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Objective

» \Volcanic ash dispersion forecasting is vital for aviation but challenging due to the wind accuracy
needed in free tropospheric wind fields.

» Data assimilation of Aeolus by ECMWF provides improved meteorological fields for advection
calculations in volcanic ash dispersion models.

» In the framework of the NEWTON ESA study, we examine potential improvements on aerosol
forecasts due to Aeolus assimilated meteorological fields.

» Here, we examine the Aeolus impact on the dispersion of volcanic ash for a case of recent Etna
eruption.
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IFS outputs
[ECMWF]

Exp1: hkwv

Control without
assimilating Aeolus

Exp2: hkvt

Assimilated Aeolus
wind fields

Angela Benedetti
Mike Rennie

from MARS Catalogue : https://apps.ecmwf.int/mars-catalogue/

Pressure Levels

EECMWF =

MARS Catalogue

Surface

CECMWF =

MARS Catalogue

Date Timne anoffset Level Parameter Date Time anoffset Parameter
(29 values) (4 values) (2 values) (25 values) {11 values) (30 values) (4 values) (2 values) (80 values)
2021-03-06 « 00:00:00 3 1 Fraction of cloud cover 2021-03-06 & 00:00:00 3 2 metre dewpoint temperature
2021-03-07 06:00:00 9 2 Geopotential 2021-03-07 0 9 2 metre temperature
2021-03-08 12:00:00 3 Ozone mass mixing ratio 2021-03-08 1 0 10 metre U wind component
2021-03-05 18:00:00 ] Relative humidity 2021-03-09 18:00:00 10 metre ¥ wind component
2021-03-10 7 Specific cloud ice water content 2021-03-10 100 metre U wind component
2021-03-11 10 Specific cloud liguid water content 2021-03-11 100 metre V wind component
20 Specific humidity 021-03-12 200 metre U wind component
2021-03-13 30 Temperature 2021-03-13 200 metre V wind component
2021-03-14 50 U compaonent of wind 2021-03-14 Albedo
2021-03-15 70 * | |V component of wind - 2021-03-15 Angle of sub-gridscale orography -
Current selzction Current selection
" i, pl, s evtype: ml, pl, sfc
& 4y,an,fc, me, mf, £ 4y, an, fc, me, m
streant lwda, v am: lwda
¥ hku2, hlku3, hlod, b3, bk, bk, kv, ik e, hkf, kg, I koup, hivg, Pk, hic hlw  expy hkv2, hkv3, hievd, b3, kw7, hiad, hkva, kb, hkve, hkud, hkve, hkvf, kg, h kv, h n, hiovp, kg, hkvs, hket, hioy, hic
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Data and Methodology

IFS outputs
[ECMWF]

Exp1: hkwv

« Compare FLEXPART-WREF (Stohl et al., 2005; Pisso et al., 2019)
Control without ash simulations initialized with two sets of IFS outputs (with and

assimilating Aeolus .
without Aeolus)

Exp2: hkvt

- » Use ground-based Lidar profiles for evaluating the different runs.
Assimilated Aeolus
wind fields

Angela Benedetti
Mike Rennie
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Etna case study on 12 March 2021 :

REACTII Acroso o Y ";,.: ;\ . T, b L . X = E
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. Antikythera \

< TR ,LimassoI\\
wéwtm»ﬁw v R *;ﬁ“ ?
|} il B

o - .y
e : Y gl o
12 Mar 2021 07:00 UTC INGV-QE surveillance systems

» Near-real-time alerts from Etna volcano eruptions (INGV observatory of Catania, Italy).
» Volcanic cloud is crossing Antikythera and Limassol lidar stations.

> Input data are taken from INGV regarding the injection plume height and emission fields
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10.00
8.00 ¢ Prevailing North-Westerly winds

6.00

Small differences (0 to -1 m/s) in wind

fields assimilation
above the PANGEA-NOA station

with/w-o  Aeolus
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NOA WRF
Wind speed [m s™!]

300 hPa

Init time: 12 Mar 2021 00:00:00 UTC
Fcst time: 12 Mar 2021 12:00:00 UTC
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« Prevailing Westerly winds

« Wind fields of run with Aeolus are
dominant above PANGEA-NOA station

with respect to the control run.

o.oog « Positive differences (up to 8 m/s) in
-2.00& wind fields with/w-o Aeolus assimilation
_4_003 above PANGEA-NOA station

-6.005

-8.00
-10.00




Etna case study on 12 March 2021

NOA FLEXPART Start time: 12 Mar 2021 07:15:00 UTC
Columnar ash concentration [pgr m=2] End time: 14 Mar 2021 00:00:00 UTC . Transport of the volcanic plume
10°E 14°E 18jE 22°E 26°E 30°E 34°E 38°E . | t d th Fl rt .
/ﬂw Jg = With Acolus aseim as simulated with Flexpart, using
46°NE mwmw —y ® Without Aecolus assim | _lagen  Meteorological fields with (squares) and
ﬁ%@, Q’““:% \a,i ‘;ﬁ 1= without (circles) Aeolus assimilation
44°Nf R 44°N
N S e A
42°N e 42°N -
S "\ Z%mg “; | Sl Southward transport of t_he volcanic
10°N Y o 10°N plume center of mass with Aeolus
% % assimilated wind fields with respect to
38°N 2 38°N

the Control run.
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E- LA

Volcanic ash dispersion with/w-o Aeolus assimilation

12 March 2021

NOA FLEXPART Init time: 12 Mar 2021 07:15:00 UTC
Columnar ash concentration [pgr m—2] Fcst time: 12 Mar 2021 07:15:00 UTC
10°E 14°E 18°E 22°E 26°E 30°E 34°E 38°E
= % //f? 100.00
46°N /%/&?%\ 46°N Ash plume assimilation:
44°N 44°N 8000 1) moves faster
2N /? 2N %  2) has smaller concentrations and
60.00
?&- e >  3) expands Southwards
40°N - 40°N o .
. i 40.00€ with respect to the
38°N s T 38°N Y
P DRRY: m
36°N > ’%\“\m/\?y\«/ 36°N 20.00 E.
4 ~ 3
4°N i @ 4°N %
3 | 3 5.00%:
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\“\/m
30°N k 30°N 1.00
10°E 14°E 18°E 22°E 26°E 30°E 34°E 38°E o 0.10
| [
0.10 1.00 5.00 20.00 40.00 60.00 80.00 100.00

