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T, ow* 1 o0 [0 1 o0 [0 B
(0" cos )+ Op +acos¢9819{8 (4 cos >}_acosﬁ8_p{%wcosm} B
(A.32)
000.000000000000,(A32)000000000D000000O0OO
gg,ggooo

acos v

*

1 9 ow
acos ¥ 0 gV cosv) + dp

=0 (A.33)

goo.
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0000000 (A2b) 00000.0000 (A30)00000
@+{ 1 8(ucosz9)_f}@*+w*@_X

ot acost O op
1 0 1 0 ou o 0 ——
= ac05219819<uv cos? ) + acosﬁa—ﬁ(wcosﬁ)a—p—l—fa—p—@—puw

18¢8u+tan?9 81/1
a Op 0V a ap
ogoo.ouoog,ood

10y 0u tand 8w 10 ou\ 1 0 [(Ou\ tanv 0 ,_ tanv  Ou
a0pd0 @ "Op  adp (%) Y3 (%) ap ) o

a Op a Op
(A.35)

000000, (A34) 0000

1 [—g(u v’ cos® ) + cos 0@2(@0 cos 79)]

(DD):aCOSQﬁ oV Jp OV

1] 0 (0Ou
+5[¢8 (819) tan ¥ — }
0 — 1] 0 [ 0
+ a—p(f¢ —u'W) + . {_8_ (wag> +tan19 ( w)} (A.36)

gobo.oboo (A.36)DDD,DDDDDDDDDDDDDD.

1 9, ou 0
(00,00) = P [ aﬁ(uv cos? 1)) +cos§a—p%(wcosﬁ)]
0 (0u ou
2.9, 0 [(OUY . ou
g [cos ﬁwa (819) smq?cosﬁibap}

1 0 ou
= ooty [W(W cos” V) + cos” I (aﬁﬂ
B 1 0 — 0
— [ 819(7“} cos 1) + 59 <cos Mp— )]

. { 2.9 ( )} (A.37)

000,(A36) 000, 00000000000000O.

(DD,DD)Z%(fw—W)+a[ ( ) tanﬂ )}

:12 [faz/z— (cosﬁ——usmﬁ) auw]
a Op
10 d(ucosd) 1 —
" adp [fm/}_ o Cosﬁ_auw]
0 1 O(ucos?) o
_a—p{(f 0 39 )w uw}. (A.38)
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(A37), (A.38) 00 (A34) 000000000000 O0000. EPOOOOO
F = (Fy,F,) O

Fy = cos v (wg—z — W) (A.39)
B 1 O(ucos?) —
F, = cos? [(f_acosﬁ 59 )w—uw} (A.40)
000000 (A34)00000oooooo
ou 1 O(ucos?) 811_
o (acosﬁ a0 f) 8_ B 00519v F+X. (A41)
goo 5 5
1 F,
\%E acosq?@ﬁ( Fycosv) + s (A.42)
goo.

0000000 (A29) 000000, (A30)0000000000O0O0O0ODOO
goooogoobg.

tanﬁ(_) L1 10
Y a 0

_ A Ny eyl e
La BBy

0
[ L dWeosn)] 0 (2
Y T dcosd a9 dp ! 3p
1 0 0 _——tanv—
9) — — v P 4 Y. Ad
acosﬂ@z?(v cos V) Gpvw a + (A.43)
Andrewset al. (1987) 0000, 000000000000000OC0OOOO.O0O

ooooooboo Ggooog

B utan 100
u(f+ , >+a819 G (A.44)

fa+

gogobb.ooobbbobbbodooog,gooooobboobbbogd
u.

00000000 (A29d) 000000.0000 (A30)00000000O0OO
a_é_|_@_*8_é+ 89 Q*
ot a0V ap

10y 00 1 00 1
(wCOSﬁ)ﬁp acosﬁ‘@"z?(

a Op 01U * a cos v O

V0 cos V) — —w'0 (A.45)

Op
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gooob.gogogooooobobob.ooooon
10400 10 v 0 (00
Taopd - adp (%a)maﬁ (a—p) (A.46)
goo.bogoagad
1 o0 1 o 00
acosﬁaﬁwcosmap acos v < 0879% —wsmﬁ) ap
10 1/18—5 Y9 8_9_ tanﬁwaé’
) op a 09 \ Op a " Op
10— tand— 00  —
= o5 v — <wap_vemmmm.)
1 0 —
= acosq‘}(%‘( v'0' cos 1)) (A.A4T)
O000.000000000 (A45) 0O
00  v* 00 L00 o (a0 - .
a‘l‘;@'f‘ 8p —a—p<g%+w9>+Q (A.48)
gdd.bbogoooogod
~Oboooooogooo ~
1 0, ow*
p— a—(v cos ) + p =0 (A.49a)
ucosﬂ) . _0u 1
(acosz? —f)v +w ap_cosﬁv F+X (A.49D)
_ utanv 18@
00 v o0 .00 0 (voh — <.
- J

thesis.tex

2021/02/12(00 00)



gooo Ood B 41

00 B Lewis et al. (2020) OO O

HEN

goo,00gobooobboobbodbboobbooboboooboo
gobboooobbooobobbuooobobbuooobbboogbboog.
gboboog,ggbbogbbtooobbuogbbooobbobbuooobooa
goououoobbbbbboo.bbboooooouuobbbbbiooooo
gogobobbobbbuoooobobobbbodooogoobobobboogad
gogobobbbbobuodoooooobbbbbbuoooooobobbobboo
gogoobboobbbdgogo.odgooooobooobboo.bboogd
gogobobbbbbuodoooooobbbbooooooobbobbboogo
gbobogobooobbogbbuooobooobbuoobboooboo.od
gobbooobobooobooobooobbbobooobo0OoDbOoU Held-Hou O
goggobooboobo.0obbobbotddooo,bgoogobobobbboogd
gbobogbbodgbbooobooobbuoobbobo,oobbuoobboo
gogobobboobbbuoddgooo.bugooooboboob,obbobboogd
gbbooobogbbuooobbooobbo,uoobooobbuoobboo
gogbodooooobbbobibodoou.gobodoooobbobbibooo
gogobbbbboooooobbbbbbuooooooobbobbboago
gboboogobbg,ggbbooobbugbobogobboobuoonoboo
gbbogobboobboo.ogbbuoobbooobbobobuoobboo
gbobogobooob,bbogbbuoooboooobboobboooboo
gbobogob.bogobbuooobboobbuoobobooobboobboo
gooobbobobbbogoooobbbbooooooobbobboogd
gogbboboooobn.
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1 OO0

