Marco Fulle - www.stromboli.net

Development of a System for
Quantitatively Analyzing Volcanic

Clouds

Michael Pavolonis
(NOAA/NESDIS/STAR)

Justin Sieglaff and John Cintineo
(UW-CIMSS)

2" JUGG-WMO Workshop on Ash
Dispersal Forecast and Civil Aviation
November 18 -20, 2013




Outline

* Description of satellite-derived volcanic ash
data set

 Summary of results from 2008 Kasatochi
eruption



Summary of Techniques

End products: ash probability, ash top height, mass loading,
effective particle radius, volcanic cloud alerts, cloud vertical
growth rate anomalies, volcanic thermal anomalies

Techniques: probabilistic cloud object based ash detection,
optimal estimation retrieval of ash cloud properties (ash height,
mass loading, and effective radius), multi-sensor cloud tracking to
improve ash detection and cloud property retrieval

Ash detection does not rely on robust “split-window” signature
and is designed to emulate a skilled human analyst (high
probability of detection, very low false alarm rate)

Value added applications: plume medial axis transformation and
polygon fitting



Making Full Use of the Space-based Observing System for Volcanic Cloud Monitoring
NOAA and MetOp AVHRR
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False Color Imagery (12-11um, 11-8.5um, 11um)
Aqua MODIS (08/09/2008 — 00:50 UTC) -
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IR Window Imagery and Ash Probability
Aqua MODIS (08/09/2008 — 00:50 UTC)
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IR Window Imagery and Ash/Dust Cloud Height
Aqua MODIS (08/09/2008 — 00:50 UTC)
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IR Window Imagery and Ash/Dust Loading
Aqua MODIS (08/09/2008 — 00:50 UTC)
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IR Window Imagery and Ash/Dust Effective Radius
Aqua MODIS (08/09/2008 — 00:50 UTC)
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Volcanic cloud and volcanic thermal anomaly alerts are distributed via email
and SMS. Many eruptions around the world have been detected by the NOAA
system since it came online in May 2013 (some of those eruptions went
undetected using current operational tools).

Volcanic Cloud Monitoring -- NOAA/CIMSS (BETA)
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Volcanic Cloud Monitoring — NOAA/CIMSS

Home Sector Imagery Alerts Admin Logout (mpav@ssec.wisc.edu)
Volcanic Cloud Alert Report
| Date: 2013-05-16
| Time: 13:49:59
Primary Instrument: Agqua MODIS

Possible Volcanic Ash Cloud View event Imagery »

Alert Status Newly detected feature
Faiso Color Imageny (12-114m. 118 5um. T1um Falso Color Imagory (1211, 11-8.5um. 1 1m) Radiative Center (Lat, 55.367 °,-161.736 °
& 73 T 4 Lon): ; i

Mean Viewing Angle 46.50 °
Mean Solar Zenith Angle  95.30 °

Dutton (40.52 km)

Pavlof (11.07 km) [Thermal
Anomaly Present]

Pavlof Sister (11.73 km)
[Thermal Anomaly Present]

Emmons Lake (21.86 km)
Dana (44.93 km)

Nearby Volcanoes
(meeting alert criteria):

Cloud Object Probability 99.99996 %

Median Probability Of
False Color Image (12-11, 11-8.5, 11) False Color Image (12-11, 11-8.5, 11) 9871912 %
[zoomed-in] Object Pixels

Percent Unambiguous

False Color lmaia (12-11m, 11-3.9um, 11pm) Pixels

Maximum Helght [amsl] 5.80 km

90th Percentile Height
[amsl]

16.16000 %

False Color Imagery (12-11um, 11-3.9um, 11um)

4.60 km

Mean Tropopause

Helaht Tarsfi 8.80 km
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The cloud is very absorbing (darker) in
the visible relative to meteorological

!  clouds, so the dominant particulate
composition is ash
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The textual appearance is indicative of
spatial variability in cloud top height
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False Color Imagery (12-11um, 11-3.9um, 11um)

i VOLGANK: ALERTS GOES-11 Imager (08/08/2008 — 04:46 UTC)

STARTING DATE/TIME OF IMAGE: 2008-08-08 04:45:59 [UTC
PRIMARY INSTRUMENT: GOES-11 Imager

WMO SPACECRAFT ID: 255

LOCATION/ORBIT: GED

L1 FILE: goes11_1_2008_221_044E6.area.qgz

VOLCANO DATABASE: datafcommon/NOLCAT_DATA/ale
MUMBER OF ASH CLOUD ALERTS: 0

NMUMBER OF VOLCANIC Cb ALERTS: 1

NMUMBER OF VOLCANIC THERMAL ANMOMALY ALERTS:0
NMUMBER OF 502 CLOUD ALERTS: 0

REPORT WITH IMAGES:
httpAvolcano.ssec.wisc.edufalertreportd 061 4

POSSIBLE VOLCANIC ERUPTION DETECTED
Alert Status: New Alert Object
Latitude of Radiative Center: 52.161 [degrees]
Longitude of Radiative Center: -175.397 [degrees]
Mean Viewing Angle: 71.30 [degrees]
Mean Solar Zenith Angle: 67.53 [degrees)
MNearby Volcanoes (meeting alert criteria):

