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The Grimsvotn eruption in 2011: Separation of ash and SO2 9 & GeoSphere
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http://icelandinpictures.com/post/5729133963/grimsvotn-eruption- https://www.wired.com/2011/05/more-information-on-the-may-21-
pictures eruption-of-grimsvotn-in-iceland/
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Abstract Modeling the transport of volcanic ash and gases released during volcanic eruptions is crucially
dependent on knowledge of the source term of the eruption, that is, the source strength as a function of
altitude and time. For the first time, an inversion method is used to estimate the source terms of both volcanic
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sulfur dioxide (SO;) and ash. It was applied to the explosive volcanic eruption of Grimsvotn, Iceland, in May
2011. The method uses input from the particle dispersion model, FLEXPART (flexible particle dispersion
model), a priori source estimates, and satellite observations of SO; or ash total columns from Infrared
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Atmospheric Sounding Interferometer to separately obtain the source terms for volcanic SO; and fine ash.

HIGCHLIGHTS

» The armospheric transport of the 2011 Grimsvotn ash clowud is simulated using NAME.
= A data insertion update scheme is implemented with different configurations.

» Simulations compare well against height, mass load and concentration observations,
» Skill scores are similar to a simpler data insertion scheme.

ARTICLE INFO ABSTRACT

Article history:
Received 9 February 2016
Received in revised form

Effective modelling of atmospheric volcanic ash dispersion is important to ensure aircraft safety, and has
been the subject of much study since the Eyjafjallajokull ash crisis in Europe in 2010. In this paper, a
novel modelling method is presented, where the atmospheric transport of the 2011 Grimsvotn ash cloud
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ZAMG Vulkanasche Berechnung

1. Userangaben 2. Vulkansuche X Awsbruchsdaten 4 Zussmmenfassung 5

M(x-x*) = y* — Mx®

a posteriori
source flux

Inversion code estimates emission (x) by making the
model match the observations (minimising the
differences):

M = model sensitivities
X2 = a priori
y° = sat obs
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Procedures for volcano inversions using FLEXPART
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Fig. 1. Plume height above the vent versus muass eruption rate for eruptions listed in Table 1. Symbols for each eruption are given in the legend, The bald sol
the data (Eq. (1)) The bold dashed lines enclose the error envelope (£ A kalculated by the routine polyval in Matlab® (use of trade names does not constic
products ). The error envelope corresponds to a 50% confidence interval meaning that future observations have at least a 50% probability of falling withi
dashed line is the empirical fit obtained by Sparks et al (1997, Eq. 5.1) The upper light solid line is a theoretical curve of Hycalculated using the 1-D ste;
(Mastin, 2007) using a magma temperature of 900 *C, 3 wt gas, and a Standard dry atmosphere (United States Committee on Extension to the Standan
lower light solid cusve is the elevation of neutral buoyancy. assumed to approximate H,, calculated from the same model runs. The region between these
dashed light curve represents predictions of Hy by Plumeria using properties of a Standard atmaosphere but with 100X relative humidity (ry) and a temp
10 *C. The light dotted curve s a similar prediction using a relative humidity of 100% and a temperature at ground level of 25 “C. Symbols in the legend an
highest eruption rate, The Abbreviation "MSH™ is Mount St Helens, “Soufridre SV™ is Soufriére of St, Vincent. The figure inset illustrates the difference betwe
the plume (H;) and the height of the umbrella cloud (H,) The height H plotted includes both Hy and Hy, depending on the method of estimation. ksopleth-ba
solid symbols, give umbreila-doud height Hy whereas all other methods are thought to give Hr.
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Figure 3. SO, and ash source terms for the 2011 Grimsvotn eruption showing the time, altitude, and strength of the emis-
sions. (3, b) The a priori source term used as input to the inversion for SO; and ash. (¢, d) The a posteriori source term
estimated by the inversion methed constrained by SO; and ash total columns retrieved from IASI data, The dashed blue
vertical line represent the start time of the eruption as reported by IMO (21 May 2011 17:30 UTC).
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Moxnes, E. D., N. |. Kristiansen, A. Stohl, L. Clarisse, A. Durant, K. Weber, and A. Vogel (2014), Separation of ash and sulfur dioxide during the 2011 Grimsvotn eruption, ). Geophys. Res. Atmos., 119, 7477-7501.
Petersen, G. N., H. Bjornsson, P. Arason, and S. von Lowis (2012a), Two weather radar time series of the altitude of the volcanic plume during the May 2011 eruption of Grimsvotn, iceland, Earth Syst. Sci. Data, 4(1), 121-127
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Figure 4. The initial Grimsvotn eruption plume seen from
Skeidararsandur, 50 km south of the volcano. Approximate alti-
tude scale at the distance of Grimsvotn (Gr) on the left, and the
tropopause (Tr) at this time was at about 8.9 km. Photo Bolli Val-
gardsson, 21 May 2011 at 19:20 UTC.
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EXERCISErimsvotn eruption in 2011: Moxnes

