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• NESTORE – (NExt STrOng Related 

Earthquake) is an algorithm based on 

machine learning approach

• It divides the clusters into two classes 

based on the difference in magnitude Dm 

between the o-mainshock (the first large 

shock e.g. M>4) and the strongest following 

earthquake

(Type A: Dm≤1 Type B: Dm>1)

• NESTORE goal is type A clusters 

probabilistic forecasting based on features 

extracted from seismic catalogues in the 

first hours/days after the o-mainshock

NESTORE
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NESTORE
A clusters: 

Mm-Ma≤1

B clusters: 

Mm-Ma>1



NESTOREv1.0 Features 
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➢ NESTOREv1.0 software package 

consists of four main parts:

➢ All modules can be launched separately 

by command line, a dedicated user 

interface (GUI) is being developed too

NESTOREv1.0 modules
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• cluster identification module

• training module

• testing module

• NRT classification (1 cluster)
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NESTOREv1.0 – TRAINING and TESTING

• NESTOREv1.0 analyses the seismic data at increasing time intervals T=[0.25,0.5,0.75,1,2,…,7] days (Ti) after the mainshock.

• After the training NESTORE can supply the probability to have an A cluster at time intervals Ti for new clusters
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Seismic cataloguecluster 

identification 

module
Training module

TESTING FOR EACH TJ AND EACH CLUSTER
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Prob(A|Fn, Ti)
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Training and testing NESTORE v1.0 in California

Dots: clusters mainshock location (50

clusters); red: type A clusters; blue: type B

clusters.

Training set: 

SCSN [1981, 2020)

50 clusters
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Test set: 

(ComCat)  [1981, 2021] +

SCSN [2020, 2021]

11 clusters

Performances during time



Training AND testing: OGS catalogue [1977, 2021] 
32 clusters

Self-test on NE Italy - Western Slovenia
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Dots: clusters mainshock location (50

clusters); red: type A clusters; blue: type B

clusters.

“Performances during time” cells become 

yellow for outliers

(wrong classification for all time intervals)



Training set: 

Lolli & Gasperini catalogue [1980-2004) + ISIDe

[2005-2009]
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NRT classification Italy

June 21, 2013 July 22, 2017
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• True Positive Rate= True(A) / All(A)
• False Positive Rate= False(B)/ All(B)
• A discrete classifier produces a point of 

coordinates (False Positive Rate, True Positive 
Rate) in the ROC graph.

• One point in ROC space is better than another 
if it is closer to the point (0,1)

better that random guessing

random guessing 
(diagonal)

worse than random guessing

perfect classifier 

ROC
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Classifiers combination

• For each Tj, only the feature selected during the training set are extracted

• The thresholds are compared with the value of the feature to estimate the 
probability pi that the cluster is A for each feature 

• The values of pi are combined by using a Bayesian approach
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