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=<7~ How do we use satellite products?

Met Office

» Real time monitoring of volcanic plumes to inform
VAAC forecasters, and hence improve VA guidance
* Horizontal extent
* Trajectory (ash height)
« Radiative ash height estimate
 Estimate of column mass loading

« Constraining the initialisation of dispersion model
runs:

 To aid specification of source term
 As part of data inversion process
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The London Volcanic Ash
p— Advisory Centre (VAAC)

» An International Civil Aviation Organization (ICAO) designated centre

* Responsible for issuing advisories for volcanic eruptions originating in
Iceland and the north-eastern corner of the North Atlantic

» Hosted and run by the Met Office from its Exeter UK headquarters

» Specialist forecasters who produce volcanic ash advisories and

- satellite-based, ground-based
and aircraft observations

» weather forecast models and
dispersion models

Sl

up facility with Toulouse VAAC, operated by Meteo-France.
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The VAAC process

Met Office

Met Office Weather Satellite + other
observations

forecast models

w Gther mndels
| Weather
observations

Volcano data

- Forecaster
DlsperS|on Model
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=<7~ How do we use satellite products?

Met Office

» Real time monitoring of volcanic plumes to inform
VAAC forecasters, and hence improve VA guidance
* Horizontal extent
* Trajectory (ash height)
« Radiative ash height estimate
 Estimate of column mass loading

« Constraining the initialisation of dispersion model
runs:

 To aid specification of source term
 As part of data inversion process

* Use satellite datasets for post-event validation of the
model predictions (together with other observations)
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Which

Met Office

Orbits

Geostationary Orbit

Met Office
Atan altitude of 35,800 km satellite rotates once around the Earth in 24 hours

¥ continual coverage of one
section of the globe

¥ data acquisition
straightforward

active systems unlikely

large antennas for
microwave systems.

poor polar coverage

Polar Orbit B
veome (LEQ = Low-Earth Orbiting)

Sateliite altitudes typically 850 km and pass close to the pole. At a certain
inclination to the equator (~98.79), the satellites orbital plane will appear to
be fixed with respect to the sun (sun-synchronous)

¥ crossing time of the equator Is fixed
¥good polar coverage
¥good resolution
¥active systems are viable
¥larger payloads with more Instruments

satellite only views a portion of the earth at one
time

© Crown copyright Met Office
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satellites/instruments do we use?

Instruments

SEVIRI - the European
Geostationary Imager

Advanced Very High Resolution Radiometer (AVHRR)

Met Office
« The first AVHRR was a -channel m
radiometer, first carried on TIROS-N

Qcigher 1978

MODIS Summary

IASI on Metop

19 October 2006 launch

= full cross-track scan
-2x2 12 km pixels
sample 50x50 km
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SEVIRI - the European
Geostationary Imager

Met Office

© Crown copyright Met Office

*Scans Africa, Europe, Middle East and Atlantic
every 15 minutes

*3/1 km spatial resolution at 0° N, 0° E

12 channels (different wavelengths)

*Meteosat-10 operational, Met-9/Met-8 backup
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<> Satellite products used
merone Al LONAdon VAAC

» Qualitative imagery of ash

» Quantitative ash detection

» Quantitative ash property retrievals
» Simulated satellite Iimagery

» SO, products
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"AVHRR” visible imagery

Met Office

21st May 2011, 19187 22"d May 2011, 0551Z
NOAA-16 FY-1D MVISR
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MSG/SEVIRI visible imagery

Met Office

SEVIRI MODIS
231 May 2011, 1400Z 231d May 2011, 13527

© Crown copyright Met Office



Thermal infrared difference imaging

- Optical characteristics of ash and water/ice are different
Met Office !N the 8-12 um atmospheric window

Cloud: BT 10.8 > BT 12.0 Ash: BT 10.8 < BT 12.0

Clouds
absorb

more at
12.0 than

| absorbs

| 10.8 than

Earth's Surface
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Eyjafiallajokull

Met Office MSG Dust RGB

2010/04/15 1330 UTC
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Grimsvotn

Met Office

MSG Dust RGB

2011/05/24 0200 UTC
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Puyehue-Cordon Caulle