O0oo0oO0o0oo0oOooo0o0oo0ooOo0O0oOO0obOO00b0O0ObO00on
O000000000000000000000000. 000000000000
O000000000000000’0000000000000° (Read, 1986a,b;
Read and Lebonnois, 2018) 0000000000000,

[pmav

S _
[ p$2a? cos? 9dV

L, (1)

g

S =

— —1 2
ggbbobuoobobboooobbbooogboboao

m = a cos¥(2a cosI + u). (3)

dV = a?cos¥d\d¥dz 000000009\ 0000000,00,000000
00000.«000000,p000000.«00000,200000000
ooo.
00000000,S00000000000000000000,00 sO00
0000000000000 0000000000000. SO s000000
000000000000000000 S=000 s<00000000000
000. SO s00000000000000000000000000000
00,000 SO0000 s000000000000000000000000
0D0000000000. SO s000000 ADODOOODOOD.
SOmOI0000000000000000000000000000000
0000000000 (0000 «w=0000)00000000000000
00 $>00000,000000000000000000000000000
0000000000,00’'000'0000000000000000.S5>0
00000000000 uxacosy (000,000,000 °00°m0O000)
00000000000 0000000000000og.
s000000000000 mO00000000000000000000
000000000000 000000000000000000000000
0.s>0000000°'000°'0000000000000000000,00
O0000«>000000000.00000000000000000000
00000000000000 (Rayleigh, 1917; Dunkerton, 1981),0 0000 O
0000000000000000000000000000000000000
0000000000000000000000.
0000000,0000000000000000000000000000
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00.0000000000000000000000000000000000
00000000.000000000000000000000000000
(GCM) O Held and Suarez (1994) 00000000000000000000
oo.

000000000000000000.00000 »,0000000000
000000000 s0 SO000000000000000.00000000
00000000000000000,0000000000000000000
0000000000000000000000.0000000000,000
0000000000.0000000000000000000000.000
00000000000000000000000000000.0000000
0000000000000000000000.00000000000000
000000000000000000000000000000000000
000000000000000000000.00000 Held and Hou 0 OO
000000000000000000000000000 $00000000
0000000.00000000000000000000000000000
00 S000000,S00000000000000.00000000000
oooo.

2 Uooobooboobobooobooboon

21 O0O0OO0OO

godooooooooooooobouoooooooooooonoogooogo
00000 (Vallis, 2017, Chapter 14)
(’9ﬂ+ 1 Ou cos?d f 7+78'11 1
— - V+0— = —

ot acosty 00U

ou'w'’

dp

v cos? V) — (+v),

(4)
000 «0o0oo0ooooo,0ngooon,on w:Dp/DtDDDDDD
oooo. f=2Qsiny 0000000000000, 00000 »rOOO0OOO
gogooooogo.ooocogooobooogogg (DDDD)DDDD,DDD
gopooogooogooog

dp a cos2 9 9 (

_ 1 [ _
XE—/ Xd\;, X'=X-X. (5)
21 Jo

0000000000000OD0 40 mODOOOOODOOOOOO

Dim L 9 m'v’ cosd) — agw (+v). (6)
P

Dt _(308198_19(
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00000000 (X=X)0,0000000000,(6) 0000000000
g 5

m

E:O’ (7)
gboog,buogbobooobogbobbobuogoobboobodgb.uogoo
mUOO0O000000000000bbodbooobbag,bbubuadgboon
gboboogobogbbooobooobbuoobbo,booobboobboo
O00o0o0o0ooo.000ooo00 (1969 00000000 ooo,00,0
O00000000000000000 [O00 Vallis (2017); Read and Lebonnois
(2018) 0O D O]

00000000, 0000000 (D00 v#00000000, Read (1986b)
googooobooboobbooboobbooboobboobuoobbon
gbogooboobooobo,boobb,bo0bbobbuodbbobbon
googooooboobboo.gobboobo,oobboobooobbon
gboooboobb nOob0bOO0o0bO00booboobbobboobon.o
gooboooboooboooboobobuoobboobboooboo0, mond
gboboobobooobboobbooobbg s>000000000,00
0,00000000000D0000000000 (oo0Od s>000000
0000000000)000000O0O0O00D0DUDO0OooOOooOoDOODOOO.

22 JUoobobboooobobbbouooobobbuoooooon

gbogbogobbobbobbobboobo.obooboboboboboba,
0000 9y 00000000 (COODOOD)000,00Y9y 0000000
000000 (v=0)0000000000000.0000000,000000
gbobogobooobbogbbuoooboboobboobbuooobog,d
bbb w~=0000.000000000 10000000

00000,000000000000 m=RC00000000000.00
oooo0o0o0od,(roooo000000g0,mO000000O000O0O0OO
00000 m=R000000000000.0000000,000000
00000000000,0000000000 m< 20000000000
0000000 (m=R 0000000009y 0000000000000
00000).00000,s=0000,000000000 s<0O00OO.

0000 s<0000000000 SO Loobooboboooobo.obog
gilgbobda,ggboobbodbooobuoobbodboobbodobobd
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gogobbbbbbuoooooobob.ooobobbob,obbbbbbouadgd
0000 m=Q? (s=0)000. mOOOODOODODO SO0OO00OO0OOOO
S<1/2000 000000000000 0OOOO0O0O0O s=00 (A6) OO0
000000000000 ).co000o000ooOOoo0oooOoooooooo
goououoobbbobbbodo,bbboodoooouuoobbbbbiooooo
gogboobogooboboool.

