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Global error spectra for 850hPa rotational wind for Dec-Jan 2021-2022
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Forecast skill

10-day forecast

15-day forecast

The skilful forecast information lies in the longest waves for long forecasts

Background/Motivation
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Lorenz E., 1963: Deterministic non-periodic flow 

A prototype non-linear model

with flow regimes

Example of 850hPa temperature forecast

ÅDoes a finite number of recurrent

and persistent weather patterns 

exists in the atmosphere?

Background/Motivation



Historical notes
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From Stephenson et al. (https://empslocal.ex.ac.uk/people/staff/dbs202/publications/2002/agu2002.pdf)

Early (1883) note on NAO Blockings and effect on surface weather

Background/Motivation
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Recurrent flow patterns: examples
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A sequence of 5-day mean

fields of 500 hPa

geopotential height 

during boreal winter é

Background/Motivation
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Recurrent flow patterns: examples
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ébut each of them 

occurred in a different 

winter

5-9 Jan 1985                                                                                       4-8 Feb 1986

10-14 Jan 1987

Background/Motivation



EOF analysis of the Euro-Atlantic sector
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ÅDaily geopotential height at 

500hPa

Å Euro-Atlantic region (30°N to 

88.5°N, 80°W to 40°E). 

Å 5-day running mean 

Åmean seasonal cycle was 

removed

Å29 years

ÅOctober to March

Å ECMWF ERA-Interim data

EOF1 EOF2

Regime calculation

Current products at ECMWF based on:



NAO and Blocking index for Winter 2009-2010 / 2013-2014
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2009 - 2010 2013 - 2014

Background/Motivation
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Multi-modality in two-dim. PDF from principal components:
Corti et al., Nature 1999

10EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Background/Motivation

EOF1
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Distribution of low-level jet position 

over the Atlantic

Woollings et al., 2010, 10.1002/qj.625
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Regimes as clusters in a multi-dimensional EOF phase space
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Mo and Ghil 1988 (N. Hem.)

Cheng and Wallace 1993 (N. Hem.)

Michelangeli et al. 1995 (Atl. - Europe)

Straus et al. 2007 (N. Pac. - N. America)

NAO +

32%

Blocking

26%

NAO-

21%

Atl. ridge

20%

Four Euro-Atlantic regimes from K-means 

cluster analysis of ERA-Interim 5-day means 

of 500 hPa height, DJF 1980-2008

Regime calculation



Examples of weather regime definitions
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4 regimes with different patterns for winter and summer (Ferranti et al.) 

7 year-around regimes (Grams et al. 2017, 10.1038/nclimate3338)

Regime calculation



Daily projections onto each regime 
and variance explained by each set
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Regime calculation



Need to condense ensemble information
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Products



Example of products
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ÅLife-cycle (persistence of regime)

ÅContinuous or categorical attribution

ÅOrthogonality make it possible for 2-d visualisation

Products



Regime structures and surface impacts (SONDJFM, 2000-2020)

ERA5

Oper.

CY47R1

(week 1)

Oper.

CY47R1

(week 6)

Regime structures and surface 

impacts are well-represented in 

operational reforecasts (CY47R1) 

and stable across S2S lead times 

(week 1 to week 6). 

Connections to surface weather
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Connection to surface weather
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Wind anomalies and connection to wind power generation (7WR)

Grams et al. (2017, 10.1038/nclimate3338)
Temperature extremes and connection to EOF2

Ferranti et al. (2018, 10.1002/qj.3341)

Connections to surface weather



Verification of regime forecasts
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How to verify:

Å Discrete verification of one regime 

(Brier)

Å Continuous verification (CRPS) of 

projections

ÅCombined Brier skill score of all 

regimes

Å Anomaly correction of ensemble 

mean of projections

ÅConditional verification on the initial 

regime

From Bueler et al. (2021, https://doi.org/10.1002/qj.4178)

From Ferranti et al. (2015, https://doi.org/10.1002/qj.2411) 

Skill



Windows of opportunities: External forcing on mid-latitude wave guide

20

Teleconnections

ENSO MJO

SSW

SST

Snow and sea-ice

Soil conditions



Teleconnections - example: Does El Nino influence European summers?
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Composites +/- 1 stdev (black points):

Positive: -0.16 (17 of 120)

Negative: 0.17 (21 of 120)

Correlation: 0.29

See also:

Wulff et al., (2017): https://doi.org/10.1002/2017GL075493

OôReilly et al., (2018): https://doi.org/10.1175/JCLI-D-17-0451.1

Time-series of two indices

Teleconnections during JJA

z500

https://doi.org/10.1002/2017GL075493
https://doi.org/10.1175/JCLI-D-17-0451.1
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Impact from ENSO during DJF in reanalysis
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Z5002-metre temperature Precipitation
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Regime frequencies are affected by MJO phase 
(Cassou, Nature 2008)
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Teleconnections

Madden-Julian Oscillation Precipitation anomaly

Lagged correlations for NAO


