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Abstract 

During the last decades, it has been a common belief that climate change is man-made, due to 

the increasing amounts of CO2 emissions. This belief is also consolidated by climate model 

outputs, whose projections have widely been used to support decision making for social and 

financial policies, with special focus on extreme events. Moreover, it is a general perception 

that extreme events will be more frequent in the future.  

To evaluate whether climate models provide a credible basis for predictions of extremes, we 

study their ability to reproduce annual extreme values of daily temperature and precipitation, 

as well as a series of climate indices which are used in order to investigate the occurrence of 

droughts, heat waves and floods. Furthermore, we fit probability distributions which describe 

the extreme events in both cases. The results from climate models are compared to observed 

data from stations in the Mediterranean, which is one of the most vulnerable areas to climate 

change.  

The statistical comparison indicated that the observed time series cannot be simulated 

satisfactorily. Therefore, serious concerns are risen about the use of climate models to 

hydrological applications. 
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(Koutsoyiannis, 2006). 
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Extreme Values (GEV) (Jenkinson, 1955). 

 

(Gumbel, 1958).  
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(Koutsoyiannis, 2004).  
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2004, Coles et al., 2003).  

 

 



 

   
( )

( )
x

ex e x  (2.9) 

 








 

  


( )

1
x

x
ed

e
dx

 (2.10) 

(2.7)  

 

 







 
1/( )

( ) 0
x

H x e x  (2.11) 

 


 
 


  

  
1/( ) 111
( )

xdH x
e

dx
 (2.12)  

2.1.5.  

 

1, 2,   

fx(x 1, 

L  



 

 

- 9 - 

 

 

2.1.5.1.  

(Fisher, 1922)

  

 
1 ,..., 1 1 1

1

( ,..., , ,..., ) ( , ,..., )
n

n

X X n r X i r

i

f x x f x   


  (2.13) 

.  

2.2.  

 

x  

x

 mm 

 mm



 

 

- 10 - 

 

 
1

1 1 1

( ) ( ) 1 ( )x x

T
P X x F x F x

  
 

 (2.14) 

 

 

 
1 1

( ) ( )x

T
P X x F x

 


 (2.15) 

2.3.  

 (probability dry  

 

P (x  mm P 

x  

probability dry 

  , 

 probability dry  



 

 

- 11 - 

 

  mm  
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2.4. Hurst  Kolmogorov 

2.4.1.  

 

Hurst-Kolmogorov Hurst 

 

    

Hurst, Kolmogorov 

 

(Self-Similar

(Simple Scaling Stochastic Process, SSS)  

 

Hurst

(Koutsoyiannis, Paschalis and Theodoratos, 2011).  

  Hurst Kolmogorov

 (Koutsoyiannis, 2003)

                                                      

 scaling)  
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 (Anagnostopoulos et al., 2010).   

Hurst 

 

2.4.2.  

Hurst - Kolmogorov 

 

i i = 

E[Xi j:=cov[Xi,Xi+j

j:=corr[Xi,Xi+j]= j/ 0 0:   

(Koutsoyiannis, 2002). 
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(Montanari, Rosso and Taqqu, 1997).  Hurst 

-

 = 0.5 
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2.4.3. Hurst 

Hurst 

(Koutsoyiannis, 2003)

(2.25), (2.19) 

[ ]S     

 
2 1

( ) / ( / )
( ) , ( ) :

/ 0.5

H
k H

k k

n k n k
s c H k c H

n k



 


 (2.27)  

 



 

 

- 16 - 

 
( ) 2( ) ( ) 2/10 /10

2

1 1

(ln ln ln ( ) ln )(ln ln )
( , ) :

kk kn n
k

p p
k k

H k c H ss
e

k k




 

  
     (2.28) 

1/kp p 

p 

 

2.4.4.  

 

 

u-

 

 u uX X S     (2.29) 

u u-

 

 
2

1,2 (1 /2) , 1
2u

u
u u u

s
x x

n
 


       (2.30) 

Hurst u-

k (Koutsoyiannis, 2003):  

 
( )k

H

u uZ kX k S     (2.31) 

 

 
2 ( )

( )
( )

1,2 (1 /2) 1
2 2

(0.1 0.8)
1

2( ) ( 1)
u

k
k u

u u u H
H

nS
z z k

kn
n

n



 


  



 


 
   

 

 (2.32)



 

3.  

3.1.  

 Csa Csb  

 Koppen C  

C 

 -

3 C C s  

 mm 

a

C 

C b

C

C  

. 

. -900 mm

Csa, 

Csb 

 

 



 

 

- 18 - 
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  (Giorgi and Lionello, 
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 Luterbacher et al. (2006) 
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General Circulation Models  
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 (Randall et al., 2007)
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Knutti, (2008) 

 

 

, 

Navier  Stokes  
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 (Koutsoyiannis, 2010).   

 (IPCC, 

2007): 
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 

  . 

 IPCC 

  

 

 

 

 

 

 

 

 

 ( 3-1), 

 

20th Century Climate in Coupled Models (20C3M). 

   

https://esg.llnl.gov:8443/index.jsp http://www.cccma.ec.gc.ca/cgi-

bin/data/cgcm3/cgcm3_a2. 

                                                      

 

CO2  http://en.wikipedia.org/wiki/File:Co2-temperature-

plot.svg     

https://esg.llnl.gov:8443/index.jsp
http://www.cccma.ec.gc.ca/cgi-bin/data/cgcm3/cgcm3_a2
http://www.cccma.ec.gc.ca/cgi-bin/data/cgcm3/cgcm3_a2
http://en.wikipedia.org/wiki/File:Co2-temperature-plot.svg
http://en.wikipedia.org/wiki/File:Co2-temperature-plot.svg
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netcdf format 

Matlab  Unidata/UCAR

spreadsheet.  
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IPCC 

Report 
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 ( ) 
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20C3M SRES A2 

AR4 ECHAM5 
Max-Planck Institute for meteorology 

& Deutsches Klimarechenzentrum 
1.88 x1.88 96x192 1860-2000   

AR4 CSIRO 
Australia's Commonwealth Scientific 

and Industrial Research Organisation 
1.88 x1.88 96x192 1871-2010   

AR4 
CGCM3-

T63 

Canadian Centre for Climate 

Modelling and Analysis 
2.81 x 2.81 64x128 1850-2010   

ECHAM5, CSIRO, CGCM

C3M SRES. 

