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Abstract 

The subject of this doctoral dissertation is the prediction of meteorological time series using 
nonlinear analysis methods. The methods used here are the Detrended Fluctuation Analysis 
(DFA) and, mainly, the Multifractal DFA (MF-DFA). This dissertation focuses on the study 
of those properties of temperature and dew point meteorological time series which cannot be 
detected by linear statistical methods and on the possibility of predicting the time series 
behavior in the future using autocorrelation at a wide time range. The way of the correlation 
between those properties and climatic conditions is also studied. 

The originality of that dissertation is based mainly on the application of MF-DFA method 
using daily values of air temperature and dew point coming from many Greek weather 
stations observations. It also must be stressed the remarkably wide climatic range at a region 
which covers a relatively small area like the case of Greece. In particular, the reasons for the 
large climatic variety over Greece are its geographical location, the complex topography and 
the continual alternation of land and sea. In some cases, locations that are very close together 
have such a climatic difference that rarely can be found on our planet.  

At first, DFA method was applied on daily mean, maximum and minimum air temperature 
time series and on daily dew point time series as well. These time series came from a number 
of weather stations of the Hellenic National Meteorological Service (HNMS) network and 
most of them cover the period from 1973 up to 2014. The basic conclusion is that for all the 
time series the scaling behavior is characterized by long-range positive correlations, that is the 

magnified, will be observed in the future. 

MF-DFA method, which then applied on the same time series, verified the existence of the 
same scaling behavior as is the case for DFA method. Moreover, multifractal spectrum 
revealed the multifractal structure of the time series, which is mostly sensitive to local 
fluctuations with small magnitudes. The spatial distribution of the main multifractal spectrum 
parameters revealed the dependency of those parameters on the climatic conditions and local 
topography. The basic deseasonalization method that used in this study, involves the 
subtraction of daily mean values from the corresponding values of the time series for each 
year. The same conclusions found when another deseasonalization method, STL, was used 
and when MF-DFA was applied on homogenized temperature time series coming mostly 
from the same stations. In addition, the multifractal properties of the time series are found to 
come mainly from the different long-range correlations for fluctuations having different 
magnitudes. By the examination of three weather stations located on Greek regions with 
different climatic characteristics, time series were found to have relatively less persistent 
behavior in the winter period. 

The use of temperature and dew point time series coming from ECMWF reanalysis data 
which taken from grid points which cover all the Greek area, also revealed the existence of 
long-range positive correlations at the time series. From the multifractal spectrum was also 
found the multifractal structure of the time series and the sensitivity of that structure on local 
fluctuations which mainly have small magnitude. But the most striking finding is that the sea 
and land distribution affects significantly the multifractal spectrum parameters. More 
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specifically, time series over sea appear to have more persistent behavior (that is, greater 
positive long-range correlations) and a greater degree of multifractality. 

MF-DFA method gives the opportunity of the study of meteorological time series (that come 
from the complex interaction among various processes in the atmosphere which obey to 
nonlinear laws), whose features cannot be detected by conventional linear methods. 
Moreover, the fact that meteorological time series appear to have memory can be used for the 
prediction of the future behavior of the climate variability. In addition, this analysis could 
help on the evaluation of climatic models in terms of their ability to reproduce the nonlinear 
dynamics of temperature variations. 
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L s) s

f = 1/s. 

 
s 

FA. 

fractal 
Koscielny-Bunde et al Kandelhardt et al., (1995). 

DFA 

 

multifractal  

multifractal 
partition function) (Feder, 1988; Peitgen et al., 2004; 

Barabasi  Viscek, 1991; Bacry et al

modulus maxima (WTMM  Wavelet Transform Modulus 
Maxima) (Muzy et al Arneodo et al

Schertzer 
Lovejoy(1987) 

. 

Karatasou Santamouris (2018) 
multifractal 

 Multifractal DFA (MF-
DFA Kandelhardt et al modulus 
maxima 

MF-DFA WTMM Kandelhardt et al
2003), Oswiecimka et al

WTMM MF-DFA
 

 

t), t  [0, 1] 
/2

/2
( ) (t')dt'

t s

s t s
t  t multifractal 
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1/ 1

( )

0

( ) [( 1/ 2)s] s
s

q q
q ss   s << 1                                    (4.11) 

 Renyi q 
monofractal -

 q 
multifractal multifractal D(q) 

 D(q q)/(q-1). 

xi), i N Ns int(N/s X s) = 

1

s

s ii
x  v Ns   

                             
1

( )

0

( ) ( , )
s

q q
qZ s X s s   s > 1                                               (4.12) 

Y(j FFA s) 
 

        
1

2 /2

0 1

( ) {[ (( 1)s) Y( s)] } ( , )
s sN N

q
q FAZ s Y F s                                         (4.13) 

multifractal 
FA

q  

 

1/2

[1 (2)]/2
2 2

1
( ) ( ) 2 1 (2) 1 (2)

s

F s Z s s a D
N

                                     (4.14) 

D(2) D   
 

multifractal Hurst h(q) 
q  

   

1/

[1 ( )]/ ( )
2

1 1 ( )
( ) ( ) ( )

q

q q h q
q

s

q
F s Z s s s h q

N q
                                      (4.15) 

h(2) =  q   multifractal f  =q   
 multifractal multifractal 

MF-DFA  

WTMM 

multifractal 

m 
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L  ( ,s)L

 

                                          
max

1

( , ) ( , )
j

q

j
j

Z q s L s                                                           (4.16) 

Z(q, s) 

(q)  Z(q,s) 

s  

                                                (q)( , ) sZ q s                                                                      (4.17) 

(q) multifractal 

q) 
h(q)  
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DFA MF-DFA 

 

DFA Detrended 
Fluctuation Analysis Peng et al. 

DFA   

DFA 

 

multifractal 

Kandelhardt et al DFA
Multifractal DFA (MF-DFA
MF-DFA  

DFA 

xi i N 
i 

xi xi+s  
s

< x ix = xi - < x >, < x > = 1/N 
1

N

ii
x

x s 
 

1

1
( )

N s

i i s i i s
i

C s x x x x
N s

                                                            (5.1) 
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xi C(s) s 
xi C(s) C(t) ~ exp(-s/sx) 

sx C(s) 
 

 ( )C s s                                                                                       (5.2) 

  C(s) 
xi 

x > 

C(s) 
 

 

DFA 

 

DFA 
Y(i) profile xi  : 

 
1

( )
i

k
k

Y i x x                                                                         (5.3) 

x > 

 

Y(i) Ns [ N / s 
s. 

s Y(i) 

Y(i). 

s  

v 
Y(i). 

s 
Ys (i). 

