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Goal
Discuss our(!) experience with a Regional Climate 

System Model, i.e. with coupled ocean
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Global Climate System Models
Manabe & Bryan (1969):

“Empirical evidence indicates that the poleward heat transport by 
ocean currents is of the same order of magnitude as the poleward 
transport of energy in the atmosphere (Sverdrup, 1957).”
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9 atm. & 5 oceanic 
layers
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Global models today?
Example: MPI-ESM
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Global models today?
Example: MPI-ESM
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Smaller grid-spacings needed?
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MedSea 19.6.00
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MedSea 19.6.00
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Schmiedl et al. 2010

Marginal seas need high-res. 

(better than GCMs)

But: Interactive Ocean in RCMs?
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Regional Coupled Systems
Example: HWRF (operational since 2007)
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Ginis (2008)
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Moisture source & receptor regions
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Gimeno et al. (2012)

DJF

JJA
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RCSM COSMO-CLM/NEMO
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OASIS-MCT2
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Evaporation over the Med.-Sea

12 Lebeaupin et al. 2015
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SST

13 Akhtar et al. 2017
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Near Sea Added Value: Medicanes
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NHESSD

2, 2117–2149, 2014

Medicanes in an

ocean–atmosphere

coupled regional

climate model

N. Akhtar et al.
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Fig. 7. ME09; 10–meter wind speed (ms
�1

) in coupled and atmosphere-only (0.08�) simulations and the NOAA

"Blended Sea winds" on December 10, 1996 at 18:00 UTC

Table 1. Code, date, approximate time of mature phase and geographical coordinates of medicane centers from 1983 to

2003 (Tous and Romero, 2013)

Code Date Time

(UTC)

Lat(�N) Lon(�E) Maximum

diameter (km)

Lifetime (h)

ME01 1983-Sep-29 12 41.1 6.8 220 90

ME02 1984-Apr-07 06 36.4 19.2 230 36

ME03 1984-Dec-29 06 35.4 11.6 220 60

ME04 1985-Dec-14 12 35.5 17.6 290 54

ME05 1991-Dec-05 12 36.2 16.7 320 30

ME06 1995-Jan-15 18 36.4 19.1 300 78

ME07 1996-Sep-12 12 39.4 2.8 170 12

ME08 1996-Oct-06 18 37.2 3.9 240 90

ME09 1996-Dec-10 00 40.3 3.7 230 48

ME10 1998-Jan-26 12 36.7 17.9 250 30

ME11 1999-Mar-19 06 38.5 19.6 250 30

ME12 2003-May-27 00 40.1 2.8 280 42

19

Fig. 7. ME09; 10 m wind speed (ms�1) in coupled and atmosphere-only (0.08�) simulations and
the NOAA “Blended Sea winds” on 10 December 1996 at 18:00 UTC.

2145

Medicane 10 Dec. 1996, 18:00; 10-m Wind

Akhtar et al., NHESS, 2014
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Near Sea Added Value: 
Precipitation difference to E-Obs in mm/day

15 Pham et al. 2014, 2015
	

Infrared satellite image from NOAA-9 
at 0210 UTC 11 January 1987

ice covered
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Near Sea Added Value: Convective 
Snowbands

16 Pham et al. 2014, 2015

ice covered
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Vb-cyclones

17

3 FACHLICHE GRUNDLAGEN 19 

 

überhaupt beobachtet werden und deshalb ist auch damit verbundene  Zugbahn Vb 
allen im Gedächtnis erhalten geblieben. 

Die Besonderheit eines Vb-Ereignisses soll stellvertretend anhand des Ereignisses 
vom August 2002 erklärt werden. Damals kam es zu verheerenden Hochwässern die 
retrospektiv analysiert wurden wie z.B. in einer Arbeit des Deutschen Wetterdienstes 
(DWD). In dieser Analyse beschreiben die Autoren (Rudolf und Rapp, 2003) die meteo-
rologisch-hydrologischen Ursachen für das Hochwasser an der Elbe im August sinn-
gemäß so: 

 

Großskaliges, starkes und quasi-stationäres Hebungsgebiet 

Sehr hoher Flüssigwassergehalt der Luftmasse 

Konvektive Verstärkung durch eingelagerte Schauer und Gewitter 

Niederschlagsverstärkung durch zusätzliche orographische Hebung 

Tiefgründig vorgesättigte Böden 

Bereits vor Ereignisbeginn hohe Wasserstände in betroffenen Flüssen  

 

Um die Verkettung der Wirkungsmechanismen die in der Folge schwerwiegende 
Hochwässer induzieren können besser zu verstehen, ist in der folgenden Abbildung 2 
der Ablauf eines solchen Vb-Ereignisses  idealisiert dargestellt. 

