
GNS Science

Exploring volcanic monitoring and eruption data 

with Uninet

Annemarie Christophersen, Anca Hanea, 

Yannik Behr and Craig Miller

ABNMS 2022, Sydney, 17 November 2022



GNS Science

Outline

• Background and motivation

• Some reflections over the years

• Building an eruption forecast model for 

Mount Ruapehu 

– Conceptual model

– Data

– Results

• Exploring data with Uninet

• Conclusions and outlook 

https://www.geonet.org.nz/volcano

ABNMS 2022



GNS Science

Background and motivation

Photo: Brad Scott

➢ GeoNet/GNS volcanologists analyse volcano monitoring data and provide geological advice 

to government agencies

➢ They regularly estimate eruption probabilities for volcanoes in unrest for time windows of 28 

or 91 days to calculate hourly risk of fatality

➢ Hourly risk of fatality

– >10-3 no access

– 10-3 - 10-4 high level managerial sign off

– 10-4 -10-5 Volcano Science Advisor sign off

– < 10-5 normal field procedures

➢ Challenge to estimate small probabilities and to 

integrate different strands of data

➢ Trial Bayesian networks to create a model context 

like in earthquake forecasting

Hourly risk of fatality work: Deligne et al. (2018) J Applied Volc

ABNMS online annual conference December 2020
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Rainfall	

ABNMS 2014: Rotorua, New Zealand
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ABNMS 2014: Rotorua, New Zealand
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ABNMS 2015: Melbourne, Australia

White Island: Model summary

➢ Four unobservable nodes that represent the 

driving processes on the volcano

➢ Three eruptions or results nodes

➢ 22 observable nodes

➢ Each node has ‘yes’ and ‘no’ states

➢ 115 conditions to assess

➢ Vague description of states like ‘increase’, 

‘elevated’, ‘high’

➢ Elicitation will ask experts for their definition

➢ Elicitation will ask for best estimate and 80% 

uncertainty, thus 10th, 50th and 90th percentile

➢ Elicitation also features a ‘rant box’.
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ABNMS 2017: Melbourne, Australia
Glimpses of results

More in: http://dx.doi.org/10.21420/G20G9B

Key lessons so far

➢ Many different conceptual 

models how a volcano works

➢ BNs are great tool to facilitate 

discussion among multi-

disciplinary volcanologists

➢ Challenge to define nodes, in 

particular to set thresholds
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ABNMS 2019: Wellington, New Zealand
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The initial Bayesian Network

ABNMS 2020: online
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Building an eruption forecast model for Mount Ruapehu

Model input

• Conceptual model

• Available data = monitoring data

• Experts = volcano monitoring group

Tools:

• Data analysis: Jupyter Notebooks

• BN implementation: Python programming 

language; SMILE reasoning engine for 

graphical probabilistic models

• Deployment on GNS Science's CI/CD platform Photo: Lloyd Homer
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Ruapehu conceptual model

Modified from Leonard et al 2021, Christenson et al. 2010

Christophersen, Behr, Miller, Frontiers in Earth Science, 2022
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Ruapehu: Time series of key parameters

Eruptions

Crater lake temperature

Mg/Cl gradient in lake

Seismic Tremor
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Declustering the eruption catalogue

Rationale: Forecasting the onset of an eruptive period, not 

the next eruption
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Developing and 

parameterising

the model

➢ Three sets of parameters, 

A (blue), B (green), and C 

(yellow)

➢ A – data learned

➢ B – partially data learned

➢ C – fully expert elicited



GNS Science

Estimating model uncertainty and forecast comparison
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Case Study: March/April 2022



GNS Science

Uninet

• Software for continuous BNs, some 

discrete nodes possible

• Parameterization consists of defining 

margins for all nodes and 

parameterizing the dependence by 

(conditional) rank correlations

• Learning structure and 

parameterization is based on the 

empirical rank correlation matrix
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Uninet
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Uninet
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Conclusions and outlook

➢ With persistence, enthusiasm and support 

from external colleagues, a lot can be 

achieved with time.

➢ Bayesian network have started to be useful 

and used in volcanic monitoring.

➢ There is still a lot to learn!

Going forward we plan to:

➢ Apply the method to other volcanoes

➢ Extend the questions to address other 

volcanic hazards and their impacts

➢ Model time dependence better
Photo: Lloyd Homer
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➢ Any continuous variables 

✓ marginal distributions 

✓ a measure of bivariate dependence

✓ an assumption about the “shape” of the  bivariate 

dependence

Non Parametric Bayesian Networks 

(NPBNs)
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➢ A measure of bivariate dependence
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Non Parametric Bayesian Networks 
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Why the Rank Correlation?

➢ always exists

➢ does not depend on the marginal distributions (non-parametric measure

of correlation)

➢ measures monotone dependence

➢ it parametrizes the chosen “shape of dependence” (copula)
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➢ An assumption about the bivariate dependence - copula

NPBNs
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NPBNs
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NPBNs
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