Y(i)  

 ( ) ( ) ( )s vY i Y i p i                                                                       (5.4) 
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pv(i) v

DFA1, DFA
Y(i) 

DFA n- DFAn n Y(i)
n  xi

 

 

  DFA
s =100 (a s = 200 (b s 

Y(i) (profiles
Ys (i),  

Y(i) 
i . 

s 
Ys (i) i 

v : 

 2 2 2

1

1
( ) ( ) [( 1) ]

s

s s s
i

F v Y i Y v s i
s

                                                (5.5) 

DFA : 

 

1/22
2

1

1
( ) ( )

2

sN

s
vs

F s F v
N

                                                           (5.6) 

n F(s) 
F(n)(s) s n 

F(n)(s) s
s xi 
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F(n)(s) 
s : 

 ( ) ( )nF s s                                                                        (5.7) 

   

= 1  < 1                                                         (5.8)   

Kandelhardt et al
C(s) 

F(n)(s) ~ s1/2 

1

2
  

F(n)(s) s log-
log plot  

 
  

, 
  

F(n)(s) s Jiang et 
al. 2017b). 

 

 F(n)(s) s n log-log 
 

s.  s = sx  
F(n)(s) crossover

F(n)(s). sx 

DFA 
F(n)(s) 
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 DFA 

DFA 
 

 DFA 

 
 DFA 

 
 

-

DFA 
-

 
 DFA 

Mirzayof  Ashkenazy
 

 

 
DFA

 
 

 

DFA
 

 

DFA 
DFA 

E Rybski et al. (2006), Rybski  
Bunde (2008), Giese et al. (2007)). 

DFAn 
Bunde  Havlin
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DFAn 
DFA DFA

DFA
 

 
 

 = 0.65 

Rybski  Bunde, 2008; Govindan et al., 2002; 
Vjushin et al., 2004). 
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 (  Eichner et al., 
2003; Monetti et al., 2003; Kandelhardt et al., 2006) 

MF-DFA 

monofractal 

 

fractal 
 

multifractal 
Multifractal DFA (MF-DFA

DFA.  

Multifractal DFA Kandelhardt et al., 2002) : 

 Y(i)  profile  

1

( ) [ ]
i

k
k

Y i x x ,         i N     (5.9) 
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< x > 
 

 Y(i) s int(N/s
s.  

s Y(i)

2Ns  

 2Ns 
 

2 2

1

1
( , ) { [( 1) ] ( )}

s

v
i

F v s Y v s i y i
s

                                                            (5.10) 

v, v Ns  

2 2

1

1
( , ) { [ ( ) ] ( )}

s

s v
i

F v s Y N v N s i y i
s

                                                  (5.11) 

v = Ns Ns yv(i) 
v  , 2 , 

3  MF-DFA1, MF-DFA2, 
MF-DFA

Y(i) DFA 

MF-)DFAm MF-)DFA m- m-
Y(i) m-

MF-)DFA 
 

 
q-  

1/2
2 /2

1

1
( ) [F ( , )]

2

s
qN

q
q

vs

F s v s
N

                                                               (5.12) 

q q=0 
q DFA

 q  Fq(s) 
 s q  

s. Fq(s) s. 
Fq(s) m  MF-)DFA

Fq(s) s m + 2.  

 
log-log Fq(s) s q xi 

Fq(s) s  
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( )( ) h q
qF s s                                                                                           (5.13) 

s > N/4 Fq(s) 
Ns 

s > N/4 
h(q) h(q) 

q h(2) Hurst  
DFA h(q) 

Hurst. 

h(0) h(q) q 
1/q

 

2
2 (0)

0
1

1
( ) exp ln[ ( , )]

4

sN
h

vs

F s F v s s
N

                                                         (5.14) 

monofractal h(q) q 
F2 (v, s)  v 

q

h(q) q q, v 
F2(v,s) 

Fq(s). 
q v F2(v,s) 
Fq(s). q h(q) 

 

multifractal 
h(q) 

s = N Fq(s) 
q  

Ns = [ N/s ] s << N  
Fq(s) 

F2 (v, s) 
q q s 

<< N  Fq(s) q Fq(s) q 
s = N

Fq(s) h(q) log-log Fq(s) q 
s Fq(s) q > 0. 

h(q) q h(q) q > 0. 
log-log Fq(s) s  
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 log-log Fq(s) s

Fq(s) q . 

MF-DFA 
Hurst h(q) 

h(q) 

MF-DFA 
MFDFA MFDFA 

( ) ( ) 1h q h q

h(q) 
q.  

multifractal  

monofractal 
Hurst multifractal 

q
Hurst h(q). h(q) q 

Hurst h(q) 

multifractal 
MF-DFA (Kandelhardt et al

q q) : 

q) = q h(q) - 1                                                                                  (5.15) 

 :        

    = q)                                                                                          (5.16) 

q) q) q  
H lder 

multifractal f
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f q  q)                                                                         (5.17) 

- f  
h(q) :  

h(q) + q h q)     f q  h(q) ] +1                                     (5.18) 

h q) h(q) q
multifractal f  

f  
multifractal Bishop et al., 2012). 

monofractal q, 
q  f  f =1 

 

multifractal  

 

 multifractal  
 

multifractal 
Ihlen 

Hurst monofractal) DFA 
fractal 

multifractal 
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fractal  Hurst
Brown

 

fractal 
multifractal 

multifractal multifractal 
  

 

multifractal 
multifractal truncation

Hurst q-
q  

multifractal 

multifractal Ihlen
hq 

. 
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multifractal 
Hurst h(q) Ihlen

Dq f  hq . 

Hurst q- q- RMS 

multifractal 
multifractal 

multifractal 
multifractal 

multifractal 
multifractal 

 

multifractal  

multifractal 
 

(i) multifractal 

multifractal 
shuffling). 

(ii) multifractal 

multifractal 
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multifractal 
multifractal 

 

 

 multifractal  

WTMM MF-DFA 

WTMM MF-DFA
MF-DFA WTMM (Kandelhardt et al., 

Oswiecimka et al MF-DFA 
 q 

MF-DFA 
MF-DFA MF-DFA 

 support WTMM. 
MF-DFA WTMM 

Gu  Zhou 
MF-DFA Arneodo et al. (2002) 

WTMM  
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DFA MF-DFA 
 

DFA MF-DFA 

 

- reanalysis
DFA 

 
MF-DFA 

multifractal 

multifractal 

multifractal 

MF-DFA 

multifractal 

multifractal 
reanalysis 

MF-DFA 
multifractal 

reanalysis
MF-DFA reanalysis 

multifractal  
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multifractal 

 
DFA MF-DFA 

 

 
 

reanalysis  

DFA 
DFA 

 
 

 

MF-DFA  

 

 
 

 

 

 

 

 

MF-DFA reanalysis  

 

 

 

reanalysis 

MF-DFA reanalysis  
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WGS

 

 

 
 

 
  

 
 

 

Tmean, Tmax Tmin 

GSOD (Global Summary Of the Day
Menne et al  

 

Durre et al

MF-
DFA  

Chen et al., 2002; Mirzayof  Askenazy, 2010). 
MF-DFA 
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  WMO ID 
. 

 (oN) 
. 