Met Ofﬁ ce

MSG Dust RGB

EEXF41 MSG Dust RGB 07/06/2011 0600 UTC

2011/06/07 0600 UTC
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Polar AVHRR imagery from May 2010
124127/6th 1311Z/6th 1423Z2/6th 19572/6th

LAILES QG200 1241 e NOAAI9 Vokankc Adh 308 - 120 Loodom VAAC Ares fosknd [Ken LAILES O6AK/2000 131 s NOANS Vs Ach 108 - 120 Looden VAAC Asrs Jeehnd 1K LAILES 060572000 1623 s NOAAS) Vol Adh 108 - 120 ook VAAC Ares Ieehnd 1K LAILIS 06072000 1957 sic NOAALT Ve Ash 1068 - 120 Lonon VAAC Asss keeknd (Ko
— . o T T

Volcanic ash images

L SN 1 NI | - VL : | : Yellow/orange/red areas
: T : (-ve values) show areas

0239Z/7th 0451Z/7th 0717Z/7th of ash that are:

2138Z/6th

LAILES 060572000 21% s NOAALT Vkssic Ash 108 - 120 Looon VAAC Ass keebnd (Kis LAILS 070420 NOAALS Voksmic Ach 108 - 120 Looskcn VAAC A keebd 1Ko LAILLS 07052010 0451 e NOAAS Vioksnic Ash 108 - 120 Looon VAAC Ass keebed (Ko

LAILLS 07052010 0717 e NOAALS Volkasi: Adh 308 - 120 Loodk VAAC Ases leckand 1Ko

*Not optically thick
(which would look grey)
*Fine ash particles,
approx 1-10 pm




<> Satellite products used
meroie AL LONAON VAAC

» Qualitative imagery of ash

» Quantitative ash detection

» Quantitative ash property retrievals
» Simulated satellite Imagery

» SO, products



Improving ash detection

Met Office

*Although the simple “channel-difference” (BTD) type of product is
useful, it is also desirable to have a more sophisticated detection
scheme in order to produce the mask on which to apply the volcanic
ash retrieval calculations (see later)

Also uses 8.7 um channel 5 |

L AR .

c c ]

-Specmcally, the background NWP model’s temperature and humidity
profiles are useful pieces of additional information which do not get
used in the simple BTD products described thus far — these can, to
some extent, allow for the effects of the intervening atmosphere on
the top-of-atmosphere radiances

© Crown copyright Met Office

Uses 10 8 & 12.0




A series of 5 tests to arrive at final

e Offce ash mask

EEJG41 MSG Dust RGB 07/05/2010 1230 UTC
W
g

EAJGY1 MSG volcanic ash 07/05/2010 1230 UTC N EAJGI1 MSG volcani
\ \ NE T

ic ash 07/05/2010 1230 UTC ‘N
T \ WLRE
| \ \

Test 1
(strict
2-chan @
BTD)

EAJG91 MSG volcanic as|
4

Test 4
(B-ratio
false
alarm
removal §
with
NWP)
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<> Satellite products used
meroie AL LONAON VAAC

» Qualitative imagery of ash

» Quantitative ash detection

» Quantitative ash property retrievals
» Simulated satellite Imagery

» SO, products



1D-Var scheme developed to retrieve quantitative volcanic ash
information from SEVIRI data

Uses channels at 10.8 um, 12.0 um and 13.4 um
Met Office

EAJGS1 MSG volcanic ash 06/05/2010 1800 UTC A

Ash(-top)

Improved )
height

detection
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Ash height retrievals — effect of different
refractive indices, and their solution costs

Met Office 2010/05/13 0800 UTC

Pollack Pollack Balkanski Volz
(andesite) (obsidian)

1D-Var final cost gives a measure of how well the solution has

_ , managed to fit the observations
© Crown copyright Met Office



Ash detection and retrieval products also monitored from other
Near-Real-Time sources during eruptions

Met Office

VOLCAT
Met (SSEC)

Office

[———__ ]
180 200 220 240 260 280 300 320 0 1 2 3 4 5 7 8 9 10

6
11 um BT [K] Ash/Dust Loading [g/m?]

el

Time of observations

EUMETSAT

ot 11 November 2011

SACS

To navigate to another region,
select one from the map or In menu
Just above




<> Satellite products used
meroie AL LONAON VAAC

» Qualitative imagery of ash

» Quantitative ash detection

» Quantitative ash property retrievals
» Simulated satellite Iimagery

» SO, products



- Why simulate imagery?