20C3M  

. 20C3M 

SRES,  

SRES  

 

,  (IPCC, 

2007). 3-2 CGCM3, 

CO2 
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(García-Ruiz et al., 2011) 



 

 

- 26 - 

6 C (Alpert et al., 2008)
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 (European 

Environment Agency, 2010). 

3.5. Reanalysis data  

reanalysis data 
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(Schneider et al., 2010) , 
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reanalysis (Kalnay, 2000). 

o European Centre for Medium-Range Weather 

 x 2.5 . grib 

Mathematica. 
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(Alexander et al., 2006, Frich et al., 2002)  

(Schmidli et al., 2005)  20    
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 (Expert Team on Climate 

Change Detection and Indices  ETCCDI).  
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 mm (Simple Precipitation intensity 
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C (Summer days SU). 
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oC (Icing days ID). 

3.  -  
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90-  Spell Duration Index, WSDI). 
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 x 
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4.1.1.   

   

(Regional Climate Model
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GCM RCM 

 

  (Kundzewicz and Stakhiv, 2010). 

 

4-1 GCMs (~3.75 RCMs (~0.5

 

( : http://www.awi.de//en/home/) 

 

4-2   GCMs RCMs 

( : http://www.awi.de//en/home/) 

http://www.awi.de/en/home/
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4.1.2.   

   

predictors) 

predictands

GCMs 

  

  

(Wilby et al., 2004).  

predictand 

 

Kriging
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4-3, 

4-1 4-2 

 

 
4-3  

4-1:  

A/A    

 (  ) 

 

 (  ) 
(m) 

 
 

1   44.50 N 11.35 E 53 194 1814-2007 

2   43.17 N 16.45 E 20 116 1876-2008 

3 Perpignan  42.73 N 2.87 E 43 109 1901-2011 

4 Tortosa  40.82 N 0.48 E 48 70 1941-2011 

5 Istanbul  40.97 N 29.08 E 33 77 1929-2007 

6 Torrevieja  37.97 N -0.70 E 1 73 1927-1999 

7 
Albacete - 

Los Llanos 
 38.95 N 1.85 E 704 107 1901-2011 

8 
San 

Sebastian 
 43.30 N 2.05 E 259 81 1930-2010 

9 Dar-El-

Beida 
 36.72 N 3.25 E 25 72 1940-2011 
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10 Valencia  39.47 N 0.37 E 11 65 1935-1999 

11 Madrid  40.41 N 3.68 E 667 90 1930-2009 

12 Sarajevo 
- 

 
43.87 N 18.43 E 630 105 1901-2005 

 

4-2  

    

 (  ) 

 

 (  ) 
(m) 

 

 
 

1   37.58 N 23.43 E 95 110 1900-2010 

2 Hvar  43.17 N 16.45 E 20 152 1857-2008 

3 Larnaca  34.88 N 33.63 E 1 94 1916-2009 

4 Palermo  38.11 N 13.35 E 37 157 1852-2008 

5 Perpignan  42.73 N 2.87 E  43 99 1901-1999 

6 Torrevieja  37.97 N -0.70 E  1 73 1927-1999 

7 Tortosa  40.82 N 0.48 E 48 89 1910-1999 

8 Istanbul  40.97 N 29.08 E 33 76 1929-2004 

9 Tel Aviv  32.10 N 34.78 E 4 67 1939-2005 

10 Bologna  44.50 N 11.35 E 53 195 1813-2007 

11 Malaga  36.67 N -4.49 E 7 70 1942-2011 

12 Belgrade  44.80 N 20.47 E 132 75 1935-2009 
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43.87 N 

18.43 E 630 
105 1901-2005 

14 Dar El 
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 36.72 N 3.25 E 24 71 1940-2011 

15 Nimes  43.86 N 4.41 E 59 83 1920-2005 

16 Pesaro  43.91 N 12.90 E 11 138 1871-2008 
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4-6

 LUE) 

Tel Aviv 

4.2.3.  

 , xi 

 c , c

 (4.3)). 
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i iy a x   (4.3) 

 BLUE  
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i i
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reanalysis data ).  

  

  

 (Koutsoyiannis et al., 2008, Anagnostopoulos et al., 

2010) 
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5-1

 

  
-  

  

 

CSIRO ECHAM5 CGCM3 Reanalysis CSIRO ECHAM5 CGCM3 Reanalysis 

Athens 0.04 0.02 0.02 0.00 -0.07 -0.17 0.09 0.22 

Hvar 0.03 0.03 0.00 0.02 0.09 0.06 -0.15 -0.17 

Larnaca 0.04 0.05 0.07 0.04 0.02 -0.05 0.15 -0.17 

Palermo 0.06 0.05 0.03 0.03 -0.21 0.19 -0.09 -0.07 

Perpignan 0.00 0.00 0.01 0.00 -0.08 0.15 -0.02 -0.04 

Torrevieja 0.00 0.00 0.02 0.01 0.03 -0.14 0.10 0.04 

Tortosa 0.00 0.00 0.00 0.00 0.07 -0.08 -0.12 0.06 

Istanbul  0.00 0.00 -0.01 0.01 -0.10 -0.14 -0.05 -0.04 

 0.03 0.04 0.09 0.03 -0.04 -0.09 0.13 0.21 

Bologna 0.01 0.01 -0.01 -0.01 -0.09 -0.02 -0.01 -0.22 

Malaga 0.05 0.03 0.03 0.03 0.03 0.14 -0.05 0.04 

Belgrade -0.01 -0.01 0.02 0.00 0.10 0.04 0.08 0.40 

Sarajevo 0.00 0.00 0.00 -0.01 0.07 -0.10 0.03 0.01 

Dar el Beida 0.04 0.05 0.01 0.08 -0.21 -0.06 -0.10 0.01 

Nimes 0.00 0.00 0.01 0.01 -0.10 -0.15 -0.07 -0.10 

Pesaro 0.01 0.01 0.00 0.00 0.06 -0.02 0.11 0.06 

 0.02 0.02 0.02 0.02 -0.03 -0.03 0.00 0.01 

5-2

 