 (oE) 
 

(m) 
 

23  62318 31 10' 54" 29 7" 7 1973-2014 
24  62053   132 1973-2010 
25  15614   595 1973-2014 
26  15625 42  08' 00" 24  45' 00" 185 1973-2014 
27  17600   8 1973-2014 
28  16320 6"  10 1973-2014 
29 M  16360   112 1973-2014 
30  16422 38  04' 19" 15  39' 13" 21 1973-2014 
31  16597   29' 00" 91 1973-2014 
32  17300 36  52' 00" 30  44' 00" 57 1973-2014 
33  17060   37 1973-2014 
34  17219   120 1988-2014 
35  13586 41  58' 00" 21  39' 00" 239 1973-2014 

 

 

 

-
-

 

 

 

                                         
24

1

1
( )

24 h
i

T i                                                                 (6.1) 

h(i)  

 

                                6 12 182

4
T                                                              (6.2) 

6 12 18 UTC  
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1

1
( )

i

i                                                                 (6.3) 

  

  

                                     
12

1

1
( )

12E
i

T T i                                                                     (6.4) 

 

 

-

-1,5 
-

 

-
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-38 C 
-94 C -120 oC

-200 oC). 

 

 

UTC
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6  

 

-  

Thermistors
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K ppen. 

 

 

C C
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25 C

45 C
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dew point) Td

 

August

-10 cm
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w 
 

                            e = es(Tw) - -Tw                                     (6.5) 

s(Tw

w

w w

w o oC-1 

s  

es(Tw

Tw T-Tw 
mmHg 

 

Tw T-Tw

 

 
  August. 

40 C. 

-
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Td 

Robinson, 1998). 

Robinson

 
ERA Interim reanalysis ECMWF 

 
 

 

 

 
ERA Interim reanalysis ECMWF
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- d  
C 

C
C  

 

ERA Interim reanalysis ECMWF 

6.9. 
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MF-
DFA MF-DFA 

multifractal 
multifractal  

  

WMO   
 

 

-01- -12-
-01-1971, 01-01- -01-  

WMO

 

Higher Order Moments
SPLIDHOM (Spline Daily Homogenization).  

Della-Marta  Wanner  
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SPLIDHOM 
Mestre et al

SPLIDHOM
splines 

 

6.7 Reanalysis  

MF-DFA 

 

ERA-Interim reanalysis ECMWF (European Center for 
Medium-range Weather Forecasts 

UTC ERA-Interim reanalysis 
 

  
 x 0.75  x 14 = 154 

 

 

 ERA  Interim reanalysis. 
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ERA  Interim 
hPa 

 
 

UTC UTC 
UTC 

UTC UTC UTC
UTC. 

buoys   

METAR
ERA  Interim ECMWF (Berrisford 

et al Dee et al. (2011). 

STL 

MF-DFA  

(Kandelhardt et al
Wiener moving average ,  

 

 
STL (Seasonal Trend Decomposition 

Based on Locally Weighted Regression

Cleveland et al
Li et al MF-DFA 

Krzyszczak et al multifractal 
 

STL 

(seasonality trend remainder
STL Cleveland et al

MF-DFA

MF-DFA  

. 
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MF-DFA 
MATLAB

 

To 

MF-DFA 
 

GSOD (Global 
Summary Of the Day

 

MF-DFA

segments  
Fq(s), 

h(q) f q -
Fq(s) q (-6, -

-

h(q) f . 

Ihlen  

STL

MF-DFA  
R 
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DFA  

  

DFA Kalamaras et al
WMO 

 

DFA

 

 

 

 I mean), 
max min dew point). 

Lilliefors 
(Lilliefors  
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DFA 

F(s) s  

 

 F(s) s a
b c d  

log(s log(F(s)  
x = log(s y = log(F(s)), 

y = ax + b 
 

coefficient of determination) R2 
F(s) s  

F(s)  sa, 
a 

a 
s  s 

 

a a 
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DFA 

 
R2

Hurst
R2  

 R2 

 

 
Tmean Tmax Tmin Td 

 
 

R2 

 
R2

 
 

R2
 

 
R2

 

1 0.65 0.995 0.65 0.996 0.65 0.994 0.65 0.996 
2 0.69 0.993 0.72 0.997 0.70 0.996 0.67 0.995 
3 0.69 0.997 0.68 0.997 0.69 0.997 0.75 0.998 
4 0.70 0.996 0.68 0.996 0.71 0.998 0.66 0.998 
5 0.69 0.999 0.66 0.999 0.68 0.999 0.68 0.998 
6 0.69 0.995 0.63 0.991 0.71 0.996 0.76 0.999 
7 0.69 0.991 0.70 0.996 0.68 0.991 0.68 0.993 
8 0.67 0.998 0.71 0.998 0.69 0.996 0.74 0.998 
9 0.71 0.997 0.70 0.997 0.71 0.997 0.66 0.995 
10 0.70 0.997 0.65 0.995 0.70 0.998 0.71 0.998 
11 0.66 0.987 0.68 0.995 0.70 0.994 0.72 0.995 
12 0.68 0.997 0.66 0.997 0.66 0.997 0.67 0.997 
13 0.70 0.996 0.71 0.996 0.65 0.996 0.66 0.998 
14 0.67 0.997 0.66 0.996 0.68 0.997 0.82 0.994 
15 0.68 0.997 0.65 0.997 0.68 0.997 0.70 0.997 
16 0.76 0.999 0.69 0.998 0.72 0.999 0.72 0.999 
17 0.69 0.986 0.68 0.991 0.69 0.991 0.65 0.994 
18 0.71 0.998 0.68 0.999 0.75 0.995 0.71 0.999 
19 0.67 0.997 0.65 0.997 0.68 0.997 0.76 0.996 
20 0.67 0.998 0.67 0.999 0.69 0.998 0.70 0.998 
21 0.69 0.996 0.67 0.997 0.69 0.991 0.68 0.994 
22 0.77 0.999 0.68 0.998 0.76 0.998 0.77 0.999 

 

Tmean 
R2 

 
Tmax    

R2 Tmin 0.65  
 R2 Td  

R2 

Hurst
y = ax + 

b R2 
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log-log 

scaling

a 

 

a 
Hurst

R2  
 

 R2 

 

 
Tmean Tmax Tmin Td 

 
R2 

 
R2

 
 

R2
 

 
R2

 

23 0.90 0.994 0.81 0.994 0.81 0.995 0.81 0.996 
24 0.66 0.997 0.63 0.994 0.68 0.997 0.73 0.998 
25 0.66 0.995 0.65 0.996 0.66 0.994 0.67 0.996 
26 0.65 0.993 0.66 0.996 0.64 0.995 0.71 0.998 
27 0.74 0.999 0.72 0.999 0.73 0.998 0.71 0.998 
28 0.72 0.997 0.71 0.999 0.75 0.999 0.71 0.992 
29 0.72 0.996 0.74 0.999 0.82 0.996 0.74 0.999 
30 0.77 0.999 0.73 0.998 0.80 0.998 0.81 0.998 
31 0.74 0.998 0.72 0.999 0.70 0.999 0.70 0.998 
32 0.68 0.998 0.63 0.997 0.73 0.999 0.66 0.998 
33 0.69 0.997 0.67 0.998 0.72 0.997 0.74 0.998 
34 0.68 0.996 0.65 0.994 0.67 0.998 0.73 0.998 
35 0.68 0.991 0.67 0.995 0.68 0.994 0.71 0.996 

 

y = ax + b  
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 Hurst
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Hurst 

 Hurst 

Orun Kocak 

 

Hurst 

Hurst 
 

 Hurst 

Hurst
Hurst.  