 

Abbildung 2: Zugbahn (rot) des Bodentiefs beim Augusthochwasser 2002, aus Rudolf und Rapp 

(2003) modifiziert. Gebirgszüge (schwarz) und zyklonale Rotation bzw. Luftmassenzufuhr an 

die Orographie (blau). 

Rudolf & Rapp (2003)
ATL Vb

Hofstätter et al. (2016)
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Inform. flow: SST(NWMed) -> Precip

18
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INTRODUCTION

• This study primarily focuses
on accessing and quantify-
ing information flow in the
coupled COSMO-CLM and
NEMOMED12 configuration
and stand alone COSMO-
CLM for the period 1979 to
2011

• Information flow or infortma-
tion transfer measures the ca-
suation between two dynami-
cal events

METHODOLOGY

• Liang and Kleeman proposed information flow(IF) theory for two dimensional systems [3]

Tx�>y =
CyyCyxCx,dy � C

2
yxCy,dy

C2
yyCxx � CyyC

2
yx

Where C represents covariance and the units are given in nats/day

• Transfer entropy(TE) was introduced by Schreiber[4] in 2000 as an information theoretic measure which takes dynamics into account

TEx�>y = H(xt, x
k
t�T )�H(xt/y

l
t�T , x

k
t�T )

EXPERIMENTS

• Coupled and uncoupled sim-
ulations are carried out with
COSMO model in climate
mode (CCLM) horizontal grid
resolution of 0.44� and NEMO
horizontal resolution of 1/12�

• Initial and boundary condi-
tions for CCLM were taken
from the ECWMFs ERA-

Interim reanalysis data

• In the uncoupled configura-
tion, SST is prescribed using
the ERA-Interims daily SST
whereas in coupled it is from
NEMOMED12 every 6 hours

• EOBS precipitation and
Copernicus SST data are
taken as observations

RESULTS
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Figure 1: (a) IF and TE for the uni-directionally coupled Rossler
- Lorenz system along with their governing equations and block
diagrams (b) IF from daily SST to precipitation (c) IF from SST to
boundary layer height over ocean

CURRENT SIMULATIONS

Figure 2: Coupled system with COSMO as atmospheric component
along with NEMO as ocean component and TRIP as river compo-
nent. The variables exchanged every 1 hour are shown with the
arrows representing the direction of exchange.
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Figure 1: (a) IF and TE for the uni-directionally coupled Rossler
- Lorenz system along with their governing equations and block
diagrams (b) IF from daily SST to precipitation (c) IF from SST to
boundary layer height over ocean

CURRENT SIMULATIONS

Figure 2: Coupled system with COSMO as atmospheric component
along with NEMO as ocean component and TRIP as river compo-
nent. The variables exchanged every 1 hour are shown with the
arrows representing the direction of exchange.
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PoÌĆle ModeÌĄl, 27. Inst Pierre-Simon Laplace, Paris,(2008)

[3] Liang, S.X, The Liang-Kleeman information flow: Theory
and application, Entropy 15, 327 (2013).

[4] Thomas Schreiber. Measuring information transfer. Physical
review letters, 85(2):461, 2000.

Funded by the German Federal Ministry of Education and Re-
search (BMBF) under Grant Miklip: Regionalization 01LP1518C

• *Presented at DKRZ meeting , Hamburg - 2017

CONCLUSION AND OUTLOOK

• Information flow and
transfer entropy reveal
presence of one way cou-
pling

• Coupled model captures
similar information ex-
change between the vari-
ables as in the observa-
tions

Mittelfristige
Klimaprognosen 

Information flow in coupled and uncoupled
regional climate simulations

PRAVEEN KUMAR POTHAPAKULA ,NAVEED AKHTAR, B.AHRENS*
Email: pothapakula@iau.uni-frankfurt.de, Goethe University, Frankfurt

INTRODUCTION

• This study primarily focuses
on accessing and quantify-
ing information flow in the
coupled COSMO-CLM and
NEMOMED12 configuration
and stand alone COSMO-
CLM for the period 1979 to
2011

• Information flow or infortma-
tion transfer measures the ca-
suation between two dynami-
cal events

