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 A	  connec5on	  between	  El	  Niño	  and	  Europe?	  

Similar results were found by others (as discussed in more
detail below), most notably by Fraedrich [1990, 1994],
Fraedrich and Müller [1992], and Fraedrich et al. [1992].
A ‘‘canonical’’ El Niño late winter signal has emerged from
these studies and was further supported by later work
(though not without questions and alterations, even contra-

dictions). A classical illustration of this signal is given in
Figure 5 (color version of left part of Figure 1 from
Fraedrich and Müller [1992]). Figure 5 shows composite
anomaly fields of wintertime SLP, temperature, and precip-
itation for selected strong ENSO warm events (El Niño)
based on a long series of station data. The canonical winter
signal, as it is conveyed in Figure 5, consists of low
temperatures in northern Europe, high SLP from Iceland
to Scandinavia, and low SLP over central and western
Europe, as well as increased precipitation over parts of the
Mediterranean and decreased precipitation in Norway. It
also appears clearly in Figure 3, where the linear part of the
ENSO response in temperature, SLP, and precipitation is
shown, and it corresponds well with the 1940s case. Other
studies found similar results [e.g., van Loon and Madden,
1981; Gouirand and Moron, 2003; Moron and Gouirand,
2003]. With respect to the synoptic timescale a significant
change in ‘‘European Grosswetterlagen’’ [Hess and
Brezowsky, 1969] could be found, with more cyclonic
and less anticyclonic weather types over central Europe
during El Niño and a southward shift of the Atlantic cyclone
track and vice versa for La Niña [e.g., Fraedrich, 1990,
1994; Wilby, 1993; May and Bengtsson, 1998; Moron and
Plaut, 2003]. Graf and Funke [1986] found more frequent
blocking situations in the European-Atlantic sector during
El Niño events. In general, El Niño tends to be accompanied
by a negative mode of the NAO, but it would be wrong to
describe the El Niño effect simply as a negative NAO.
Rather, during El Niño events the SLP anomaly centers
are often shifted northeastward compared to the classical
NAO pattern [e.g., Brönnimann et al., 2007b] (see Figures 3
and 5).
[35] Studies that explicitly address La Niña winters often

find a signal that is close to symmetric to the El Niño signal
[e.g., Fraedrich and Müller, 1992; Gouirand and Moron,
2003; Moron and Gouirand, 2003; Moron and Plaut, 2003;
Brönnimann et al., 2007b], but this does not hold for all of
the features, as is discussed in more detail in section 3.2.2.
For La Niña the positive NAO-like signal is pronounced
[Pozo-Vázquez et al., 2001, 2005b], and Cassou and Terray
[2001a] found a clear weakening of the Atlantic jet.
[36] ENSO also affects the Mediterranean winter climate.

During El Niño events the Mediterranean cyclone track is
shifted northward, which affects precipitation. Fraedrich
and Müller [1992] found less precipitation in southwestern
Europe as well as the Black Sea area during cold events
but more precipitation in the same regions during warm
events. Temperature in Turkey in late winter was found by
Brönnimann et al. [2007b] to be high during El Niño and
low during La Niña. Kadioğlu et al. [1999] found
an increase (decrease) of precipitation in northwestern
(southern) Turkey during El Niño events. For Israel, Price
et al. [1998] found a positive correlation between October-
to-March rainfall and ENSO indices, but the correlation was
only significant during the past 25 years. Arpe et al. [2000]
found a clear correlation between indices of the Caspian Sea
level (or precipitation minus evaporation in the Volga River

Figure 5. Composite anomaly maps of (top) surface
pressure, (middle) temperature, and (bottom) rainfall based
on station data for 26 ENSO warm events from 1880 to
1988 (colored for comparison with Figures 2 and 3). From
Fraedrich and Müller [1992]. Copyright 1992 Royal
Meteorological Society. Reproduced with permission.
Permission is granted by John Wiley and Sons Ltd on
behalf of RMETS.
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El Niño events are 
suggested to cause 
anomalies in winter 
temperature and 
precipitation patterns over 
the North Atlantic / Europe 
region.  