‘\.
m = a>
m = a* '
i u=0
Equator Yy Pole

Ul obobbbboboddggooooog.oddw~00000000oon,
v#00000000000000. 0000000000000 bO00 vy OO
oo, gggogobobooboo.bbobbuoooooobbobbboogd
gbooobogoobgn.

thesis. tex 2021/02/12(00 00)



gooo Ood B 46

3 boboobooboububoobobooboun
Joooougbogoogon

3.1 Udoboobuooobobbubooobbboooood

0000000 (boooOoOoOoO0)000D0D0D0DOooooo,00o0oooo
gbbooobbuoobboooboobbuoobbooobbuoobb.boo
0000000 [00; Counselman et al. (1980)], 00000000 [0O00O;
Bird et al. (2005)| 00 00000000000000O0O0OO0OOOOOOO0O
0000 100ms™! D000000000O00O0ODOO0OO0DOO0OOOOOOO0OO
O0000000000. Read and Lebonnois (2018) 000 O0OO0OO0OOOOOO
goodooooogooooobbobobbbibibid sy~6500 sp~ 150
gboboodbuo.ugobboogbbuooobboobboooboobboo
000 Sy ~77000 Sp~2000 (Read and Lebonnois, 2018). 0 00O
gbo,0boodbbuogbboogbbuoobboobooobbuoobboo
(Sanchez-Lavega et al., 2017; Lebonnois et al., 2014), 00 000000,0000
O0D00000000DoC0oO0oOggg (Lebonnois et al., 2010).

gogbobbobbodggo,bugoogobbobobbooooooobbo,on
O00000000000000000. Read O Lebonnois (2018) DO OO0OO0O
ooboboooobooobooooooooooonon Sg~0.013500 Sy~ 0.04
000000000.00000000000000D0O [CobooOoOoOoOoooo
000000; Porco et al. (2003, 2005)],0 00 000000000000000O
oo, jggoobbobobobbobbodgoooobobboobbbogd
goooooo S>o0bobobobobobobobobob.oboog,
gbobogo,gbbogdgbbuogboboooboooobbuoobbuooobooa
gogbbbugobbbooogbbbuooobobbogon.

gbdbodouooooudouobooooouobooouo,goooouood
gdooooodoooooodoooouodouoooooooonog sy~
0.0075 000 ss ~ 0.04 (Read and Lebonnois, 2018) 00000 OO 60ms?
(Flaser, 1986; Porco et al.,2009) 0 0 0 400ms~! (Porco et al.,2005; del Genio et
al.,2009) 00 O00O0O0OO0,00000000000O0QOO0OODO,00000000
gdoooodooodoouod,gouoooooouoooooooo.go
oo, odooooouoooo,oouod sdo
goooooooooooodon, sgdoogoo.oooooooooooo
gtbdboooddooouooooooooouo,ouobooououooooo
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000000000,0000000000000 (Lewis and Read, 2003), 0 O
ggbobobuoogobobbouoooobobbuooooboobooo.g

3.2 UO0OO0O0ObObuouooooobbobuoooobooboond
goag

goggd, bbb bobbbbbon
00000000000000 [000 Showman et al. (2010), Read (2011), Read
et al. (2018), and Mitchell et al. (2019) D0 OO0OOO0O0O|000.000000
00000000000000000000000000000™0000000
goooobobbbbbooooooooooon.

gobbooodgbbbodd

_ R4AT,,
R =y (8)

gogoobbobobobooooobobboobbbodoooooobobobbboooo
goobbobboooo,jgoobobobbboooogbobobboog ROOO
0000 [Read and Lebonnois (2018) 00000000 (8) 0 RqOOOODO
O000000000,00 AT,,00000000000000O0O0000O000O0
0.00000000000D000DO0 ROOODODOOOOODOOOOO (DDO
0)GCMs, 0000000000000 O00000OD0ODOOOO00O0OoDOoOoOOO
gogoobbobboooooooobboobbboooooooboobobbood
I A A Y A

000000000000 00000, Read (1986a) DO OOODODO (S~R)
0S0ON2000000000,0000000000000000000 (OO
O S=const 000)0000000.000000000O0OODODODOOOOOO
gboogobooboo,obpbooboobobboboo,booboboboboobo
0 (0000D00O)00 (220000000000000000)0ODO0C0COO.
gogoobobobboodoooooobobobobboooooooobboobobboooa
000,000000000000000000D000000000 (Yamamoto
et al., 2009). 000 0000000000000 0OOO,000, 8 =const. 00

“200000000000000,Oterrestrial 000000000 (0D0DO0O00OODO)O00OO
gbooooboobooboooo,00bo0obo0oboooboooooobooobooooboobooooboaon
gbo.0oboooooboooboobooobooboooobooooboooobooooobooon
goboooooooobo.oo,ob,bo0o0o0bboobooooboobooooobDooboo
gboooog.
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goddooouooouoooooooooooooouooouooooo, oo
S~ R OODO (Yamamoto et al., 2009; Yamamoto and Yoden, 2013).

ROOOOOOOO (Rz1),00000 GeMOoOODOOoDOoOOOOOOOO
bbb ouooooououoouooouo
O000000000000.000000000 (Mitchell and Vallis, 2010; Potter
et al.,;2014),0 0000000 (Williams, 2003; Kaspi and Showman, 2015 Laraia
and Schneider, 2015) OO0 000000000000 O0O0O0OOCOOOOOOOO.
gooooouooodootdouboouoooooooouoooooogo
0000000000 00oO0000o0o0O00D (Coooooooooooooo
000000).00000000000000 SO QU000 ROOOOOOO
gododoooooooogd.

4 0000

000000 Read (1986a), Yamamoto et al. (2009) 0 0 Yamamoto and Yoden
(2013) 00000000, 00000000000 0000000DO00O00O000
gogoobbobobboooooobobbbodoooooobobobboboooa
oo b. oo bobobobobbbobboooon
ooooo.00ooboooobD O0D0000 soobooooooooobobooo
oo, oo boboboboboboooon
ggooobood.

4.1 00000

000 Isca00000,000000000D000D00D0O0DOODOODOODO
0000000000000 (Vallis et al., 2018). Isca O GFDL (Geophysical
Fluid Dynamics Laboratory, Princeton) 000 0000000000000 0O0O0
0000000000 00b00.00000,Iscad00000D0O0ODOODOODOOO
000000000 bOO0ODbOO0ObOO0ODO0ODOO0DOO0DO0ODbD0ODOOoO0ODODOODOO
oo0oooooooo.

goon

000000000000 0000000D0DO Robert-Asselin D OO OO
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000000,00000000000000000000,0000000000
00000 (00000000000000000000000),0000000
0000000000000000000000.0000000,000000
0000000000000000000000,00000000000000
00,000000000000.00000000000000 6,=p/p,00
00 7!=1,2,..,80000000.0000000000000000 logo o {0
0000000,00000000000000 (logo)Y* ol (k— 7.5asc — 0)
ooo.

oo

O00000000000000000000000 Wangetal.(2018) D000
00000, Held and Suarez (1994) 0000000000, 000000000

T = T (o) + T;(0). )
goo
. _ L P, L

Tz :Tz|tp+ §(th—2) + K _'_E(th_z)? (10)

gd

1

T; = h(o)ATy <§ — sin? 19) : (11)

gd

(12)
0, otherwise

O00. », =12km 000000000000 (e, 0 ¢ 000000000
0),L=65Kkm ' 0000000000000,00 T;|tp:T0—thpDD
000000000 0000,000 Ty=28K 00000000000 0OO0O.
ATy =60K 0000000000 O000D0ODOO0. K=2KOOOOOOO
000d0dDO000doDdoDooodDooodoDoooDOooooDoooo.ooon
000o0o0oooooo (e>08) 00 250,000000 300000.

goooo
O00000oooooogooo o6 0O0OOODOO,0000 (0<0.01

000000000000O0O0O00) 00000000 0500000000,
gboobd»n=400000000000000000DO0ODOODOO

thesis. tex 2021/02/12(00 00)



gooo Ood B 50

ooooo :
% = -4V, (13)
%g = . +uV™D, (14)
%? = -+ RVT, (15)

goooooooogoogog o20bobob. ¢, 0L 7000, 00,0
gooo.