METHODOLOGY

• Liang and Kleeman proposed information flow(IF) theory for two dimensional systems [3]

Tx�>y =
CyyCyxCx,dy � C

2
yxCy,dy

C2
yyCxx � CyyC

2
yx

Where C represents covariance and the units are given in nats/day

• Transfer entropy(TE) was introduced by Schreiber[4] in 2000 as an information theoretic measure which takes dynamics into account

TEx�>y = H(xt, x
k
t�T )�H(xt/y

l
t�T , x

k
t�T )

EXPERIMENTS

• Coupled and uncoupled sim-
ulations are carried out with
COSMO model in climate
mode (CCLM) horizontal grid
resolution of 0.44� and NEMO
horizontal resolution of 1/12�

• Initial and boundary condi-
tions for CCLM were taken
from the ECWMFs ERA-

Interim reanalysis data

• In the uncoupled configura-
tion, SST is prescribed using
the ERA-Interims daily SST
whereas in coupled it is from
NEMOMED12 every 6 hours

• EOBS precipitation and
Copernicus SST data are
taken as observations

RESULTS

0 1 2 3 4 5−
0

.0
0

8
−

0
.0

0
4

0
.0

0
0

0
.0

0
4

ROSSLER−LORENZ

coupling

In
fo

rm
a

tio
n

 f
lo

w

X −−> Y (nats/sec)
Y −−> X (nats/sec)

0 1 2 3 4 5

−
0
.2

−
0
.1

0
.0

0
.1

0
.2

0
.3

ROSSLER−LORENZ

coupling

T
ra

n
s
fe

r 
E

n
tr

o
p
y

X −−> Y (nats)
Y −−> X (nats)

Equation for coupled system               Block diagram                                 Information flow                     Transfer Entropy
(a) Rossler --> Lorenz

 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−1.35 −1.2 −1.05 −0.9 −0.75 −0.6 −0.45 −0.3 −0.15 Nats day

 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−1.35 −1.2 −1.05 −0.9 −0.75 −0.6 −0.45 −0.3 −0.15 Nats day

 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−1.35 −1.2 −1.05 −0.9 −0.75 −0.6 −0.45 −0.3 −0.15 °Nats day 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−3.6 −3.2 −2.8 −2.4 −2 −1.6 −1.2 −0.8 −0.4  Nats day

 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−3.6 −3.2 −2.8 −2.4 −2 −1.6 −1.2 −0.8 −0.4  Nats day

 

0° 10° E 20° E 30° E
25° N

30° N

35° N

40° N

45° N

−3.6 −3.2 −2.8 −2.4 −2 −1.6 −1.2 −0.8 −0.4  Nats day

Observation Coupled Uncoupled

S
S

T
  
  
  
P

re
ci

p
it

at
io

n
S

S
T

  
  
 B

o
u
n
d
ar

y
 l

ay
er

 h
ei

g
h
t

(b)

(c)

Figure 1: (a) IF and TE for the uni-directionally coupled Rossler
- Lorenz system along with their governing equations and block
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Where C represents covariance and the units are given in nats/day

• Transfer entropy(TE) was introduced by Schreiber[4] in 2000 as an information theoretic measure which takes dynamics into account

TEx�>y = H(xt, x
k
t�T )�H(xt/y

l
t�T , x

k
t�T )

EXPERIMENTS

• Coupled and uncoupled sim-
ulations are carried out with
COSMO model in climate
mode (CCLM) horizontal grid
resolution of 0.44� and NEMO
horizontal resolution of 1/12�

• Initial and boundary condi-
tions for CCLM were taken
from the ECWMFs ERA-

Interim reanalysis data

• In the uncoupled configura-
tion, SST is prescribed using
the ERA-Interims daily SST
whereas in coupled it is from
NEMOMED12 every 6 hours

• EOBS precipitation and
Copernicus SST data are
taken as observations
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Figure 1: (a) IF and TE for the uni-directionally coupled Rossler
- Lorenz system along with their governing equations and block
diagrams (b) IF from daily SST to precipitation (c) IF from SST to
boundary layer height over ocean

CURRENT SIMULATIONS

Figure 2: Coupled system with COSMO as atmospheric component
along with NEMO as ocean component and TRIP as river compo-
nent. The variables exchanged every 1 hour are shown with the
arrows representing the direction of exchange.
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CONCLUSION AND OUTLOOK

• Information flow and
transfer entropy reveal
presence of one way cou-
pling

• Coupled model captures
similar information ex-
change between the vari-
ables as in the observa-
tions
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Figure 1: NEMO-NORDIC model domain (blue area) inside the
COSMO-EU domain (yellow).