MetOfflce 7 May 2010 1200 UTC

“Raw NAME conc,entraﬁé;:‘<

for FLOOO-FL200 BT10.8 -BT12.0

“Raw NAME concentraf&'jé

Dust RGB for FL200-FL350 Dust RGB
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Eyjafjallajokull,17 May 2010 12Z

Simulated

missing

W8 Area of
visible
ash

needs:to
be further
east

* Ash correct over Iceland, but needs ash further east and
south over North Sea
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<> Satellite products used
meroie AL LONAON VAAC

» Qualitative imagery of ash

» Quantitative ash detection

» Quantitative ash property retrievals
» Simulated satellite imagery

» SO, products



Ash iIndex and SO, column
234 May 2011

Modelled Ash Concentration from FL200 to FL350 at 1200 UTC 23/05/2011
This is a guidance product, supplemental ta the official VAAC Londan Volcanic Ash Advisory
Met om ce and Volcanic Ash Graphic products.
__..' .. - o - Issue time: 201105231200
. C 200-2000 micrograms per cubic metre [ 20004000 por

subject to a level of v errors in th

L]
S & ]

~}P NAME concentrations

FL200-FL350

T+0 issued 201105231200
[ A
L,
/4

%% = 30 31
& Crown Copyright 2011, Source: Met Office

Ash Index

IASI — ULB/BIRA-IASB

SO2 vertical
column (DU)

SO2 vertical
column (DU)

IASI| — ULB/BIRA-IASB GOME-2 — DLR/BIRA-IASB

0.0 0.4 0.8
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SEVIRI Sulphur Dioxide + Ash

Met Office

EAEN75 MSG VA column loading + sulphur dioxide 21/05/2011 1800 UTC

‘ .II 1:; 7, e ; K
ghy R Ash colurmn S0,
.'}.‘- \ g“( f load (g m™2) (rill atrn— —crn)

Detection of the Grlmsvotn 2011 volcanic
eruption plumes using infrared satellite
measurements. Cooke et al., 2014, ASL.

—— 00 Sy}




‘502 vertical column [DU] 5 September 2014
composite GOME-2 [MetOp A&B] - DLR/BIRA-IASB/EUMETSAT
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Overview

Met Office

*Ongoing research and development
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Further Developments

Met Office

* Further improvements to operational ash
detection?

© Crown copyright Met Office



A series of 5 tests to arrive at final

e Offce ash mask

EEJG41 MSG Dust RGB 07/05/2010 1230 UTC
W
g

EAJGY1 MSG volcanic ash 07/05/2010 1230 UTC N EAJGI1 MSG volcani
\ \ NE T

ic ash 07/05/2010 1230 UTC ‘N
T \ WLRE
| \ \

Test 1
(strict
2-chan @
BTD)

EAJG91 MSG volcanic as|
4

Test 4
(B-ratio
false
alarm
removal §
with
NWP)
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Pavolonis et al. ash detection

Met Office

Volcanic Cloud Detection

The VOLCAT detection approach is multi-faceted and
employs several different conceptual models to
identify volcanic clouds across the spectrum of
eruption cloud types.

— Spectral cloud objects [spectral signature]
— Plume [spectral sighature + geometric properties]
— Puff [spectral signature + cloud growth]

— Major Explosion [cloud growth]

Worksh n the Inter- . . . . "
comparicon of Satllte. — Tracking in time [spectral signature + feature tracking]
based Volcanic Ash
Retrieval Algorithms
within WMO SCOPE —
Nowcasting,

Madison WI,
June/July 2015

© Crown copyright Met Office



Further Developments

Met Office

« Comparisons between different guantitative ash
retrievals?