4.2 0O0O0O0O0OO0OO

000 82 00 /256 0000000000000 GCMOOOOOOO,
000 2x=729%x10°s"' 000000000000.00000000000
000000000000000000,a=64x10m, g=2981ms™},000
0000000000 py=1bar 000,

000000 T1270 T42000000000000 (00000O0,000
0,00,00,000 1°00 28 0000000)000000. T127 000
8 2, 4 O, 208, Op, Q5/4, 25/16,000 /64 00000000000,00
T420000 ne{0,1,.,8) 0000 2=/ 000000000.000
0000 ne{-2,-1,...7} 0000 2=/ 0000000000000
0.00000000000000000000000000000000000
m=0000000000000000000,00 T12r0000000000
0D0000000O00oo.

00000000000000000000000,000 S000000000
0000000000000000.000000000,000000 2> 2/4
000 300 (00),2=02/8000 600,02< /16000800000
00.00000000 30000000.

4.3 0OO0OO0OO

0000000000 3D00000000000000000000000
0,00000000000000000000000000000. Iscal o
00000000000000000.000000000000000 p, = opo
00000.00 p >p.(t,A9)0000,00000000 NaNOODODODO
0000000 (000000000000000000).0000000000
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000000000000000000000000000, Boer (1982) 00O
gogbobuogoobood.

o HUOoooogn

gbbooboboooboodobboobboobb,buoobobbooobod
ggbbobuoooobbobuoooobbboodoboboobooooooo.
gboobobbobooboobdg TM2rgooboobbobo.

5.1 JUooobod

gogooobbobb e, 0bboobobbbogoad
0
\Il(ﬁ,p):27racosz9/ vdp/g (16)
p

000,020 3D(00)0000 (00)0000000,0000000000
000000000000000000. P=00 3D 0000000000
000000,000000000000000000000000000000
0,0000000000000000000000,000000000000
0000 (Thompson, 1980),000000000000000000000000
00.000000 402;00000000,000000000000,00000
000000000000000 (Lee, 2005). < 2/400000000,000
00000 (000000000000000)0000000.00000000
0000000000000000000000 (Mitchell and Vallis, 2010), 0 O
000 RO ©O1)000000000000000 (Wang and Mitchell, 2014).
00000 (Held and Hou, 1980) 0,000 (000000000)00000
0000000000000000000000000000000000,00
000000000000000000000000000000000000
0000000 (Hou,1984). 0000000, 2 00000000,000000
0 (0000000000000000000000)00000000,0000
00000000000000000000000000000 2000000
00000,000000000000000,0000000 (Coyler and Vallis,
2019).0000000000000000000000000000000.
0000 (3D) 0000,0000000000000, 200000000
0000000000000000.0000000,000000000000
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goouoouobob,guguoobbbbbibodoooouauoobbbbbibodoooo
O (Lorenz, 1967) D0 O0O0O.00C0C0O0O0O000000O0OOOODOODOOO
000000000 Q000000000000000 (Walker and Schneider,
2006).[0 O, Vallis(2017, Chapter 14) 0000000000000 0O,00000
00000 (00000000000000000) 2 Y2000000000
ooo0oooo)

000000000,3D00000000000000O0O0O0 2= 4x/160
0000000000000 0.000000000000D000 deOD00)
good,sbobobgobuoobboooobboobboobuooboobbon
gb.0ogbbogob,bgobudboobobogbooboboobobobo
gbbooo,bobgbobodgbog,gbuogbouobboobbooboabbo
gogoogobobuogg,gogobobooooon.

000000000000 «0 vYO0OO0O0O0O0O0oO0oo0,000000 [0DO,
Kaspi and Showman (2015), Wang et al. (2018),0 0 Coyler and Vallis (2019)] O
ggbbbuoooobbboooobbboooobn.

5.2 JUUUnobuooooobbobod

0300 200000000000000000000000000000
000000000 s000000,00 v0OO0O0000000000000
ooo.

0000000000000000000000000.0000000000
000000000000000000 (000,0 10000000000)0
000000000 s~00000000000000000000.00000
NO00000000000000000000000000000000.000
00000000000 (s>0)0000000000000000,00000
ooooooo.

000000000 3D00 (2> ) 00000000000000000
0000000.0000000000000000000 (000 «00000
00000000000000000000000),0000000000000
0000000000000000.00000000,3D000000 sO00
00000000000000000.000000000000000 m OO
0000 (uxacos?) 000,0000000000000 mO000 (Racos?y)
0ooo0oo0o0O0o0ooo.

00,000000 2/4000000,00000000000000000
00000000.000 mO0000000000000000000000
00000000000, 2/40 /1600000000000000000
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I A A A
Qg/l6 00000000000 /4 000000000000000000C0O
000000000000, /16 000000000000000 /64 O
gbobogoboodbbuogbbuoooboogb,bboobbuoooobooa
ggbbobooogbbobooooobobo.
gbgbobobuobooogoboboboboboooobooob,obon
gogbbbbodoodd sbuoggobob.obbooooboboo,bbodd
0000000000000 0O00000O00oO0o0ooOOooooooOoD (o
00,s=00000000000000).0000000000000000OO
gogbbobuogoobbboooooboboooabn.

Lewis, Colyer and Read

Qg/16

250)

p/hPa

500

750

‘ |
B o=~
T,
TS #
i i
\\_::,, -

L@F o

| S}
34 . | 4 < 0=

=50 0 50 =50 0 50 =50 0 50 =50 ( =50 0
#1° /° #/° #/°

u/ms™! w/ms™! u/ms™" u/ms™! u/ms™!

