
o E\ L A A N s 7S]
%35:—\\'_"//// J & e T TS
830-_‘\‘&"’4//// 7 b \*-J)////
g ;\ N ———e—u— o / ~ — — W N f
£25:—\K,_<_<__*__// \ \\\w//\
*g‘ 20 S ———— — b N e ) .
) P e e e e s ’ S ———_———m—p—p—— P} %
15\:\“‘*4— < \ . - —_ e —— [
0 100 200 300

East Longitude (degrees)
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Fig. 11. VMC images of polar waves: left - long waves (NIR1 filter), middle - long waves producing short wave trains (UV), right - irregular waves (UV).
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7 December 2015 5:26

Brightness temperature (K)

MRS 1E E




BHORBT HIER

TR FEHRICONWTOEFHAER X (BRIEZEELT)

au

PR AR Fx: B E D5 ]
HIRBE (8 /9t=0)%EZ 5D

v=-F/f

DEYNN Fx TR TEHFEILRAEES SN S,

Fx DR KB KD EF=HHE

FER ﬁE‘ﬂﬁﬁih

ﬂh44\\

v
JFIR 3DONDADRIRILEREMED

AT




Pressure (mb)

10

30

EK BB DRI

e T e W

<|':w;,;{r'i:e;
— —\— —

gy Gxtratmp.cm A

TN T | | Large'scaleascent| |

Large scale | | | | | |
| subsidence | pump
w - '#rﬂ 1

',——f_\"l“\
100 —
400 - —
WSSU Some
cumulonimbus
— 330 clouds
-_— penetrate
300 |— stratosphere
__—“‘X“‘soo
Two-way exchange
blocking anticyclones
cut-off cyclones
tropopause folds
1000 Rl
Pole

Eq uator
Latitude

Holton (1995)



EERKUHBITHENREITHFER 7
Imamura (1997)

80|
4 T
- wave-driven
'\ midlatitude pump |
70 >
£ CE
E Rossby or gravity waves
g eof E " BECHRASNARE —H
[CELEDEEBIET SV AN,
O2COC BN RO T
sof HfFRERECESH

Pole / Equator
small scale eddies
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Fig. 3.1 The time-averaged zonal wind at 150°W (in the mid Pacific) in December-
January February (DFJ, left), March-April-May (MAM, right). The contour interval is
5ms~1. Note the double jet in each hemisphere, one in the subtropics and one in
midlatitudes. The subtropical jets is associated with strong meridional temperature
gradient, whereas the midlatitude jets have a stronger barotropic component and
are associated with westerly winds at the surface.
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Parameter study of the
atmospheric circulation

of Earth-like planets with

general circulation
models (GCMs)

Williams (1988)
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REi1 FFERBRICKDIAN=X L

(Gierasch, 1974; Rossow & Williams, 1979)
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[24%2 8 |GCM (DelGenio et al., 1993)
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(Fels & Lindzen 1974)
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B EDIBERIE
(Takagi & Matsuda, 2006)
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Taylor—Proudman theorem

* In a fluid that is steadily rotated, the fluid velocity will be
uniform along any line parallel to the axis of rotation.

Momentum equation in rotational frame

v = 1
—v+2£2 XV+—Vp+VO =0
dt o,
Assuming non-compressivity and d/dt=0,

the curl is applied to give

—_

Q- Vv =0
Taking z-axis along the planet’s rotational
axis, pe
i — =0

oz
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Equatorial superrotation in the Sun

Rotation rates revealed by . . .
helioseismology Numerical modeling (Miesch 2000)

450 nHz 480.
o, nHz

400
390.
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325

300 300. Vertical velocity

Rot. rate = 25 days on the equator = atr=0.95R,
36 days near the poles

Equatorward angular momentum
transport by slant convection ?
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(Kraucunas & Hartmann, 2005)
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Atmospheres of Synchronously Rotating Terrestrial Planets
Orbiting M Dwarfs (Joshi et al., 1997)

« Planets within the habitable zones of M dwarfs are likely to be synchronous
rotators; in other words, one side is permanently illuminated while the other
side is in perpetual darkness.

 Simulation with a rotation rate similar to that of Titan

Antistellar Point Antistellar Point

Substellar Point

o 100

FIG.11. Polar stereographic plot of temperatures (K) and horizontal
wind vectors on the 150-mb surface (approximately 20 km above the
ground).

FIG. 10. Polar stereographic plot of temperatures (K) the horizontal
wind vectors on the 950-mb surface (approximately S00 m above the
ground).



Radiative time constant of modern Venus
atmosphere

TaBLE 2. Radiative time constants for various levels
in the Venus atmosphere.

Level Radiative time constant
(km) (s)
75-80 1.57 X105 < 2 days
70-75 8.79 X 105
65~—gg g.(;6>< 10%
60— 74108 ~
55 oo 665 107 < 100 days (~Earth)
50-55 3.06 X107
45-50 7.09 X 107
40-45 1.13 108
35-40 1.78 X108
30-35 2.59 X 108
25-30 3.77X108
20--25 5.21 X108
15-20 7.23%108
1015 09.56 X108
5-10 1.28 X108 -
0-5 1.65X 109 < 20000 days

Pollack & Young (1975)



Rotation period >> Radiative time constant
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GLOBAL CLIMATE CHANGE
Vital Signs of the Planet

AR

NEWS | August 11, 2016

NASA climate modeling suggests Venus may have
been habitable

By Michael Cabbage and Leslie McCarthy,
NASA’s Goddard Institute for Space Studies

Related resource

== JATA.GOV

. ’ ENCIAN Data related to climate change that

Venus may have had a shallow liquid-water ocean and habitable surface temperatures
for up to 2 billion years of its early history, according to computer modeling of the
planet’s ancient climate by scientists at NASA’s Goddard Institute for Space Studies
(GISS) in New York.

The findings, published this week in the journal Geophysical Research Letters, were

obtained with a model similar to the type used to predict future climate change on
Earth.
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Sim A
Solar flux: 1.46 x Earth, Rot. period: Modern Venus
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* Global mean surface air
temperature of 11° C despite an
incident solar flux at Venus’s orbit
~46% higher than that received by
modern Earth

 The dayside of the planet is almost
completely cloudy.




What is happening in Sim A ?

* The high-level cloudiness on the dayside of Sim A has values
as high as 100%. This is the result of this world’s slow rotation
which generates a strong circulation with rising motion and
accompanying high thick clouds on the dayside that reflect a
substantial fraction of the incident sunlight.

* These highly reflective thick areally extensive clouds are
formed from smaller scale parameterized convective clouds
that carry water vapor and condensed water to high altitudes

in buoyant updrafts.
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