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What insights can we learn 
about the variability of jet 

streams using idealized models?
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OVERVIEW OF IDEALIZED MODELS

Planetary rotation

Turbulence

Jets

Friction



IDEALIZED MODELS:  MATHEMATICAL FORMULATION

Stochastic Force
Fourier space:

Physical space:

Equation of Motion:  Vorticity Equation

Stochastic 
forcing

Linear 
friction

Hyper-
viscosity

Planetary 
Rotation

Beta,
Energy input 

rate,.   
Damping 
rate,    .µ
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Overview

Low modes ≤ 𝚲

High modes > 𝚲

Generalized Quasilinear Approximation
Low-high mode 
decomposition:

Basic vorticity 
equation:

Low modes:

High modes:

Vorticity 
equation: 

𝜓 = 5
|7|89

𝑒;7< =𝜓7 + 5
|7|>9

𝑒;7< =𝜓7 = ?𝜓 + 𝜓′

AB
AC
= ℒ 𝜁 +𝒩[𝜁, 𝜁]

A?B
AC
= ℒ ̅𝜁 + H𝒩[ ̅𝜁, ̅𝜁] + H𝒩[𝜁J, 𝜁J]

ABL

AC
= ℒ 𝜁J +𝒩J[ ̅𝜁, 𝜁J] +[HHNL]

𝜕𝜁
𝜕𝑡
+ 𝒖 & ∇𝜁 + 𝛽𝑣 − HHNL = 𝜉 − 𝜇𝜁 + 𝜈/∇0/𝜁
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SUMMARY OF IDEALIZED MODELS

Reduction in nonlinearity

Nonlinear (Λ = 𝑁) Generalized Quasilinear (Λ = 1) Quasilinear (Λ = 0)



NUMERICAL SIMULATIONS – NONLINEAR (NL) MODEL

Zonal velocity 
field

Zonal mean 
zonal velocity

Zonal mean zonal velocity 
evolution in time



NONLINEAR (NL) MODEL - TYPES OF VARIABILITY

Randomly 
wandering

Merging & 
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Migrating

New type of 
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found: jets 

migrate north 
and south

Result 1



ALL MODELS - TYPES OF VARIABILITY
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A CLOSER LOOK AT ZONAL JET MIGRATION

Question 1 Question 3Question 2
Why do jets migrate only 

when Λ ≥ 1?

Low modes ≤ 𝚲

High modes > 𝚲

Do jets migrate in more 
complex systems?

Can we predict the speed 
of migration?
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Result 3 Migration requires an asymmetric eddy forcing and mean flow

Reynolds 
stress force

Zonal mean 
flow

Zonal mean forcing

AH[
AC
= 𝑣′𝜁′ −𝜇?𝑢

Q1:  WHY DO JETS MIGRATE ONLY WHEN 𝚲 ≥ 𝟏?



A CLOSER LOOK AT ZONAL JET MIGRATION

Question 2
Why do jets migrate only 

when Λ ≥ 1?
Do jets migrate in more 

complex systems?
Can we predict the speed 

of migration?



Q2:  CAN WE PREDICT THE SPEED OF MIGRATION?

ZMF index
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Result 4 Migration speed is given approximately by:    speed ∝ (ZMF)ef

Zonal mean flow index (ZMF)

ZMF  =  Fraction of energy in mean flow
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Zonal mean flow index (ZMF)

ZMF  =  Fraction of energy in mean flow
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A CLOSER LOOK AT ZONAL JET MIGRATION

Question 3
Why do jets migrate only 

when Λ ≥ 1?
Can we predict the speed 

of migration?
Do jets migrate in more 

complex systems?



Q3:  DO JETS MIGRATE IN MORE COMPLEX SYSTEMS?

General circulation model:
Poleward drift

Atmosphere observations:
Poleward drift

General circulation model:
Equatorward drift

30°S
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90°S

EQ

0 150 days

Kemke & Kaspi (2015), 
JAMES Feldstein (1998), JAS

Young, Read & Wang 
(2019), Icarus



CONCLUSIONS

OBJECTIVE METHODMODELS
Study of jet stream 

variability
Rotation + turbulence 
+ friction = zonal jet

Generalized quasilinear 
approximation



CONCLUSIONS

Migration requires 
an asymmetric 

eddy forcing

421 3
Migration speed is 

approximately: 
speed ∝ (ZMF)ef

New type of jet 
variability found: 

migrating jets

Migration requires 
Λ ≥ 1 when jets 

and zonons coexist