250)

500

p/hPa

750)

02 000000000« (0000000),00000000000 ¥ (00
0).0000000000000 T12700000000000.0000000
00000000000000000000000000000.«000000
000000000000000000000.0000 (000)0 vOoOo0oo
0000 (000)000000. 900000 x100kgs™! 000000, 402,
2,000 2/40000000,0000000000000000 75% 0 50%
000000. 2/160 2/6400000000,2% 00000000000.
00000000000000 -1x0000000000.00000000 ¥
0000000000000,00000000000000.
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Dependence of super-rotation on rotation rate

U 3:ggobbbbbouoooobb,s 2000000, 0b0boboudad
00000000000 vyOooOoOoOoOoO (boo0 2000000). 00000
gooobgob Ti2rogoodbogbgn.
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6 UU0LOUoobouobuoooooooooonbon

g0oooooobooboboooboobobOono Ssobooobooo 200
0o0bodo0bo0o0D.0 400000000DO00DO0DOOO0DDOOODOO S
vs. ROOOOOO.00000000,00000 (0O, 0000,00,00)0
o000 SOO000o0oo0boooobOoooboooDoboo,opoo SO oo
o0 ROOOOODDODOOOOODOODODO.DODODO0O0ODODODbDbODbOOO
go,0boddddddoooooooooobobobobbbobbobooboon
O0000000000000 [Mitchell and Vallis (2010) O O O Dias Pinto and
Mitchell (2014) 00 0].00000000,0000000000 ROODOOO
goooobooobb 1goooooad.

0000 3000000 SO ROODODODODODODOOOODODO.OO R (O
ooooo)00,00000000 SOOOOO.OODDODOOOCOOOOOO
00000000000 (So) 0 220000000000000000000
00 :0000000 (2000000 (S 00000000000000
O0.00 R(OODOOOO)0O0,S,,.0000 S~03-05000000000
00000.00000,0000000000000000 Read (1986a) 00O
0000000000 Yamamotoet al. (2009) 00000000000 O0O0OO
0000 (0000000o0o0o0ooooooooo)oooooooooooOod
gooooooo.

3DO00D0D00O0O0OOODO SO0 (Sp) 0 S DOODDDODOOOODODOOOO
0.00000000D0000000,S5p0 S, 00000.00000,0000
00oobogooboobgno, Ssp 0 Sy 0oobo.0ooboooboobon
o000 sbooobooooooo,jgoboboooboooobbooobooo
00000000000000000000000000. 00000000 (o
3) 00 0000000000000 00ooooD.

00,00,00,000000 [Read and Lebonnois (2018) 0 0000] 000
0SO000000 400000000000000000.RO0O0O (2%) 0O
00 (2/2) 000000000 3D00O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O
000000000.00000000,000000,00 (2) 00000 (2x)
oo rROUODOODODOOODDOOOODDLOOOUODLOOODOOUODbDOODbDDO
gogoooooobbbbooooooooouoooo.

040000000 SO ROODODODOODODOOODDODOODODODOOD.DOO,
00000o0b0o0O0o0ob0oboDo0obOobDOo0bO SooDoobOoobooooon
O0000000b0b0oboooo?0000bObDOng Ssp< Sy, 0o
000000 Sip>S. 000 ?000,0000000000 R>10 800
g, bbb oobobobobbobbbbbooon
000000oo0o0o0ooOo0obOoDo0obOoobOobo ?0b0o0bOOoDoOoOooDOOon
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goo,0obbooboobboobuoobbo.ogbo sbbogobon
gobbogdgoboboogboboooobobuoooboobobooobbooon,
SO000000000000000000000.0000 Held and Hou (1980)
g0ooboboboooooob soboboboUooobooobobo.ooo
g, gbogdgbbo,buogdgb,bbugbobboobbuooobboobboo
O Yamamoto and Yoden (2013) OO0 OO0 O00O0O0OOOOOOOOOOOOOO
ggbbobuoggbobboooobbbuooobobboooobobooboag.

Lewis, Colyer and Read

1025 T
| =@=— 3D, T4
[ —®— 3D, T127

1015’ =@= Axissymmetric 3

T L/ [N L N L B ) M N B L B L) N i 2L B

® Titan

10°

“ 10‘1;-

10_35

1074

0

04 0000000000000000 Svs.0OODDOOOO R.3DOODODOOO,
goboboobooboobgb. T420000000000000,T127000
gbogboooboobooooboob.oobooboobo,ob,boobo,g
oooopooobo SsOooooobobboOonbo,0b00gbOdn Read and Lebonnois
(2018) 0000000 D.00000 20000000000000.
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Planet a Q ATeq Ry R
Earth | 6400 7.29x107 60 287 | 0.07
Mars | 3396 7.09%x10 60 188 | 0.20
Venus | 6051 299x1077 60 188 | 574
Titan | 2575 4.56x107% 10 290 21
Isca | 6400 variable 60 287 | variable

01040000 ROOODODOOODOOOOOOOODOOOO.O0O :ae0O
00 km, 20000 s, AT, 0000 K, Ry 0000 Jkg'K'ODODO,

v oduobouooobbuoobbouoon

00000,0003D00000000000 S0000000000000
0000.00000,0000000000000000000000 [Gierasch
(1975) O O Rossow and Williams (1979) 000 00]000000000.00,
0000000000000000,00 S;p>8,000000000000.
0000000000 T1270 Q/16 0000000000, Su > Ssp 000
0000000000000000000000000000000000.
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7.1 OOooooudodooooood

gboboboobobobuoooobobobuoobobob,bobobo
Dvw=00,S=00000000.00000000,0D00DO00DO0ODO
OsSoOoOoOoooooooboooooobooo0oooobooooobooboooD.

050 /160 3DO0O0C0O0O0O0OO0OO, 000 3600000000000
OoobO SOobooooboo.ooboooobooobobo0ono koooboog,sbo
oooooooooo Ssoboboboobobobo.obobooo,3pboobobn
oooboooooooobo.cobo0obo sboboooobooooboooboobn
0000000D0.00000 /160 20O 3DODOO0OOO 090,000
270360 0D 000000 « 0 vDOOODO 60DbOO0DOD.

gbbogbuogb,bbuoboboogbboobboobbuoobboon
gobobo sbobobooobob.oobobooboboboboobobobooon
0000 (0 60 days270-360 00O D0), 00000000 Ssp 0 S OOOO
g.3Do00b0booooobobobooobobobobobuoboo suobOon
ggboooooon.

