Marco Fulle - www.stromboli.net

Multi-sensor Satellite Algorithm
Development for Volcanic and Fog
Hazards

Michael Pavolonis
(NOAA/NESDIS/STAR)

Justin Sieglaff, John Cintineo, Corey
Calvert, Shane Hubbard, and Bill
Bellon o

(UW-CIMSS)




D0y,
0 000‘101()01%m
0 10101010101010 Doy

: 01000100010101 o

0101010101010 100101011103;01“”’“"5
. f.zgm“m 100101001001010010101010010
V "?;m\@“‘ 0010001010100101000011 100 %1157 ;

& “’“\m 1010101010010010101 175 ¢
“ﬁm&%? 001001010010007 Uﬁ,”,m

10101010010107 O’fgaaf 0

) g
“\\\‘“ﬂx‘\QQ1°1010101 010100 075

i&i\\n \QQA‘QD: 0010004007 g”ﬁmﬂ“”
/ TERRRISISacafoibrer

R N

-8.5um, 11um)

] Annotation Key s
(anﬂ(}tﬂtl{)n colors are not related to colors in Undeflylﬂg Imﬂ.ge)
Ash/Dust Cloud Volcanic Cb Thermal Anomal


Presenter
Presentation Notes
-The essence of our research is taking large volumes of satellite data collected by NOAA satellites as well as satellites operated by NASA and our international partners and transforming the raw data into actionable information using complex, science-driven, computer algorithms.  We take this approach because the data volume is too large to solely rely on manual analysis by operational forecasters.  In addition, manual analysis techniques cannot provide the detailed information on ash clouds that is needed to improve operational products and services.  I also want to emphasize that while NOAA’s current satellite constellation provides useful data for tracking ash clouds, NOAA’s next generation of operational satellites that will be coming online later this decade will greatly improve the accuracy and timeliness of volcanic ash advisories (aviation users want a 5 minute warning capability!), especially when scientific algorithms are applied to those data.  The products generated by the scientific algorithms are currently experimental, but are scheduled to be produced operationally by 2016.  The experimental products are available to the Anchorage and Washington VAAC and will be made available to other VAACs in the coming months.

-JPSS-1 launch - 2017
-GOES-R launch - 2016
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2. First detection of volcanic eruptions
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Presenter
Presentation Notes
-The scientific computer algorithms also utilize satellite data to detect clouds produced by explosive volcanic eruptions in a timely manner.  Such a capability was motivated by examples like the 2011 eruption of Nabro volcano in Eritrea in eastern Africa.  When Nabro erupted for the first time in recorded history in June of 2011 the resulting cloud of volcanic ash and toxic gases went undetected for 7.5 hours because of the limitations of manual analysis of satellite imagery.


14 June 2011 Last updated at 09:35 ET EEO&

Eritrea eruption:|Clinton cuts short African| &=

tour e
NEWS ArriCA

. S :

A plume of smoke from an erupting volcano in southem Eritrea, seen at top,
centre, is carried by winds blowing across northern Ethiopia on Monday

The US secretary of state has cut short a three-nation tour of Africa
following a volcano eruption that has created an ash cloud over
parts of East Africa.

Hillary Clinton arrived in the Ethiopian capital on Monday for an address
to the African Union.

US officials said the decision was taken because the cloud was due to
move towards Addis Ababa.

The cloud, triggered by an eruption in Eritrea, has led to the cancellation
of some flights to East Africa.

The German airline Lufthansa cancelled flights to both Eritrea and
neighbouring Ethiopia.



The NOAA volcanic eruption alerting tool was able to
~ detect the eruption within 15 minutes of the start time Z

and generate an alert

False Color Imagery (12-11um, 11—8 5pm 11u
MET-9 SEVIRI (06/12/2011 — 20:30 UTC)



Presenter
Presentation Notes
A retrospective analysis revealed that the NOAA alerting tool was able to automatically detect the eruption within 15 minutes of the start time as opposed to 7.5 hours


1). Ash dominated volcanic plumes — Semi-
transparent clouds dominated by volcanic ash.
Lightning is usually not presentin these clouds.