  
-  

- 

 

CSIRO ECHAM CGCM Reanalysis CSIRO ECHAM CGCM Reanalysis 

Athens -0.23 -0.51 -0.24 -0.62 -0.82 -1.03 -0.91 -5.14 

Hvar -0.49 -0.64 -0.53 -0.57 -1.05 -0.77 -0.82 -4.73 

Larnaca -0.29 -0.74 -0.46 -0.07 -0.94 -0.65 -0.79 -1.88 

Palermo -0.43 -0.60 -0.48 -0.35 -1.62 -0.85 -0.64 -4.32 

Perpignan -0.42 -0.44 -0.35 -0.43 -0.89 -0.59 -0.75 -2.72 

Torrevieja -0.20 -0.26 -0.20 -0.37 -0.48 -0.57 -0.42 -0.98 

Tortosa -0.40 -0.46 -0.42 -0.49 -0.73 -0.67 -0.77 -2.80 
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Istanbul  -0.47 -0.57 -0.32 -0.47 -0.69 -0.98 -1.03 -4.91 

Tel Aviv -0.06 -0.16 -0.11 -0.05 -3.43 -2.31 -2.33 -4.18 

Bologna -0.53 -0.48 -0.71 -0.77 -2.41 -2.31 -1.85 -5.20 

Malaga -0.40 -0.58 -0.20 -0.78 -0.70 -1.14 -1.35 -2.16 

Belgrade -0.70 -0.71 -0.71 -0.55 -0.38 -1.15 -0.56 -4.90 

Sarajevo -0.82 -0.07 -0.71 -0.75 -0.65 -1.28 -0.68 -6.41 

Dar el Beida -0.26 -0.58 -0.41 -0.81 -0.86 -0.87 -0.71 -1.45 

Nimes -0.35 -0.47 -0.49 -0.48 -0.63 -0.79 -0.49 -1.95 

Pesaro -0.62 -0.55 -0.60 -0.77 -0.22 -0.66 -0.20 -2.31 

 -0.42 -0.49 -0.43 -0.52 -1.03 -1.04 -0.89 -3.50 
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Hurst 

 (Bouziotas et al., 2011 Papalexiou, 2011). 
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5-3:   

  

 

  

CSIRO ECHAM CGCM3 CSIRO ECHAM CGCM3 

Bologna 0.80 0.83 0.81 0.01 0.02 0.10 

Hvar 0.74 0.78 0.85 0.09 -0.11 -0.04 

Perpignan 0.57 0.36 0.52 -0.05 0.16 0.05 

Tortosa 0.40 0.71 0.79 0.23 0.20 0.05 

Istanbul 0.71 0.45 0.71 -0.14 -0.20 0.14 

Torrevieja 0.82 0.61 0.80 -0.14 -0.09 -0.05 

Albacete 0.36 0.74 0.42 0.11 0.09 -0.03 

San Sebastian 0.63 0.58 0.61 0.28 0.16 0.04 

Dar el Beida 0.39 -0.13 0.48 0.12 -0.08 0.12 

Valencia 0.78 0.72 0.79 0.13 -0.08 -0.03 

Madrid 0.80 0.70 0.83 0.22 0.34 0.14 

Sarajevo 0.74 0.63 0.75 0.02 0.13 0.05 
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 0.65 0.58 0.69 0.07 0.05 0.05 

5-4:   

  

 

  

CSIRO ECHAM CGCM3 CSIRO ECHAM CGCM3 

Bologna 0.63 0.68 0.56 -1.53 -1.10 -4.14 

Hvar 0.46 0.33 0.63 -0.86 -4.35 -5.71 

Perpignan 0.16 -0.21 0.06 -1.19 -1.21 -5.07 

Tortosa -0.22 0.24 0.27 -1.21 -1.61 -4.70 

Istanbul 0.45 0.15 0.56 -0.59 -2.35 -2.15 
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Madrid 0.63 0.28 0.17 -3.32 -0.82 -2.32 

Sarajevo 0.52 0.39 0.55 -2.21 -1.15 -1.36 

 0.32 0.24 0.21 -2.06 -4.80 -3.25 
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  (Koutsoyiannis et al., 2008, Anagnostopoulos et al., 2010, Kundzewicz and 

Stakhiv, 2010 ). 
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4.2.3 

-

(4.6)). 

 

 CSIRO 

Matlab (R2011a), Mathematica 8 add-in solver Microsoft Excel 

2010. 

 

 MATLAB  

fmincon ga

 

obfun 

 O    : 

 

function error=obfun(x) 

 

% The file data.mat contains the gridded time series (grid1, gird2, grid3, 

% grid4) and the historical one 

load data.mat 
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% non linear transformation 

sim=@(x1,x2,x3,x4,x5,x6) (x(1)*(grid1+x(5)).^x(6) + x(2)*(grid2+x(5)).^x(6) 

+ x(3)*(grid3+x(5)).^x(6) + x(4)*(grid4+x(5)).^x(6)).^(1/x(6)) - x(5); 

 

% error caused by mean, stdev and skew difference  

meaer = 1000*(mean(sim(x))-mean(historical))^2; 

stder = 1000*(std(sim(x))-std(historical))^2; 

skewer = 250*(skewness(sim(x))-skewness(historical))^2; 

 

dif = (sim(x)-historical).^2; 

ertot = mean(dif); 

 

 % total error 

error = meaer+stder+skewer+ertot; 

end 

 

 

[x, fval] = ga(@obfun, [6], [],[],[1,1,1,1,0,0],[1], [0, 0, 0, 0, 0, 0.1], 

[1, 1, 1, 1, 100, Inf]); 

 

SQP . 

