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Introduction: are they important?

Flightradar information 
12.12.2018 at 20:30 Local Time
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Introduction: VAACS

set up by the International Civil Aviation Organization (ICAO), an agency of the United Nations
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Introduction: Involvement of scientific community -
EUNADICS

Eyjafjallajökull eruption April – May 2010

Due to the eruption of the Eyjafjallajökull in 2010, 100 000 flights were 

cancelled in total. 
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Grimsvotn remote sensing  and flight data - can we 
use it in operational analyses?
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Introduction: EUNADICS

The project EUNADICS-AV undertakes to develop and test a unique system that helps

to provide consistent and coherent information to aviation authorities, airlines and

pilots in the event of a natural disaster affecting the airspace, which, if successful,

would greatly enhance the resilience of one of the most critical infrastructures of the

21st century.
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Introduction: Why we use FLEXPART?

(Flexible) Lagrangian Particle Dispersion 
Model is:

• Fast

• Parallelisation (with v9 trival, with v10 MPI)

• Extensively tested (see literature)

• Global developers community

• Suitable for operational usage

• And many more

Flexpart.eu

Limitations:
• No ash aggregation -> 

underestimation
• Online chemistry only with 

climatological values; v10: 
preprocessed from Eulerian
model

Stohl et al., 2011

Stohl et al., 2012

Moxnes et al., 2014

Stohl et al., 2012
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Methods: VAST ad-hoc routines + separate webtool

Volcanic Ash Strategic initiative Team (ESA project 2015-2018, vast.nilu.no)

Inversion code estimates emission (x) by making the 

model match the observations (minimising the 

differences): 

M = model sensitivities

xa = a priori

yo = sat obs

Adapted from: Kristiansen, N. I., Arnold, D., Stohl, A, VAST Technical Report: 
Procedures for volcano inversions using FLEXPART
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Methods: VAST ad-hoc routines + separate webtool

A PRIORI source term

What do we know?

- Location

- Plume height

What can we do:

- Mastin et al., 2009 formula

- 34 eruptions

- Best-fit line (bold solid line) with mass eruption 
rate Ṁ (kg/s) converted to volumetric flow rate 
VH(m3 DRE* per second): 

H = 2.00 V̇0.241

- Or PLUMERIA or other plume models

- Estimate of size distribution

Mastin, L.G. et al., A multidisciplinary effort to assign realistic source parameters to models of volcanic ash-cloud transport and dispersion during eruptions, Journal of Volcanology and Geothermal Research (2009), 
doi:10.1016/j.jvolgeores.2009.01.008

*Erupted volume V (dense-rock equivalent or DRE)



Methods: VAST source term inversion at ZAMG

ZAMG HAZARD WEBTOOL (User input)

Products: plots and netCDF for WP6



Methods: EUNADICS evaluation of 

vertical distribution of ash



Methods: FLEXPART source-term and 

radar plume heights - Grimsvotn

Moxnes, E. D., N. I. Kristiansen, A. Stohl, L. Clarisse, A. Durant, K. Weber, and A. Vogel (2014), Separation of ash and sulfur dioxide during the 2011 Grímsvötn eruption, J. Geophys. Res. Atmos., 119, 7477–7501.
Petersen, G. N., H. Bjornsson, P. Arason, and S. von Löwis (2012a), Two weather radar time series of the altitude of the volcanic plume during the May 2011 eruption of Grímsvötn, Iceland, Earth Syst. Sci. Data, 4(1), 121–127

Time series of the 5-min detected plume-top altitude (km a.s.l.) 
from the:
- C-band weather radar � go into a priori ST
- X-band mobile radar � for evaluation
- initial rise of the plume estimated from photographs
- 30-min average plume-top altitude of all the estimates is 

shown by the curve.

Tropopause

Caldera
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Methods: EUNADICS sensitivity tests 
(incl. tuning)

1. Reference 2. Bin sizes 4 � 9 3. Longer ash life time 4. Halved vertical levels

5. ECMWF vent height

9. A priori: less weight

6. Meteo 0.5° � 1.0° 7. Particles/10 8. A priori: more weight

10. Model: less weight 11. Model: more weight

Tuning of several run specifications; arrows indicate most relevant ones



Methods: EUNADICS evaluation of 

horizontal distribution of ash
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Extra slides
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The Holuhraun Sept-Oct 2014 eruption
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The Holuhraun eruption in Europe – SO2 emissions