2). Ice topped umbrella clouds — These cloud are
mostly observed during a major eruption. A
spectral based volcanic ash signal is usually initially
absent because the ash is encased in ice and/or
the cloud is opaque. Lightning is often presentin
these clouds.

3). SO, clouds — Sulfur dioxide clouds (SO, gas is
invisible to the eye) that may or may not contain
volcanicash. Some eruptions produce large
amounts of SO, and very little ash and vice-versa.
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Q/Iaking Full Use of the Space-based Observing System for Volcanic Cloud Monitoring

NOAA and MetOp AVHRR Terra and Aqua MODIS SNPP-VIIRS
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Presenter
Presentation Notes
-The same software is used to generate products (ash detection, ash cloud top height, ash effective radius, and ash mass loading) for all sensors and the software allows the full capabilities of each sensor to be exploited.
-Products can be generated using a single image from a single sensor
-Products can also be generated from a sequence of images from the same and/or different sensors (LEO or GEO orbits), thereby improving product accuracy and image-to-image consistency.


Summary of Products and 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 (good
probability of detection, very low false alarm rate)

Value added applications: plume medial axis transformation and
polygon fitting
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ldentifying “restless” volcanoes

~ Alert: Restless Volcano Detected

False Color Imagery (12-11um, 11-3.9um, 11um)
Aqua MODIS (05/09/2014 - 13:14 UTC)

Satellite measurements

Aleutian Islands, AK l

Scientific computer
algorithm

l

ldentification of
volcanoes that are most
likely to erupt
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Presenter
Presentation Notes
The satellite-based products have 4 general applications.  In the first application satellite measurements are used to determine which volcanoes are the best candidates for an explosive eruption at some point in the near future (the timing of the eruption cannot be predicted with any skill).  Volcanoes frequently produce localized lava fields that often precede explosive, high impact, volcanic eruptions.  We are using weather satellites to automatically detect the lava fields and send an email alert to operational users so that they can prioritize that volcano for enhanced manual monitoring.  For example, our system has recently detected lava fields near the Shishaldin volcano in the Aleutian Islands of Alaska so this volcano is now being monitored for eruptive activity by the NWS more closely.  So our system provides information to operational partners and they utilize that information to make decisions.


From: Mike Pavolonis NOAA Federal
Subject: NOAASCIMSS Volcanic Cloud Alert
Date: February 13, 2014 10:09:05 AM CST
To: Mike Pavolonis NOAA Federal

@ UOLCANIC ALERTS ******es
STARTING DATE/TIME OF IMAGE: 2014-02-13 1
PRIMARY INSTRUMENT: MTSAT-2 Vis/IR_Imager
WMO SPACECRAFT ID: 172

LOCATION/ORBIT: GED

L1 FILE: mtsat02_1_2014_044 _1532.area.gz

VOLCANO DATABASE: data‘fcommon/VOLCAT_DATA/ale

NUMBER OF ASH CLOUD ALERTS: 0
NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 1

NUMBER OF S02 CLOUD ALERTS:0

REPORT WITH IMAGES:
http2Avolcano.ssecwisc.edu/alertreportd 221 1

POSSIBLE VOLCANIC THERMAL ANOMALY FOU

Alert Status: New Alert Object

Latitude of Radiative Center: -7.920 [degrees)

Longitude of Radiative Center: 112.268 [degrees)

Mean Viewing Angle: 39.18 [degrees)

Mean Solar Zenith Angle: 151 .86 [degrees]

Nearby Volcanoes (meeting alert criteria):
Kelut(4.67 km)

Maximum 3.8 um Brightness Temperature: 310.37 [K]

Maximum 3.8 um Thermal Anomaly: 20.80 [K]
Total Area: 89.30 [km"2]

Geographic Regions of Nearby Volcanoes: Java
VAAC Regions of Nearby Volcanoes: Darwin
FIR Regions of Nearby Volcanoes: Unknown

Using weather satellite data, an unusually
large ground tem perature was identified at
Kelut volcano and an alert was automatically
generated