3.1 Evaluation method

To evaluate the forecasts from our experiments, we used
the Mean Square Error Skill Score (MSESS) (MURPHY,
1988):

MSESS = 1� MSEI

MSER
(3.1)

in which MSEI and MSER are the mean square errors of,
respectively, the forecasts of interest and the reference
forecasts. The forecasts of interest are the ones from
our coupled model experiments, while the references
are either the driving global forecasts or the uncoupled
model’s outcomes. This skill score compares the fore-
casts of interest with the reference forecasts with respect
to a given observation. Positive skill scores indicate bet-
ter predictive skill of the forecast of interest model com-
pared with the reference model. Negative or zero skill
scores, on the other hand, imply no gain in forecast
performance by the interest model system. GODDARD
ET. AL (2013) recommended this skill score as a primary
metric to measure the improvement of a model hindcast
compared with a reference forecast.

Due to the limited computing resource, we did not
produce an ensemble of forecasts. However, we com-
pensated by having multiple decades and looking at the
monthly or seasonal averages of multiple lead years (ex-
plained more details in Section 3.2)

The climate variable we focused on in this paper is
the 2-m air temperature, for which we used the observa-
tion data E-OBS version 10.0 (HAYLOCK ET. AL, 2008).
E-OBS is a 0.25� gridded dataset covering all of Europe,
with data retrievable from quite recent back to 1950. We
also assessed the model performance in simulating SST
against the Optimum Interpolation Sea Surface Temper-
ature (OISST) (REYNOLDS ET. AL, 2007; REYNOLDS,
2009) from the National Oceanic and Atmospheric Ad-

ministration (NOAA). This is a 1/4� daily analysis con-
structed by combining observations from different plat-
forms (satellites, ships, buoys) on a regular global grid.
Since this data set only covers the period from late 1981
to the present, part of our simulation could not be evalu-
ated with it.

3.2 Stratification on NAO conditions

The NAO is widely recognized as one of the most promi-
nent teleconnection patterns in all seasons (BARNSTON
and LIVEZEY, 1987) over the North Atlantic Ocean and
Europe. The strength and direction of the westerly winds
over Europe are governed by the permanent low pressure
system, the Icelandic Low, and the permanent high pres-
sure system, the Azores High. The relative strength of
these two pressure systems are presented by the NAO in-
dex. While a positive NAO index value (NAO+) is asso-
ciated with strong activity of westerlies which leads to a
large-scale circulation impact on climate that dominates
the local impact, a negative NAO index value (NAO-)
implies weak influence by the large-scale weather sys-
tem and therefore a more pronounced local impact of
the marginal seas. Throughout our study, we were cog-
nizant of the need to segregate the influence of the NAO
from the effect that the local North and Baltic Seas have
on the regional climate. Looking at positive and neg-
ative NAO periods separately let us better investigate
the air-sea coupling effect. The monthly NAO index
was calculated from the difference of the normalized
sea level pressure (SLP) between two locations: Lis-
bon (Portugal) and Stykkisholmur (Iceland) (HURRELL,
1995). These SLPs were taken from the MPI-ESM-LR
global simulations. To check the calculated NAO index,
we used NOAA’s reference monthly NAO index (CHEN
and VAN DEN DOOL, 2003) (http://www.cpc.ncep.noaa.
gov/products/precip/CWlink/pna/nao.shtml2). Compar-
ison with the NOAA data showed that the NAO in-
dex phases agreed slightly more than half of the time
with the reference data phases. Fig. 2 shows the differ-
ences between the forecasted monthly NAO index and
the NOAA reference data for the decade 2001-2010. The
months in which the two datasets agree are shown in
red. Eventhough the driving model MPI-ESM has low
predictability of NAO index, in our study, we only ana-
lyzed periods in which MPI-ESM reproduced correctly
the observed NAO phase (in total, there are 306 data
points spanning over 600 months). Using these data, we
performed a stratification based on NAO +/- phases.

