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In nature it is common to observe fractal self-similarity, whereby the division of some structures gives 
rise to parts that have a similar shape to the original, showing what is known as scale invariance. In 
natural processes the fractal self-similarity usually has a statistical character. 

The development of theories based on scale invariance 
has allowed some natural extremely complex patterns to 
show an underlying simplicity that facilitates their study. 
The process of rainfall generation is a complex 
nonlinear dynamic process easier to analyse by 
studying the scaling relationships of one of its 
manifestations, the rainfall intensity time series.

The annual maximum rainfall intensity fulfils 𝐼𝑡 ฎ=
𝑑𝑖𝑠𝑡

𝜆𝐾(𝑞)𝐼𝜆𝑡 , 

a scaling relationship that indicates that both members 
of the equation can be described by the same statistical 
distribution, where 𝐼𝑡 is the rainfall intensity for a 
duration 𝑡 and 𝐼𝜆𝑡 corresponds to a duration 𝜆𝑡. When the 
scaling function of the 𝑞-order statistical moments is 
linear, 𝐾(𝑞) = 𝜷𝑞, the distribution is describing a 
monofractal magnitude or of simple scale (figure 1). 

Fig. 1: Statistical moments corresponding to the simultaneous 

registers of the pluviographs (white circles) and the total 

pluviometers (black circles) [1] from a) Fabra Observatory of 

Barcelona, and b) Ebre Observatory. The inserted figures show the 

lineal functions 𝐾(𝑞) = 𝜷𝑞 obtained from the slopes of the straight 

lines fitting the moments for every 𝑞
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The scaling
parameter 𝜷 is usually a 
good indicator of the 
pluviometric regime 
irregularity. [1-3] 
Higher values are 
observed for rainy 
locations with regular 
registers, while 𝜷 is 
closer to the limit value 
− 1 for the most irregular.

Fig. 2: Spatial 

distribution of the 

scaling parameter 𝜷

for the Iberian 

Peninsula (right, [1]) 

and smaller regions 

as Andalusia (up left, 

[2]) and Catalunya 

(down left, [3]). 

The trend towards 
irregularity in the 
rainfall patterns, 
possibly due to global 
warming, might be 
detected by the study of 
the evolution through 
time of 𝜷, using moving 
temporal intervals [2,3]. 

Fig. 3: Decreasing 
evolution of 𝜷 in 
Barcelona calculated 
from historical series 
for the last 25 years 
and from simulated 
series for the 21st

century under some 
IPCC4-A2 climate 
scenarios, both with 
a similar decreasing 
rate of −0.003/decade, 
the same rate 
observed under 
IPCC5 scenarios, and 
for the historical 
dataset of Andalusia, 
for Western Pyrenees 
and Ebre Observatory
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