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Motiaticoh
o [fi= atmosphere is an open system -0 =c (o multiple
- that interact nonlinearly =io¢! =i¢= [lnnlitsiel i} energy.

wnndpmvdonca of dissipation -\ (c|c|=F igls)
existence of: T L Sinstabilitiestand T

observations suggest tha ﬂh@@@@i@

Boundedness in‘phaseispace and observatlons a|so suggest
on time scales of interest.

Two types of.recurrent, but unstable features — fixed points
(“particles”) and — seem to dominate

They lie at the basis of two approaches to

Markov chains and
Simple, “toy” models can provide useful ideas, while the
hierarchical modeling approach allows one to go

back-and-forth between toy (“conceptual”) and detailed
(“realistic”) models, and between and




Outline

* Motivation and model hierarchy
» Coarse-graining
— clustering =» multiple regimes
— transition probabilities =» predictors
« Empirical model reduction (EMR)
— models (QG3)
— observational data (NH flows)

« Conclusions, open questions and bibliography



LFY* Qosarvations:
Multiple space and time scales
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Climate models (atmospheric & coupled) : A classification

= stationary, (quasi-)equilibrium
= transient, climate variability

opace

« 1-D ‘ - /

- latitudinal
= 2-D

* horizontal

- meridional plar.c
= 3-D, GCMs (General Circulation Model)
= Simple and intermediate 2-D & 3-D models

i 5

= Partial

- unidirectional

- asynchronous, hybrid
= Full

Hierarchy: from the simplest to the most elaborate,
iterative comparison with the observational data
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» Coarse-graining
— clustering =» multiple regimes
— transition probabilities =» predictors



Slagidne): 2 wziradlegm of oarsisiant znamzly

‘Bauer; NamiaSSRexsand
many others'noticedithe
recurrenceand |
persistence of blocking: ™
J. Charney decided to go

beyond “talking about it,”

and actually “do
something about it.”




Transitions =:=1/2:0)
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Fig. 1. Atmospheric pictures of (&) zonal and (B) blocked flow, showing Administration's Climate Analysis Center. The nearly zonal flow of (&) includes
contour plots of the height {m) of the 700-hPa 700 mbar) surface, with a quasi-stationary, small-amplitude wawves (32). Blocked flow adwvects cold
contour interval of 50 m for both panels. The plots were obtained by averag- Arctic air southward owver eastern Morth America or ELrope, while decreasing
ing 10 days of twice-daily data for (&) 13 to 22 December 1978 and (B) 10 to precipitation in the continent's western part (25).

19 January 1963, the data are from the Mational Oceanic and Atmospheric
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A 10y meelell ifor
olfexelinie) s, Zonizll ko
»~ Quasi-geostrophicilowiinia
mid-latitude’3-channe
with 3-mode truncation™

a) Bifurcation diagram

(s)

(zonal + 1 wave).

» Topographic resonance b) Flow paierns

leads to multiple
equilibria: zonal + blocked.

» Much criticized as
“unrealistic.”




From Raglmas to Nty Chains

L E8C m R has an

Markov-chain description of LFV
: - 2 m‘,
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Deterministic predictions

Verification

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours
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Courtesy Tim Palmer, 2009
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Mulilolz Flow rlaglmas
A. Classification schemes
) . i
”m o ENHEMORIGhINI 988 R IGR) = fuzzy —
- — NH+ sectorial;fMichelangelifetals(1995;"JAS) — hard —meanS)
— NH + sectorial;’Cheng & u@l@a@«u@ JAS)
(i) PDF ‘estimation — univariate:
— NH, Benzi et al. (1986, QJRMS) Hansen & Sutera (1995, JAS)
— multivariate:
— NH, Molteni et al. (1990, QJRMS); Kimoto & Ghil (1993a, JAS
— sectorial, Kimoto & Ghil (1993b, JAS); Smyth et al. (1999, JAS)

— NH, Horel (1985, MWR); SH, Mo & Ghil (1987, JAS)

— Models: Legras & Ghil (1985, JAS); Mukougawa (1988, JAS);
Vautard & Legras (1988, JAS)

— Atl.- Eur. sector : Vautard (1990, MIWR)
B. Transition probabilities
(v) Model & NH — counts (Mo & Ghil, 1988, JGR)
(vi) NH & SH — Monte Carlo (Vautard et al., 1990, JAS)
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+ Even somett ngrasisimplesd
cVesirfocliczilly iorced @t!m,wu -
pendulum can-have ™
behavior. RS

* Here are
each with a different

IS shown by
brightness of color.




Praiarrae Transkklon Pauns

Wbyugru&GN(JAs 1985) in toy model (25 Y"_).
)y Kondrashov et al. (JAS, 2004) in intermediate QG3 J

' proferred  proferred
3 (EOF 3) duster transition path transition path
+ y (EOF 2) —
x (EOF 1)
a) Original cartesian b) New spherical coordinates

system of coordinates



Outline

« Empirical model reduction (EMR)

— models (QG3)
— observational data (NH flows)



Key ideas
Mg aE el X — Lx + N(x).

 Discretized, quadratic:

dx, = (x'Ax + b"x + ) dr + dr'";

* Multi-level modeling of red noise:
dx, = (x'Ax + b"x + ) dr + 1V dr,

0 - 0
ar” = b\[x, ¥ dr + " dt,

[

| o .
dri" x, v e de + 1P dt,
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NH LFV — Observed Heights

Data PDF Simulated

* 44 years of daily
700-mb-height winter data

* 12-variable, 2-level model
works OK, but dynamical
operator has unstable
directions: “sanity checks”
required.

Variance
Variance

Variance
Variance

Frequency
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« Conclusions, open questions and bibliography



Canelucing ranmzres
2 W systems theory :o)/lcl=s nnrijar Inksile)|alEs inlie)

- Inearplanetarysiows
— _ theory i1:\/o55 Lnel=iEiEnel 110) Spatio-iemporal
V arise in observedflows'and 'detailed nmymmr;]]
‘simulations (GCMSs);

* helps connects the ‘of the flows
(EOFs, PDFs, Markov chains) to the|rdynam|cs

» These theories are most easily understood for
but they do apply to the
that govern the actual flows.
* The simplification often consists in a
(d-o-f’s), as well as simplified
gradually
move continuously




A fo ViV QJU@ﬁ’i oINS "Waves vs. Particles”

in Atmospheric Low-Frequency Variability

{ .
<
‘.@‘ﬁgu 1. Are the regimes but slow phases of the oscillations?

y B PNA
| gl * Kimoto & Ghil
. (JAS, 1993a, b)
. - - Z BNAO RNA
instabilities of particular™ ==

2. Are the oscillations but instabilities of particular equilibria?

@Z} Legras & Ghil
(JAS, 1985)
r@ 79

— jUSt interference of 3. How about both: "chaotic itinerancy" (Itoh & Kimoto, JAS, 1999)

fixed points?

— chaotic itinerancy

linear waves; 4. How about neither? Null hypotheses:

= jUSt red noise. a) It’s all due to interference of linear waves, e.g.,
neutrally stable Rossby waves;

Lindzen et al.
4 m 4 (JAS, 1982)
B
b) It’s all due to red noise — Hasselmann (Tellus, 1976),

Mitchell (Quatern. Res., 1976), Penland & co. (Magorian,
Sardeshmukh, 1990s).
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