The assessment metric was then calculated for differ-
ent lead times. The 306 months of data were separated
into positive or negative NAO phases and then arrayed
by lead years. This procedure significantly reduces the
number of data points that could be used for each lead
time; hence, we did not look at individual lead year. In-
stead, we assessed the skill scores for lead year 1 and
average scores for lead years 2-4, 5-7 and 8-10. That left
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Figure 5: MSESS of monthly 2-m temperature stratified by positive (upper panel) and negative (lower panel) NAO phases. Comparison
between forecasts from CCLM/NEMO and reference forecasts CCLM with respect to observational data E-OBS for period 1961-2010.
Shown for lead years 1, 2-4, 5-7, 8-10. Dotted area shows significant values at a 95% confidence level.
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Figure 6: MSESS of monthly 2-m temperature stratified by NAO positive (upper panel) and negative (lower panel) phases for four seasons:
winter (DJF), spring (MAM), summer (JJA), autumn (SON). Comparison between coupled model forecasts CCLM/NEMO and reference
forecasts CCLM with respect to observational data E-OBS for the period 1961-2010. Dotted area shows significant values at a 95%
confidence level.
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Figure 1: NEMO-NORDIC model domain (blue area) inside the
COSMO-EU domain (yellow).

3.1 Evaluation method

To evaluate the forecasts from our experiments, we used
the Mean Square Error Skill Score (MSESS) (MURPHY,
1988):

MSESS = 1� MSEI

MSER
(3.1)

in which MSEI and MSER are the mean square errors of,
respectively, the forecasts of interest and the reference
forecasts. The forecasts of interest are the ones from
our coupled model experiments, while the references
are either the driving global forecasts or the uncoupled
model’s outcomes. This skill score compares the fore-
casts of interest with the reference forecasts with respect
to a given observation. Positive skill scores indicate bet-
ter predictive skill of the forecast of interest model com-
pared with the reference model. Negative or zero skill
scores, on the other hand, imply no gain in forecast
performance by the interest model system. GODDARD
ET. AL (2013) recommended this skill score as a primary
metric to measure the improvement of a model hindcast
compared with a reference forecast.

Due to the limited computing resource, we did not
produce an ensemble of forecasts. However, we com-
pensated by having multiple decades and looking at the
monthly or seasonal averages of multiple lead years (ex-
plained more details in Section 3.2)

The climate variable we focused on in this paper is
the 2-m air temperature, for which we used the observa-
tion data E-OBS version 10.0 (HAYLOCK ET. AL, 2008).
E-OBS is a 0.25� gridded dataset covering all of Europe,
with data retrievable from quite recent back to 1950. We
also assessed the model performance in simulating SST
against the Optimum Interpolation Sea Surface Temper-
ature (OISST) (REYNOLDS ET. AL, 2007; REYNOLDS,
2009) from the National Oceanic and Atmospheric Ad-

ministration (NOAA). This is a 1/4� daily analysis con-
structed by combining observations from different plat-
forms (satellites, ships, buoys) on a regular global grid.
Since this data set only covers the period from late 1981
to the present, part of our simulation could not be evalu-
ated with it.

3.2 Stratification on NAO conditions

The NAO is widely recognized as one of the most promi-
nent teleconnection patterns in all seasons (BARNSTON
and LIVEZEY, 1987) over the North Atlantic Ocean and
Europe. The strength and direction of the westerly winds
over Europe are governed by the permanent low pressure
system, the Icelandic Low, and the permanent high pres-
sure system, the Azores High. The relative strength of
these two pressure systems are presented by the NAO in-
dex. While a positive NAO index value (NAO+) is asso-
ciated with strong activity of westerlies which leads to a
large-scale circulation impact on climate that dominates
the local impact, a negative NAO index value (NAO-)
implies weak influence by the large-scale weather sys-
tem and therefore a more pronounced local impact of
the marginal seas. Throughout our study, we were cog-
nizant of the need to segregate the influence of the NAO
from the effect that the local North and Baltic Seas have
on the regional climate. Looking at positive and neg-
ative NAO periods separately let us better investigate
the air-sea coupling effect. The monthly NAO index
was calculated from the difference of the normalized
sea level pressure (SLP) between two locations: Lis-
bon (Portugal) and Stykkisholmur (Iceland) (HURRELL,
1995). These SLPs were taken from the MPI-ESM-LR
global simulations. To check the calculated NAO index,
we used NOAA’s reference monthly NAO index (CHEN
and VAN DEN DOOL, 2003) (http://www.cpc.ncep.noaa.
gov/products/precip/CWlink/pna/nao.shtml2). Compar-
ison with the NOAA data showed that the NAO in-
dex phases agreed slightly more than half of the time
with the reference data phases. Fig. 2 shows the differ-
ences between the forecasted monthly NAO index and
the NOAA reference data for the decade 2001-2010. The
months in which the two datasets agree are shown in
red. Eventhough the driving model MPI-ESM has low
predictability of NAO index, in our study, we only ana-
lyzed periods in which MPI-ESM reproduced correctly
the observed NAO phase (in total, there are 306 data
points spanning over 600 months). Using these data, we
performed a stratification based on NAO +/- phases.

