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The concept of weather regimes was introduced in weather forecasting

about 70 years ago (Rex, 1951). It is based on the idea that the large-scale atmospheric
circulation can in practice be represented by a finite number of possible atmospheric
states that manifest themselves in quasi-stationary, persistent, and recurrent large-
scale flow patterns. Because the actual instantaneous weather differs from day to day
and evolves continuously with time, classifying weather maps in a finite number of
slowly varying states is not a simple task. There are many ways to define weather
regimes. Referring to the property of recurrence in the sense of the most frequent
patterns in a climatological period, cluster analysis is nowadays the most common
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Background/Motivation

Global error spectra for 850hPa rotational wind for Dec-Jan 2021-2022
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The skilful forecast information lies in the longest waves for long forecasts
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Background/Motivation

A prototype non-linear model
with flow regimes

X = X 8
Y= -XZ #X Y
Z=XY -bZ

Lorenz E., 1963: Deterministic non-periodic flow

A Does a finite number of recurrent
and persistent weather patterns Example of 850hPa temperature forecast
exists in the atmosphere? | |




Background/Motivation H | Stori Ca| notes

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

The Effect of Atlantic Blocking Action upon European Climate

- —

By DANIEL F. REX, University of Stockholm

(Manuscript received 28 March 1951)

Abstract

The results of the individual analysis of six cases of Adantic blocking action are pre-
sented in the form of mean surface amd uppcr-]cvel pressure distributions and of mean
regional precipitation and surfac | patterns for winter and for summer
bluckcd periods over the Europnn area, A mean" blocked sea-level pressure distribu-

her with its I pattern, are compared with similar chares
com.!tmctcd for a case of strong European zonal flow., A summary of the weather regime
associated with European blocking is given, and variable blocking activity is discussed
as a factor in the recent climatic change which has been observed over the North Atlantic-
European area.

Figure 2. Vintage map showing early monthly mean sea level pressure (SLP) maps for December 1868 (top) and for
December 1879 (bottom) (units in Torr:; I Torr = 1.3332 hPa). From Teisserenc de Bort [1883].

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

Recurrent flow patterns: examples

A seguence of 5-day mean
fields of 500 hPa

geopotential height N —
during boreal wint efie)
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Background/Motivation

Recurrent flow patterns: examples

5-9 Jan 1985 4-8 Feb 1986

ebut each of t hem
occurred in a different
winter

10-14 Jan 1987
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Regime calculation

EOF analysis of the Euro-Atlantic sector

Current products at ECMWE based on:

A Daily geopotential height at
5 0 loPa

A Euro-Atlantic region (30°N to
88.5°N, 80°W to 40°E).

A 5-day running mean

A mean seasonal cycle was
removed

A29 years

A October to March

A ECMWF ERA-Interim data
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Background/Motivation

NAO and Blocking index for Winter 2009-2010 / 2013-2014
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sackgroundiMotivation N[y Iti-modality in two-dim. PDF from principal components:

Corti et al., Nature 1999

b) PDF (PC1, PC2) Re—An. 1955-98 [h = 0.4]
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Distribution of low-level jet position
over the Atlantic
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Woollings et al., 2010, 10.1002/qj.625
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Regime calculation

Regimes as clusters in a multi-dimensional EOF phase space

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) Four Euro-Atlantic regimes from K-means

cluster analysis of ERA-Interim 5-day means
of 500 hPa height, DJF 1980-2008

(a)
K'm eans with k - 4 nnd?f:n:?é‘;;eea’::ﬂfiﬂflre a0 2008 onaﬁfsmgeggmy:ar":%ﬁ-ﬁﬁerq'iggbﬁma NAO
S - . NAO + i
. 21%
. 329
o
° ;.. g
S ] e ° .. ®
.:%': ¥eoo . °®
0 [ ] e® e ‘ & ERA- T
o ] O. ° o ®
e e
® ° ® °
S de ® Y ... . .
S ..-.;ﬁ‘ . Blocking éct)'o-/“dge
®
9 o 26% _ 0
! ° Elocking
[ I I I |
0.5 0.0 0.5 1.0 1.5

