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Space-Time Clustering

Finite Element, Bounded Variation,
Vector Autoregressive Factor
FEM-BV-VARX method:

X, =, + Aq(r)qbl(.x:r e X, ) B, (u,) + C(i)e,
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Space-Time Clustering

Finite Element, Bounded Variation,
Vector Autoregressive Factor
FEM-BV-VARX method:
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Space-Time Clustering

Finite Element, Bounded Variation,
Vector Autoregressive Factor
FEM-BV-VARX method:
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Space-Time Clustering

Finite Element, Bounded Variation,
Vector Autoregressive Factor
FEM-BV-VARX method:

X, =, + Aq(:‘)qbl(.x:r X, ) B, (u,) + C(i)e,

1

External Factor Component

Horenko 2010, O'Kane et al. 2013, Franzke et al. 201105



Space-Time Clustering
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NH Metastable Regimes

90°W

Risbey et al. 2015

12



NH Metastable Regimes

TABLE 1. Periods used for the FEM-BV-VARX analysis for the

given reanalysis.

Expt Reanalysis Period
1 20CR 1871-2009
2 20CR 1948-2009
3 NNR1 1948-2009
4 NNR1 1979-2009
> CFSR 1979-2009

Risbey et al. 2015
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North Atlantic Regimes

(d) CFSR 1979-2009

(b) 20CR 19482009
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Eurasian Regimes
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Atlantic-Eurasian Regimes

aeu 1 autumn aeu 2

R AT .

=TSN
60°N E’%%

40°N[EFES §
20°Nf -, -

60°E  120°E 180°W 120°W 60°W 0°

aeu 1 summer

Q° 60°E  120°E 180°W 120°W 60°W 0°

Risbey et al. 2015

16



Interannual Regime Variability
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Jet Stream

North Atlantic

Jet Latitude

Index
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North Atlantic Jet Stream

Southern Jet Northern Jet Central Jet
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Mixture of NAO and EA teleconnection Patterns (Woollings et al. 2010)
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North Atlantic Jet Stream
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North Atlantic Jet Stream

LC1 (Anticyclonic)

Side of jet determines shear, and so
also the direction of wave-breaking
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North Atlantic Jet Stream

E Vectors ~ wave activity flux
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North Atlantic Jet Stream

a) LC1 (Anticyclonic Wave Breaking) b) Lc2 (Cyclonic Wave breaking)

southern Jet
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Regime Simulations

T1279 T'159

a NAO+ [28.5 %] RMSE=21.8 b NAO-[25.9 %] RMSE=63.9

a NAO+ [31.6 %] RMSE=9.6 b BL[25.0 %] RMSE=8.2
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Regime Simulations
T1279 T159, Stochastic Physics

a NAO+ [30.0 %] RMSE=12.4 b BL[24.0 %] RMSE=20.1

a NAO+ [31.6 %] RMSE=9.6 b BL[25.0 %] RMSE=8.2

|
—-180 -140 -100 -60 —40 —20 20 40 60 100 140 180
Geopotential Height Anomaly / m

—180 -140 -100 -&0 —-40 —20 20 40 60 100 140 180
Geopotential Height Anomaly / m

Dawson and Palmer 2014



Attribution ot Secular Changes

Finite Element, Bounded Variation,
Vector Autoregressive Factor
FEM-BV-VARX method:

X, =, + Aq(:‘)qbl(.x:r X, ) B, (u,) + C(i)e,

1

External Factor Component
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SH Secular Circulation Trends
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SH Secular Circulation Trends
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SH Secular Circulation Trends
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SH Secular Circulation Trends

Attribution Results:
« CO, AIC_. =63053

» Akaike weight value reveals strong statistical
support of CO, compared to stratospheric Ozone:

w=3.1083¢8

« - Recovery of ozone has less relevance to changes
in Southern Hemisphere extratropical circulation
than projected in many modelling studies
(e.g. Barnes et al., 2013; Shindell et al., 2004)
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SH Secular Circulation Trends

300

2801
2601
2401
220

200

1801

1607

140~

1201

100

| | | |
1985 1990 1995 2000 2005
Time

31

Franzke et al. 2015



Summary

e Space-Time Clustering
« Non-Stationary clustering approach
« In NH all important teleconnection have
been found
e Attribution of secular changes
« In SH CO2 is more important than Ozone
— Recovery of Ozone hole might have
less relevance than previously claimed
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