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[ Gaseous Giant Planets ] [ Earth’s Atmosphere & Oceans

What insights can we learn
about the variability of jet
streams using idealized models?
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- Credit: NXSA/JPI:—C_Jtech/Space Science Institute




2 UNIVERSITY OF
» CAMBRIDGE

—

NERC e

OBSERVATIONS
/ Jupiter \ / Earth’s Oceans\ ﬁarth’sAtmosphera
40°ST e

1996

uSokoIov, Rintoul 1996y

Increasing time variability

¥

3

=
> B

g %




2 UNIVERSITY OF
» CAMBRIDGE

—

NERC e

.. AN

Voyager 1979-1980
Cassini 2000

4

OBSERVATIONS
/ Jupiter \ / Earth’s Oceans \ ﬁarth’sAtmosphera
40°ST e

1996

uSokoIov, Rintoul 1996y

Increasing time variability

¥

3

=
> B

g %




1995 Year 1996




=85 UNIVERSITY OF
“® CAMBRIDGE NERC -

OVERVIEW OF IDEALIZED MODELS

Planetary rotation

+

Turbulence

+

Friction

,d




#8= UNIVERSITY OF

]

IDEALIZEDMODELS MATH EMATICAL FORM U LATI‘ON

Features

Equation of Motion: Vorticity Equation

Stochastic Force

2D (barotropic)

Doubly periodic
Beta plane

Stochastic force

Planetary Stochastic Linear Hyper-
Rotation forcing friction viscosity
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dt

Energy input Damping
[ rate, € ] [rate, L

Fourier space:
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Physical space:
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IDEALIZED MODELS MATHEMATICAL FORMULATION

>
Generalized
Quasilinear
Approximation

---1.

Increasing zonal
wavenumber

Tobias (2016)

Reference: 5
|
Marston, Chini, @ (5 @ @)
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Generalized
Quasilinear

Approximation

Reference:

Marston, Chini,

Tobias (2016)

Low modes < A

Separation = A

High modes > A
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IDEALIZED MODELS: MATHEMATICAL FORMULATION

£ A
Generalized Low modes < A
Quasilinear
Approximation J = 7/

Separation=A —y——- —\:——__ _____\___

T,
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Increasing zonal
wavenumber

Tobias (2016)

Reference: High modes > A @ @ @ @ i
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Overview

Generalized Quasilinear Approximation

Low modes < A

Low-high mode _ imx. 7 imx. 7= — T /
= g e + E e =y +
decomposition: Y ¥m Ym=9+y

jmI=A ml>A
e % = £IG1+ N 4
Low modes: %= L[C] + NGO +N [T,
High modes: ai =L N"[¢, Ghl +M
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SUMMARY OF IDEALIZED MODELS
t Nonlinear (A = N) Generalized Quasilinear (A = 1) Quasilinear (A = 0)
> > > =
__________________ Z':

u@ ------------------
(a%@@ 20%% | | @@ F

Reduction in nonlinearity
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NUMERICAL SIMULATIONS NONLINEAR (NL) MODEL

Zonal velocity Zonal mean Zonal mean zonal velocity
field zonal velocity evolution in time
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latitude
latitude
latitude
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longitude jet profile
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NONLINEAR (NL) MODEL TYPES OF VARIABILITY

AP 00 TR e
Randomly
wandering 4 ™
s Y Resu It 1
New type of
Merging & variability
nucleating found: jets
migrate north
and south
' Migrating \- J
>
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ALL MODELS - TYPES OF VAIABILITY

NL Model (A = N) GQL Model (A= 1) QL Model (A = 0)

TR
Randomly
wandering ‘
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Merging &

nucleating
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A CLOSER LOOK AT ZONAL JET MIGRATION

/ Question 1 \ / Question 2 \ / Question 3 \

Why do jets migrate only Can we predict the speed Do jets migrate in more
when A > 17 of migration? complex systems?

Low modes < A

\ High modes > A /
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A CLOSER LOOK AT ZONAL JET MIGRATION

K Question 1 \

Why do jets migrate only Can we predict the speed Do jets migrate in more
when A = 1? of migration? complex systems?
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AN INTRODUCTION TO ZONONS
Zonons (Nonlinear waves) NL Model (A= N)
Coherent structures excited by Rossby $ Y - =
waves with same k, and same phase speed
x p p /@ @)
Linear Rossby wave @f f
“e(Q
el
T EE A
'Q @ »
Nonlinear zonons (L) @«» -
Reference: Sukoriansky, Dikovskaya, Galperin (2008), PRL
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AN INTRODUCTI

Zonons (Nonlinear waves) GQL Model (A=1)

>

Coherent structures excited by Rossby X
waves with same k., and same phase speed @
Linear Rossby wave

Nonlinear zonons @ @) ® @ -

Reference: Sukoriansky, Dikovskaya, Galperin (2008), PRL
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AN INTRODUCTION TO ZONONS

Zonons (Nonlinear waves) QL Model (A = 0)
Coherent structures excited by Rossby < =
waves with same k, and same phase speed el —%——3\————

Linear Rossby wave

D & & :

Reference: Sukoriansky, Dikovskaya, Galperin (2008), PRL
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Ql WHY DO JETS MIGRATE ONLY WHEN A> 17

E

Migrating
North

Not
Migrating

NL Model QL Model
No clear
migration

a4 Result 2 )

Migration requires A = 1
when jets and zonons coexist

Ceanad)
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Migration requires A = 1
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Ql WHY DO JETS MIGRATE ONLY WHEN A> 17

Zonal mean forcing
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Reynolds

onal mean
flow

[ Result 3 Migration requires an asymmetric eddy forcing and mean flow ]

stress force

Latitude relative to jet
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Why do jets migrate only
when A > 17

f Question 2 \

Can we predict the speed
of migration?

Do jets migrate in more
complex systems?
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| = ®3 jets
(@)
Zonal mean flow index (ZMF) g
D
ZMF = Fraction of energy in mean flow £
(O]
0 1
No jets Eddies & jets No eddies ' ' . ' : &
0.3 ZMF index 09 &
Result 4 Migration speed is given approximately by: speed « (ZMF)~3
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Zonal mean flow index (ZMF) e
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ZMF = Fraction of energy in mean flow v
0 1 k= ,
No jets Eddies & jets No eddies .

log (ZMF index) [

Result 4 Migration speed is given approximately by: speed « (ZMF)~3
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A CLOSER LOOK AT ZONAL ET MIGRATION

f Question 3 \

Why do jets migrate only Can we predict the speed Do jets migrate in more
when A > 17 of migration? complex systems?
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Q3: DO _IETS MIGRATE IN MORE COMPLEXSYSTEMS7

@eral circulation mo@ @eral circulation mo@ @‘msphere observati@

Poleward drift Equatorward drift Poleward drift

Kemke & Kaspi (2015), Young, Read & Wang
JAMES (2019), Icarus

Feldstein (1998), JAS
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CONCLUSIONS
/" OBIECTIVE \ / MODELS \ / METHOD
Study of jet stream Rotation + turbulence Generalized quasilinear

variability + friction = zonal jet approximation
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New type of jet

migrating jets

~N

variability found:

v

Migration requires
A = 1 when jets
and zonons coexist

3 )

Migration requires
an asymmetric
eddy forcing
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Migration speed is
approximately:
speed « (ZMF)~3