V aa
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 11



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

Blocking - . Blocking

7 year-around regimes (Grams et al. 2017, 10.1038/nclimate3338)
Atlantic Trough (AT) (b) Zonal Regime (Z0) (e) European Blocking (EuBL) ng (ScBL)

A 2,
A . 4-‘ 4 4 .rj.‘ 0
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Regime calculation a Daily EOF1/2 projection

Daily projections onto each regime . >
and variance explained by each set
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Products

Need to condense ensemble information

ECMWF ENSEMELE FORECASTS

Monday 28 February 2022 0000 UTC ECMWF forecast t+144 VT:Sunday 06 March 2022 0000 UTC
MSLP (’('xmbur every 5hPa) Temperature at 850hPa (only -© and 16 isolines are plotted)
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Products

A Life-cycle (persistence of regime)

A Continuous or categorical attribution

A Orthogonality make it possible for 2-d visualisation
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a Ensemble mean forecast, day 12-18

Ensemble mean 500 hPa geopotential height anomaly
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Connections to surface weather Ragime structures and surface impacts (SONDJFM, 2000-2020)

Regime composites: Z500 (20 m contour spacing) and T2m (shading)

Composites lag regimes by 0 day(s) euroatlwinter_4wr_z500_10eofs
Positive NAO Negative NAO European Blocking Atlantic Ridge
ERAS
2 Regime structures and surface
Oper ;’ ‘ impacts are well-represented in
' ': ! operational reforecasts (CY47R1)
CY47R1 L7 and stable across S2S lead times
(week 1) (week 1 to week 6).
Oper. ~N
CY47R1
(week 6)




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

Regime composites: Z500 (20 m contour spacing) and precipitation (shading)
euroatlwinter_4wr_z500_10eofs

ERA5S

Oper.
CY47R1
(week 1)

Oper.
CY47R1
(week 6)
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Composites lag regimes by 0 day(s)
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European Blocking

Atlantic Ridge
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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 Connection o Surface Weather

Temperature extremes and connection to EOF2 Wind anomalies and connection to wind power generation (7WR)
Ferranti et al. (2018, 10.1002/qj.3341) Grams et al. (2017, 10.1038/nclimate3338)
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Skill

Brier skill score [-]

Verification of regime forecasts

Lead time [d]
From Bueler et al. (2021, https://doi.org/10.1002/qj.4178)
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How to verify:

A

Do Po Do Io

Anomaly correlation (%)
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projections
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From Ferranti et al. (2015, https://doi.org/10.1002/qj.2411)
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Teleconnections

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

ECMWF forecast from 1 Feb 2022
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Teleconnections - example:

Time-series of two indices

seas_Atl nino34
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ECMWF Seasonal Forecast System 5
Mean 2m temperature anomaly JJA 2023
1 imate sign

eof 2: East Atlantic (EAT)

K=t z500

Does El Nino influence European summers?

Teleconnections during JJA
nino34 vs EAT

T .:0 ‘. ° e

Composites +/- 1 stdev (black points):
Positive: -0.16 (17 of 120)

Negative: 0.17 (21 of 120)
Correlation: 0.29

See also:

Waulff et al., (2017): https://doi.org/10.1002/2017GL075493
O6Rei | I'y elttpsa/tioi.ofg/1@.1274/IC }D-17-0451.1
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https://doi.org/10.1002/2017GL075493
https://doi.org/10.1175/JCLI-D-17-0451.1

Impact from ENSO during DJF In reanalysis

2-metre temperature Precipitation 7500

(@] Teleconnection composite positive ERA Interim Nina34 SST DJF 2T, 26 cases
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- — Dotted: 5 % significance Dotted: 5 % significance Dotted: 5 % significance
-
=
O 9E O W - [E3

V aa
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 22



Teleconnections

Regime frequencies are affected by MJO phase Lagged correlations for NAO
(Cassou, Nature 2008)

Madden-Julian Oscillation Precipitation anomaly

Phase 2

Phase 3 \

Phase 6

---~“‘-»

Phase 7
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