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How the Eyjafjallajokull crisis influenced
developments in volcanic ash forecasting science



-
‘.‘f p

Forecastlng developmn
« Scince and operat|

The legacy
Ongoing steps anc



The Crisis

Met Office
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FLIGHTS FROM ALL UK,
AIRPORTS ARE DISRUPTED
DUE TO VOLCANIC fASH,
PASSENGERS ADVISED To

CHECK WITH THEIR AIRLINE.



Some numbers
Met Office
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Quantifying the hazard

Met Office

Europe moved to concentrations
« Aim- to allow more flights though more information
* Implemented in haste
« Widely discredited as a viable operational approach

Quantitative science and engineering clearly
has value though....

Qutcome

« Science, engineering, operations, regulators all
thinking anew about the challenge

Similar potential disruption will happen again

* No field of human activity has ever benefited form
standing still

© Crown copyright Met Office
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A HEIGHTENED STATE OF ACTIVITY
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~~ ABusy Time

Met Office

Papers by title: “Eyjafjallajokull”
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THE CHALLENGE
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Themes & Recommendations

Met Office IUGG-WMO 2010 & 2013; VAAC modelling; VAAC BP, etc

Collaboration

Communications : . .
Dispersion model improvements

More NRT observations _ o
Inversion / Data Assimilation

Source terms:
observations and modelling Model validation

Quantitative
observations + modelling NWP
Is way forward

Probabilistic modelling

Understand & reduce uncertainty o _
In observations and modelling  Communication of uncertainty

Re-suspension

Need too quantify hazard to engines . .
k fy J Volcanic Gasses i.e. SO,

Data on aircraft encounters

© Crown copyright Met Office
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RAL Space

MODIS NOAA
Vs
SEVIRI Met Office
Temporal match at 0.5°
7 May 2010

“ Both sensors ash in common
Both sensors ash outside
SEVIRI_MO as in common
SEVIRI MO ash outside
MODIS_NOAA ash in common
MODIS_NOAA ash outside
Common area

Coverage of either

WMO SCOPE: VA Satellite Inter-comparison (Pavolonis et al)


http://cimss.ssec.wisc.edu/meetings/vol_ash15/program.html
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Ash properties

Met Office

(a)London VAAC operaitonal
and (b) Non-spherical
particles with WR = 0.4 and
the density distribution
attributed to Eyjafjallajokull
2010 ash

Impact of observations and models
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Travel distance for different
diameter, density, shape

Wind Speed 10 m s'', Release Height 10 km
—— Spherical Stokes, p, = 2300 kg m#, Constant Atmosphere
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Modelling

Ash3d, Fall3d, Flexpart, HYSPLIT, LPDM, MLDPO, NAME,

MetOffice o "\/o1 .CALPUEE. etc

« Growing body of Validation
« Ash and SO,

* Process investigation and developemnt

« Layering; umbrella clouds; plume rise; deposition;
treatment of convection; non-sphericity; re-
suspension; aggregation; etc

« Assessment of prediction uncertainties and
ensemble approaches

Model vs Observations Re-suspension over Argentina
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Modelling

Met Office

Qi'é University of PI Ri
| umeRise
BIE BRISTOL Logoed n s Mathew Hor Holp | Edltscoont dtte Log ot
10 15000 ST 15000 15000
e y:
E 5 // \\ 12500 "' 12500 12500
= i’ 1] [ - - -
b i / -
, s o oo Plume rise model inter-comparison
g | i E [ g g
€ o —— % 7500 & 7500 B 7500 1.00E+08 I
2 3 @ g
b o ] o &
g s 5000 1 5000 5000
° 1.00E+07 Ps o} S
2500 2500 2500 .
o g (] ‘ . (<)
0 0 0
-10 = 0 5 10 0 2500 5000 0 250 500 750 1000 000 001 002 003 004 = 1.00E+06 ‘
Distance east of vent (km) Downwind distance (m) Temperature (K) Specifichumidity E O
H e
[1] [2] (3] [4] B | Model outputs Load/save parameters | Plot settings | Data export 1.00E+05
Parameters model ic dati
Vent latitude: §3.625 Gas mass fraction: 0,03 «) Specify source velocity
Vot . s X Sourcs velocity (m/s): [gn 1.00E+04
t longitude: |- [ ture (K):
e onguce: | 1961 (s S 012 3 456 7 8 9 1011 12 13 14 15 16 17
Vent elevation (m): (1565 Pyroclast density (kg/m?): |1200 Mass flux (kg/s): 20000000
Vent radius (m}: g0 No-wind entrainment coef.: 0,09 Infer saurce flux rom observed plume isa hight b) Weak plume with wind Model
Wind entrainment coef. [0 g Rise height (m): |13000
& Reset this tab 1.00E+10
University of Bristol Web Interface to _ Py
Woodh | plume rise model LR | 1 *?
oodnhouse et al plume rise mode £ 100409 o o © !
w
= o b
1.00E+08 T

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17

d) Strong plume with wind Model

Costa et al (Submitted)

© Crown copyright Met Office



Modelling + Observations

Met Office Inversion and data assimilation

« Complex 4-dimensional scaling
* Not a silver bullet
 In infancy but being worked on

Model run(s) x scaling = Observations
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Forecast Process

@ Interpretation

o

Source Terms

Met Office
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Interpretation
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Research to Operations
MetOffice NOt that easy
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VAAC Changes

Met Office

« Access to and processing of more observations
* Improved use of observations
« Improved and adoption of new models

* Improved use/initialisation of models
» Deposition, PSD, plume rise, etc
« Some use of ensembles/uncertainty
* Inversion
« Stronger links with
« Each other

« Volcano observatory
* Researchers

© Crown copyright Met Office






Legacy

Met Office
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A great data set
Significant advances
Significant increase in research effort

More instruments, focus and thought

« We are extracting more understanding from each
eruption

« Awareness of collaborative and cross-disciplinary
nature of work

Better models

A strong multidisciplinary international
community



On going steps and challenges
Met Office

e Science

« Quantitative observations & modelling
* Model + Observation fusion
« Quantification of uncertainty

* Forecasting
« Managing fusion of information
« Communication of certainty
* Aviation
 Pilots role in ‘local in flight” information
« OEM data
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