[x, fval] = fmincon(@obfun, [0.2, 0.2, 0.3, 0.3, 5, 21], [ ], [ ], 

[1,1,1,1,0,0], [1], [0.001, 0.001, 0.001, 0.001, 0, 0.1], [1, 1, 1, 1, 100, 

Inf]); 

 

 Mathematica 

fob 

objective : 

 

fob[w1_?NumericQ, w2_?NumericQ, w3_?NumericQ, w4_?NumericQ, c_?NumericQ, 

pow_?NumericQ] := ({w1,w2,w3,w4}.(Pick[(c+#)^pow, historical, _?NumericQ] 

&/@ {grid1, grid2, grid3, grid4}))^(1/pow)-c; 

 

                                                      

 MATLAB, 

SQP. 
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objective[w1_?NumericQ, w2_?NumericQ, w3_?NumericQ, w4_?NumericQ, 

c_?NumericQ, pow_?NumericQ] := Abs[1000*(Mean[historical] - 

Mean[fob[w1,w2,w3,w4,c,pow]])^2 + Total[(historical-

fob[w1,w2,w3,w4,c,pow])^2]/Length[ath]]; 

 

results=NMinimize[{objective[w1,w2,w3,w4,c,pow], w1+w2+w3+w4==1 && 0<w1<1 

&& 0<w2<1, 0<w3<1 && 0<w4<1 && 0.1<c, 0.1<pow},{w1,w2,w3,w4,c,pow}] 

 

Mathematica 

 

  

 

 Solver  Excel   

GRG Nonlinear 

 

 

-1: 

 

    

   

 

 

 
 

 

 

 

MATLAB 

R2001a 

 
194.1 21734 207 sec 108 sec 

SQP 
43.8 21650.4 13.5 sec 28 sec 

Mathematica 8 - - - - 

Solver - Excel 44.0 21653.4 26.7 sec 40.6 sec 
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- SQP 

atlab solver 

Excel

Solver 

SQP 

 

SQP 

solver 

 

( -1).  

 Microsoft Excel 

Solver. 

 

-1 SQP 

 

 



 

 

         

Reanalysis data 

 

 

mm/day. 

 

 

 

 mm, 20 mm, 30 mm), 

R10mm, R20mm R30mm  
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 Athens  1)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.04 0.02 0.02 0.00 

Efficiency - -0.23 -0.51 -0.24 -0.62 

Average 3.78 1.51 1.50 2.53 2.37 

Standard 

Deviation 
7.60 3.27 4.05 3.51 5.08 

Skewness 4.45 3.86 4.46 2.79 3.62 

Probability dry 0.62 0.71 0.79 0.46 0.67 

H daily 0.63 0.75 0.73 0.74 0.72 

H annual 0.41 0.48 0.59 0.48 - 

H monthly 0.43 0.26 0.28 0.20 0.59 

SDII 8.64 4.75 6.62 3.91 7.10 

Prec90p 20.29 10.62 15.06 8.22 15.66 

 0.13 - - - - 

 0.35 - - - - 

 51.24 - - - - 

H maxima 0.52 0.60 0.71 0.48 - 

Correlation 

maxima 
- -0.07 -0.17 0.09 0.22 

Efficiency 

maxima 
- -0.82 -1.03 -0.91 -5.14 
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 Belgrade 2)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - -0.01 -0.01 0.02 0.00 

Efficiency - -0.70 -0.71 -0.71 -0.55 

Average 1.91 2.85 2.33 2.63 1.98 

Standard Deviation 5.10 4.10 4.29 4.33 3.94 

Skewness 5.18 2.21 2.90 3.86 2.87 

Probability dry 0.75 0.50 0.63 0.50 0.65 

H daily 0.54 0.64 0.56 0.60 0.63 

H annual 0.38 0.55 0.72 0.43 - 

H monthly 0.48 0.43 0.45 0.35 0.53 

SDII 7.40 5.51 6.13 4.95 5.71 

Prec90p 16.80 11.57 12.77 10.40 11.94 

 0.16 - - - - 

 0.30 - - - - 

 36.36 - - - - 

H maxima 0.64 0.58 0.37 0.18  

Correlation maxima - 0.10 0.04 0.08 0.40 

Efficiency maxima - -0.38 -1.15 -0.56 -4.90 
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 Bologna 3)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.01 0.01 -0.01 -0.01 

Efficiency - -0.53 -0.48 -0.71 -0.77 

Average 1.82 2.20 1.95 2.67 2.39 

Standard 

Deviation 
5.93 4.12 3.88 4.67 4.76 

Skewness 6.27 3.53 3.40 4.16 3.30 

Probability dry 0.81 0.62 0.67 0.53 0.64 

H daily 0.56 0.68 0.59 0.58 0.62 

H annual 0.79 0.52 0.52 0.29 - 

H monthly 0.64 0.36 0.50 0.40 0.69 

SDII 9.45 5.46 5.59 5.25 6.40 

Prec90p 21.60 11.69 11.88 11.71 14.49 

 0.06 - - - - 

 0.35 - - - - 

 45.22 - - - - 

H maxima 0.50 0.58 0.59 0.51 

 Correlation 

maxima 
- -0.09 -0.02 -0.01 -0.22 

Efficiency 

maxima 
- -2.41 -2.31 -1.85 -5.20 
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 Dar el Beida 4)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.04 0.05 0.01 0.08 