                                  

 90 
 

 

Hurst 

Hurst

Hurst. 
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MF-DFA 
 

 

MF-DFA  Kalamaras et al., 
WMO

 2010. 

 Tmean),  (Tmax

Tmin

 

 
 Tmean (a), Tmin (b)  Tmax (c). 

 

 
 Tmean (a), Tmin (b)  Tmax (c). 

(Storch & Zwiers
 

 

 

MF-DFA
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Tmean, 
Tmin Tmax 

Lilliefors (Lilliefors

Tmean, Tmin Tmax. 

 
 Tmean (a), Tmin (b Tmax (c). 

 

 
 Tmean (a), Tmin (b
Tmax (c). 

MF-DFA 

MF-DFA 

Y(i) (profile
MF-DFA

MF-DFA

MF-DFA 
 

s  
Fq(s) 
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q Fq(s) 
s Tmean, Tmin Tmax. 

  

 

 Fq(s s 
MF-DFA q 

Tmean (a), Tmin (b Tmax (c).  

Fq(s  
 q  Tmean, Tmin 

Tmax. q log(s) > 2 (s > 100), 
s Fq(s

q  
multifractality s < 
q. multifractality 

Ihlen 

q 
 

Fq(s
s monofractal 

 

Hurst h(q) Tmean, Tmin Tmax 
q 

h(q) q h(q) q
multifractal h(q)

multifractality 
q h(q) q 

q
h(q) 

multifractal Kandelhardt et al., 2002).  
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 Hurst h(q) q Tmean (a), Tmin (b) 

Tmax (c).  

multifractal 
f  . 

 q -
 

 

 
 Multifractal f(a)  

Tmean (a), Tmin (b Tmax (c). 

multifractal 
f

q f  
q f  q. 

f  
q f  

 q
 multifractality 

multifractal 
 

f    
multifractality q 

Fq(s) 
Hurst h(q)  

multifractal  

multifractality  
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(shuffled
Tmean, Tmin Tmax MF-DFA 

Fq(s)
s, h(q) q 

f .  

 

 

 MF-DFA Fq(s) 
s q Tmean (a), Tmin (b Tmax (c). 

 

 
 Hurst h(q) q Tmean 
(a), Tmin (b Tmax (c). 

 

 

 f   Tmean (a), Tmin (b Tmax 

(c). 

Fq(s), h(q)  f  

Fq(s) s  q 
q 
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Fq(s) 

q, Fq(s) s 
h(q)

h(q)
q. 

h(q) q, 
multifractality

multifractality 

f  
multifractality  

multifractality 
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 9 

 MF-DFA
 

MF-DFA 

MF-DFA 
 

mean) max min

 

 

Fq(s) 
s. 

 Hurst h(q)  q. 

 multifractal  f  

Fq(s),  h(q) f

f  
Fq(s),h(q) 

f  

s 
Fq(s) s 1.5 s 3.5 ). 

  

Kandelhardt et al. (2002). 

log  log 
Fq(s) s c

q q 
log(s s q  log(s) s < 

s 
q < 0) 

q 

Fq(s) monofractal 
Ihlen c  
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 (a b
c Log-log Fq(s) s  q, (d

Hurst h(q) q  e multifractal f  
 

s Fq(s) 
Fq(s) 

s q = -
root mean square

q q 
s

 

 Fq(s) q, 
 Hurst h(q) h(q) 
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q = -
h(q) q multifractal 

h(q) q
Hurst h(q) q d

multifractal monofractal
Hurst h(q

h(q)  q 
q 

multifractal 

Fq(s).  

multifractal 
 

multifractal 

max - min , B  

   f

max - min 

Shimizu et al. (2002) : 

G   )2   ) + C                                                 (9.1) 

 
 A, B 

C  
 

right-skewed
left-skewed
fractal  >  

fractal  <  (Burgueno et al., 2014). 

multifractal 

q 
symmetrical left-truncated

right-truncated
L, LL, S R  

i. L  
ii. LL
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iii. S  
iv. R  

L LL 

Shimizu et al. (2002). 

 

 

multifractal 
Tmean 

LL) (a), Tmax L) (b), Tmin 
S) (c Tmin R) (d).  

MF-DFA 
multifractal 
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 multifractal 
 

 
 

 

max - min 
 

f )=max( ) B  

Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin 

1 0.541 0.472 0.534 0.686 0.678 0.692 0.170 0.211 0.039 L L L 
2 0.651 0.398 0.636 0.720 0.675 0.743 0.505 0.428 0.350 LL L LL 
3 0.621 0.623 0.602 0.709 0.701 0.704 0.439 0.494 0.276 LL LL LL 
4 0.629 0.679 0.623 0.719 0.703 0.718 0.409 0.355 -0.014 LL LL LL 
5 0.460 0.472 0.281 0.713 0.683 0.689 0.389 0.475 -0.321 L LL R 
6 0.479 0.483 0.437 0.713 0.662 0.737 0.055 0.125 -0.412 L L S 
7 0.443 0.339 0.512 0.712 0.711 0.716 0.198 0.220 0.155 L L L 
8 0.388 0.428 0.359 0.688 0.679 0.697 0.496 0.366 0.609 LL L L 
9 0.513 0.435 0.604 0.744 0.720 0.759 0.016 0.106 0.018 S L S 
10 0.474 0.532 0.469 0.719 0.670 0.716 0.382 0.385 0.491 L L L 
11 0.656 0.711 0.656 0.685 0.699 0.734 0.668 0.545 0.391 LL LL LL 
12 0.571 0.527 0.477 0.724 0.695 0.689 0.251 0.252 0.158 L L L 
13 0.547 0.590 0.512 0.734 0.714 0.679 0.388 0.521 0.372 L LL L 
14 0.469 0.436 0.492 0.697 0.683 0.709 0.199 0.200 0.212 L L L 
15 0.528 0.446 0.533 0.715 0.678 0.716 0.270 0.099 0.297 L L L 
16 0.677 0.717 0.664 0.775 0.711 0.749 0.263 0.190 0.385 LL LL LL 
17 0.711 0.726 0.694 0.721 0.700 0.728 0.579 0.537 0.523 LL LL LL 
18 0.437 0.435 0.382 0.731 0.706 0.760 0.099 0.181 0.658 S L L 
19 0.544 0.484 0.402 0.703 0.679 0.699 0.419 0.369 0.425 L L L 
20 0.685 0.720 0.689 0.692 0.686 0.706 0.287 0.155 0.232 LL LL LL 
21 0.458 0.428 0.491 0.718 0.694 0.722 0.282 0.315 -0.125 L L R 
22 0.358 0.343 0.430 0.731 0.689 0.713 0.264 0.193 -0.067 S R S 

 

 

Hurst 

Tmax Tmean 
Tmin 

Tmean Tmax 
Tmin 

 -
 

Tmin

fractal 
>

q = -
multifractal 
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multifractal 
MF-DFA shuffled

multifractal 
multifractal 

shuffled

 multifractal 

Kandelhardt et al., 2002). 

