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First steps to a national volcanic hazard model

What is the likely time, size and location (for VF) of the next eruption from NZ volcanoes?
No consistent models or data - Expert Elicitation

These provide baseline (mixing) probabilities of when, where and how 
large and eruption will be.

Volcanic hazard = P(impact | style, intensity) × P(style, intensity | 
eruption phase) × P(eruption phase | eruption, size) × P(eruption, size)

Time Size Location



Intra-eruption modelling – phase durations and transitions

GVP phase data
698 multiphase 
eruptions (2785 

phases) from 187 
volcanoes

Code into states, durations

Probability 
model

Next Steps (RNC2):
• Geological data to tailor to NZ volcanoes
• Value of analogue volcanoes
• State & time dependent hazards



Developed multi-stage eruption records and databases

How ‘good’ are statistical models? 

…as good as the base field data!

• c. 55 % of Ruapehu eruptions are multi-staged
• Eruption magnitudes, eruption style, eruption 
number and order through event dispersal 
mapping, geochemical signature and componentry
• New mapping methods allow estimating 
temporal evolution of multi-staged eruption 
sequences
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• Air-lubrication to 
reduce apparent 
friction in PDCs
• New rheology for 
high-energy gas-
particle mass flows

• Thermal impacts through 
large- eddy pulsing
• PDCs cause building resonance

• First international benchmark for PDC model 
inter-comparison and validation 
• 11 modelling schools from 7 countries
• NZ’s PELE data forms benchmark for inter-
comparison
• Model down-stripping approach 
(3D→2D1D→0D) identifies gaps in 
understanding & optima in cost/accuracy

Advancing Volcanic Hazard Models (example PDCs)



Quantifying volcano multi-hazard impact

Should I build my hut/track/infrastructure here?

1. Simulations of volcanic 
processes
(e.g. pyroclastic flow)

2. Map impact
(e.g. maximum depth)

Multi-hazard assessment needs 
to estimate P(impact | style, 
intensity) across 1000’s of 
inputs for each hazard.

Single hazard assessment

e.g. 250 (of 1,000) block-and-ash flows at 
Taranaki

Array of impacts

BUT:



Location-centred quantification of multi-hazards

2. Learn the function ƒ that maps 
the input space 𝒳 to the 
impact space 𝛶.

1. Array of impacts

For each location and hazard: 
Impact model

Source model

×
Gaussian process emulation

= Px,y(impact|…,…,…)



Pouakai crossing: Probabilistic volcanic multi-hazard

Event Estimated probability Comments

One or more eruption of 

Mt. Taranaki in the next 50 

years.

0.35 – 0.38 Expert elicitation suggests 

the most likely next 

eruption size is VEI 3.

Ashfall affecting Pouakai 

Hut requiring moderate 

repair to replacement.

0.2 following an eruption Assuming moderate 

damage begins at ~100 mm 

of ashfall.

Ashfall affecting Holly Hut 

requiring moderate repair 

to replacement.

0.4 following an eruption Assuming moderate 

damage begins at ~100 mm 

of ashfall.

Debris avalanche at Mt. 

Taranaki

0.00018 per year

0.03 – 0.3 following a VEI4 

or larger eruption.

Debris avalanche affecting 

Pouakai Crossing.

> 0.045 if a debris 

avalanche is triggered.

Block-and-ash flow 

affecting Pouakai Crossing

Less than 0.73 following an 

eruption.

Based on the likelihood of 

generating a sufficient 

dome-growth episode.

Primary lahar affecting 

Pouakai Crossing

Similar to block-and-ash 

flow probability if climatic 

conditions are present

Requires a snow/ice water 

source.

Quantitative hazard assessments delivered through integration of 
statistical models, benchmarked simulators and modelling techniques.



“Āhea riri ai ngā maunga puia? When will our volcanoes become angry?”
RNC 2019-2024

“We will generate the fundamental and applied hazard, and risk science to support 
resilience in response to future activity of New Zealand’s most active cone volcanoes. This 

includes developing reliable forecasts of volcanic eruptions, their multiple dynamic hazards 
and their complex impacts on our businesses, infrastructure and society.”