The assessment metric was then calculated for differ-
ent lead times. The 306 months of data were separated
into positive or negative NAO phases and then arrayed
by lead years. This procedure significantly reduces the
number of data points that could be used for each lead
time; hence, we did not look at individual lead year. In-
stead, we assessed the skill scores for lead year 1 and
average scores for lead years 2-4, 5-7 and 8-10. That left
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Figure 5: MSESS of monthly 2-m temperature stratified by positive (upper panel) and negative (lower panel) NAO phases. Comparison
between forecasts from CCLM/NEMO and reference forecasts CCLM with respect to observational data E-OBS for period 1961-2010.
Shown for lead years 1, 2-4, 5-7, 8-10. Dotted area shows significant values at a 95% confidence level.
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Figure 6: MSESS of monthly 2-m temperature stratified by NAO positive (upper panel) and negative (lower panel) phases for four seasons:
winter (DJF), spring (MAM), summer (JJA), autumn (SON). Comparison between coupled model forecasts CCLM/NEMO and reference
forecasts CCLM with respect to observational data E-OBS for the period 1961-2010. Dotted area shows significant values at a 95%
confidence level.
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Figure 1: NEMO-NORDIC model domain (blue area) inside the
COSMO-EU domain (yellow).

3.1 Evaluation method

To evaluate the forecasts from our experiments, we used
the Mean Square Error Skill Score (MSESS) (MURPHY,
1988):

MSESS = 1� MSEI

MSER
(3.1)

in which MSEI and MSER are the mean square errors of,
respectively, the forecasts of interest and the reference
forecasts. The forecasts of interest are the ones from
our coupled model experiments, while the references
are either the driving global forecasts or the uncoupled
model’s outcomes. This skill score compares the fore-
casts of interest with the reference forecasts with respect
to a given observation. Positive skill scores indicate bet-
ter predictive skill of the forecast of interest model com-
pared with the reference model. Negative or zero skill
scores, on the other hand, imply no gain in forecast
performance by the interest model system. GODDARD
ET. AL (2013) recommended this skill score as a primary
metric to measure the improvement of a model hindcast
compared with a reference forecast.

Due to the limited computing resource, we did not
produce an ensemble of forecasts. However, we com-
pensated by having multiple decades and looking at the
monthly or seasonal averages of multiple lead years (ex-
plained more details in Section 3.2)

The climate variable we focused on in this paper is
the 2-m air temperature, for which we used the observa-
tion data E-OBS version 10.0 (HAYLOCK ET. AL, 2008).
E-OBS is a 0.25� gridded dataset covering all of Europe,
with data retrievable from quite recent back to 1950. We
also assessed the model performance in simulating SST
against the Optimum Interpolation Sea Surface Temper-
ature (OISST) (REYNOLDS ET. AL, 2007; REYNOLDS,
2009) from the National Oceanic and Atmospheric Ad-

ministration (NOAA). This is a 1/4� daily analysis con-
structed by combining observations from different plat-
forms (satellites, ships, buoys) on a regular global grid.
Since this data set only covers the period from late 1981
to the present, part of our simulation could not be evalu-
ated with it.