 



                                  

 103 
 

 

 
 multifractal 

 

multifractal Mali

monofractal (Gao Fu

multifractal  

multifractal 
 

multifractal , 

Tmean , Tmax Tmin . 

 

Tmean , 
Tmax Tmin 

 

0.70

0.75
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0.85

0.90

0.95

1.00
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(Maheras  

(Prezerakos Angouridakis  
Metaxas

F hn

 

 

 
 

Hurst

Orun 
Ko ak 

Metaxas et al., 1999 ; Bartzokas 
et al

Bountas et al

min  
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Tmean Tmax 

 

 

    

                      

   

 

 
Shimizu et al Burgueno et al. (2014),  

 

 

 

   

                                            

 
 

 

multifractal MF-
DFA 

multifractal 
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 multifractal 

 

 
 max - min 

 
f )=max ( ) B  

Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin 

23 0.416 0.390 0.439 1.051 0.913 0.933 -7.216 -3.571 -3.268 LL LL LL 
24 0.570 0.540 0.498 0.696 0.667 0.712 0.284 0.301 0.244 L L L 
25 0.489 0.448 0.514 0.691 0.668 0.691 0.248 0.351 -0.114 L L S 
26 0.489 0.487 0.511 0.681 0.692 0.675 0.069 0.019 -0.152 L S R 
27 0.424 0.502 0.314 0.752 0.750 0.735 0.714 0.462 0.736 L L L 
28 0.406 0.337 0.194 0.742 0.722 0.750 0.001 0.493 -0.424 R L S 
29 0.459 0.401 0.340 0.743 0.752 0.969 0.148 0.399 5.386 L L L 
30 0.354 0.561 0.279 0.776 0.754 0.761 -0.103 0.618 0.949 L L R 
31 0.410 0.457 0.368 0.759 0.751 0.720 -0.145 -0.238 0.071 R R L 
32 0.384 0.394 0.436 0.701 0.654 0.751 0.106 0.106 0.138 L L L 
33 0.502 0.425 0.460 0.717 0.690 0.743 0.332 0.316 0.296 L L L 
34 0.460 0.459 0.362 0.701 0.679 0.687 0.223 0.103 -0.088 L S L 
35 0.488 0.414 0.484 0.707 0.688 0.711 -0.023 -0.039 -0.259 S S R 

 

multifractal  

multifractal  
 

 truncation type
 

LL  

mean, Tmax Tmin

  

 
(Burgueno et al

Burgueno et al. 
(2014).  
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LL : *   ;    L S :    ;    R :  
 

multifractal 
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MF-DFA  

MF-DFA 

multifractal f
Fq(s),h(q) 

f  

multifractal 
 

 multifractal 
1). 

/  
 

 

max - min 

 
f )=max  ( ) B  

1 0.605 0.701 0.193 L 
2 0.738 0.712 0.478 LL 
3 0.409 0.746 -0.143 R 
4 0.775 0.675 -0.271 LL 
5 0.351 0.691 0.471 LL 
6 0.485 0.794 -0.122 R 
7 0.448 0.707 0.265 L 
8 0.310 0.747 0.422 LL 
9 0.510 0.704 -0.214 R 

10 0.435 0.717 0.720 LL 
11 0.652 0.738 0.618 LL 
12 0.567 0.710 0.101 L 
13 0.578 0.697 0.182 L 
14 0.369 0.826 0.775 LL 
15 0.437 0.725 -0.087 S 
16 0.610 0.756 0.378 LL 
17 0.778 0.693 0.444 LL 
18 0.556 0.752 0.093 L 
19 0.417 0.780 0.360 L 
20 0.696 0.709 0.409 LL 
21 0.449 0.709 -0.109 S 
22 0.326 0.760 -0.235 R 
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 , 
B  

 

 -
 

 

 

multifractal 
 

multifractal 
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multifractal  

 
 

 
 

 
 

  

Hurst DFA  

 
 

 >  

 <  ).  
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multifractal 
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 multifractal 

 

/  
 

 

max - min 

 
f )=max  ( ) B  

23 0.447 0.691 0.727 LL 

24 0.435 0.744 0.522 L 

25 0.478 0.702 -0.135 R 

26 0.441 0.733 0.047 S 

27 0.502 0.745 -0.208 R 

28 0.484 0.737 0.199 L 

29 0.425 0.761 -0.074 R 

30 0.496 0.815 0.701 LL 

31 0.408 0.721 0.156 L 

32 0.524 0.680 0.396 LL 

33 0.334 0.757 -0.818 R 

34 0.409 0.756 -0.651 R 

35 0.465 0.735 0.270 L 

 

multifractal 
 

multifractal 
 

 
truncation type

 

LL 
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LL : *   ;    L S :    ;    R :  
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multifractal 
 

multifractal 
Kalamaras et al., 2018a

 

 

 

 

 
multifractal  

MF-DFA 
 

multifractal 
Hurst 0 H lder  f  

max  min B 
Shimizu et al. (2002). 
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MF-DFA 
multifractal 

 

 

      

 

multifractal 
 

 
 

 

 

 

multifractal 

 
Maheras



                                

 116 
 

 

 
 

 
 

  
left  skewed

fractal  
 

right  skewed fractal 
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MF-DFA 
 

MF-DFA  

SPLIDHOM MF-DFA. 
Fq(s), h(q), f  

Fq(s),h(q) f  

 h(q) 
multifractal 

multifractal 

SPLIDHOM
multifractal 

 

 
SPLIDHOM 

  
 

SPLIDHOM

 

B -0.055 
- SPLIDHOM

 
> . 

q = -
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9. 
 

