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Outline

Å Introduction:

ü Dynamical concepts

ü Examples of recurrent flow patterns

Å Historical overview

Å Impact of external/boundary forcing on atmospheric regimes

Å Detection of regimes in atmospheric and model datasets

ü Time filtering

ü Distinction between internal and intra -seasonal variability

ü PDF estimation and statistical significance

Å Applications to seasonal predictions

ü Diagnostics of regimes in model simulations 

ü Predictability of regime frequencies

ü Non - linear impact of ENSO on regime properties
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Weather regimes and related dynamical concepts

Weather regime:

A persistent and/or recurrent large -scale atmospheric 

circulation pattern which is associated with specific 

weather conditions on a regional scale

Flow regime:

A persistent and/or recurrent large -scale flow pattern 

in a (geophysical) fluid -dynamical system

Multiple equilibria:

Multiple stationary solutions of a non - linear 

dynamical system
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Recurrent flow patterns: examples

A sequence of 5 -day mean

fields of 500 hPa

geopotential height 

during boreal winter é
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Recurrent flow patterns: examples

é but each one occurred in a 

different winter !

5-9 Jan 
1985

4-8 Feb 
1986

10 -14 Jan 
1987
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Regimes as quasi -stationary states

q : barotropic or quasi -geostrophic potential vorticity

Öt q = - VȑĀ grad q - D (q ïq*) 

steady state for instantaneous flow:

0 = - VȑĀ grad q - D (q ïq*) 

steady state for time -averaged flow:

0 = - û VȑüĀ grad ûqü - D (ûqü ïq*) 

- û VôȑĀ grad qô ü 



Training Course ïNWP-PR:   Weather regimes 7

Possible regime behaviour: large -scale teleconnections

The Pacific /
North American
(PNA) pattern
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Possible regime behaviour: Atlantic/Pacific blocking

500 hPa geop. height
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2002

20042003

All-India Rainfall

time-series 

(May-September)

Possible regime behaviour: monsoon active/brake phase
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Flow regimes in non - linear systems

Lorenz (1963) truncated convection model

Å dX/dt = ů(Y ïX)

Å dY/dt = - X Z + r X ïY

Å dZ/dt = X Y ïb Z

Unstable stationary states

Å X = Y = Z = 0

Å X = Y = ± [ b (r -1)] ½  , Z = r -1
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Seminal papers: Charney and DeVore 1979

Multiple steady states of low -order barotropic model with 
wave -shaped bottom topography
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Papers on multiple equilibria and quasi -stationary states

Orographically forced models :

ÅCharney and Straus 1980 : Form -grad instability, multiple 
equilibria and propagating planetary waves in baroclinic, orographically 
forced, planetary wave systems
ÅCharney, Shukla and Mo 1981 : Comparison of barotropic blocking 
theory with observation
ÅLegras and Ghil 1985 : Persistent anomalies, blocking and 
variations in atmospheric predictability
ÅBenzi, Malguzzi, Speranza, Sutera 1986 : The statistical 
properties of the atmospheric general circulation: observational 
evidence and a minimal theory of bimodality

Thermally forced models:

ÅMitchell and Derome 1983: Blocking - like solutions of the potential 
vorticity equation: their stability at equilibrium and growth at 
resonance
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Seminal papers: Reinhold and Pierrehumbert 1983

Hemispheric weather regimes arising from equilibration of large -scale 
dynamical tendencies and ñforcingò from transient baroclinic eddies 



Training Course ïNWP-PR:   Weather regimes 14

Eddy ñforcingò of blocking: the Imperial College school

ÅGreen 1977 : The weather during July 1976: some dynamical 
consideration of the drought

ÅIllari and Marshall 1983 : On the interpretation of eddy fluxes 
during a blocking episode 

ÅShutts 1986 : A case study of eddy forcing during an Atlantic 
blocking episode

ÅHaines and Marshall 1987 : Eddy - forced coherent structures as a 
propotype of atmospheric blocking
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Seminal papers: Vautard and Legras 1988

Regional weather regimes arising from equilibration of
large -scale dynamical tendencies and PV fluxes from transient 

baroclinic eddies 