3.2 Stratification on NAO conditions

The NAO is widely recognized as one of the most promi-
nent teleconnection patterns in all seasons (BARNSTON
and LIVEZEY, 1987) over the North Atlantic Ocean and
Europe. The strength and direction of the westerly winds
over Europe are governed by the permanent low pressure
system, the Icelandic Low, and the permanent high pres-
sure system, the Azores High. The relative strength of
these two pressure systems are presented by the NAO in-
dex. While a positive NAO index value (NAO+) is asso-
ciated with strong activity of westerlies which leads to a
large-scale circulation impact on climate that dominates
the local impact, a negative NAO index value (NAO-)
implies weak influence by the large-scale weather sys-
tem and therefore a more pronounced local impact of
the marginal seas. Throughout our study, we were cog-
nizant of the need to segregate the influence of the NAO
from the effect that the local North and Baltic Seas have
on the regional climate. Looking at positive and neg-
ative NAO periods separately let us better investigate
the air-sea coupling effect. The monthly NAO index
was calculated from the difference of the normalized
sea level pressure (SLP) between two locations: Lis-
bon (Portugal) and Stykkisholmur (Iceland) (HURRELL,
1995). These SLPs were taken from the MPI-ESM-LR
global simulations. To check the calculated NAO index,
we used NOAA’s reference monthly NAO index (CHEN
and VAN DEN DOOL, 2003) (http://www.cpc.ncep.noaa.
gov/products/precip/CWlink/pna/nao.shtml2). Compar-
ison with the NOAA data showed that the NAO in-
dex phases agreed slightly more than half of the time
with the reference data phases. Fig. 2 shows the differ-
ences between the forecasted monthly NAO index and
the NOAA reference data for the decade 2001-2010. The
months in which the two datasets agree are shown in
red. Eventhough the driving model MPI-ESM has low
predictability of NAO index, in our study, we only ana-
lyzed periods in which MPI-ESM reproduced correctly
the observed NAO phase (in total, there are 306 data
points spanning over 600 months). Using these data, we
performed a stratification based on NAO +/- phases.

The assessment metric was then calculated for differ-
ent lead times. The 306 months of data were separated
into positive or negative NAO phases and then arrayed
by lead years. This procedure significantly reduces the
number of data points that could be used for each lead
time; hence, we did not look at individual lead year. In-
stead, we assessed the skill scores for lead year 1 and
average scores for lead years 2-4, 5-7 and 8-10. That left
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Figure 5: MSESS of monthly 2-m temperature stratified by positive (upper panel) and negative (lower panel) NAO phases. Comparison
between forecasts from CCLM/NEMO and reference forecasts CCLM with respect to observational data E-OBS for period 1961-2010.
Shown for lead years 1, 2-4, 5-7, 8-10. Dotted area shows significant values at a 95% confidence level.
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Figure 6: MSESS of monthly 2-m temperature stratified by NAO positive (upper panel) and negative (lower panel) phases for four seasons:
winter (DJF), spring (MAM), summer (JJA), autumn (SON). Comparison between coupled model forecasts CCLM/NEMO and reference
forecasts CCLM with respect to observational data E-OBS for the period 1961-2010. Dotted area shows significant values at a 95%
confidence level.
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Figure 1: NEMO-NORDIC model domain (blue area) inside the
COSMO-EU domain (yellow).

3.1 Evaluation method

To evaluate the forecasts from our experiments, we used
the Mean Square Error Skill Score (MSESS) (MURPHY,
1988):

MSESS = 1� MSEI

MSER
(3.1)

in which MSEI and MSER are the mean square errors of,
respectively, the forecasts of interest and the reference
forecasts. The forecasts of interest are the ones from
our coupled model experiments, while the references
are either the driving global forecasts or the uncoupled
model’s outcomes. This skill score compares the fore-
casts of interest with the reference forecasts with respect
to a given observation. Positive skill scores indicate bet-
ter predictive skill of the forecast of interest model com-
pared with the reference model. Negative or zero skill
scores, on the other hand, imply no gain in forecast
performance by the interest model system. GODDARD
ET. AL (2013) recommended this skill score as a primary
metric to measure the improvement of a model hindcast
compared with a reference forecast.

Due to the limited computing resource, we did not
produce an ensemble of forecasts. However, we com-
pensated by having multiple decades and looking at the
monthly or seasonal averages of multiple lead years (ex-
plained more details in Section 3.2)

The climate variable we focused on in this paper is
the 2-m air temperature, for which we used the observa-
tion data E-OBS version 10.0 (HAYLOCK ET. AL, 2008).
E-OBS is a 0.25� gridded dataset covering all of Europe,
with data retrievable from quite recent back to 1950. We
also assessed the model performance in simulating SST
against the Optimum Interpolation Sea Surface Temper-
ature (OISST) (REYNOLDS ET. AL, 2007; REYNOLDS,
2009) from the National Oceanic and Atmospheric Ad-

ministration (NOAA). This is a 1/4� daily analysis con-
structed by combining observations from different plat-
forms (satellites, ships, buoys) on a regular global grid.
Since this data set only covers the period from late 1981
to the present, part of our simulation could not be evalu-
ated with it.