Efficiency - -0.26 -0.58 -0.41 -0.81 

Average 1.82 1.73 2.10 2.43 2.08 

Standard Deviation 6.03 3.67 4.83 3.87 4.88 

Skewness 6.57 3.96 3.51 3.45 4.29 

Probability dry 0.81 0.69 0.74 0.52 0.71 

H daily 0.66 0.66 0.73 0.59 0.72 

H annual 0.79 0.56 0.51 0.63 - 

H monthly 0.47 0.26 0.36 0.52 0.82 

SDII 9.61 5.23 7.62 4.71 6.97 

Prec90p 22.00 11.42 16.91 10.12 14.87 

 0.22 - - - - 

 0.34 - - - - 

 43.01 - - - - 

H maxima 0.65 0.34 0.72 0.49 

 Correlation maxima - -0.21 -0.06 -0.10 0.01 

Efficiency maxima - -0.86 -0.87 -0.71 -1.45 
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 Hvar 5)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.03 0.03 0.00 0.02 

Efficiency - -0.49 -0.64 -0.53 -0.57 

Average 1.87 2.63 2.41 2.92 2.58 

Standard 

Deviation 
6.33 5.18 5.32 4.53 4.94 

Skewness 6.72 3.12 3.50 3.48 2.81 

Probability dry 0.80 0.65 0.71 0.47 0.64 

H daily 0.65 0.72 0.69 0.59 0.64 

H annual 0.70 0.66 0.37 0.90 - 

H monthly 0.69 0.20 0.32 0.61 0.25 

SDII 9.84 7.14 7.76 5.48 7.02 

Prec90p 22.10 16.09 17.81 11.82 15.38 

 0.14 - - - - 

 0.31 - - - - 

 68.94 - - - - 

H maxima 0.57 0.41 0.35 0.67 - 

Correlation 

maxima 
- 0.09 0.06 -0.15 -0.17 

Efficiency 

maxima 
- -1.05 -0.77 -0.82 -4.73 
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 Istanbul 6)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 -0.01 0.01 

Efficiency - -0.47 -0.57 -0.32 -0.47 

Average 5.50 2.41 2.48 2.74 2.78 

Standard 

Deviation 
8.12 4.54 5.08 3.57 4.71 

Skewness 3.20 3.14 3.31 3.14 3.18 

H daily 0.65 0.77 0.74 0.61 0.68 

H annual 0.61 0.43 0.47 0.54 - 

H monthly 0.24 0.15 0.25 0.39 0.54 

SDII 8.84 6.19 7.10 4.15 5.93 

Prec90p 19.00 13.55 15.89 8.53 13.12 

 -0.09 - - - - 

 0.30 - - - - 

 57.71 - - - - 

H maxima 0.52 0.40 0.68 0.66 

 Correlation 

maxima 
- 

-0.10 -0.14 -0.05 -0.04 

Efficiency 

maxima 
- 

-0.69 -0.98 -1.03 -4.91 
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 Larnaca 7)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.04 0.05 0.07 0.04 

Efficiency - -0.29 -0.74 -0.46 -0.07 

Average 1.02 0.84 0.96 1.75 1.05 

Standard 

Deviation 
4.79 2.76 4.01 3.31 3.03 

Skewness 10.31 5.56 6.70 4.02 4.44 

Probability dry 0.89 0.86 0.89 0.65 0.82 

H daily 0.69 0.67 0.69 0.76 0.75 

H annual 0.67 0.60 0.33 0.59 - 

H monthly 0.39 0.44 0.21 0.14 0.11 

SDII 9.26 5.62 8.71 4.46 5.68 

Prec90p 21.00 12.57 20.05 9.88 12.54 

 0.09 - - - - 

 0.47 - - - - 

 52.26 - - - - 

H maxima 0.69 0.60 0.23 0.40 

 Correlation 

maxima 
- 

0.02 -0.05 0.15 -0.17 

Efficiency 

maxima 
- -0.94 -0.65 -0.79 -1.88 
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 Malaga 8)

 

 

 

 



 

- 98 - 

 

 

 

 
Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.05 0.03 0.03 0.03 

Efficiency - -0.40 -0.58 -0.20 -0.78 

Average 1.50 1.76 1.69 1.80 1.56 

Standard 

Deviation 
6.89 4.78 5.63 3.26 6.32 

Skewness 8.50 4.42 5.28 4.17 4.99 

Probability dry 0.89 0.78 0.83 0.62 0.82 

H daily 0.64 0.73 0.71 0.65 0.63 

H annual 0.46 0.40 0.24 0.49 - 

H monthly 0.48 0.34 0.32 0.46 0.28 

SDII 12.98 7.83 9.96 4.24 10.48 

Prec90p 31.60 17.88 23.93 9.02 23.87 

 0.08 - - - - 

 0.40 - - - - 

 56.83 - - - - 

H maxima 0.45 0.40 

 

0.73 

 Correlation 

maxima 
- 

0.03 0.14 -0.05 0.04 

Efficiency 

maxima 
- 

-0.70 -1.14 -1.35 -2.16 
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 Nimes 9)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 0.01 0.01 

Efficiency - -0.35 -0.47 -0.49 -0.48 

Average 2.07 2.90 2.52 3.48 2.76 

Standard 

Deviation 
7.87  5.27 5.48 5.39 5.34 

Skewness 8.60 3.18 3.84 3.60 3.34 

Probability dry 0.83 0.59 0.67 0.42 0.62 

H daily 0.59 0.66 0.66 0.58 0.68 

H annual 0.85 0.29 0.59 0.50 - 

H monthly 0.72 0.45 0.39 0.33 0.84 

SDII 11.68 6.84 7.30 5.73 7.06 

Prec90p 28.20 14.93 16.70 12.55 15.49 

 0.10 - - - - 

 0.44 - - - - 

 60.70 - - - - 

H maxima 0.70 0.45 0.21 0.49 

 Correlation 

maxima 
- 

-0.10 -0.15 -0.07 -0.10 

Efficiency 

maxima 
- 

-0.63 -0.79 -0.49 -1.95 
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 Palermo 10)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.06 0.05 0.03 0.03 

