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* Why is a modelling response needed?

* The response process

* Modelling requirements

» Key uncertainties in different components

For the sake of time | will only focus on ash not gases
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Why is a response needed?

» Volcanic ash is damaging to aircraft engines, airframes etc

» Forecasts are needed out to 18+ hrs to allow flight planning by
airlines to enable rerouting and/or flight changes

* Timeliness is essential
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Response Context

International

* Regulations, including products,
stipulated by the International Civil
Aviation Organization

* 9 designated Volcanic Ash Advisory
Centres (VAACs) since mid 1990s

+ Paid for by on-route charging of airlines

* VAACs provide advice to the wider
aviation industry
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Europe

» Since 2010 ash concentration charts
provided as supplementary material

National

» UK Government interested in impacts
on UK

» Also on eruptions that affect UK
nationals abroad, e.g. eruption of Mt
Agung on Bali, and islands like the
Falklands

* Possibility of SAGE being held
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Response Process
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Modelling requirements

» Long-range: Eight of the VAACs use
1000s km - hemisphere Langrangian models, one uses
« Hence requires global an Eulerian model

meteorology

Large altitude range:
surface up to 30+ km

Runs instantly on demand

Relatively fast:
18 hr forecast in ~5 mins

Ability to represent particulate
properties (e.g. size, density)

Simple schematic of a Lagrangian model simulation
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Advisory measures: Avoid flying less than 4000 FT above verticallimits during eruption
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This s a guidance product, supplemental to the official VAAC London Volcanic Ash Advisory and Volcanic Ash Graphic products.
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There may be warning...

Al are subject to a level relative to errors in of the eruption strength
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Similar approach to “planning phase”
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Using eruption scenarios to assess
the hazard ¢

» Daily “what if’ 54
* Probabilistic w
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Scenarios often determined based on

previous eruptive history

Scenario simulation for recent unrest on Reykjanes peninsula
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Uncertainties: source

Need to define the “Eruption Source
Parameters (ESP)”
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Uncertainties: source

Need to define the “Eruption Source
Parameters (ESP)”

* +ve: the material is known

« -ve: unlikely to know how much or its
properties (at least initially)

 Location, time and height are fundamental

» But for quantitative outputs, we need an
estimate of the mass/flux
« Cannot be directly measured

+ - Development of new plume modelling tools and
observation techniques
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Uncertainties: meteorology

 Errors in positioning and timing of
fronts and pressure systems can
lead to ash being forecast in the
wrong location

Met data 1 Met data 2

Real example from Grimsvotn 2011

» Such meteorological uncertainty
can be represented by an
ensemble of NWP forecasts



= 12 ensemble members using the same source
== Met Office term but different NWP
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Use of measurements

Key tools:

« Satellite | Radar | Lidar

Uses:

 Detection of erupted material
« Verification of model forecasts
» Modifying model results (e.g. data

assimilation)

 Informing model sources (e.g. inversion)
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The future

* Auviation requirements demand the
production of quantitative ash
concentration products globally by the
mid 2020s

* This is a 4-dimensional issue

lllustrative example from unidata IDV

Challenges and cross-cutting topics:

Quantitative source information
How to capture uncertainty

How to present and communicate this
uncertainty (both in data and map form)

Ensuring consistency between different
centres

Introducing more complexity to models

Combining models, including for inputs
and impacts
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Questions?

The SO, air con. 2019-06-21 18:00UTC,
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The plume from the June 2019 eruption of Raikoke volcano modelled using the Met Office’s
NAME dispersion model. Credit: Hans de Leeuw, VPLUS project