MTSAT-2 VisIRImager
———

ND

Annotation Key
(annotation colors are not related to colors in underlying image)
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From:
Subject:
Date:

volcano.alefs-noreply @ssec.wisc.edu
MOAA/CIMSS Volcanic Cloud Alert
July 20, 2014 8:32:32 PM CDT

July 20, 2014 - VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

@ YOLCANIC ALERTS *******=+
STARTING DATETIME OF IMAGE: 2014-07-21 00:39:53 [UTC]
FRODUCTION DATE/TIME OF ALERT: 2014-07-21 01:30:46 [UTC]
PRIMARY INSTRUMENT: NPP VIIRS

WMO SPACECRAFT ID: 224

LOCATION/ORBIT: LEC

L1 FILE: S¥M14_npp_d20140721_t0038587_e0047048_b14140 .
VOLCANDO DATABASE: Mdata/common/NVOLCAT_DATA/alertsVolce
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUMND
Alert Status: New Alert Object
Alert Confidence: HIGH
Latitude of Radiative Center: 53.653 [degrees]
Longitude of Radiative Center: 159.302 [degrees]
Mean Object DateyTime: 2014-07-21 00:38:59 [UTC]
Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437 .82 [f])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

Geographic Regions of Nearby Volcanoes: Kamchatka

False Color Imagery (12-11pm, 11-8.5pm, 11um)
SNPP VIIRS (07/21/2014 - 00:39 UTC)

Annotation Ke:
(annotation colors are not related to colors in underlying image)

IR Window Imagery and Ash/Dust Cloud Height
SNPP VIIRS (07/21/2014 - 00:39 UTC)
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IR Window Imagery and Ash/Dust Effective Radius
SNPP VIIRS (07/21/2014 - 00:39 UTC)

11 um BT [K]
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Ash/Dust Effective Radius [um]

IR Window Imagery and Ash/Dust Loading
SNPP VIIRS (07/21/2014 - 00:39 UTC)
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11 pm BT [K] Ash/Dust Loading [g/m?]




From: wvolcano.alerts-noreply@ssec.wisc.edu
e s napane teuaert | July 20, 2014 — VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

e O CAMNIC ALERTS v sswree False Color Imagery (12-11um, 11-8.5um, 11um) IR Window Imagery and Ash/Dust Cloud Height
STARTING DATE/TIME OF IMAGE: 2014-07-21 00:39:50 [UTC) SNPP VIIRS (07/21/2014 — 00:39 UTC) SNPP VIIRS (07/21/2014 — 00:39 UTC)
FRODUCTION DATETIME OF ALERT: 2014-07-21 01:30:46 [UTC]
PRIMARY INSTRUMENT: NPP VIIRS

WMO SPACECRAFT ID: 224

LOCATION/ORBIT: LEO

L1 FILE: SVM14_npp_d20140721_t0038587_e0047048_b14140
VOLCANO DATABASE: Mdata/common/VOLCAT_DATA/alerts/Vale
MUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
MUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUND
Alert Status: New Alert Object

Alert Confidence: HIGH e Annotation Key -
LatitUdE ﬂf Hadiati"-"ﬂ CEntEr: 53853 [dE!-grEE.'B] (annotation colors are not related to colors in underlying image) 180 200 220 112‘:10;11 ;??K] 280 300 3200 2 :SNSUSFH;ShJ[imIiSIS 18 20
Longitude of Radiative Center: 159.302 [degrees] ; ; ; - —
) . h IR Window Imagery and Ash/Dust Effective Radius IR Window Imagery and Ash/Dust Loading
Mean Object Date/Time: 2014-07-21 00:38:58 [UTC] SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 — 00:39 UTC)

Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437 .82 [f])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16([180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10

Geographic Regions of Mearby Volcanoes: Kamchatka 11 um BT [K] Ash/Dust Effective Radius [um] 11 4m BT [K] Ash/Dust Loading [g/m]




From: wvolcano.alerts-noreply@ssec.wisc.edu

e s napane teuaert | July 20, 2014 — VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

