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Statistical Similarity
● Cross Correlation

● Mutual Information

CC ij=
1

N months
∑
t=1

N months

ai( t)a j(t+τij)

MI ij=∑
m ,n

N bins

pij(m ,n)log2( pij(m ,n)
pi(m) p j(n))

THEY CAN BE ESTIMATED ONLY

pij(m ,n)=P (ai(t)∈m;a j(t+τij)∈n )
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Other chances

● A global threshold is 
fast and easy, but it does 
not take into account 
that there may be 
intrinsic diferences in 
the time-series that 
could afect correlations

● A way to avoid this, it is 
to pass somehow to a 
local thresholding

M. Paluš et al. (2011), Nonlinear Proc. Geoph. 
LOCAL

GLOBAL
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Ordinal Patterns

MUTUAL INFOR-
MATION MIOP 

C. Bandt & B. Pompe (2002), Phys. Rev. Lett. 
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Surface Temperature Data
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Question: Can we find any infuence of the solar cycle in SATA? 
Can the average connectivity be afected by this infuence? 
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Lag-Time Measure



Australia El Niño Basin
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Lag-Time Maps



Synchronous Solar Cycles
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Climatic Regions of Synchronous 
solar cycle, can be identified by 
persistence of  lag patterns 
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A wide point of view
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Classical Method
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Results: Classic Way
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Zero Lag Links

Southern Europe Equatorial Teleconnection



1st Pruning :Fixed Threshold
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Results: Fixed Threshold
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2nd : Comparative Filtering
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P ( MI or MIOP >Tmi )
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We discarded all MI/MIOP-4 and MI/MIOP-1 and MI/MIOP-2 
unless that contemporary CC-3 or CC-4 (& vice versa)
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Results: Comp. Filt.
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Random Lags Comparison
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We do not see any clear infuence of lag time 
introduction. Why?

● The changes act on little values of time-series 
statistical similarities and they are very slight.

● Moreover the changes seem not to be far away 
from a random enhancement, due to slow 
varying similarity measures with arbitrary lags.

Conclusions



THANK YOU!
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