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ENSO is the leading mode of climate variability on seasonal-to-interannual timescales

ENSO is the most important source of predictability at seasonal timescale
[e.g. Doblas-Reyes et al. 2013]
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correlation maps of precipitation with Nino3.4
[Mariotti et al. 2002]
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i N SST anomaly up to April 2022
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SST anomaly up to April 2022
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ENSO is the leading mode of climate variability on seasonal-to-interannual timescales

ENSO is the most important source of predictability at seasonal timescale
[e.g. Doblas-Reyes et al. 2013]
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correlation maps of precipitation with Nino3.4
[Mariotti et al. 2002]
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ENSO is the leading mode of climate variability on seasonal-to-interannual timescales

ENSO is the most important source of predictability at seasonal timescale
[e.g. Doblas-Reyes et al. 2013]

(a) El Nino 3.4 region: 1 month lead (b) El Nino 3.4 region: 4 months lead
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La Nina impacts
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Rossby wave
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planetary vorticity / Coriolis parameter

f = 2Qsing
relative vorticity (local)
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Barotropic Vorticity Equation
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teleconnections propagate anomalies

depend on the background flow!!
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teleconnections propagate anomalies

depend on the background flow!!
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correlation map of precipitation with Nifio3.4
[Mariotti et al. 2002]
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correlation map of SLP with Nifio3 (in MAM)
[van Oldenborgh et al. 2000]

correlation map of MAM-SLP with DJF-Nifio3
[Lorenzo et al. 2011]
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correlation map of precipitation with Nifio3.4
[Mariotti et al. 2002]
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correlation map of SLP with Nifio3 (in MAM)
[van Oldenborgh et al. 2000]
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secondary Rossby wave source [Garcia-Serrano et al. 2017]
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correlation map of precipitation with Nifio3.4
[Mariotti et al. 2002]

b) Vorticity Equation Solution to ITCZ Forcing
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resembling El Nifio-La Nifia composite (JAS)
[Shaman and Tziperman 2007]
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b) Vorticity Equation Solution to ITCZ Forcing
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resembling El Nifio-La Nifia composite (JAS)
[Shaman and Tziperman 2007]
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correlation map of precipitation with Nifio3.4
[Mariotti et al. 2002]

El Nino — La Nina

El Nino — La Nina

ND JFM

strong intra-seasonal modulation: early-winter (ND) vs mid/late-winter (JFM)
[Moron and Gouirand 2003; Gouirand et al. 2007; King et al. 2018; Ayarzaguena et al. 2018]
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Z50 (lower stratosphere) WINTER
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weakened polar vortex ‘
[Ineson and Scaife 2009]

Sea-level pressure anomal ly (hPa) Sea-level pressure anomaly (hPa)
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stratosphere as feedback for persistence

— stratospheric pathway
[Cagnazzo and Manzini 2009] [Ineson and Scaife 2009; Bell et al. 2009]
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Atlantic Nino (ATLN)

LAG= -1 SST(OND)/Z500(NDJ)
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V
Atlantic Nino (ATLN)

LAG= -2 SST(SON)/Z500(NDJ) LAG=-1 SST(OND)/Z500(NDJ)

[Frankignoul and Kestenare 2005]
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atmospheric response Atlantic Nifio (ATLN)
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atmospheric response
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[Haarsma and Wazeleger 2007]

LAG= -1 SST(OND)/Z500(NDJ)

[Frankignoul and Kestenare 2005]
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Subtropical North Atlantic (SNA)
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Subtropical North Atlantic (SNA)
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Subtropical North Atlantic (SNA)
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NAO coupling to the ocean (North Atlantic) (] persistence/predictability
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Barents-Kara sea-ice concentration in autumn (NOV) ERA-int SLP (DJF)
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Barents-Kara sea-ice concentration in autumn (NOV) ERA-int SLP (DJF)
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Barents-Kara sea-ice concentration in autumn (NOV) ERA-int SLP (DJF)
[Garcia-Serrano et al. 2015; King et al. 2015; Koenigk et al. 2015] J g if i Y
[Scaife et al. 2014; Dunstone et al. 2016] @;,s s L
s N ® Jis. ®
e
Obs NAO corr. :

Nov ice area > \

01 03 05 07 09

¥ ERA-int SAT (DJF)
% — =
& .
E @ ”,.. A 2 >
> /g .