@ YOLCANIC ALERTS *******=+
STARTING DATETIME OF IMAGE: 2014-07-21 00:39:53 [UTC]
FRODUCTION DATE/TIME OF ALERT: 2014-07-21 01:30:46 [UTC]
PRIMARY INSTRUMENT: NPP VIIRS

WMO SPACECRAFT ID: 224

LOCATION/ORBIT: LEC

L1 FILE: S¥M14_npp_d20140721_t0038587_e0047048_b14140 .
VOLCANDO DATABASE: Mdata/common/NVOLCAT_DATA/alertsVolce
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUMND
Alert Status: New Alert Object

Alert Confidence: HIGH

Latitude of Radiative Center: 53.653 [degrees]

False Color Imagery (12—-11um, 11-8.5um, 11pum) IR Window Imagery and Ash/Dust Cloud Height
SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 - 00:39 UTC)
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180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16 18 20
11 pm BT [K] Ash/Dust Height [km, ASL]

Longitude of Radiative Center: 159.302 [degrees]
Mean Object DateyTime: 2014-07-21 00:38:59 [UTC]
Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3%]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437.82 [fl])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

Geographic Regions of Nearby Volcanoes: Kamchatka

IR Window Imagery and Ash/Dust Effective Radius IR Window Imagery and Ash/Dust Loading
SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 - 00:39 UTC)

180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16([180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10

11 pm BT [K] Ash/Dust Effective Radius [um] 11 pm BT [K] Ash/Dust Loading [g/m?]




From:
Subject:
Date:

volcano.alefs-noreply @ssec.wisc.edu
MOAA/CIMSS Volcanic Cloud Alert
July 20, 2014 8:32:32 PM CDT

July 20, 2014 - VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

@ YOLCANIC ALERTS *******=+
STARTING DATETIME OF IMAGE: 2014-07-21 00:39:53 [UTC]
FRODUCTION DATE/TIME OF ALERT: 2014-07-21 01:30:46 [UTC]
PRIMARY INSTRUMENT: NPP VIIRS

WMO SPACECRAFT ID: 224

LOCATION/ORBIT: LEC

L1 FILE: S¥M14_npp_d20140721_t0038587_e0047048_b14140 .
VOLCANDO DATABASE: Mdata/common/NVOLCAT_DATA/alertsVolce
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUMND
Alert Status: New Alert Object
Alert Confidence: HIGH
Latitude of Radiative Center: 53.653 [degrees]
Longitude of Radiative Center: 159.302 [degrees]
Mean Object DateyTime: 2014-07-21 00:38:59 [UTC]
Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437 .82 [f])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

Geographic Regions of Nearby Volcanoes: Kamchatka

False Color Imagery (12-11pm, 11-8.5pm, 11um)
SNPP VIIRS (07/21/2014 - 00:39 UTC)

Annotation Ke:
(annotation colors are not related to colors in underlying image)

IR Window Imagery and Ash/Dust Cloud Height
SNPP VIIRS (07/21/2014 - 00:39 UTC)

[ ]
180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16 18 20
11 pm BT [K] Ash/Dust Height [km, ASL]

180 200 220 240 260

IR Window Imagery and Ash/Dust Effective Radius
SNPP VIIRS (07/21/2014 - 00:39 UTC)

11 um BT [K]

280 300 3200 2 4 6 8 10 12 14 16|[180
Ash/Dust Effective Radius [um]

IR Window Imagery and Ash/Dust Loading
SNPP VIIRS (07/21/2014 - 00:39 UTC)

200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10
11 pm BT [K] Ash/Dust Loading [g/m?]




http://volcano.ssec.wisc.edu

Volcanic Cloud Monitoring -- NOAA /CIMSS (BETA)

4 4 | > ||+ |6http:f,fvolcano.55ec.wisc,edu,falerlfrepanf14?13

¢ | (Qr Google

&3 [
CIMSS » Volcanic Cloud Monitoring » Event Alerts » 2014-06-19

Amazon Apple (113) Yahoo! eBay MNews (1,455)"