3.2 Stratification on NAO conditions

The NAO is widely recognized as one of the most promi-
nent teleconnection patterns in all seasons (BARNSTON
and LIVEZEY, 1987) over the North Atlantic Ocean and
Europe. The strength and direction of the westerly winds
over Europe are governed by the permanent low pressure
system, the Icelandic Low, and the permanent high pres-
sure system, the Azores High. The relative strength of
these two pressure systems are presented by the NAO in-
dex. While a positive NAO index value (NAO+) is asso-
ciated with strong activity of westerlies which leads to a
large-scale circulation impact on climate that dominates
the local impact, a negative NAO index value (NAO-)
implies weak influence by the large-scale weather sys-
tem and therefore a more pronounced local impact of
the marginal seas. Throughout our study, we were cog-
nizant of the need to segregate the influence of the NAO
from the effect that the local North and Baltic Seas have
on the regional climate. Looking at positive and neg-
ative NAO periods separately let us better investigate
the air-sea coupling effect. The monthly NAO index
was calculated from the difference of the normalized
sea level pressure (SLP) between two locations: Lis-
bon (Portugal) and Stykkisholmur (Iceland) (HURRELL,
1995). These SLPs were taken from the MPI-ESM-LR
global simulations. To check the calculated NAO index,
we used NOAA’s reference monthly NAO index (CHEN
and VAN DEN DOOL, 2003) (http://www.cpc.ncep.noaa.
gov/products/precip/CWlink/pna/nao.shtml2). Compar-
ison with the NOAA data showed that the NAO in-
dex phases agreed slightly more than half of the time
with the reference data phases. Fig. 2 shows the differ-
ences between the forecasted monthly NAO index and
the NOAA reference data for the decade 2001-2010. The
months in which the two datasets agree are shown in
red. Eventhough the driving model MPI-ESM has low
predictability of NAO index, in our study, we only ana-
lyzed periods in which MPI-ESM reproduced correctly
the observed NAO phase (in total, there are 306 data
points spanning over 600 months). Using these data, we
performed a stratification based on NAO +/- phases.

The assessment metric was then calculated for differ-
ent lead times. The 306 months of data were separated
into positive or negative NAO phases and then arrayed
by lead years. This procedure significantly reduces the
number of data points that could be used for each lead
time; hence, we did not look at individual lead year. In-
stead, we assessed the skill scores for lead year 1 and
average scores for lead years 2-4, 5-7 and 8-10. That left
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Figure 5: MSESS of monthly 2-m temperature stratified by positive (upper panel) and negative (lower panel) NAO phases. Comparison
between forecasts from CCLM/NEMO and reference forecasts CCLM with respect to observational data E-OBS for period 1961-2010.
Shown for lead years 1, 2-4, 5-7, 8-10. Dotted area shows significant values at a 95% confidence level.
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Figure 6: MSESS of monthly 2-m temperature stratified by NAO positive (upper panel) and negative (lower panel) phases for four seasons:
winter (DJF), spring (MAM), summer (JJA), autumn (SON). Comparison between coupled model forecasts CCLM/NEMO and reference
forecasts CCLM with respect to observational data E-OBS for the period 1961-2010. Dotted area shows significant values at a 95%
confidence level.
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NAO± 
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NAOI

positiv negativ

NAOI Zeitserie auf der NOAA Webseite.
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Summary
RCSMs show 

+ added value in climatologies of near-/sea extremes

   (-> www.medcordex.eu)

+ potentially added value in climate projections, 

      o but SST biases in present day simulations 

      o limited maturity  (no 300y control sim. …)

o limited added value “far” from coastlines (added 
value obscured?) 

…
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INSTITUT MEDITERRANI 
D’ESTUDIS AVANÇATS

Impact of Initial Conditions on the evolution of Mediterranean 
heat and salt content. 

Gabriel Jordà,  Alberto Elizalde, Marine Herrmann, Samuel Somot
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Summary
RCSMs need

o atmosphere & ocean LBCs

o ocean adds to the atmosphere’s LBC challenge 
(like increasing domains)

o ocean initialisation (spin-up procedure, ocean ana.)

- resources (nightmare for small research groups - 
systems need to be more user-friendly and 
flexible)

RCSMs are

+ perfect fit as testbeds for ESMs
25
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Summary

RCSMs add realism i.e. complexity!

“OK, so the computer has understood, but what about me?”  
                                                             — Eugene Wigner
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