© Crown copyright Met Office



Height validation against CALIOP RAL space™

N "I |

ORAC f EUMETSAT Met Office %)

r; Q

s @

?’“’} 2 ! ////{ | C_G

y y P —

K WA A <
,/ | | l//I i

B | B |

| =

._: =

_ CQ

| <

2]

| ©

| c

| 7 @)

- E

¥ : " &

- O

| ol N | U

Important for agreement to take points observed in common
But ash detections quite different...



SEVIRI, all Eyja cases, v NOAA

1 = SEWIRI_MO w5 2 = JEVIRI_MNCAA

Met Office
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Further Developments

Met Office

* Multi-layer retrievals?

© Crown copyright Met Office



Two-Layer Retrievals

Met Office Recent research:
Watts et al. (2011)
Siddans & Poulsen (2011)

CAL_LID L1-YalStagel-V3-01 2010-05-07T13-57-06ZD
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0.007 ot
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Further Developments

Met Office

« Greater use of hyper-spectral sounding data?

© Crown copyright Met Office
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SO, — Calbuco plume heights (early days)
Met Office

Dots represent the position of the
min DBT (~ max concentration)

In Blue: from first eruption R -~ - }

In Red: from second eruption 1 | S

f'—265K(l7 9}.

£ Numbers in parentheses are the | -a5x07.2 / AT
i —523K(19) > 30 K(16.4)
plume helght —54.4519(17—19) .\\_//
-30.6 K(17)

Numbers to the front of the
parenthesis are the min DBTs
observed in each pass

Green triangle is the volcano

Times between each dot ~ 12 hrs

© Crown copyright Met Office
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Calbuco clouds & ash plume
In 3 methods — 2 instruments

Met Office

i3 Left panel:
<> 3 channel detection scheme
Francis et al., 2012
< SEVIRI

i3 Middle panel:
<> RGB image
<> SEVIRI

<~ Yellow ~ ash and SO,
Very good agreement with SO,
plume from IASI

<~ Pinky Red ~ Ash

3 Right panel:
<~ IASI ash & cloud
<~ 1ASI
<~ Dark red black »>ash
< Yellow-White - clouds

© Crown copyright Met Office




Further Developments

Met Office

« Towards a global geostationary capability

© Crown copyright Met Office



Polar orbiter imagery outside the
London VAAC Area

Met Omce LEKT41 TERRA Dust RGB 14/02/2014 0335 UTC

ey,
_—

Kelut
14t Feb 2014,
0335 UTC

T . §

MODIS/TERRA

TT I T




Geo v LEO, Kelut, 2014/02/14

Met Office

MODIS/TERRA - 0335 UTC

Brightness temparature ditference (K)

|

Al 30




Towards Global Geostationary Coverage

Met Office

GOES-R launches 2016/17

SEVIRI Full Disc SEVIRI

Himawari-8 launched 2014



=<7~ How do we use satellite products?

Met Office

» Real time monitoring of volcanic plumes to inform
VAAC forecasters, and hence improve VA guidance
* Horizontal extent
* Trajectory (ash height)
« Radiative ash height estimate
 Estimate of column mass loading

« Constraining the initialisation of dispersion model
runs:

 To aid specification of source term
 As part of data inversion process

* Use satellite datasets for post-event validation of the
model predictions (together with other observations)

© Crown copyright Met Office



Use of satellite retrievals in model
data inversion — development work

Met Office

: Satellite
| s tO1A column
retrieval

w—‘—f’ ',_:‘\.
65°N S S TR y
T N 7
1 o < f\/ .
60°N|: 4 e

L
N A s

5
0°N ool
1; P '»
40N — e \Ql\\ W

10°W 0° 10°E 20°E
1.0e+0 1.0e+1 1.0e+2 1.0e+3
Total Column g/m?, maximum value = 5.3309 g/m’

2
«f

New fine ash
ﬂl source term

profile
III | II !I
J 49° ‘:I o a0

i 4
55°N g,:.‘) o\
k-
50°N :
45N §,—‘J
40°N
30°W 20°wW 10°W

107 10°

10" 10 10°

Total Column g/m? , maximum value = 37.649 g/m*

From model
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a priori

Emissions kg

a0y é) : / A 1 g
30°wW 20°W 10°wW 10°E 20°E
——
1[)|-1 0 1 2 103

10
Total Column g/m? , maximum value = 10.3341 g/m*

From model after data inversion,
l.e. a new modelled plume closer
to the satellite observations