Efficiency - -0.43 -0.60 -0.48 -0.35 

Average 1.58 1.74 1.58 2.05 1.47 

Standard 

Deviation 
5.24 3.69 4.06 3.57 3.85 

Skewness 7.05 3.84 4.48 3.86 4.98 

Probability dry 0.81 0.69 0.77 0.59 0.77 

H daily 0.64 0.72 0.68 0.62 0.73 

H annual 0.70 0.53 0.53 0.67 - 

H monthly 0.39 0.23 0.27 0.34 0.50 

SDII 7.79 5.11 6.32 4.88 5.77 

Prec90p 17.50 11.47 14.11 10.44 12.40 

 0.06 - - - - 

 0.39 - - - - 

 53.75 - - - - 

H maxima 0.68 0.46 0.65 0.43 

 Correlation 

maxima 
- 

-0.21 0.19 -0.09 -0.07 

Efficiency 

maxima 
- 

-1.62 -0.85 -0.64 -4.32 
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 Perpignan 11)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 0.01 0.00 

Efficiency - -0.42 -0.44 -0.35 -0.43 

Average 1.66 2.46 2.22 2.59 2.25 

Standard 

Deviation 
7.45 4.80 4.92 4.40 4.93 

Skewness 9.70 3.45 4.00 4.23 3.81 

Probability dry 0.85 0.64 0.69 0.51 0.69 

H daily 0.55 0.65 0.65 0.56 0.69 

H annual 0.59 0.40 0.34 0.71 - 

H monthly 0.51 0.49 0.36 0.56 0.85 

SDII 10.72 6.57 6.88 4.92 6.93 

Prec90p 26.22 14.30 15.31 10.71 15.41 

 0.21 - - - - 

 0.42 - - - - 

 82.96 - - - - 

H maxima 0.64 0.33 0.45 0.56 

 Correlation 

maxima 
- 

-0.08 0.15 -0.02 -0.04 

Efficiency 

maxima 
- 

-0.88 -0.58 -0.75 -2.71 
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 Pesaro 12)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.01 0.01 0.00 0.00 

Efficiency - -0.62 -0.55 -0.60 -0.77 

Average 2.46 2.46 2.08 2.77 2.59 

Standard 

Deviation 
5.04 5.04 4.86 4.84 4.94 

Skewness 3.50 3.50 3.97 3.81 3.08 

Probability dry 0.78 0.66 0.72 0.53 0.62 

H daily 0.57 0.64 0.66 0.58 0.59 

H annual 0.62 0.55 0.58 0.26 - 

H monthly 0.60 0.39 0.38 0.39 0.41 

SDII 9.16 6.94 7.12 5.60 6.57 

Prec90p 20.80 15.26 16.03 12.58 14.89 

 0.28 - - - - 

 0.33 - - - - 

 44.70 - - - - 

H maxima 0.58 0.46 0.40 0.40 

 Correlation 

maxima 
- 

0.06 -0.02 0.11 0.06 

Efficiency 

maxima 
- 

-0.22 -0.66 -0.20 -2.31 
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 Sarajevo 13)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 0.00 -0.01 

Efficiency - -0.82 -0.07 -0.71 -0.75 

Average 2.51 3.08 2.72 3.17 2.86 

Standard 

Deviation 
5.96 5.42 4.91 5.00 4.92 

Skewness 4.23 2.90 2.73 3.31 2.53 

Probability dry 0.70 0.58 0.61 0.47 0.59 

H daily 0.56 0.68 0.60 0.59 0.62 

H annual 0.45 0.58 0.55 0.62 - 

H monthly 0.46 0.32 0.50 0.45 0.38 

SDII 8.18 7.13 6.78 5.67 6.75 

Prec90p 18.40 15.50 14.74 12.36 14.70 

 0.08 - - - - 

 0.24 - - - - 

 56.78 - - - - 

H maxima 0.46 0.63 0.64 0.56 

 Correlation 

maxima 
- 

0.07 -0.10 0.03 0.01 

Efficiency 

maxima 
- 

-0.65 -1.28 -0.68 -6.41 
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 Tel Aviv 14)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.03 0.04 0.09 0.03 

Efficiency - -0.06 -0.16 -0.11 -0.05 

Average 1.46 0.43 0.74 1.72 0.99 

Standard 

Deviation 
6.19 1.37 2.58 2.65 2.61 

Skewness 7.49 7.04 5.78 3.30 4.21 

Probability dry 0.88 0.90 0.89 0.59 0.83 

H daily 0.72 0.69 0.70 0.76 0.77 

H annual 0.19 0.37 0.10 0.53 - 

H monthly 0.13 0.33 0.32 0.21 0.28 

SDII 11.86 3.32 5.93 3.69 5.27 

Prec90p 27.62 6.72 13.03 7.83 11.12 

 0.02 - - - - 

 0.35 - - - - 

 50.76 - - - - 

H maxima 0.71 0.48 0.43 0.33 

 Correlation 

maxima 
- 

-0.04 -0.09 0.13 0.21 

Efficiency 

maxima 
- 

-3.43 -2.31 -2.33 -4.18 
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 Torrevieja 15)
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  Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 0.02 0.01 