[Dunstone et al. 2016]

014 03 05 07 09

a) MCA-SIC/BKnov x SIC (nov)

0.1 0.3 0.5 0.7 0.9
empirical prediction skill
[Garcia-Serrano et al. 2015, 2017] [Garcia-Serrano et al. 2015]




@

METEO-UB Arctic sea-ice INIVERSITAT DE SARGEGNA

B

what precedes the winter NAO 1 NAO precursors November

wave-like anomalies over Eurasia coupled
to troposphere-stratosphere variability

40 08 06 04 02 02 04 06 08 10

LTy

[Kuroda and Kodera 1999]

[Takaya and Nakamura 2008] Py [Garcia-Serrano et al. 2015]



@

METEO-UB Arctic sea-ice INIVERSITAT DE SARGEGNA

B

what precedes the winter NAO 1 NAO precursors November

wave-like anomalies over Eurasia coupled il
to troposphere-stratosphere variability [v*T*] at 100hPa (nov)
“1 — NAO (DJF)

(mK/s)
g 1

E-P flux
\ GG |\ T ! :
| \\ \\ 6ﬂk‘|\ \ R 10 08 06 04 02 02 04 06 08 10
| \ & / | \ N
. "‘.‘. \\ \\J/“ LY $ x n A .
4 \\\ \\\ k [\ l‘ I A
S/ ‘5
! ] a1 ;1
] \” 5 9 A T T \
1)\ St \,
[\ et )
[Kuroda and Kodera 1999] s6d/ E ’|
\ "
850 ¥ ) J
20N 40N BON BON

[Garcia-Serrano et al. 2015]



METEO-UB Arctic sea-ice UNWERSITAQBARCELONA

B

what precedes the winter NAO 1 NAO precursors November

wave-like anomalies over Eurasia coupled
to troposphere-stratosphere variability [v*T*] at 100hPa (nov)

1— NAO (DJF)
— MCA-SIC/BKnov

1 AN

EQ 20N 40N 60N 80N

(mK/s)

AZ100 AFz100

40 08 06 04 02 02 04 06 08 10

[Nakamura et al. 2016]

[Garcia-Serrano et al. 2015]



@

METEQ-UB Arctic sea-ice NIVERSIIAT DEHARGELONA

SUMMER

-2.5 2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
300 hPa zonal wind anomaly (ms™)

- T T [ T I I g
-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 0.20 0.25 0.30

Precipitation anomaly (mm day™)

sea-ice reduction linked to weakening
of the North Atlantic westerly-jet

-2.0 -1.6 -1.2 -0.8 -0.4 0.0 04 0.8 1.2 1.6 2.0
300 hPa meridional wind (m s™)

: : : : : : : : : : . MAM JJA
-100 -80 -60 -40 -20 0 20 40 60 80 100 i )
Sea level pressure (Pa)

-10 -8 -6 -4 -2 0 2 4 6 8 10
Geopotential height (m)

Arctic sea-ice is also a precursor for summer atmospheric R e
circulation and rainfall anomalies over Europe D — . S EEER NS
-50 -40 -30 -20 -10 0 10 20 30 40 50
[Screen 2013]




METEO-UB stratosphere (SSWs) UNWERSITA%BARCELONA

NAO coupling to the stratosphere [ predictability
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,

characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)
leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Quasi-Biennial Oscillation (QBO)

leading mode of interannual variability in the tropical stratosphere,
characterized by alternating, descending easterly (EQBO) and westerly (WQBO) winds
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Additional sources of seasonal predictability

SUMMARY:

ENSO is the most important source of predictability at seasonal timescale...

...other oceanic basins may also provide predictability (e.g. Atlantic, Indian)

...other forcings may play a larger role in seasons when ENSO signal is weak

...other atmospheric phenomena might be important (e.g. QBO; MJO)

1 dynamical forecast systems require a proper representation of the stratosphere

[ there is room for comprehensively improving empirical prediction models
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NAO coupling to the stratosphere [ persistence
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around the Arctic switch between
these two phases (Arctic Oscillation)
and contribute to winter weather patterns.
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NAO coupling to the stratosphere [ persistence

ERAI [U]

funy
o
I

100 A

T
w
o

T
N
o

10

1000 T T
0 30 60
Latitude (degiees)

r 40

North Atlantic jet strongly coupled
with the stratospheric polar vortex

Height (km)

I -20

eddy momentum flux: u’v’

Ambaum & Hoskins (2002)



M ETE“'“B N AO UNIVERSITAT DE BARCELONA

NAO coupling to the ocean (North Atlantic) [ persistence