Overview

Met Office

*Airborne remote sensing
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FAAM BAe-146-301

Mmetofice AtMOSspheric Research Aircraft

Upward and Forward
Video Cameras

ADA on
. other SWS on
FAGE Inlet side other side
CVlon oth&sid‘e A}Si‘
| ) S \&

/ 7‘ Cloud
Physics
S port v/, i Probes
turbulence  Total water - z o e
probe probe 2 5 “\ Dropsonde
JW Liq water MARSS on other
Nevzerov Deimos TAFTS ARIES BBRs - side
total/liq water or IR ldar
probe Camera — Rearward
Rosemount and
temp probes Cloud Physics Probes Downward
g Video
% @ NERC Centres for Cameras
m Atmospheric Science
© Crown copyright Met Office




Volcanic ash flights

Met Office

4'Moy — B526

1 1 1 1 1 |
-10 -8 -6 -4 -2 0 2

© Crown copyright Met Office

14 May — B528

5 May — B527
58 .
56

54

L S

52

50

62

o RN

17 May — B530

| 1 1 1 | 1
-8 -6 -4 -2 0 2 4

Due to safety
restrictions,
targeted areas
had forecasted
concentrations
< 2000 pg/ms.



IASI Infrared Spectrometer
on board the Metop-A satellite

Relative Frequency

Met Office . ‘ | | o
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Column loading (g/m?)

1.0

......... R e e o L e B e LA i i e o
T e———————e FAAM Lidar Run 2 1418—-1437 N
L e e SEVIRI MSG 17052010 1430 -
i n

-1 (0] 1 2

17 Ma

Met Office

Latitude 54N

4 SEVIRI MSG 17052010 1430 — Column loading (g/m?)

SEVIRI multichannel imager
on board Meteosat-9

Longitude

17 May 2010

© Crown copyright Met Office

| |
NENNENE EHR

HNEN |
NNNNERENEE. HR
| LU

0.80

0.60

0.40

0.20

0.00



Airborne lidar

vs. NAME model - "%
Met Office ‘

e reasonable overall
magnitude

* positional errors
sometimes

 model uncertainties: Lo B | [
source term, e s
meteorology, | e
sub-scale processes

courtesy of H. Webster
(Atmospheric Dispersion Group)

] 20 &l 200 BIH) 2000 4000+
© Crown copyright Met Office Mass concentration (ug m-s]



Outlook — MOCCA

Metofice Met Office Civil Contingencies Aircraft

Cessna 421C with piston engines

* SO, Analyser
* Nephelometer (optical properties)
» Leosphere ALS450 Lidar

« CAPS probe (size distribution)

. = . I l -
courtesy of Joss Kent M

© Crown copyright Met Office



Overview
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*Ground-based remote sensing
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Towards an operational lidar & sun
photometer network

Met Office
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Purpose: volcanic ash detection
(customer: CAA - Hazard Centre/
London VAAC)

Infrastructure: network (9 fixed sites)
+ mobile platform

Products:

« NRT: range-corrected signal and
volume depolarization ratio (lidar) +
AOD and Angstrom coefficient
(sunphotometer).

« Post-processed: aerosol backscatter
and extinction coefficients , lidar ratio
and linear particle depolarisation ratio
(lidar) + Aeronet retrievals including
polarisation (sunphotometer)

courtesy of M. Adam and J. Buxman
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Summary
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- Satellite data represent the most important observations of
volcanic emissions away from the source

« They are crucial in constraining the results from dispersion
models such as NAME

« The additional channels of the SEVIRI and MODIS imagers
give important additional information on ash amount, height,
etc.

« The availability of these channels on future geostationary
Imagers in the near future (Himawari-8/-9, GOES-R) will
allow the development of consistent high-quality volcanic ash
products over much of the globe

* The spectral coverage and resolution of hyperspectral
Infrared sounders such as IASI potentially allows for the
retrieval of more quantitative information on detection and
characterisation of volcanic ash and SO2
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