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Fractal and multifractal analysis:  

 a way to treat complex systems  exhibiting 
 fluctuations on a wide range of time scales. 

 

Multifractal studies had been successfully applied to 
a variety of natural phenomena such as: 

 precipitation 
 ozone levels 
 wind speed 
 seismic events 
 climate dynamics  
 astrophysical time series (Solar Flares) 







Parker's Model for solar flares 
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Spontaneous Current Sheets in Magnetic Fields: with applications 
 to Stellar X-rays  (Oxford U. Press 1) – Figure 11.2 
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Multifractals: Basis 

Mq ~ K(q)    q ≥ 0 

Schertzer and Lovejoy, J. Geophys. Res. 92, 9693-9714, (1987) 

In a cascade over a scale ratio:  = L/l  
The statistical moments have the scaling 
behaviour: 

  



Multifractals (Schertzer et al. 2013) 

Levy Index  (multifractality) 

a= 0 corresponds to fractal 

Hurst scaling exponent of the mean field 

The mean intermittency 





H ± ΔH 
 

C1± ΔC1 a ± Δa 
 

N = 64    = 2 0.86 ± 0.02 0.041 ± 0.05 2.40 ± 0.90 

N = 64   = 2.25 0.91 ± 0.02 0.057 ± 0.045 2.43 ± 0.93 

N = 64   = 2.5 0.76 ± 0.02 0.049 ± 0.03 2.42± 0.83 

N = 128   = 2 0.87 ± 0.02 0.053 ± 0.043 2.47 ± 0.90 

N =128    = 2.25 0.87 ± 0.02 0.042 ± 0.036 2.72 ± 1.00 

N =128   = 2. 5 0.93 ± 0.02 0.053 ± 0.026 2.31 ± 0.64 



H ± ΔH 
 

C1± ΔC1 
a ± Δa 

 1/1/2006-31/12/2006 
(1 hr interval  xl + xs) 

0.96  ±  0.05 0.03 to 0.13 2.24  ± 0.45 

1/1/2006-31/12/2006 
(5 min interval - xl) 

0.95  ±  0.05 0.28 to 0.13 2.24  ± 0.11 

1/1/2006-31/12/2006 
(5 min interval) 

(xl -xs double data) 
0.95  ±  0.05 0.28 to 0.13 2.28  ± 0.12 

Goes 10 



GOES 10 Xl 



GOES Xs 



Is it possible to test Manolis  
claims in his SoPhys (2012) paper 
with this model? 
 
Can fractal or multifractal (AR)  
be a predictor of solar flares? 

Remaining questions: 
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Calculate  
multifractal 
 dimension in  

the “AR” 

Calculate multifractal  
dimension of the  

corresponding flares 



How to obtain Gunnar’s description for 
my simulated flares? 

¿? 


