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üPopocatepetlvolcano date 
back from the prehispanic
civilizations.

üAztec codices represented its 
eruptions on years 1363, 1509 
and 1518.

üάtƻǇƻŎŀǘŜǇŜǘƭέ ƳŜŀƴǎ ƛƴ 
NahuatlƭŀƴƎǳŀƎŜ άǘƘŜ ǎƳƻƪƛƴƎ 
Ƴƻǳƴǘŀƛƴέ

üIt is at 5450 meters height 

üLocated 80 kilometres at south east
from Mexico city

üIts one of the most active volcanoes in 
the country
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ü Mexican Federal Governmentis 
responsible for monitoring the 
eruptive activity

ü 12 monitoring stations were deployed 
around the volcano
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üOnly four stations are equipped 
with HD cameras.

üPictures are permanently taken 
(7 by 24) every minute.

üWe analyse pictures taken at 
άTlamacasέ station.

üThey correspond to the period 
from 5:17 to 7:38 hrsof January 
6th, 2016
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üData that describe 
volcanic activity is 
often highly volatile, 
irregular, and 
random appearance.

Irregulardata is composedby two major sources
of uncertainty. Huffakeret al (2016)

ü(1) Real uncertainty due to the
inherent randomnessand natural
variationof real-world processes
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ü(2) Perceived uncertainty due to
decision-maker's limited perceptions of
reality
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üYŜȅ Ǉƻƛƴǘ ƛǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƎŀǇ ōŜǘǿŜŜƴ άǊŜŀƭέ ŀƴŘ άǇŜǊŎŜƛǾŜŘέ

ÁPerceived

ÁReal



üReal uncertainty due to the
inherent randomnessand natural
variationof real-world processes

üPerceived (accuracy limited) 
Modelling partially helpful for 
decision making
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üWrong perception.  Modelling 
uselessness for decision making

Three perspectives on modelling



Introduction Objectives Methodology Results Discussion

Deterministic

üDeterministic models are believed 
to ignore the uncertainty.

üMostly incapable of accurately  
describe the behaviour of the 
observed phenomena
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Stochastic

üStochastic models are believed to 
capture much of the uncertainty .

üProvide a more accurate 
description of the observed 
phenomena.

Two types of alternatives for modelling
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¿Stochastic or Deterministic?.  Basic definitions

üA state is a tuple of variables which are given to a specific value. 
Typically representing a real-world phenomena.

üA processmoves progressively through a set of states Ὓ , ὛΣΧΣ Ὓ. For 
instance, the change is due to the passing of the time.

A process moves successively through a set of states s0,s1,...,sns0,s1,...,sn, e.g. the change of scenario's due to the passing of events/time

üA machinedetermines how a process moves through one state to 
another, e.g the natural or social phenomena. The machine can only be 
at one state at a time

ÁA deterministicmachine.  For a particular state Ὓ and action h , 
processesis moved to only one successor state Ὓ

ÁA stochastic  machine.  For a particular state Ὓ and action h , there

might be set ofὛǰ , Ὓǰ , Ὓǰ of possible successors  

Where ὖὢ ί is the probability of being in the state  ί.  If there are k

possible states, then the sum of probabilities is  В ὖὢ ί) 
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So 
What?
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Stochastic modelling 
is required when real-
world processes are 
άphysically randomέ 

(Indeterministic).
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Causal relationships are not available to 
support deterministic formulations
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üKey question on investigating volcanoes is 

to find out the type of process is 
generating this observed signal

üFourier spectrum was believed to be 
the most suitable toolin order to 
characterize volcanoes behaviour (Hilborn, 
1994)

üNonlinear Time Series  famously 
documented by Lorenz (1963)offer a 
plausible alternative to traditional 
modelling. 

üThis structure takes the form of orbits moving in 
an m-dimensional Euclidean space. It represents 
the evolution of the states of the system under 
study.  (Konstantinou, et al. 2013).
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Objectives of this research.

3. Provide evidence to ascertain whether 
time series mimics a stochastic dynamic 
process

3 objectives 
were settled

1. Apply the concepts of Non Linear Time 
Series  (NLTS) and Dynamic Systems (DS) on 
the analysis of tƻǇƻŎŀǘŜǇŜƭǘΩǎdigital 
images. 

2. Apply Singular Spectrum Analysis (SSA) to 
decompose time series in 2 components:  
Signal and Noise
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