Figure: composite anomaly temperature 
for 26 El Niño events (1880 – 1988) 



 
 
 

1. Prediction skill in the MPI-ESM seasonal 
prediction system 
 
 
2. An El Niño teleconnection pathway through 
the stratosphere 
 
 
3. Predictability in the North Atlantic / Europe 
region 



 
 
 

n  ECHAM6 (atmosphere) 
•  horizontal T63 (1.9°x1.9°) 
•  vertical L47 (47 levels up to 0.01hPa, 

~24 levels above 200hPa) 
n  MPIOM (ocean) plus sea ice 
•  horizontal: 1.5° 
•  vertical: 40 levels  

Data assimilation: Nudging (Newtonian relaxation) towards reanalysis data 
Hindcasts:	  November	  and	  May	  start	  dates	  for	  1980	  -‐	  2011	  

Ø  	  ini8alize	  every	  November	  1	  and	  May	  1	  with	  a	  run8me	  of	  1	  year	  

Ø  9	  ensemble	  members	  for	  each	  start	  date	  

Setup	  of	  the	  MPI-‐ESM	  seasonal	  predic5on	  system	  

MPI-ESM: Max Planck Institute - Earth System Model 

Literature on MPI-ESM: Giorgetta et al (2012), Stevens 
et al (2013), Jungclaus et al (2013), Schmidt et al 
(2013) 
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 El	  Niño	  teleconnec5on	  to	  the	  stratosphere	  
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 Downward	  propaga5on	  of	  warm	  anomaly	  
to	  the	  lower	  stratosphere	  
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Sudden	  warmings	  (SSWs)	  are	  more	  frequent	  for	  a	  
warm	  polar	  stratosphere,	  as	  observed	  for	  El	  Niño	  
events	  

0 1 2
−10

−8

−6

−4

−2

0

2

4

6

8

10

po
lar

 ca
p 

te
m

pe
ra

tu
re

 a
no

m
ali

es
 [K

]

SSW events per winter

ERAinterim reanalysis 
model (ensemble members) 

model 
mean 

D
JF

 te
m

pe
ra

tu
re

 a
no

m
al

ie
s 

av
er

ag
ed

 o
ve

r 
st

ra
to

sp
he

ric
 p

ol
ar

 c
ap

 (1
0h

P
a,

 6
0-

90
°N

) 

number of major stratospheric sudden warming events per winter 

model 
standard deviation 

one circle per winter / ensemble member 

[°C] 
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prediction model 
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 Improved	  Spring	  predictability	  over	  Europe	  

during	  El	  Niño	  years	  
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c) El Nino years without volcanoes
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Fig. 7. Anomaly correlation coe�cient for 500hPa geopotential height averaged over JFM
for (a) all years, (b) El Niño years, (c) El Niño years without volcanic influence, i.e. with
winter season 1982/83 removed due to the El Chichón and winter season 1991/92 removed
due to the Mt. Pinatubo eruption.
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all years (1981 - 2011) 
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El Niño years 
(1983,1987,1988,1992,1995,1998,2003,2005,2007,2010) 

Anomaly Correlation Coefficient (ACC) 
for 500hPa geopotential height for JFM 



 
 
 Variability	  over	  Europe	  for	  El	  Niño	  vs.	  SSW	  events	  
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MPI−ESM, 2 months after SSW
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ERAinterim, 2 months after SSW
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Fig. 8. 500hPa geopotential height anomaly [m] over the North Atlantic / Europe region
averaged over the two months following the month within which a sudden warming occurred
for all years (top row), averaged over JFM for El Niño years (2nd row), averaged over JFM
for El Niño years during which a SSW occurs during DJF (3rd row), averaged over JFM for
El Niño years with no SSW event during DJF (bottom row), for the model ensemble mean
predictions (left column) and for ERA-interim reanalysis (right column). Contour interval:
5m for all figures.
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Fig. 8. 500hPa geopotential height anomaly [m] over the North Atlantic / Europe region
averaged over the two months following the month within which a sudden warming occurred
for all years (top row), averaged over JFM for El Niño years (2nd row), averaged over JFM
for El Niño years during which a SSW occurs during DJF (3rd row), averaged over JFM for
El Niño years with no SSW event during DJF (bottom row), for the model ensemble mean
predictions (left column) and for ERA-interim reanalysis (right column). Contour interval:
5m for all figures.
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 The seasonal forecasting efforts with the MPI-ESM prediction system 

show the first successful results in terms of a representation of the El Niño 
teleconnection pattern through the stratosphere.   

Stratospheric sudden warming events contribute to the observed 
seasonal evolution in the stratosphere, as well as to predictability over the 
North Atlantic / Europe region.  

While specific stratospheric sudden warming events cannot be predicted 
beyond about a month, the phase of ENSO gives an indication of the 
stratospheric seasonal mean temperature and the tendency of occurrence 
of sudden warming events. 

Predictability over Europe can be increased by using both the 
stratosphere and El Niño as predictors.  

Domeisen, D.I.V., A. H. Butler, K. Fröhlich, M. Bittner, W. Müller, J. Baehr, 2014: Seasonal 
Predictability over Europe arising from El Nino and Stratospheric Variability in the MPI-ESM 
Seasonal Prediction System, in review with J. Clim. 

Thank you for your attention! 
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