72 JUUuobooooobobbuoooooood

goboboboooooo,gguobobo,bbbooooobobboooooo
oot . oo ooobobobbbbbooon
;bbb bobooo, bbb ooubooooog.
uv<000DO0O00O0bObOooobbooobL, bbbt w=00000
ggddoo.bobobbobbbbibibbbw<ooooo,bbbbb w0
OmO0000000000.m=RA (000000 w=0000 mO0)00
000000,00000000 m=R?00000000000,00000
goooobbobbbbooog,bbbbbooogd.
000000,00,0000000000 m=ReC 0000000000, S
gbobgobogob.boobboooboobbooboobbooobooon
00000000oooDooo0 (D00ooDooOooOoO0,0000o0oooocood
m=*000).
sjboooooogo,0ooboobooo,0bbbobbboodgoooooooooo,
goboooobooobboobbooobboobboo,obbooobobo
gogooobooooboobbboooooa.
00000000000000,00000000D0000000000O00O (TEM)
000000000000 0000000 (Andrews and Mclntyre, 1976. 1978).
000000000,0000000000000 (p)000ODOODOOOODOO
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0
om
LT Vm=V-F 1
5 +v"-Vm=V_.F, (17)
0on
F ={Fj, F}}
- 0m — YOm
— J N 7 S 1
{mv+@/}8p, m'w a@ﬁ} (18)
00000000000 00000 [EP flux, Eliassen and Palm (1961) O O] O
00,000
—T
ST 19
=5 (19)
000.00 @ = (0,7°,%) O
o 1 O(¢cosv)
=7— — = 2
v=e op’ “ w+a00819 o9 (20)

0000000000000.0000 »*000000000000000000
000000000000000000000000000000000 (Holton,
2004, Chapter 10). 0 0000000000000000O000000O0O00OO,
000000000000000000000000000000000000
0,0000000 (Holton, 2004; Vallis, 2017,0 00 1000000). EP flux O
00 V- FOOOOOODOODOOOOOOOOOODOOODOOOOOOOOO.
070000000000000000 ;000000000000000 m
000000 ED,000000000C0000CO00 POOOOOOOO.O 8O
0900000000000 00DO0DO0DOOOoO™

(F)y = ¢! / ¥ ol cos 9. (21)

us
2

ggbbobuoggobobobouooooboood

0
(Fj), = 27m00519/ Fydp/g, (22)

Ps

00000000000.w* 0 (20000000000000000000,00
F,0 (18 000000 EPlux 00000000, (F)y O (F}), 0 /16 O

®¥00000,000000000000000000000000 TEMOOOOOOOO
(17) o,
s
8—T+V~(ﬁ*m):V-F
00000000000000000000000000.00000000000000000
0000 (vm) 000 mO000000000000 (F)000000000000,00000

ggbogoogoog.
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gbbodbododooooooooooooooooooououooouo
0.000 3D0o000oboooooo,ooboobooooboooooooon
0000000.0000 dm/dtD000O0O0O.

O000000000,3D0000000000000000000000 (O
9, days 0-180),00 3D 00000000 0OO,0000Q000OOOD mOOOO
O00000000000000 (O 8,days0-180); OO OO, 00000000
000000 dm/dt 00000000 0O0O0O0OD. 0000000000000
oooooo E=P, 00000000000 mOO0O0O00O000O00OO0OO0O.O000
WROOUUoooooooooooooooao <Fp>g(DDDDDDDD)DDDD
ooooooodg sgoooooooon.

0odoooo nO0ooooOooo,0 70000 oobooonod m O
0000 POOOOOOOO,000 EODOOOOOOOOOOOO (COOO
O0o000o0o0O0O0O0O0O0O0O0O0O0OO0OD). P<EODOODOODOOD,0D0DO0O0O0O0O
OmO000000O0O0DOOO0O0O00O0OOO,00000,3DbO0O0O0OoOoO SO,
gooododooooboooooboooooobooo.3boooooaa,
oodoooooouoo mOodooooooooo 180360 b oouoouo
,.0tddoo.ootdoouoboootootuo mOoodoogouooooo
00 3Ddoooooooooooooo, m 0000000 ooooooon
00 (08 UUlb000O00.00000, 0000000000000 Oooo
o0, 000000 odooooooooo,ooooo
OmUOdOO,PO EOO0ODOOOODOODO.O0000O00O0OO0OOOOOOO,O
oo ououooooo, oo ouooo.o
00000000 S3p> S, 000

doodoooouooooouo, oo oooonooon
0 Gierasch (1975) 0000000000, 0000000.000000000O
O00D000b0Oo0oooooooooooooOooonon. Gierasch O,0000
oo otdouooonoouoooooououooooogo
oo, oo ouoooonouooooo
O0000. Rossow and Williams (1979) 000, 00000000000000CO
oo oooooououooooouo
gobdooobdoooboooo.oooo,0oooooooooo,booon
oo, 0doooouo, oo ouooooouo
000000000 (Wang and Mitchell, 2014; Zurita-Gotor and Held, 2018).
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73 LOubuuuduooooououoooboobooon

O0O00O0ooooDoOooo0oooooooobo,0b0b0000g Ssp 0 Sy O
gogobboobobooa.obo,bbbobbbuooogobbobbodagd
gbooobooboobo,boobboboboo,obbooboobbon
gogobbbobbouoooooobobbobbouooooooboboboobobbogd
goo.

OO0, 0000000000000 0D000D0O0ODO0O0O0O0 Six>Ssp 00
0 (0 4)000000000000O0O0ODOODOO.OD0ODODODOODODOODODODOO
gogbboooo,gbbobuogbobobduo,ggoboboooobobooan,
goboogoboboobbogbb.booooooobboobbooobobo
000000000oooooo0o00oUoonD (Doooooooooogo).

Og70o000,0b00b00o0boboo0b PO0ODbOODOODODO EODOO
gboboodg,gbuogobuogbbugobboobbuooobbuoobboo
0000000000 DO00O0O0ObO0bOO0.0000no, Ssp0 S 000000
gboboo.oggbbuogb,obbooobbug,obobooobbuoobboo
gobbobuoooobbboooooboboooo,gobbobooa.

0.5 L T T L] T T T

Axisymmetric "
0.4f =—— 3D rads
— = 3D Smax 'v"

0.2F

_l.‘-.

0.05 50 100 150 200

Time / days

350 300 350

05 Qg/l6000000 36000000 Svs. t.00000 3 OO0O,00
gbobgoooobobobono.sboobo sbgboooooboboobon
gogo.
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3D Axisymmetric
days 0-90 I H J H J i
é;z.s- 1t .
0L = N = -
<% |"“\|| 1 ‘-\ .
L \_—:'l L 1 ‘.-'_"'"l 1
days 270-360 | i Y i .
2.5F
£ T
5.0p F= 1 -
3 (73 =3
2. o \:\__::;: @ JF s, ) d
~ ~ 1
L il | 1

=28 0 28
u/ms™!