Efficiency - -0.20 -0.26 -0.20 -0.37 

Average 0.69 0.52 0.48 0.85 0.62 

Standard 

Deviation 
4.37 1.98 2.20 2.02 2.60 

Skewness 17.05 6.88 9.18 7.36 9.70 

Probability dry 0.92 0.90 0.92 0.80 0.88 

H daily 0.57 0.65 0.62 0.66 0.64 

H annual 0.62 0.42 0.24 0.54 - 

H monthly 0.50 0.44 0.26 0.43 0.63 

SDII 8.80 4.72 5.26 3.33 4.87 

Prec90p 21.50 10.13 11.44 6.52 10.71 

 0.30 - - - - 

 0.48 - - - - 

 45.59 - - - - 

H maxima 0.55 0.48 0.61 0.68 

 Correlation 

maxima 
- 

0.03 -0.14 0.10 0.04 

Efficiency 

maxima 
- 

-0.48 -0.57 -0.42 -0.98 
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 Tortosa 16)
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Historical CSIRO ECHAM5 CGCM3 Reanalysis 

Correlation - 0.00 0.00 0.00 0.00 

Efficiency - -0.40 -0.46 -0.42 -0.49 

Average 1.46 1.81 1.60 2.30 1.69 

Standard 

Deviation 
6.51 4.13 4.37 4.15 4.38 

Skewness 9.57 4.28 5.00 4.48 4.70 

Probability dry 0.86 0.71 0.77 0.55 0.75 

H daily 0.54 0.58 0.60 0.56 0.71 

H annual 0.37 0.36 0.67 0.63 - 

H monthly 0.52 0.55 0.51 0.57 0.83 

SDII 10.31 6.00 6.65 4.72 6.64 

Prec90p 25.50 13.15 15.35 10.25 14.80 

 0.12 - - - - 

 0.38 - - - - 

 75.38 - - - - 

H maxima 0.59 0.65 0.55 0.65 

 Correlation 

maxima 
- 0.07 -0.08 -0.12 0.06 

Efficiency 

maxima 
- -0.73 -0.67 -0.77 -2.80 
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Reanalysis data 

 

:  

 . 
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 Albacete  Los Llanos 1)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 20.26 20.83 19.95 20.96 

Standard Deviation 8.85 8.37 7.70 8.60 

Skewness 0.16 0.33 0.24 0.25 

Correlation - 0.36 0.74 0.42 

Efficiency - -0.20 0.55 -0.08 

Correlation maxima - 0.11 0.09 -0.03 

Efficiency maxima - -2.32 -1.31 -1.50 

 -0.17 - - - 

 0.05 - - - 

 37.77 - - - 

Hurst daily 0.91 0.89 0.90 0.90 

Hurst maxima 0.71 0.65 0.61 0.76 

Summer days 107.00 116.96 112.10 133.00 

Icing days 0.29 0.08 0.00 0.00 

90% - quantile 32.80 33.02 30.62 32.94 

WSDI 1.55 2.00 1.83 1.71 
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 Bologna 2)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 17.32 17.32 17.45 16.75 

Standard Deviation 9.54 8.55 8.91 10.85 

Skewness -0.05 0.24 0.00 0.16 

Correlation - 0.80 0.83 0.81 

Efficiency - 0.68 0.56 0.68 

Correlation maxima - 0.01 0.02 0.10 

Efficiency maxima - -1.53 -1.10 -4.14 

 -0.23 - - - 

 0.05 - - - 

 34.73 - - - 

Hurst daily 0.82 0.86 0.86 0.68 

Hurst maxima 0.82 0.68 0.58 0.68 

Summer days 99.12 82.24 89.77 102.88 

Icing days 4.53 1.90 6.26 9.08 

90% - quantile 30.00 29.61 29.53 31.83 

WSDI 1.93 2.25 2.30 2.03 
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 Dar el Beida 3)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 23.43 23.64 16.52 21.21 

Standard Deviation 6.33 6.01 7.66 7.84 

Skewness 0.13 0.23 0.22 0.38 

Correlation - 0.39 -0.126 0.47 

Efficiency - -0.14 -0.07 -0.46 

Correlation maxima - 0.11 -0.08 0.12 

Efficiency maxima - -3.29 -33.48 -0.76 

 -0.46 - - - 

 0.061 - - - 

 40.73 - - - 

Hurst daily 0.9 0.9 0.93 0.9 

Hurst maxima 0.39 0.9 0.36 0.83 

Summer days 144.56 148.16 35.90 123.45 

Icing days 0 0 0 0 

90% - quantile 31.5 32.14 24.96 32.42 

WSDI 0.80 1.78 1.86 1.61 
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 Hvar 4)

 

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 20.31 20.31 18.37 18.92 

Standard Deviation 6.74 6.73 8.22 7.11 

Skewness 0.05 0.31 0.12 0.61 

Correlation - 0.74 0.78 0.85 

Efficiency - 0.46 0.33 0.63 

Correlation maxima - 0.09 -0.11 -0.04 

Efficiency maxima - -0.86 -4.35 -5.71 

 -0.21 - - - 

 0.04 - - - 

 33.77 - - - 

Hurst daily 0.94 0.90 0.91 0.90 

Hurst maxima 0.47 0.76  0.72 

Summer days 101.09 103.32 94.59 83.71 

Icing days 0.04 0.00 1.30 0.00 

90% - quantile 29.50 30.19 29.63 29.86 

WSDI 1.61 2.14 2.35 2.27 
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 Istanbul 5)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 18.50 19.43 16.43 17.21 

Standard Deviation 8.18 7.44 7.61 9.47 

Skewness -0.15 -0.15 0.03 0.34 

Correlation - 0.71 0.45 0.71 

Efficiency - 0.45 0.15 0.56 

Correlation maxima - -0.14 -0.20 0.14 

Efficiency maxima - -0.59 -2.35 -2.15 

 -0.03 - - - 

 0.05 - - - 

 34.25 - - - 

Hurst daily 0.90 0.91 0.91 0.91 

Hurst maxima 0.35 0.56 0.56 0.78 

Summer days 99.77 102.83 58.24 97.76 

Icing days 1.24 0.04 1.46 0.11 

90% - quantile 29.00 30.22 26.59 30.90 

WSDI 1.55 2.00 1.72 1.92 
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 Madrid 6)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 19.29 19.56 17.02 14.32 

