
Sources of climate variability and Sources of climate variability and 

predictability in the Mediterranean predictability in the Mediterranean 

regionsregions
Roxana Roxana BojariuBojariu

AdministratiaAdministratia NationalaNationala de de MeteorologieMeteorologie

BucurestiBucuresti, , RomâniaRomânia

bojariu@meteoromania.robojariu@meteoromania.ro



OutlineOutline

• Recurrent patterns
• Recurrent climate patterns in the 

Mediterranean regions
• Sources of recurrent patterns in the 

Mediterranean regions
• global warming signal;
• natural modes of variability;
• local mechanisms  

• Preliminary conclusions and remarks



Recurrent climate patterns Recurrent climate patterns 

CCA 1 snow/SLP
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Identification of recurrent patterns in data:Identification of recurrent patterns in data:

*Empirical Orthogonal Functions (EOF) analysis*Empirical Orthogonal Functions (EOF) analysis

*Canonical Correlation Analysis (CCA)*Canonical Correlation Analysis (CCA)

*Cluster analysis, etc*Cluster analysis, etc

EOF
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First spatial pattern of air temperature (in grd. C) and SLP (in hPa) in 
winter (DJF) for the period 1950-2011. Associated correlation of this 
CCA mode is 0.74 and associated variance is 40% and 18% of total
variance for SLP, respectively, temperature field.

Bojariu and Giorgi, 2005)

From draft paper on predictability in the 
South Eastern Europe
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First spatial pattern of precipitation (in mm/month) and SLP 
(in hPa) in winter (DJF) for the period 1950-2011. 
Associated correlation of this CCA mode is 0.90 and 
associated variance is 28 % and 26 % of total variance for 
SLP, respectively, precipitation field. 

Bojariu and Giorgi, 2005)
From draft paper on predictability in the 
South Eastern Europe
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Global warming signalGlobal warming signal

Giorgi and Lionello (2008)
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

Volcanic Volcanic 
aerosolsaerosols

SSTsSSTs

NAONAOGHGsGHGs

Snow Snow 
covercover

Sea iceSea ice

OceanOcean--atmosphere connectionsatmosphere connections

Stratospheric      Stratospheric      
connectionsconnections

variabilityvariability

Stratospheric      Stratospheric      
connectionsconnections

Solar wind?Solar wind?
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

Blade et al., (2012)
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

NAO predictionNAO prediction

Prediction of NAO index with CCA-based model. 

The model uses the April to October signal in 

snow frequency over Eurasia and was cross-

validated for the period 1973-2002. Correlation 

coefficient between observed and predicted -

0.5.

CCA 1 snow/SLP

Internal report, Meteo-RO, Bucharest
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

NAO predictionNAO prediction

From draft paper on variability and predicatbility in South Eastern Europe
Data sources for ROC maps: Fan, Y., and H. van den Dool (2008); Rudolf, B., A. 
Becker, U. Schneider, A. Meyer-Christoffer, M. Ziese, 2010.
ROC maps are made using with Climate Predictability Tool -
http://iri.columbia.edu/climate/tools/CPT/

ROC maps for above (left) 

and below (right) normal 

predicted anomalies of DJF 

SLP using the CCA-based 

model. The model uses the 

October signal in zonal wind 

anomalies over Eurasia and 

was cross-validated for the 

period 1962-2011.

Above normal Below normal
Bojariu et. al, 2008 
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

NAO predictionNAO prediction

From draft paper on variability and predicatbility in South Eastern Europe
Data sources for ROC maps: Fan, Y., and H. van den Dool (2008); Rudolf, B., A. 
Becker, U. Schneider, A. Meyer-Christoffer, M. Ziese, 2010. 
ROC maps are made using Climate Predictability Tool -
http://iri.columbia.edu/climate/tools/CPT/

Above normal Below normal

ROC maps for above (left) and below 

(right) normal predicted anomalies of 

DJF SLP using the CCA-based model. 

The model uses the May signal in SST 

anomalies over North Atlantic and was 

cross-validated for the period 1962-

2011.

Rodwell, M. J., D. P. Rowell, and C. K. Folland, 1999 



Internal report, Meteo-RO, Bucharest

1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5

-1

0

1

2

3

4

5

A
no

m
al

ii

A n u l

 m o d e l a t
 o b s e r v a t

Observed and simulated DJF NAO index derived using North-Atlantic SST in previous May. The 
base period is 1950-1979. The correlation between observed and simulated NAO index is r= 0.40. 
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

North Atlantic OscillationNorth Atlantic Oscillation

NAO predictionNAO prediction

Rodwell, M. J., D. P. Rowell, and C. K. Folland, 1999 
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

Atlantic Atlantic MultidecadalMultidecadal OscillationOscillation

Mariotti and Dell’Aquila (2011)
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Natural modes of variability Natural modes of variability –– teleconnectionsteleconnections

El Nino El Nino –– Southern Southern OscillataionOscillataion

Mariotti et al. (2002)
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Local mechanisms: Local mechanisms: 

e.g. effect of soil moisture on local climatee.g. effect of soil moisture on local climate

Wang et al. (2011)
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Other local mechanisms influences: Other local mechanisms influences: 

e.g. Mediterranean cyclones, Saharan dust etc.e.g. Mediterranean cyclones, Saharan dust etc.

Alpert et al., 2006Alpert et al., 2006



Preliminary conclusions and remarks

• Climate predictability is regionally and 
temporally dependent; climate prediction 
strategy has to be regionally-orientated;

• Existence of scientific significance of climate 
prediction results does not guarantee  socio-
economic significance (cost/benefit ratio);

• IPCC AR5/CMIP 5 – new and updated 
information on decadal climate predictability

• There are deontological and ethical 
implications related to socio-economic fast 
response to climate prediction which should 
be taken into account. 
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