06 0000000000 30000 /16000000 w0 YOOOO
ooo.0o0o0o90D00000,000 270360 0000000O0OO0OO0O. ¥
gboobobobooog 2b0b0boo0.0boboboboono T12rooon
ggbobobooggoobooooooobo.

E

Equator

0 7.000000000,Gierasch (1975)00.00 mO00O00O0O0O0OOO
O,g00000000 POOODOO,000 mnOO0O0OD0O0DOODODOOO

gooo.
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ooof
days 0-90 days 90-180 days 180-270 days 270-360
%J’mzs’2 %J’rnzs’2 %Imzs’l %szs’2
-5 0 5 -5 0 5 -5 0 5
T T T T r T

—_—

I Y]

200F

T TTrrrre—
»

400}t ;
< )
600 / E
800} ;
<1P,,>.=,/ lﬂlﬁ‘llcg m?s~! s_; (\F,,).:)/ lﬂmlllig m?s~! s'; ():‘,,),;t IO'“III(g m?s~! s'I <)-;,)ﬂf I()""l‘cg m?s~!s!
08 (/6000000,000000000000OODOOOODODOODOO

dm/dt (00) 00000 (F)y =g [@malcosddd 000000000000
00 (00000).0003D000000,0000000000000000

gogooo.
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:f
¥ - ¥
i -
- ¥
Ey 5
2 LB
i
i .
i -
= .
£ - L]
= B
}hc
days 18270
T
" .
. i . e S
- " =
i
danys XMk 360
K B
- b N
i
- g . S T
= P Iz]=
4
- L a_ L N N 4 N
kL] L1 k] 1] kL] L] EE]
e

09 (/16000000,0000000000 dm/dt (00), 000000
(F}), = 2macosd [ F)dp/g 0000000000 D00000 (0000O0).00
03 000000,000000000000000000000.
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8 LUubbuuooooobobbbtbgooooouoo
Jobogoogon

gobooob,0b0b0gob0o,b0booboobooboo sooooboooooo
gobooogobbuogo.gb,bbuo,ggbobooboboobbuoobobod
goo,0000000b sooooooobobooooog.

81 UUOOLUOOOu

Held and Hou (1980, 000000 HHOOO)OOOOOOOOOOOOOO
ogobdooooboooooooooo,ooobooooooooooooon
Oo00o0ddodoo.0dd HHOoOoooooo, 00000000 rRO0O0O0O0O
SOO00000000000o0ooooooooo.

HHOOOOOOOOODOOOOOooOoooooo.ooooo w~=00,000
O (DDDD)D u(ﬁ,z);ﬁoDDD.DD,DDDDDDDDDDDDDDDDD

u%anﬁ)_ g 00

goodod
0z  aby 0’

000 ¢g0O0OO000O0,O0O00000D0,006000000.(23)00000
gogobobbobbobouooooobobb,ogbobbob.obbbobbbouadgo
O0D000000,000000000 0

(23)

0, 2 . z 1
9—; =1 gAhPQ(Sln’l?) + AU (E - 5) (24)

DDDD.DDD,QOAhDDDDDDDDDDDDDDDD,PQ(QZ):(B.Z‘2—1)/2
goddooooooooooogon.

(23) 0 (24) 000000 z=HOOOOOOO
u?tand  gH 00

i (25)

Ju+t aby 00

gobooo.on

Boo = 0 |1 - gAhg(sm 9) (26)

ggb.0gbbbooodobo H_lfOHdzDDD,HDDDDDDDDD.
O000000,00000000000000 :00(0O0O,000000)0
0000000 (0D 1000000)000.0000000,v=0000 w0
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000000000000oo0o0oo0o0 0D (23)0000 0=60,,000]00
gogbbobug.ggoobooooooon

uET:Qacosﬁ(HQR%—i—l—l) : (27)

000 R = (AwgH)/(Q)? 0000000000000 )0000000 |
Colyer and Vallis (2019) 000 AODOD,0000000000000000 R
0o000000000000000al.
00000000000,«w0000000000000 mOO0000O0O00
000.000w=00000000000000000,00 w0

Ra sin® Y

2
cos v (28)

Unc =
0000 ¢000oDoOO0.0000b0b0bO000oooDO,0b0000oooDoad
o000 wge UO0OooOoo0ooooooog [DDD (25)DDDD U = UHC
DDDD]:

0(0) =0 _ ufic
HHEOOOO
0(V) = 6(0y) (30)
U
In In
/ 0 cos¥dy = / Beq cos ¥dD (31)
0 0

00000000000000000000000000000000000.
(30) 00000000000000000000000000000,00 (31)
000000000000000000000000000.

(26) 0 (29)0 (31) 000000, (3000 3) 000000, zy =sindy 00
00000000000000000

3101 1 x? 1 1+ 2y
R="\12+ i 1 32
4 3+m12{+1—x%1 Qm%n(l—xH)}’ (82)

000000 R(OUODOO0O00000000O0)ODO0DO0DO0D Y9y OOOoOoOooooQ
gobooogd.
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82 SUOODOOO

SOROOODOOODOO, 000 HHEODOOOODOOOODOOOODOOO
gobooboobobbooboobuooboob.bobbooboobog

{UHC Y e [0,19}1],
u =

uwge 0000 pfp, < 08 (000000D0)0000 (28)0,0000000
uge =0 000000.00000 wge 0 2 0000000000000,00
000000 80/09 -»0000000000000. wer 0000000000
(27)00000000.

SO000000000000000000000

B [ pa cos YudV

S =
[ p$2a? cos? 9dV’

(34)

(1)DDDD 10 mOOOOOOO0O0O (QaQCOSQﬁ)DDDDDDDDDDD
Oo0.00000 50
S:SHc+SET (35)

gogbboboogobobuoooobbbooooboboooobo.bob

J N fOﬂHC upc cos? 9dddp/g

=Ps

S = 2 = (36)
fOH Jo? £2a cos® ¥didpydz
0
H g 2
Sor IN fﬁHc upc cos? ¥dpydz (37)

fOH fog Qa cos® ¥dIpydz

000.000000000000,p=p 0000000000000,000
(36) 0000D000000000000000000 dp=—gpdz 00000
0.0000000000000 [d\0O0D00000D000000000000
00,000000000.(36)0 (37)0 (28)0 (27) 0000
S = Suc + Ser
2
= = sin’ Vit (38)
1 |ER+1)2—-1 3

T — 5] (8 = 9sin vy — sin 3y)

12

00000000000000000000.Y94 0 ROODOOOOO [(32)0
00000000o0]oo,S0 ROODOOOOOO.
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83 OO0 SUOUODLOODOODbODOO

(33) 0000000 SO ROOOO,0 100000000000.0000
0000000000000000 SO000000000000.000,000
000000000000,S00000000000000000000000
ooo.