 

0 

 

0 

9 
 

 

9  

 

 

 

HOM 

1 0.690 0.686 0.532 0.541 -0.031 0.170 S 

2 0.695 0.720 0.649 0.651 0.534 0.505 LL 

3 0.650 0.709 0.401 0.621 0.245 0.439 L 

4 0.686 0.719 0.427 0.629 0.049 0.409 S 

5 0.682 0.713 0.470 0.460 0.231 0.389 L 

6 0.673 - 0.608 - 0.613 - LL 

7 0.693 0.712 0.403 0.443 0.310 0.198 L 

8 0.688 0.688 0.388 0.388 0.496 0.496 LL 

9 0.712 0.744 0.463 0.513 0.142 0.016 L 

10 0.661 0.719 0.443 0.474 0.130 0.382 L 

11 0.668 0.685 0.472 0.656 -0.055 0.668 S 

12 0.718 0.724 0.562 0.571 0.139 0.251 L 

13 0.734 0.734 0.547 0.547 0.388 0.388 L 

14 0.677 0.697 0.433 0.469 0.210 0.199 L 

15 0.690 0.715 0.510 0.528 0.196 0.270 L 

16 0.715 0.775 0.492 0.677 0.210 0.263 L 

17 0.731 0.721 0.525 0.711 0.167 0.579 L 

18 0.701 0.731 0.472 0.437 0.262 0.099 L 

19 0.689 0.703 0.582 0.544 0.507 0.419 LL 

20 0.692 0.692 0.685 0.685 0.287 0.287 LL 

21 0.718 0.718 0.458 0.458 0.282 0.282 L 

22 0.679 0.731 0.279 0.358 1.257 0.264 L 

 

 
 HOM 

multifractal 
 



                                

 119 
 

 

SPLITHOM 
 

 
SPLID  

 

0 

SPLIT  

0 

9 SPLIT  

 

9 SPLIT  

 

 

 

SPLITHOM 

1 0.689 0.686 0.538 0.541 0.003 0.170 L 

2 0.695 0.720 0.648 0.651 0.532 0.505 LL 

3 0.655 0.709 0.411 0.621 0.235 0.439 L 

4 0.687 0.719 0.426 0.629 0.160 0.409 S 

5 0.682 0.713 0.470 0.460 0.236 0.389 L 

6 0.669 - 0.618 - 0.583 - LL 

7 0.691 0.712 0.408 0.443 0.305 0.198 L 

8 0.688 0.688 0.388 0.388 0.496 0.496 LL 

9 0.713 0.744 0.478 0.513 0.181 0.016 L 

10 0.661 0.719 0.447 0.474 0.114 0.382 S 

11 0.668 0.685 0.471 0.656 -0.061 0.668 S 

12 0.717 0.724 0.574 0.571 0.168 0.251 L 

13 0.734 0.734 0.547 0.547 0.388 0.388 L 

14 0.680 0.697 0.435 0.469 0.196 0.199 L 

15 0.692 0.715 0.512 0.528 0.186 0.270 L 

16 0.717 0.775 0.502 0.677 0.201 0.263 L 

17 0.731 0.721 0.529 0.711 0.186 0.579 L 

18 0.701 0.731 0.463 0.437 0.251 0.099 L 

19 0.690 0.703 0.582 0.544 0.514 0.419 LL 

20 0.692 0.692 0.685 0.685 0.287 0.287 LL 

21 0.718 0.718 0.458 0.458 0.282 0.282 L 

22 0.680 0.731 0.275 0.358 1.343 0.264 L 

 

multifractal 
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 multifractal 
SPLIDHOM). 

 

multifractal 

, 
B 
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SPLIDHOM). 

 

 

 
 

 

multifractal 
H lder 
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SPLIDHOM). 

 

 

  

 
multifractal 

 

multifractal 

(shuffling
 

 

 

 

 

 

 

 

 



                                

 123 
 

 

  

  
SPLIDHOM). 

 

multifractal 
 

 
 
truncation type

 

LL  

 L. 
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HOM 

 

 

SPLIDHOM 

11.5: 
LL : *  ;  L S :  
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STL 

STL  

STL

Kalamaras et al

 

MF-DFA 

 

MF-DFA Fq(s), 
h(q), f  

f  
Fq(s),h(q) f

 

h(q) 
multifractal 

multifractal  

 

  -

q 
-

Shimizu et al. (2002). 

 

 

 

 



                                

 126 
 

 

 

 

 

 
STL 
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 multifractal 
STL). 

/
 max - min 

 
f )=max B 

 

Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin 

1 0.545 0.473 0.539 0.685 0.678 0.692 0.180 0.213 0.048 L L L 

2 0.664 0.591 0.639 0.720 0.728 0.742 0.496 0.227 0.349 L R LL 

3 0.629 0.628 0.614 0.708 0.700 0.704 0.416 0.504 0.250 LL LL LL 

4 0.659 0.715 0.644 0.719 0.703 0.717 0.399 0.315 -0.018 LL LL LL 

5 0.458 0.471 0.286 0.712 0.683 0.689 0.375 0.466 -0.322 L LL R 

6 0.479 0.481 0.432 0.713 0.662 0.737 0.038 0.091 -0.484 L L R 

7 0.447 0.342 0.515 0.712 0.711 0.717 0.224 0.286 0.153 L L L 

8 0.388 0.431 0.364 0.688 0.679 0.697 0.497 0.374 0.627 LL L L 

9 0.511 0.438 0.602 0.747 0.723 0.761 0.037 0.144 0.039 S L S 

10 0.500 0.547 0.476 0.718 0.670 0.716 0.478 0.423 0.490 L L LL 

11 0.659 0.717 0.666 0.684 0.699 0.734 0.685 0.569 0.420 LL LL LL 

12 0.566 0.527 0.475 0.725 0.695 0.692 0.255 0.257 0.158 L L L 

13 0.548 0.589 0.508 0.734 0.713 0.680 0.396 0.525 0.357 L LL L 

14 0.470 0.439 0.492 0.696 0.682 0.709 0.214 0.215 0.226 L L L 

15 0.532 0.446 0.537 0.715 0.678 0.715 0.269 0.074 0.301 L S LL 

16 0.677 0.734 0.672 0.775 0.711 0.748 0.305 0.183 0.402 LL LL LL 

17 0.727 0.759 0.716 0.720 0.700 0.728 0.577 0.493 0.522 LL LL LL 

18 0.437 0.435 0.395 0.730 0.706 0.760 0.097 0.183 0.669 S L L 

19 0.544 0.489 0.402 0.703 0.679 0.699 0.409 0.369 0.409 L L L 

20 0.688 0.720 0.693 0.691 0.686 0.705 0.287 0.194 0.236 LL LL LL 

21 0.463 0.431 0.496 0.717 0.693 0.721 0.299 0.345 -0.109 L L R 

22 0.380 0.349 0.436 0.734 0.689 0.713 0.317 0.162 -0.068 L R R 

 

 

multifractal 
shuffling
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 multifractal 
STL 

 Tmean Tmax 
Tmin). 

multifractal 
STL 

 

 

STL

 



                                

 129 
 

 

multifractal 
 

multifractal  

STL
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. 

multifractal 
 

 

multifractal 2. 

 multifractal 

STL.  