Standard Deviation 8.50 8.19 9.14 10.73 

Skewness 0.19 0.50 0.29 0.21 

Correlation - 0.80 0.70 0.83 

Efficiency - 0.63 0.28 0.17 

Correlation maxima - 0.22 0.34 0.14 

Efficiency maxima - -3.32 -0.82 -2.32 

 -0.35 - - - 

 0.04 - - - 

 26.26 - - - 

Hurst daily 0.91 0.90 0.91 0.91 

Hurst maxima 0.85 0.74 0.65 0.64 

Summer days 105.74 102.66 94.86 75.70 

Icing days 0.20 0.02 0.48 24.06 

90% - quantile 31.40 32.00 30.23 29.31 

WSDI 2.16 1.99 1.98 1.99 
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 Perpignan 7)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 19.87 19.87 18.21 18.12 

Standard Deviation 6.87 6.87 7.23 6.27 

Skewness 0.01 0.41 0.25 0.69 

Correlation - 0.57 0.36 0.52 

Efficiency - 0.16 -0.21 0.06 

Correlation maxima - -0.05 0.16 0.05 

Efficiency maxima - -1.19 -1.21 -5.07 

 -0.25 - - - 

 0.05 - - - 

 34.75 - - - 

Hurst daily 0.91 0.89 0.90 0.89 

Hurst maxima 0.64 0.71 0.65 0.79 

Summer days 96.21 97.74 81.16 61.75 

Icing days 0.24 0.00 0.09 0.00 

90% - quantile 29.00 30.11 28.48 27.54 

WSDI 1.38 2.02 1.89 1.95 
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 San Sebastian 8)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 16.23 18.35 15.90 16.23 

Standard Deviation 5.79 4.51 5.98 5.79 

Skewness 0.08 0.50 0.16 0.62 

Correlation - 0.63 0.58 0.61 

Efficiency - 0.33 0.14 0.22 

Correlation maxima - 0.28 0.16 0.04 

Efficiency maxima - -6.47 -7.99 -2.57 

 -0.30 - - - 

 0.06 - - - 

 32.98 - - - 

Hurst daily 0.94 0.90 0.91 0.90 

Hurst maxima 0.70 0.74 0.85 0.74 

Summer days 18.41 36.95 28.52 32.36 

Icing days 0.44 0.00 0.26 0.00 

90% - quantile 23.30 25.03 24.45 24.56 

WSDI 0.49 1.83 1.82 1.69 
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 Sarajevo 9)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 15.07 16.12 15.04 15.26 

Standard Deviation 9.90 8.97 9.77 8.54 

Skewness -0.23 0.27 -0.15 0.25 

Correlation - 0.74 0.63 0.75 

Efficiency - 0.52 0.39 0.55 

Correlation maxima - 0.02 0.13 0.05 

Efficiency maxima - -2.21 -1.15 -1.36 

 -0.20 - - - 

 0.06 - - - 

 33.25 - - - 

Hurst daily 0.89 0.90 0.90 0.90 

Hurst maxima 0.51 0.73 0.52 0.78 

Summer days 64.42 72.53 66.80 60.92 

Icing days 27.17 6.11 23.35 2.68 

90% - quantile 27.60 28.91 27.72 27.31 

WSDI 1.73 2.10 1.77 1.96 
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 Torrevieja 10)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 21.70 21.89 20.90 18.19 

Standard Deviation 5.52 5.40 5.97 5.85 

Skewness -0.04 0.33 0.33 0.62 

Correlation - 0.82 0.61 0.80 

Efficiency - 0.65 0.15 0.18 

Correlation maxima - -0.14 -0.09 -0.05 

Efficiency maxima - -1.19 -1.52 -5.24 

 -0.20 - - - 

 0.04 - - - 

 33.94 - - - 

Hurst daily 0.90 0.91 0.91 0.91 

Hurst maxima 0.48 0.75 0.69 0.57 

Summer days 110.12 116.75 107.64 57.12 

Icing days 0.00 0.00 0.00 0.00 

90% - quantile 29.00 29.65 29.29 26.95 

WSDI 0.74 1.75 1.82 1.88 
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 Tortosa 11)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 22.48 22.36 19.40 18.49 

Standard Deviation 6.87 6.94 6.73 6.34 

Skewness -0.09 0.33 0.28 0.62 

Correlation - 0.40 0.71 0.79 

Efficiency - -0.22 0.24 0.27 

Correlation maxima - 0.23 0.20 0.05 

Efficiency maxima - -1.21 -1.61 -4.70 

 -0.10 - - - 

 0.04 - - - 

 35.82 - - - 

Hurst daily 0.90 0.91 0.92 0.91 

Hurst maxima 0.90 0.50 0.54 0.80 

Summer days 139.78 130.45 95.24 69.67 

Icing days 0.00 0.00 0.00 0.00 

90% - quantile 31.50 32.53 28.93 28.16 

WSDI 1.38 2.00 1.86 1.90 
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 Valencia 12)

 

 

  Historical CSIRO ECHAM5 CGCM3 

Average 22.18 22.20 20.33 21.00 

Standard Deviation 5.74 5.74 6.73 9.48 

Skewness -0.10 0.32 0.24 0.13 

Correlation - 0.78 0.72 0.79 

Efficiency - 0.57 0.24 -0.17 

Correlation maxima - 0.13 -0.08 -0.03 

Efficiency maxima - -0.53 -0.74 -3.42 

 -0.37 - - - 

 0.05 - - - 

 35.87 - - - 

Hurst daily 0.89 0.90 0.92 0.91 

Hurst maxima 0.34 0.73 0.74 0.33 

Summer days 127.53 121.20 107.48 140.28 

Icing days 0.00 0.00 0.00 0.01 

90% - quantile 29.40 30.30 29.69 34.01 

WSDI 1.20 1.75 1.74 1.76 


