Seasonall predictahilility imthee Mediteraneanan regionn
andiwindowsvs off opporiumityity

Stefano Materia , S. Gualdi , P. Athanasiadis , A. Bellucci , A. Borrelli , A. Sanna
Centro Euro -Mediterraneo sui Cambiamenti Climatici , Italy

cinmccC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici




The Euro Mediterranean Center on Climate Change

ot Gambiamenti Climatiol CMCC Network
A Research Center on Climate Science and Policy e e ’
A Network of public and private research institutes, partially —EESSESCE S
funded by the Italian Ministries: MIUR (University & |
Research), MATTM (Environment) and MEF (Economy &

Finance).
A 1PCC focal point for Italy

Mission : Investigate and model the climate system and its
interactions with society to provide reliable, rigorous, and
timely scientific results to stimulate sustainable growth,
protect the environment and to develop science-driven
adaptation and mitigation policies in a changing climate.

CSP (Climate Simulation and Predictions )
A Production of climate predictions at seasonal to decadal time-scale and climate change
projections (global scale, regional focuses).
Communication of the results and information to a broad range of users: decision makers
and stakeholders, political bodies, researchers from other disciplines.
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Global skill of the CMCC-SPSv2

Tsurf Anomaly Correlation (ACC) lead time 1

May start-date

February start-date

30E 60E 90E 120E 150E 180

Lead time 1 refers to the | "= wr aw s o s 0 e g s e e w o s e ow ow ow |
seasonstarting one month oo as ae 0z 0 0z as oe 0o D T T T B T T TR
after the start date (e.g. Feb August start-date
lead1 =MAM)

November start-date

30w 0 30E 60E 90E 120E 150E 180

180 150W 120W 90w 60W 30w 0 30E 60E 90E 120E 150E 180 180 150W 120W 90w 60W

-0.8 -0.6 -0.4 -0.2 0 02 0.4 0.6 0.8 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 08

A Predictability is higher inthe Tropics andinthe oceans than on continents

A High skill inthe ENSO area and teleconnected regions

A Indian Ocean SST is better represented inthe winter and after -monsoon
seasons, than inthe initial and ongoing phases of the monsoon

A Fairly good prediction skill in N Atlantic, especially in the winter
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Seasonal Predictions in the Euro -Mediterranean region

Skill of the predictions in the EurMediterranean region

2-meter Temperature Precipitation
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Seasonal Predictions in the Euro -Mediterranean region

Even in a small region such as the Mediterranean
prediction skill is not homogeneous in space and time

2-meter Temperature anomaly correlation for different start dates and lead time
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Seasonal Predictions in the Euro -Mediterranean region

2-meter Temperature Precipitation
(DJF, November start date) (DJF, November start date)




Seasonal Predictions in the Euro -Mediterranean region

2-meter Temperature Precipitation
(DJF, November start date) (DJF, November start date)
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Why is predicting climate not easy in the Mediterranean?

A The Mediterranean sector lies in a transition zone between the arid
climate of North Africa and the wet climate of central Europe. Its climate is
Influenced by interactions betweemidlatitude and tropical processes
(Raicichet al. 2003 GiorgiandLionello2008).

A The region also has a complex topography that modulates the climate at
finer spatial scales (e.d.ionelloet al. 2006).

A Part of the predictability in the Mediterranean is due to land surface
conditions (varder Hurket al., 2012), which are known to be hardly
measured (therefore initialization has to rely on forced land models) and
Imperfectly represented by climate models.




Why is predicting climate not easy in the Mediterranean?

A The Mediterranean sector lies in a transition zone between the arid
climate of North Africa and the wet climate of central Europe. Its climate is
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Tropical occurrences In an extra-tropical region

Medicanes editerranean hurrcane$ are strong mesoscale storms with
peculiar features that remind tropical cyclones, such as:

a spiral shaped cloud structure with a clofide eye
Wvertical symmetry and a warm core
wwinds up to the hurricane speed
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Satellite picture and model simulation of wind speed for a medicane in Jahuary 1995

When they make landfall, medicanes are often associated with
extreme weather and damage along tbeass.



Tropical connections

The Monsoordesert
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Figure 5. Vertical velocity, w, on 477 hPa for the standard integration: (a} day 7; (b) day 9; (c) day 11; (d) day 13.
The contour interval is 0.5 hPa hr~'.

diabatic heating SAsia

1he monsoortesert mechanism appears to explain the dry
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summertime climates of the east Sahdvkediterranean, as wells
as the rapid strengthening of descent over East Mediterranean descent over east -Med

during the monsoon onseRopdwelland Hoskins, 1996).

CMIP5modelsare ableto
catch themechanlsrmght
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The descent is a consequence of the interaction between westward propadaisgbyvaves,
generated by thaliabaticheating associated with the summer monsoon rainfall in South A
and the mean westerly flow north of the region. The conceptualized model of RH96 revee

the importance oforographyin the process.
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Tropical connections

West African Monsoon

Though many studies already pointed out the reversg,,, 5 SvbMode 1: JAS ERA40 e =0T
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circulation starts being clarified. :

Theheatwaveof summer2003waspartially 0N
triggeredby the anomaloushorthward position
of the ITCDverN Africa Blacket al. 2004)
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b! hmt A1 SWVhédlithé méehsawn circulatior
is clearly developed over West Africa the
stronger covariance is found between tropical
and extratropical latitudes Gaetaniet al. 5)11)




Tropical connections

ENSO

Alreadyin 2002,Mariotti et al. hadfound stronginfluenceof ENSverthe Eurc
Mediterraneancompartment in particularon precipitationduring the springand
autumnseasonswhoseleadingmodeis clearlyseparatedirom the secondaryone.