 

 
max - min 

 
f )=max    ( )  B 

 

Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin Tmean Tmax Tmin 

23 0.491 0.584 0.387 0.791 0.728 0.731 0.339 0.320 0.565 L L LL 
24 0.577 0.542 0.517 0.697 0.668 0.713 0.294 0.306 0.298 L LL L 
25 0.494 0.449 0.516 0.693 0.670 0.694 0.255 0.325 -0.082 L L S 
26 0.488 0.487 0.511 0.683 0.694 0.676 0.068 0.043 -0.106 L L S 
27 0.426 0.499 0.311 0.751 0.749 0.733 0.720 0.450 0.704 L L L 
28 0.409 0.334 0.195 0.742 0.722 0.750 -0.022 0.455 -0.328 R L L 
29 0.458 0.405 0.459 0.743 0.752 0.731 0.121 0.410 0.312 L L L 
30 0.367 0.541 0.312 0.776 0.753 0.765 0.165 0.600 1.046 L L S 
31 0.408 0.452 0.373 0.759 0.751 0.721 -0.098 -0.233 0.114 S R L 
32 0.392 0.397 0.445 0.700 0.653 0.751 0.139 0.125 0.180 L L L 
33 0.506 0.431 0.463 0.716 0.689 0.743 0.337 0.341 0.294 L L L 
34 0.459 0.448 0.385 0.703 0.677 0.684 0.262 0.099 0.270 L S L 
35 0.489 0.418 0.487 0.707 0.688 0.710 -0.058 -0.052 -0.275 S S R 

multifractal  

 
 

truncation type
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LL  

mean, Tmax Tmin

STL
STL

 

 

 

 
 

LL : *   ;    L S :    ;    R :  
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MF-DFA reanalysis 
 

MF-DFA  

MF-DFA 
(Kalamaras et al., 2018b; Philippopoulos et al., 2019

18 UTC
WMO 

Reanalysis 

Reanalysis 

Dee et al. 
Reanalysis 

 

MF-DFA 
Fq(s), h(q) f  

f

 

multifractal 
 

 Reanalysis 

width
B -

truncation type Reanalysis 

 

multifractal  
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multifractal ERA  Interim Reanalysis. 

 

 

multifractal 
ERA  

Interim Reanalysis . 
 

 13.5.  

 reanalysis 
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  reanalysis  

 

Livadas Goutsidou

 

multifractal 
H lder   
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 reanalysis  

 
ERA  Interim Reanalysis 

B 
 

H lder 

 <  ).   
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  reanalysis  

 

H lder  
q = - q 

 

 

 

 reanalysis 
LL, L, 

S R. 
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multifractal 
reanalysis 

multifractal 
ERA  Interim reanalysis 

(shuffling MF-DFA 
 

 

 
 multifractal reanalysis 

 

multifractal 

reanalysis multifractal 
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reanalysis 

reanalysis  

reanalysis  

reanalysis 

 

 
 

  
 

1  40.50N  26.25E 

2  38.25N  21.00E 

3  38.25N  23.25E 

4  38.25N  24.00E 

5  35.25N  25.50E 

6  40.50N  21.00E 

7  39.75N  20.25E 

8  36.00N  23.25E 

9  36.75N  27.00E 

10  39.00N  22.50E 

11  39.75N  22.50E 

12  39.75N  25.50E 

13  36.75N  21.75E 

14  36.75N  24.75E 

15  39.00N  26.25E 

16  36.75N  25.50E 

17  39.00N  21.00E 

18  36.00N  27.75E 

19  39.00N  24.75E 

20  35.25N  24.00E 

21  40.50N  23.25E 

22  37.50N  22.50E 
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multifractal 

4.2 
 

 
reanalysis  

 

0 

9 

0  
-

 

 

9 

-

 

 

 

 

 
1 0.686 0.714 0.541 0.600 0.170 0.177 
2 0.720 0.719 0.651 0.502 0.505 0.291 
3 0.709 0.705 0.621 0.441 0.439 0.086 
4 0.719 0.725 0.629 0.532 0.409 0.344 
5 0.713 0.744 0.460 0.484 0.389 0.362 
6 0.713 0.675 0.479 0.421 0.055 0.252 
7 0.712 0.690 0.442 0.442 0.198 0.272 
8 0.688 0.741 0.388 0.498 0.496 0.384 
9 0.744 0.737 0.513 0.549 0.016 0.270 
10 0.719 0.689 0.474 0.446 0.382 0.066 
11 0.685 0.693 0.656 0.466 0.668 0.105 
12 0.724 0.724 0.571 0.620 0.251 0.218 
13 0.734 0.737 0.547 0.497 0.388 0.283 
14 0.697 0.744 0.469 0.536 0.199 0.340 
15 0.715 0.717 0.528 0.580 0.270 0.259 
16 0.775 0.744 0.677 0.553 0.263 0.297 
17 0.721 0.695 0.711 0.426 0.579 0.087 
18 0.731 0.756 0.437 0.523 0.099 0.161 
19 0.703 0.731 0.544 0.615 0.419 0.271 
20 0.692 0.745 0.685 0.490 0.287 0.399 
21 0.718 0.702 0.458 0.521 0.282 0.377 
22 0.731 0.701 0.358 0.380 0.264 -0.029 

 

 
reanalysis 

reanalysis

 

WMO
reanalysis 

Dee et al
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reanalysis UTC 
Berrisford 

et al
reanalysis

reanalysis 

multifractal reanalysis 

reanalysis 

ECMWF 

reanalysis 

 

reanalysis 

multifractal 

reanalysis ERA  Interim ECMWF

 

 

SPLIDHOM 
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reanalysis.  

 
0 

 

0  
-

  

-

 

 

 

 

 
1 0.690 0.714 0.532 0.600 0.170 0.177 

2 0.695 0.719 0.649 0.502 0.505 0.291 

3 0.650 0.705 0.401 0.441 0.439 0.086 

4 0.686 0.725 0.427 0.532 0.409 0.344 

5 0.682 0.744 0.470 0.484 0.389 0.362 

6 0.673 0.680 0.608 0.430 0.055 0.235 

7 0.693 0.690 0.403 0.442 0.198 0.272 

8 0.688 0.741 0.388 0.498 0.496 0.384 

9 0.712 0.737 0.463 0.549 0.016 0.270 

10 0.661 0.689 0.443 0.446 0.382 0.066 

11 0.668 0.693 0.472 0.466 0.668 0.105 

12 0.718 0.724 0.562 0.620 0.251 0.218 

13 0.734 0.737 0.547 0.497 0.388 0.283 

14 0.677 0.744 0.433 0.536 0.199 0.340 

15 0.690 0.717 0.510 0.580 0.270 0.259 

16 0.715 0.744 0.492 0.553 0.263 0.297 

17 0.731 0.695 0.525 0.426 0.579 0.087 

18 0.701 0.756 0.472 0.523 0.099 0.161 

19 0.689 0.731 0.582 0.615 0.419 0.271 

20 0.692 0.745 0.685 0.490 0.287 0.399 

21 0.718 0.702 0.458 0.521 0.282 0.377 

22 0.679 0.701 0.279 0.380 0.264 -0.029 

 
SPLID reanalysis.  

