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3D-calc. of the GRS by Williams(1996)
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Initial condition (only upper stable “weather layer”)
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Time evolution of B300 movie
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" Large-scale vortices are generated intermittently

at intervals of 2-3 years.
- Life time is 2-3 years.

" Propagate westward and diminish its longitudinal scale

"absorbed by a newly grown large-scale vortex



Energy conversion from zonal mean to wave field

(x1077 Js™'m™)  Fnergy Conversion (B300)
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'''''''' (mean) t:8502..9996

HEIGHT

(mean) t:8502..9996

LATITUDE
(Averaged form 8500 to 10000 days)

Z—coordinate

“baroclinic origin
barotoropic instability” ?

Y—coordinate



Numerical experiments of large-scale

vortices in Jupiter’s atmosphere:
The generation mechanism of large-scale vortices
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3D-calc. of the GRS by Williams(1996)
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Problem of W96

* The decay of the jets in W96 is inconsistent
with observations

— The strength of the jets hasn’t changed
significantly for decades (Porco et al., 2003)

* |f the strength of the jets is maintained,
behavior of vortices are expected to change.

— (e.g.) Large scale vortices may be long-lived.



Objective of this study

Initial
field

* Introduce forcings

— that relax zonal mean field to the initial field
so as to maintain the strength of the jets

N
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relax

 Examine the dependence of behavior of
vortices on the intensity of the forcings

Results @

* The behavior of vortices depend on the
intensity of the forcings

e lLarge-scale vortices such as the GRS appear

— Examine the generation mechanism



Model and Setup



Basic equations and parameters

( 3D, spherical, Primitive equation of the Boussinesq fluid)

Momentum equations

(finite difference method)
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Specificationof 77and TM

Damping time of momentum forcing (day)
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Computational domain, resolution,

boundary condition

Horizontal section
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Initial condition (only upper stable “weather layer”)
..., U(color) = T(contour)
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Results



Damping time of

Statistically steady states cases
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Statistically steady states cases
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Damping time of

Statistically steady states cases

>

< Damping time of|momentum forcing (day)
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 The behavior of vortices are
the most similar to the GRS



Time evolution of B300 Mmovie
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" Large-scale vortices are generated intermittently

at intervals of 2-3 years.
- Life time is 2-3 years.

" Propagate westward and diminish its longitudinal scale

"absorbed by a newly grown large-scale vortex



Candidates of mechanism of the
genesis of large-scale vortices

* Dynamical instability
— Baroclinic or barotropic instability

* Merger of small scale vortices

— Don’t discuss today

e dynamical instability can provide large
enough energy conversion for the genesis
of large-scale vortices (show later).

<Examine>
1. Energetics
2. Linear stability



Energy conversion from zonal mean to wave field
(Averaged over 15.5S ~ 27.5 S,

(x1077 Js™'m™)  Fnergy Conversion (B300) = -9 km ~ -378 km,
by, from 8500 to 10000 days)
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HEIGHT

Dynamical properties of large-scale vortices
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- Energetics, dynamical property

e

The large-scale vortices are generated
by barotoropic energy conversion

Can the behavior of the large-scale vortices
be explained by a linear instability ?

e

Linear stability analysis



Method for linear stability analysis

* [Integrate nonlinear primitive equation model
— Initial-value type (Wittman et al., 2002 )

* The fastest growing mode is obtained for each
zonal wave number.

e The basic state is zonal and time mean

(8500-10000 days ) field in the statistically steady
state.



Horizontal structure of unstable mode
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Summary

The genesis and stability of vortices in Jupiter’s
atmosphere are examinedby using a 3D model.

Forcings are introduced to maintain the strength of the jets

Statistically steady states are realized with both
momentum and thermal forcings

Behavior of vortices can be classified into two types
— Weak forcings : Episodic
— Strong forcings : Large-scale vortices always exist

The generation mechanism of the large-scale vortices is
barotropic instability

— The origin of the barotropic instability is baroclinicity



e &5



HEIGHT

Qy [FIKE-FREELLICHRETEEAD
:u'}'l—

(c) EP—flux and Gy and T (B300)

(km) {
b A (mean) t:8502..9996
(k=1~5)
-100
| 8e—16
—200 L 4e—16
1o
A e A B B et
—~300 1 H —4e—16
: I—8e—16
llllllllll‘l’lll.lilil
Voo Y24 22 20 —-18 —16
(deq)
LATITUDE NA
o
L

>
XUNIT = 1.250E+09, YUNIT = 3.079E+07 EP(CY)



Z—coordinate
o
o

Origin of g v is baroclinic

7y =0 —

a%_a(

-4Okm\Lf

\/‘é

HEIGHT

a“) ( Averaged from

dz/ 8500 to 10000 days )
ll: (mean) t:8502..9996 2

..... 1 € = %

1

- 400 kmx-

-26

28 S
07

oy

-24 -22

LATITUDE

-20

T4 (mean) t:8502..9996

-26

-24 -22 -20 -18
Y—coordinate

CONTOUR INTERVAL = 1.000E-11

-16
(deg)

8e-11

4e-11

—4e-11

-8e-11

-18

Z—coordinate

16 S

T (mean) t:8502..

