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1. Introduction 2. Inversion technique for ash emission modelling

In the event of a volcanic eruption aviation authorities need to make fast decisions
about which routes are safe to operate and to ensure airborne aircraft land

safely. Currently these high-impact decisions are based on qualitative forecasts
produced without any quanitifcation of uncertainty.

The inversion system used in this study is the Inversion Technique for Emission
Modelling for volcanic ash which uses a Bayesian approach to estimate volcanic ash
source parameters using satellite retrievals combined with dispersion modelling
(the NAME model is used in this study) and an a priori estimate of the emission. This

Two of the largest sources of uncertainty in forecasting ash cloud location and system has been developed at the UK Met Office (see Pelley et al. 2015). It provides an
concentration are the emissions of ash from the volcano and the meteorological optimal emissions profile for the fine ash that can undergo long range dispersion. This
situation. This study extends the UK Met Office Inversion Technique for Emission emission profile has a default vertical resolution of 4km and a time resolution of 3
Modelling (INTEM) system for volcanic ash to use an ensemble of meteorological hours.

conditions to determine the dependence of emission estimates on wind field and
wet deposition uncertainty.

4. Ensemble INTEM inversion estimates

3. Case study: Grimsvotn 2011

The eruption started at 1913 UTC on 22 May apriori || Figure 3 shows
2011 and lasted 3 days. e the height-time
Plume height varied substantially over the [ o . o InTEM inversion
eruption and there is evidence that there was a S & 2 k] et ez ash emission
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across the North Atlantic (see Figure 2). Forecast e I of ash and clear
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5. Q_uantifying WEt depOSition U nce rtainty Figure 3: Emission profiles (g/hr) estimated by INTEM for the 2011 Grimsvotn eruption for each F|gU re 3.

member of the ECMWEF EPS ensemble using SEVIRI retrievals of ash and clear skies. The top panel

shows the a priori emission profile. Note the logarithmic colour scale.

The ensemble of emission rates obtained from InTEM without wet deposition

parameterised (not shown) are qualitatively similar to those shown in Figure 3 but All members have high emission rates between 16 and 20km above vent level
with smaller emission rates. This is expected, as to match to the SEVIRI (avl) shortly after the start of the eruption with ash emission confined to between
observations, less ash needs to be released if ash is not removed through wet 0-8km avl for the remaining eruption period.

deposition in the NAME simulations.
These ensemble emission profiles are comparable to those found in Moxnes et al.

The range of ash emissions for the ensemble without wet deposition is 0.81 - 0.97 x (2074) and Webster et al. (2017).
10"? g which is over a factor of 2 less than the total emissions for the ensemble

with wet deposition processes represented This suggests that, in this case, wet Although the the vertical emission profiles are similar to each other, there are
deposition has a significant impact on the inverted emission profiles. In both sets differences in the magnitude of ash emitted at different heights. These

of inversions, the uncertainty in the total emission is large and skewed due to the differences lead to values ranging from 1.72 - 2.66 x10'* g for the total ash emitted
non-negative constraint on the inversion. over the entire eruption (shown in Figure 4).

The ensemble mean total emission with wet deposition represented is 2.08 x 102 g There is also a range, 350,000-400,000, in the number of satellite observations
compared to 0.89 x 10'2 g without wet deposition processes (last bar on Figure 4). which influence the inversion between ensemble members.

The large separation of the ensemble means shows that the inclusion of wet
deposition processes has a greater impact on the uncertainty than variability of the 6. Summary
winds for this particular eruption.
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For the 2011 Grimsvotn eruption:

@® with wet deposition @® ensemble mean with wet deposition

& without wet deposiien % _ ensemble mean without we depositr « The INTEM inversion ash emission rates are substantially reduced compared to
the a priori emission profile

« Ensemble emission profiles are similar but there are differences in the magnitude
of the ash emitted at different heights. This leads to large range of values for the
total amount of ash emitted over the eruption period.

« The inclusion of wet deposition processes has a greater impact on the

I [ I I I I I I l I l I I I I l l [ l . uncertainty on the total amount of ash than the variability of the winds.
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Figure 4: Total ash emitted over the Grimsvotn eruption for each ensemble member in the EPS ensemble determined using
INTEM. Red circles and yellow bars indicate the best estimate and associated uncertainty (one standard deviation) of the total
ash emitted for simulations that include wet deposition. Purple stars and lilac bars indicate the best estimate and associated

uncertainty (one standard deviation) of the total ash emitted for simulations that do not include wet deposition. The

ensemble mean bars indicate the ensemble mean total emission and standard deviation of the ensemble mean with wet
deposition (blue circle and cyan bar) and without wet deposition (green star and light green bar). Webster H. N et al. (2017) Developments in the Met Office INTEM volcanic ash source estimation system Part 2: Results. Forecasting Research

Technical Report618, Met Office, UK.
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