 0 
SPLID  

0  
-

 SPLID  

-

 

 

SPLID  

 

 
1 0.689 0.714 0.538 0.600 0.003 0.177 

2 0.695 0.719 0.648 0.502 0.532 0.291 

3 0.655 0.705 0.411 0.441 0.235 0.086 

4 0.687 0.725 0.426 0.532 0.160 0.344 

5 0.682 0.744 0.470 0.484 0.236 0.362 

6 0.669 0.680 0.618 0.430 0.583 0.235 

7 0.691 0.690 0.408 0.442 0.305 0.272 

8 0.688 0.741 0.388 0.498 0.496 0.384 

9 0.713 0.737 0.478 0.549 0.181 0.270 

10 0.661 0.689 0.447 0.446 0.114 0.066 

11 0.668 0.693 0.471 0.466 -0.061 0.105 

12 0.717 0.724 0.574 0.620 0.168 0.218 

13 0.734 0.737 0.547 0.497 0.388 0.283 

14 0.680 0.744 0.435 0.536 0.196 0.340 

15 0.692 0.717 0.512 0.580 0.186 0.259 

16 0.717 0.744 0.502 0.553 0.201 0.297 

17 0.731 0.695 0.529 0.426 0.186 0.087 

18 0.701 0.756 0.463 0.523 0.251 0.161 

19 0.690 0.731 0.582 0.615 0.514 0.271 

20 0.692 0.745 0.685 0.490 0.287 0.399 

21 0.718 0.702 0.458 0.521 0.282 0.377 

22 0.680 0.701 0.275 0.380 1.343 -0.029 
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(STL) 
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(STL) 
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(STL) 

 

 
1 0.685 0.714 0.545 0.600 0.180 0.177 
2 0.720 0.719 0.664 0.502 0.496 0.291 
3 0.708 0.705 0.629 0.441 0.416 0.086 
4 0.719 0.725 0.659 0.532 0.399 0.344 
5 0.712 0.744 0.458 0.484 0.375 0.362 
6 0.713 0.675 0.479 0.421 0.038 0.252 
7 0.712 0.690 0.447 0.442 0.224 0.272 
8 0.688 0.741 0.388 0.498 0.497 0.384 
9 0.747 0.737 0.511 0.549 0.037 0.270 
10 0.718 0.689 0.500 0.446 0.478 0.066 
11 0.684 0.693 0.659 0.466 0.685 0.105 
12 0.725 0.724 0.566 0.620 0.255 0.218 
13 0.734 0.737 0.548 0.497 0.396 0.283 
14 0.696 0.744 0.470 0.536 0.214 0.340 
15 0.715 0.717 0.532 0.580 0.269 0.259 
16 0.775 0.744 0.677 0.553 0.305 0.297 
17 0.720 0.695 0.727 0.426 0.577 0.087 
18 0.730 0.756 0.437 0.523 0.097 0.161 
19 0.703 0.731 0.544 0.615 0.409 0.271 
20 0.691 0.745 0.688 0.490 0.287 0.399 
21 0.717 0.702 0.463 0.521 0.299 0.377 
22 0.734 0.701 0.380 0.380 0.317 -0.029 
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 R2

multifractal  

 
 

   11 

Tmean Tmax Tmin d Tmean Tmax Tmin HOM SPLITHOM 

1 0.998 0.997 0.999 0.996 0.998 0.997 0.999 0.999 0.999 
2 0.986 0.990 0.992 0.987 0.986 0.998 0.992 0.985 0.985 
3 0.984 0.984 0.982 0.998 0.984 0.984 0.983 0.997 0.997 
4 0.985 0.987 0.989 0.993 0.985 0.988 0.989 0.999 0.999 
5 0.993 0.989 0.993 0.987 0.993 0.990 0.992 0.997 0.997 
6 0.999 0.999 0.996 0.999 0.999 0.999 0.992 0.980 0.981 
7 0.998 0.998 0.998 0.995 0.997 0.996 0.998 0.995 0.996 
8 0.988 0.993 0.987 0.988 0.988 0.992 0.986 0.988 0.988 
9 0.999 0.999 0.997 0.995 0.999 0.998 0.997 0.998 0.998 
10 0.992 0.991 0.986 0.970 0.988 0.989 0.986 0.999 0.999 
11 0.979 0.982 0.988 0.980 0.979 0.982 0.988 0.999 0.999 
12 0.996 0.996 0.998 0.997 0.996 0.996 0.998 0.999 0.998 
13 0.991 0.983 0.990 0.997 0.991 0.983 0.991 0.991 0.991 
14 0.997 0.997 0.997 0.975 0.997 0.997 0.997 0.997 0.998 
15 0.995 0.999 0.995 0.999 0.995 0.999 0.995 0.997 0.997 
16 0.990 0.990 0.998 0.992 0.989 0.990 0.988 0.997 0.997 
17 0.984 0.983 0.985 0.989 0.984 0.983 0.985 0.998 0.998 
18 0.999 0.998 0.986 0.997 0.999 0.998 0.984 0.996 0.996 
19 0.992 0.994 0.993 0.993 0.992 0.994 0.994 0.987 0.986 
20 0.988 0.988 0.987 0.980 0.988 0.988 0.987 0.988 0.988 
21 0.996 0.995 0.998 0.999 0.996 0.994 0.998 0.996 0.996 
22 0.998 0.997 0.999 0.997 0.997 0.998 0.999 0.966 0.959 
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1 0.701 0.677 0.605 0.501 0.193 0.202 

2 0.712 0.697 0.738 0.555 0.478 0.154 

3 0.746 0.699 0.409 0.373 -0.143 -0.347 

4 0.675 0.666 0.775 0.334 -0.271 0.075 

5 0.691 0.692 0.351 0.451 0.471 0.376 

6 0.794 0.714 0.485 0.453 -0.122 -0.220 

7 0.707 0.709 0.448 0.517 0.265 -0.051 

8 0.747 0.666 0.310 0.404 0.422 0.293 

9 0.704 0.698 0.510 0.457 -0.214 0.071 

10 0.717 0.718 0.435 0.451 0.720 -0.232 

11 0.738 0.720 0.652 0.432 0.618 -0.257 

12 0.710 0.669 0.567 0.417 0.101 0.169 

13 0.697 0.692 0.578 0.541 0.182 0.160 

14 0.826 0.674 0.369 0.395 0.775 0.372 

15 0.725 0.680 0.437 0.440 -0.087 0.298 

16 0.756 0.685 0.610 0.419 0.378 0.358 

17 0.693 0.710 0.778 0.484 0.444 -0.103 

18 0.752 0.710 0.556 0.532 0.093 0.303 

19 0.780 0.667 0.417 0.355 0.360 0.189 

20 0.709 0.677 0.696 0.402 0.409 0.282 

21 0.709 0.710 0.449 0.428 -0.109 -0.168 

22 0.760 0.726 0.326 0.479 -0.235 0.157 
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s  16684
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u  16622
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a 40.50N  26.25E  
b 38.25N  21.00E  
c 38.25N  23.25E  
d 38.25N  24.00E  
e 35.25N  25.50E  
f 40.50N  21.00E  
g 39.75N  20.25E  
h 36.00N  23.25E  
i 36.75N  27.00E  
j 39.00N  22.50E  
k 39.75N  22.50E  
l 39.75N  25.50E  
m 36.75N  21.75E  
n 36.75N  24.75E  
o 39.00N  26.25E  
p 36.75N  25.50E  
q 39.00N  21.00E  
r 36.00N  27.75E  
s 39.00N  24.75E  
t 35.25N  24.00E  
u 40.50N  23.25E  
v 37.50N  22.50E  
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