8e—-11

40-11

—4e-11

—8e-11

-26

-24 -22 -20 -18

Y-coordinate

CONTOUR INTERVAL = 1.000E-11

(deg)



1. EPVy: [ (f=Uy)Tz ly

(x1E5 m)

(mean) 1:8502..9996

Z—coordinate

I
-22

1
-20

-26 -24
Y—coordinate

CONTOUR INTERVAL = 1.000E+00

5. — EUzz
(x1E4 m)
- (mean) t:8502..9996
-8
-12
2
2 8e-11
“g', -0 4o-11
o 24
N _os 10°
_32 1 H 411
-36 ~8e-11
f ' '
-20 -18  -16
(deg)
Y—coordinate
9. Beta(cint=1/100)
(X1E4 m)
T T T T T2 t=0 doy
. o |
] i
£ ‘ s ‘ 1 He-11
'E -
8 4o-11
8 -24p E
0
N _gl i
- 1 H 411
36| 4 M -se-11
' N L N L
-26 -24 -22 -20 -18 -16
(deg)
Y—coordinate
CONTOUR INTERVAL = 1.000E—13
13. (N2)y
(X1E4 m)

an) 1:8502..9996

o
° 3.20-13
£
° 1.80-13
8 o
J
N ~1.6e-13
-3.2e-13
-4.8e-13
-26 -24 -22 -20 -18 ~-16
(deg)
Y—coordinate

2. QGPVy: Beta — Uyy — (EUz)z

(x1E4 m)

-4 T "7
ry s E
-12

(mean) t:8502..9996

Be-11

4011

Z—coordinate
o
3 % 8
(y,
0,
o

a2l 1 H 41
-36 |- —8e-11
' ) L ) L '
-26 -24 -22 -20 -18 -16
(deg)
Y—coordinate
6. — EzUz
(X1E4 m)
-4 (mean) t:8502..9996

Z—coordinate

Y—coordinate

(x1E4 m)
(mean) :8502..9996

Z—coordinate

-22

L
-16
(deg)

. L N L
26 -24 20 -18

Y—coordinate
CONTOUR INTERVAL = 1.000E+01

14. —Uy
(X1E4 m)

-4

(mean) t:8502..9996

L
=

Z—coordinate

L h L L
-26 -24 -22 -20 -18

Y—coordinate

3. QGPVy(BT): Beta — Uyy

(x1E4 m)
-4 F T T T T T T4 (mean) t:8502..9996
-8} 4
-12F 4
Q
2
2%t 1 Hee-11
P -20} 4
] 4011
|8 —24f i
0
N _pgl 4
_sl| 1 H e
—36 J B -8e-11
' ' ) ' " '
-26 -24 -22 -20 -18 -16
(deg)
Y—coordinate
CONTOUR INTERVAL = 1.000E-11
7. =U
(x1E4 m) 4
-4 F T T T T T T4 (mean) t:8502..9996
-8} -
-12} 4
‘g 1 2
2-er 8 7 Hee-1
T -20f B
S 4o-11
O -2k E
0
N _gg 4
3 1 H 411
-36 ] M -se-11
' ' f ' s '
-26 -24 -22 -20 -18 -16
(deg)
Y—coordinate
CONTOUR INTERVAL = 1.000E-11
1.7
(X1E4 m)

2
o
£
2
8
o
|
N
-24 -2 -20 -18
Y—coordinate
CONTOUR INTERVAL = 5.000E-01
15. f=Uy
(X1E4 m)

-4

i
S

Z—coordinate

Y—coordinate
CONTOUR INTERVAL = 2.000E-06

(mean) x:0.9..177.3
(mean) t:8502..9996

(mean) t:8502..9996

4. QGPVy(BC):

(X1E4 m)

24

Z-coordinate
|
3

Beta — (EUz)z

";:

.

1 I

T4 (mean) 1:8502..9996

-26

(x1E4 m)

-24 -2 -20
Y—coordinate
CONTOUR INTERVAL = 1.000E-11

8. —Uyy(cint=1/5)

Be—11
) 4o-11
1Ho
i —4e—11
. ~8e-11
-16
(deg)

-4

(mean) t:8502..9996

o
- o
2 8 8e-11
g -2 TH4e-1
o 24 E
N _os 10°

3 1 H e

-36 E —8e—11

" ' " " '
-26 -24 -22 -20 -18 -16
(deg)
Y—coordinate
CONTOUR INTERVAL = 2.000E-12
12. N2
(X1E4 m)

-4

Z-coordinate

(x1E5 m)

-24 -22
Y—coordinate
CONTOUR INTERVAL = 5.000E—07

16. EPVM

Z—coordinate
s

-24

-2 -20
Y—coordinate

CONTOUR INTERVAL = 2.000E-06

(mean) t:8502..9996

(mean) t:8502..9996

=1.7¢-10



Growth rate - e
0.04 —— ‘

| 'O k=20, 204 5 K I

> - 23 S~ 28 S 1 Q (k=24, 204.5 K= |
8 0.03 __30_ 5 L] 7 8 9 10 11 12 1?
\ o T T PR :
£ 0.02 5 -
D - | Q' (k=2, 204 KiE) 10.005(1/day)
:S - -
E% 0.01 I -e-folding time
5 _ -200(day)

O | O O l l l l | X—coordinate , , N

O 1011‘12l0 IZ;O‘I 40
Zonal wave number



Growth rate of large-scale

disturbance (k=2) in nonlinear calc.
Eddy kinetic energy (k=2)
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Energy conversion property (k=2)

Barotropic conversion oy
= 0.10d7 >0

Kinetic energy

Baroclinic conversion e f
— —0.01d7t>0

Kinetic energy

The linearly unstable mode (k=2) gain
disturbance energy from the zonal mean

flow thorough barotropic conversion.



Zonal Velocity
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