Kasatochi(7.84 km)

Koniuji{19.03 km)

Maximum Height [AMSL]: 13.7 [km] (45112.81 [ft])
90th Percentile Height [AMSL]: 13.2 [km] (434 33.68 [f])
Mean Tropopause Height [AMSL]): 10.6 [km] (34680.12 [ft]) . Annotation Key e
Trend in IR Brightnea& Temperature: -44.67 [K] (annotation colors are not related to colors in underlying image)
Vertical Growth Rate Time Interval: 16 [minutes)
Vertical Growth Rate Anomaly: 13.99 [number of stddev above mean)
Total Area: 1045.84 [km*2]

Geographic Regions of Nearby Volcanoes: Aleutian Is
VAAC Regions of Nearby Volcanoes: Anchorage
FIR Regions of Nearby Volecanoes: Unknown




The location of the largest
mass loadings are
consistent with the
corresponding true color
image (darker brown
colors are indicative of
larger visible ash optical

False Color Imagery (12—11um, 11-8.5um, 11pm)
ua MODIS (08/09/2008 — 00:50 UTC) B

IR Window Imagery and Ash/Dust Cloud Height
Aqua MODIS (08/09/2008 - 00:50 UTC)
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IR Window Imagery and Ash/Dust Loading
Aqua MODIS (08/09/2008 - 00:50 UTC)
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IR Window Imagery and Ash/Dust Loading
Terra Composite: 2008/08/10 16:15 — 22:55 UTC
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Kasatochi ash was found
in the engine of a 757

A

Columbia, Canada
(Guffanti et al., 2010)
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Total mass and area time series

The limited sensitivity
to large optical depths 1.4
in the IR likely causes

the first total mass
value to be
underestimated

Kasatochi Ash Cloud (August 8 — August 11, 2008)
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Kasatochi Ash Cloud (August 8 — August 11, 2008)
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Kasatochi Ash Cloud (August 8 — August 11, 2008)
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Kasatochi Ash Cloud (August 8 — August 11, 2008)
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The temporal evolution of the 25, 50,
and 75t percentiles of mass loading,
effective radius, and ash cloud height
also exhibit expected behavior

Mass loading (25, 50", and 75t
percentiles), effective particle radius
(25t 50", and 75t percentiles), and IQR
of ash cloud height decreasing with time




Primary particulate composition:
Sulphate or ash?

Aura/OMI - 08/12/2008 00:31-23:07 UT
SO, mass: 1373.147 kt; Area: 8635150 km?; SO, max: 166.42 DU at lon: -137.14 lat: 59.64 ; 21:23UTC
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Krotkov et al., 2010



Sulphate or ash?

Primary particulate composition:

16 August 2008 PM
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Primary particulate composition:
Sulphate or ash?

Spherical particle

Non-spherical particle .
P P signature

signature
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532 nm Total Attenuated Backscatter, km” sr’ UTC: 2008-08-16 07:54:12.8 to 2008-08-16 08:07:41.5 Version: 3.01 Nominal Nighttime

August 16, 2013

Altitude, km

Depolarization Ratio UTC: 2008-08-16 07:54:12.8 to 2008-08-16 08:07:41.5 Version:
] i i y [T il A

Altitude, km

i

Lon -74.24




532 nm Total Attenuated Backscatter, km” sr’ UTC: 2008-08-28 08:17:57.5 to 2008-08-28 08:31:26.2 Version: 3.01 Nominal Nighttime

August 28, 20
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Kasatochi Conclusions

MODIS and GOES both showed spatially and temporally consistent volcanic ash
signatures in the NIR and IR (channels without significant SO, absorption) well
after August 10, 2008

Particulate matter collected from a commercial jet aircraft flying in a region with
significant amounts of SO, was consistent with Kasatochi ash (Guffanti et al.,
2010), the NOAA algorithm detected ash in this same region

Small (r < 2 um) particles of ash would take about 2 to 9 weeks to fall (under
gravity only) from 12 to 10 km (ICAO manual)

Small amounts of ash were collected by research aircraft in Europe (Martinsson
et al., 2009)

The University of Wisconsin HSRL clearly showed a stratospheric cloud
dominated by non-spherical particles prior to August 20, 2008

The CALIOP depolarization ratios, especially for optically thin clouds, must be
interpreted with care

The NOAA data set indicates that the stratospheric ash cloud (composed mainly
of small particles) may have dispersed over a very large area consistent with the
location of the SO, cloud

The location of the ash cloud relative to a mid-latitude cyclone played an
important role in the dispersion (portions of the cloud may have been impacted
by tropopause folds caused by jet stream dynamics)