. o Thefact that theserelationshipshavechanged

: : enormouslyduringthe courseof the lastcentury
demonstrateshat ENS@annotbe the onlylarge
scaleplayerfor EuraMed climatevariability
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Tropical to extra -tropical connections
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Combined effect of ENSO and the Atlantic

Globhal ocean
forcing
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readapted fromSlingo(2002)

500hPaanomalies

EINino/La Nina affects
the seasonal climate of
the Atlanticin a
potentially predictable
manner.

Theforcing from the

Pacific dominates when El
Nino/La Nina is strong.
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So what role for the Atlantic?

Consider another year (1999) when EI Nino/La Nina was weaker:
500 hPa height anomalies

Forced by global SST anomalies
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In the absence of strong Pacific forcing, the state of the Atlantic Ocean is
important for seasonal predictability.

Strong evidence that the Atlantic Ocean affects the clinodit@estern Europe.
readapted fromSlingo(2002)
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So what role for the Atlantic?

(a)
Winter P and —NAO
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= Cassotet al. (2005haveidentified four
modesof Atlanticvariability eachexplaininga
similaramountof variance that influence
summertemperatureover WesternEurope
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A multi -model approach

A multimodelsystemfor the Mediterraneanregionimproves
simulationof physicalprocessesnvolvedin the complex intricate
Interactionof land, air,sea(CIRCEGualdiet al., 2013)

Themultimodelensembleapproachallowsto dealwith singlemodelsystematic
biases andpotentiallyincreasegshe skill of seasonaforecast

NAOindexas
calculatedby
ERAiInterimthree
seasonaprediction
systemsand the
multimodel
ensemble

ERA-INt = = = = NULTI CFSvz2 LI CMCC

=085
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from Athanasiadi®t al., submitted
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A multi -model approach

The directiontakenby MedCOF
seemghento bethe rightone.
Besidestheincorporationof
empiricalstatisticaldriversfor the
consensugorecastcanaddfurther
sourcesof predictability

Criticality in aworking-group
of scientist the agreement
uponthe final forecastisNOT
AT ALL eadp find
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Why is predicting climate not easy in the Mediterranean?

A The region also has a complex topography that modulates the climate at
finer spatial scales (e.d.ionelloet al. 2006).




Orography inthe Mediterranean

Almostimpossibleto
predictwith classic
dynamicalforecast

150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100

Thecomplexorographystronglyimpactspatternsof mesoscale - %
and covectiveprecipitation (Alnammoudet al., 2014)

Orographychangeghe baroclinicinstability
allowingthe developmentof cyclonson the
leesideof mountainchains(Lionelloet al. 2006

C




Think global, act local E

201404 am] 2 meter Temperature anomalies [°C]

Global scale cannot be
disregarded when we
produce seasonal forecasts
throughteleconnections
the climate of a region may
be strongly influenced by
anomalies occurring in
distant areas of the world.

More and more often, stakeholders from different
sectors (agriculture, tourism, energy) require
regional focus on the mid and small scales.

Downscaling could be a solution to deal with sm
scale related phenomena

C




Think global, act local E

201404 am] 2 meter Temperature anomalies [°C]

Two types of downscaling are
generally used as post
processing of our numerical
model outputs:

ADynamical downscaling, that
uses a regional higher
resolution model whose
boundary condition are given
by global models

AStatistical downscaling, that
makes use of observed
statistical relationships
between large and small scale

Dynamical downscaling Statistical downscaling
computationally expensive - has to deal with changing climate
has to deal with systematic bias - lack of HR dataset with complete
many physical processes involve spatial coverage

implicitly includes sources of - computationally cheap

uncertainty, crucial for probabilistic - may correct bias of the dynamical
forecast forecast by using observatio;a




Why is predicting climate not easy in the Mediterranean?

A Part of the predictability in the Mediterranean is due to land surface
conditions (varder Hurket al., 2012), which are known to be hardly

measured, therefore initialization has to rely on forced land models, that are
often imperfectly represented by climate models.




Land -atmosphere coupling
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Unperturbed simulations for present and future climate : in the uncoupled exp.
instantaneous soil moisture is replaced with climatology.

How can we get a prediction right if we are not able to catch the variability of our target? 0
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The importance of land surface initialization

Southern Europe
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The importance of land representation

WAMI anomaly (m/s) May start date, lead 1 (JJA) West African Monsoon
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during summer, turns out to be
too weak and to penetrate too
much inland Thisis most likely
due to a poor representationof
land surface processesin this
versionof the model (Borrelli et
T TETTTE—— e al, in preparation)
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The impact of temperature trend

Statisticallysignificant(90%,
ACC>0.47korrelationsover
extensiveportionsof oceanand
land.

After detrending localforecast
skillundergoesa dramatic
reduction, overmostof the
global domain.

Thisstudywasdesignedor decadal

prediction, andshowsthat afew

areasmaintainhigh predictability

after detrending The information

containedin the trend,whichis

implicitly presentin our dynamical

modelsthrough boundaryconditions(GHG forcing)s crucialfor [Bellucciet al., 2014]
our seasonaforecasts andaddspredictabilityto the system. 0