Without Aeolus assimilation
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Volcanic ash dispersion with/w-o Aeolus assimi

(12 March 2021, 20:45 UTC)

NOA FLEXPART
Columnar ash concentration [pgr m~?]

Init time: 12 Mar 2021 07:15:00 UTC
Fcst time: 12 Mar 2021 20:45:00 UTC
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Without Aeolus assimilation
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FLEXPART simulations of the
volcanic ash columnar concentrations
(ug/m2)  originating  from Etna,
transported over  Greece, using
meteorological fields (green) and

(red) Aeolus wind assimilation.

Volcanic ash plume

assimilated fields reaches Antikythera
on 12t of March 2021, at 20:45UTC
Expanding southwards when compared
to the control run
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Volcanic particles arrived above PANGEA-NOA (Panhellenic Geophysical observatory of Antikythera)
station: on 12 March 2021, at 19:30 - 22:30 UTC
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FLEXPART-WRF
d } ASH mass concentration [1«g/m3] at LAT=35.86,LON=23.3
4000

Target classifications from PollyXT NOA at Antikythera
C) 15000 4 L ' : —l——F -
. - - =7 - . : ) S T e L Cloud: likely ice crystals
100 BT = - .
12000 — — o T - - Cloud: ice crystals
12500 ’
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£ _ 100004
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_'%) 20 g 7500 _ : Aerosol: large, non-spherical
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5 :
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Vertical profile of volcanic ash concentration @esa

LIDAR - Ash
14

—— Ash_with_Aeolus

2 — Ash concentrations calculated by the PollyXT lidar

o measurements are in good agreement with the

model when Aeolus winds are assimilated (no

concentrations are revealed without Aeolus
assimilation).
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Aeolus dusk orbit 13 March 2021
15:25-15:29 UTC
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NOA FLEXPART valid:13-3-2021 1530 UTC 240
Ash Emissions Integrated Column  Concentration (mg m®) o
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Without Aeolus 2021.00.13715:26:0
 Ash column concentrations transported over the Eastern onaice

Mediterranean acknowledging or not Aeolus wind assimilated fields
Detection of the aerosol plume in the Middle East by Aeolus L2A data
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SCA extinction [10-**m~Y

SCA backscatter [10-**m~*sr-]
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I T T el dusk orbit 13 March 2021 15:25-15:29 UTC
Lt i . 200
e {Ash — With & Witholit Aeolus | ... . o F
: 1500‘0 ] I I % 10 122 %
.| i | 2 g
a I 80 W F 8 100 g
L ] | i i § 0 3
Q 4 60
o 12000 : — 60 ¢ “
. 1 i h . 20
b . ' - B a0 ’ 0
Do 9000 — — A 20
E ] B 20 e 18 18
2 T I B o 16 16 —
> 6000 - — 5 | 14 ,:E
2 * ' | u ;=
o m I | 1 5 g’ 10 g
&l 3000 - I - F :
[+ | | 0 & 3
> | 4 2
|lat= 35.26 lon= 35.54 i 2
I | | 0
47.7,32.9 43.3,34.0 385,350 33.7,36.0 29.1,36.8 e e o
Iat”on along transect ) i 2021-03-13T15:26:00 time
‘ | ‘ | ‘ ‘ | ‘ | ‘ o 34:47 latitude of SDSET\‘:- intersection «
0 1 5 20 40 60 80 100 36.49 35.70 34.85

longitude of DEM intersection

Without Aeolus

« Vertical time-height cross-sections of volcanic ash distribution. __
Ash concentrations detected with Aeolus are not depicted with the control model run. |§8
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13 March 2021 SCA
15:26 UTC T i —_——— Extinction @esa
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Lon: 35.54 E

Lat: 35.26 N : : Bottom: 8.8 km
Lon: 35.54 E = = Top: 9.3 km
Bottom: 8.3 km > Alpha: 210.9 Mm-?
Top: 8.8 km B ;
Alpha: 236.8 Mm- =
i Lat: 34.47 N
A Lon: 35.70 E

i Bottom: 7.2 km
Top: 7.7 km
Alpha: 101.8 Mm-?

Lat: 35.26 N
Lon: 35.54 E
Bottom: 7.3 km 5
Top: 7.8 km B 2.
Alpha: 196.9 Mm-"’ | Lat: 34.47 N
Lon: 35.70 E
Bottom: 6.4 km
Top: 7.2 km

Alpha: 43.7 Mm-1

- ATMOS 2021 - ESA ATMOSPHERIC SCIENCE CONFERENCE




Ongoing work and forthcoming actions

» Investigate the reasons of
« the Southward expansion and
 the mass loss
of the ash plume with Aeolus assimilated wind fields.

» Apply quantitative inversion algorithms (e.g. Stohl A. et al 2011) to improve the predictions of volcanic
ash fluxes from Etna eruptions and also the separation between different species constrained by
ground-based and satellite observations (volcanic ash vs sulfates).
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http://www.antagonistikotita.gr/epanek_en/proskliseis.asp?id=28&cs=
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