(33) 000000000000 S0000000 (Sye)0,00000000
00000 (Sgr) 000000000000 0.00000 1000000,00
0000000000.00000000,0000000000 SO000000
0000.0000,000000000000000000,000000000
000000000000000000000.00000000,000000
000000000000000,000000000 $000000000.

000000000000000000000000000 (33)000000
0000000000000000.0000000000000 dy =228 0
0000,R=011000000.
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t == Numerical experiment (axisymmetric)

| == Theory === Suc === Ser
10

m“;-

v 10!

T

103

10°

0 10: 000000000000 38) 000000 SO000oooooog s,
R(OODOOD).00D0D0D0DO0D0D0OD0ODODODODODOOOOO SOO000, Syge OO
Sgr0000O00000.00ob00o0oobooobooboboobono soboooo.
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9 ODuobuoobuobuoooobooon

oo, b ooobobobooboboboooboboooon
goooobbbooooooo. 0 noo 400 10bbooooogooo
goo0ooobo.0oboo0boboo0ob0oobo Sobo,bobooooooon
000000o0ooOOoDoO Ssoo,0000b000b00oo0bOoono soooooon
000. Yamamoto and Yoden (2013, 000000000000 0O)O000O0OO
R>1000000000 SO0O00000DO0ODOOODOOOOOODOOO0.

91 0000000 (Rk1)

R<1000 R>»10000000O00C0DOO0ODODODODOODOODOO
O0000. R 1 (D0DOooooooo)oo

2R+1)2 -1 3 3R

R TR (39)
000 (o000 0ooo0)00
@R+1:z—-1 3 3R
- — 4
2R 2 4 (40)

000.000 9y —0000,000 sindy, sin3dy, 00 sin®dy 0 — 000
0.00000

S~ %R (41)

000.000000000000000,500000000000000 (O
00000000000),00 (41)0 S0 ROODOD0D0OO0O00000000
00000,00000000 2200000000000000000.
(38) 0000 ROOODOO (27)0 wer 000000000000,0000
0,00000000000000000000000000000000000
0000.000000,00000000000000000 SxP20000
000000000000000000000000000000000000
0000000.u~U, f~2,00 06/00~A90000,00000 (25)0

goon

2
QUiU— N gHAf
a aby

000. S~U/(R2) 000000, U > U?/e 0000000000000
D00 (00000000)0,A0/6p—A, 000

Uwgifﬂ S~R (43)

a

(42)
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.o, gogoobbbobbbououoouooobbbobbbagd
go.

000000000 (D00 R)0DO0D0O0O0OO,3D00000O0O0OO0O0O0O0
gboboooboboboooboboboboobo,ob 3sbbobooboboboon
SO0000o0oooo0o.00oooooon0 (38)booooooooog,3bOdd
o000 SsoooobooboobobobooooooboooDo.

Read and Lebonnois (2018) 000000000 OO0OOOOOOO SOO,
Sg=0014000 Sy=0040 3D0O0O0O0O0O0O0O0OOO0OODOO, 000000
gbgbogbobbbobobobobobobobobobobobo.bobo
gbobobobooboooobobobob,0b0obobuobolb Ry =019
0,38)000000000000000000OO SOO00D0DO0D0ODOO0OOOO
gbooobdo R=0110000000Db0O00DbOO0ODOO.

9.2 0000000000 (R>»10000,000000000
oooo)

R>1(00000000000)00 9y —x/2000 sindy O sin®dy O
—»1000,000 sin3¥y »—-1000.00000000,000000

2
S~ E= const (44)

O000.R>100000000000000000000000000.00
0220000000 $=1/20000000000000,00000000
000000000,00000000000 mO00O0000,00000000
000 m=0Ra2000000.4/50000000000 (p/ps,>0.8) 0000
w=00000000000000000.000 w~0U000,0000000
00 uge 000000000

U~ 2a; S~1=const (45)

000.S000000000000 »mO00000,000000000000
0000 R>100000000000.000 S=const 000000000
00000000000000000000.

S=const 10000000000000000000000000.00000
00000000000000000,000000000000000,000
0000 AP —»000000000000000.00000 (42) O

2
v~ s (46)

a
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goooo.

sboobobo,0cobooboooooooooooboobob RUODODOD
gbbuogbobooo.oboodb nOobboobbo,ooobooobod
gogobobbobbbouodooooobbobbbouooooooobooboboogad
O,Sp>S,000.00000000,3D0000000OoOOobDOobDOonO
000,00 ROODOOOOODO Ssp0 SxO0O0OOoOo,000000b0OoOO
ooo0.000000 3b0o0b Sxuboboobooboooboobooooogon.

ROODOODODOOOOO sOOoOoOoOooOOobDOobOobobooobooooo
gog 3bobooobuogbuooboobobooboobooboobboooboa,
gbogbogbooboaob,gpobuog,buobobogboobobogbd
000.3p0000000000000000000O0O000OODODO (bOOOo
O0000)0000000 /80 2/l600000000000000O00O00OO
000000000000.000000 (000 R)OD0ODOO0OO0O,00000
gboboogobboooobo,oggbbugbobogbooobbuoobboo
00.0000000000000000000O000 100000000 (OO
0000,000000000)00000000.00000000000000
O000000000000000000 (/80 N/16000000)RO0O
goobobbobbbodooooobbobobbbuoooooobobboogd
gbobogdobbuoobbooobo,boobbooobboobbooboo
mU0O0000000oobooogbobuogooboboooobobooboooon
g.ggbbugobboobbodobbuoobbuoooboooboobboo
goobobbbbobuooooobobobobbbouooooobbobboboogad
000000000000 (Hide and Mason, 1975) DO 0O0O0OO.

9.3 0000000 (R1O00O0ODO,0000000)

R>»>10000000000000O0O000O0OO0DOOO0ODLODO0
0 Read and Lebonnois (2018) 0000000000000 OO0OO SOOOO
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