Grimsvotn remote sensing and flight data - can we use it in operational
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Figure 2. (top) SO, and (bottom) ash total columns retrieved from IASI between 21 and 24 May (SO,) and 22 and 25 May Longltude % §
(ash). The data are gridded and for each grid cell, the maximum of the values observed during all overpasses in the given - 2000 &
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Figure 1. ECMWJeopotentialanalysis for 21 May 12 UTC
at (a) 1000hPaand (b) 20(hPa data taken from
http://mwww.ecmwif.int. (c) SkewT, Logp chart at Keflavik

| radiosondestation located 250 km WSW Girimsvétn

£ Volcano, at 12 UTC on 21 May 2011 (data from University
of Wyoming,
http://weather.uwyo.edu/upperair/sounding.html).




EXERCISE: a priori Source Term
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products ). The error envelope corresponds to a 50% mnﬁdem.e interval, meaning that future observations have at least a 50% probability of falling within this envelope. The dot-
dashed line is the empirical fit obtained by Sparks et al. (1997, Eq. 5.1). The upper light solid line is a theoretical curve of Hrcalculated using the 1-D steady-state model Plumeria
(Mastin, 200?] using a magma temperature of 900 °C, 3 wt¥ gas, and a Standard dry atmosphere (United States Committee on Extension to the Standard Atmosphere, 197G). The
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10 °C. The light dotted curve is a similar prediction using a relative humidity of 100% and a temperature at ground level of 25 "C. Symbols in the legend are arranged from lowest to
highest eruption rate. The Abbreviation “MSH" is Mount St. Helens, “Soufriére SV” is Soufriére of 5t. Vincent. The figure inset illustrates the difference between the height of the top of
the plume (Hr) and the height of the umbrella cloud (Hy). The height H plotted includes both Hrand Hy depending on the method of estimation. lsopleth-based estimates, denoted by
solid symbols, give umbrella-doud height Hy, whereas all other methods are thought to give Hr

KGDAK<

9)) (& GeoSphere
)pz:Austria

40

35

Cerro Negro 1995 110
Etna 2001
Ruapehu
lzu Oshima i
Cerro Negro 1992 H
MSH 3805
Fuego 1971
Fuagn 1974 o0
Miyakejima 2000
MSH 7/22480
Spurr G272 H
Hekla 1980 B0
Spurr B1&H2
Spurr W17/92
Redoubt 121520
Hekla 1970 70
Pinatubo 81291 L
Ravanator
MSEH 612480 Leo
MSH 52560
MEH 518/80 L
Nevado del Ruiz
ufriere S 1802 | |- 5|

gKK =JMHLA

GO J9L-=

MNovamupta phase 3
*  Novarupta phase 1 30
D Quizapu
Pinatubo 61591

© < SomaMariai1902 || g
— Bast il

30

na
[4)]

At Ok @ $H VO OHIAV Y
Thousands of feet

Plume height, km
r
(=]

—
wm
T

—

i

5 = = Bestfitza I
.- g7y 02
Plumaria, dry 10
— — f=T=I0C
..... 1,=1.T=25°C

: 0

HDME & E@@%@& o
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vation of neutral buoyancy, assumed to approximate H, calculated from the same model runs. The region between these two curves is shaded. The
predictions of Hr by Plumeria using properties of a Standard atmosphere but with 100% relative humidity (r,) and a temperature at ground level of

Mastin L.G. et al., A multidisciplinary effort to assign realistic source parameters to models of volcaniclasti transport and
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EXERCISEsize bins and distribution
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