
Joshua Garland                Jim White                 Mike Neuder

Detection of  local mixing in time-series 
data using permutation entropy

Michael Neuder1

Edward Dlugokencky2

Joshua Garland3

James White1

Elizabeth Bradley1,3

1University of  Colorado
2National Oceanic and Oceanographic Administration

3Santa Fe Institute



Clearly more on the tablePE techniques flag mixing in data sequences 
(and even let you estimate the mixing scales)
• By varying the “stride” of  the calculation and observing the effects on the PE, one can flag the 

presence of  local mixing in the data.
• Combined with a careful bin-averaging procedure, this allows one to estimate the scales of  the 

mixing effects.
• In the case of  water-isotope data from the West Antarctic Ice Sheet Divide core, this suggested 

a 4.5mm mixing scale.
• The lab scientists estimated a mixing scale of  5mm based on instrument and domain knowledge, 

which is very close to what we estimate.



PE techniques flag noise and 
other anomalies in data

Water isotope data from the  
West Antarctic Ice Sheet Divide 

(WAIS) core

One segment of  this core was analyzed with 
an older instrument.  The effects of  that, 

which were all but invisible in the raw data, 
were brought out clearly by PE-based 

calculations

A targeted re-sampling and re-analysis of  
that segment of  the core removed the 

associated anomalies



Doing science with permutation entropy
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(e.g. YD/BO)



Doing science with permutation entropy
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https://home.cs.colorado.edu/~lizb/paleoWPE.html

The main take-away:

PE-based techniques can pull out information that is 
lurking in your data…
� Anomalies
� Noise
� Science!

For more:

https://home.cs.colorado.edu/~lizb/paleoWPE.html