Volcanic Cloud Monitoring — NOAA/CIMSS

Home Satellite Imagery Alerts Tutorials Admin Logout (mpav@ssec.wisc.edu)
Volcanic Cloud Alert Report
Date: 2014-06-19
Time: 14:45:00
Production Date And Time: 2014-06-19 18:17:34 UTC
Primary Instrument: Agua MODIS

More details ¥

Possible Volcanic Ash Cloud

Alert Status

False Color Imagery {12=11pm, 11-8.5pum, 11pm) False Color Imagery (12=11pm, 11=8.5pum, 11pm)
M )14 — 14 ; G 14 F

Radiative Center (Lat, Lon):
Mean Viewing Angle

Mean Solar Zenith Angle

Mearby Volcanoes (meeting alert
criteria):

Cloud Object Probability

Median Probability Of Object Pixels

False Color Image (12-11, 11-8.5, 11) False Color Image (12-11, 11-8.5, 11) [zoomed-in]

Percent Unambiguous Pixels

False Color Imagery (12=11um, 11-3.9pm, 11um) | L False Caolor Imagery (12=11pm, 11-3.9pm, 11pm)
. i el il /b M 3 A 2T 7ol

View event iImagery »

New Alert Object

54,032 °, 159.487 °

58.75°

10031 "

Karymsky (3.13 km)
Akademia Nauk (5.2 km)
Maly Semiachik (16.30 km)

Bolshoi Semiachik
(46.88 km)

Zhupanovsky (54.03 km)

100.00000 %

9880333 %

27 B6300 %



Presenter
Presentation Notes
The NOAA system does not rely on the presence of a robust “split-window” signature


From: wvolcano.alerts-noreply@ssec.wisc.edu
e s napane teuaert | July 20, 2014 — VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

False Color Imagery (12—-11um, 11-8.5um, 11pum) IR Window Imagery and Ash/Dust Cloud Height
SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 - 00:39 UTC)

STARTING DATETIME OF IMAGE: 2014-07-21 00:39:53 [UTC]

PRIMARY INSTRUMENT: NPP VIIRS

WMO SPACECRAFT ID: 224

LOCATION/ORBIT: LEC

L1 FILE: S¥M14_npp_d20140721_t0038587_e0047048_b14140 .
VOLCANDO DATABASE: Mdata/common/NVOLCAT_DATA/alertsVolce
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUND
Alert Status: New Alert Object .3 : .23
Alert Confidence: HIGH Annotation Ke -

) ' Y -
LatitUdE ﬂf Hadiati"-"ﬂ CEntEr: 53853 [dE!-grEE.'B] (annotation colors are not related to colors in underlying image) 180 200 220 112‘:10;11 ;??K] 280 300 3200 2 :SNSUSFH;ShJ[imIiSIS 18 20
Longitude of Radiative Center: 159.302 [degrees] ; ; ; - —
) . h IR Window Imagery and Ash/Dust Effective Radius IR Window Imagery and Ash/Dust Loading
Mean Object Date/Time: 2014-07-21 00:38:58 [UTC] SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 — 00:39 UTC)

Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437 .82 [f])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16([180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10

Geographic Regions of Mearby Volcanoes: Kamchatka 11 um BT [K] Ash/Dust Effective Radius [um] 11 4m BT [K] Ash/Dust Loading [g/m]




From: wvolcano.alerts-noreply@ssec.wisc.edu
e s napane teuaert | July 20, 2014 — VIIRS ash alert using GINA DB

To: Mike Pavolonis NOAA Federal

False Color Imagery (12-11pm, 11-8.5pm, 11um)
SNPP VIIRS (07/21/2014 - 00:39 UTC)

IR Window Imagery and Ash/Dust Cloud Height
SNPP VIIRS (07/21/2014 - 00:39 UTC)

@rtrtrtrtttvDLCHNlC ALEHTS}E}E!E}E}E

WMO SF’ACECHAFF ID: 224
LOCATION/ORBIT: LEC

L1 FILE: S¥M14_npp_d20140721_t0038587_e0047048_b14140 .
VOLCANDO DATABASE: Mdata/common/NVOLCAT_DATA/alertsVolce
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

REFPORT WITH IMAGES:
httpfvolcano-test.ssecwisc.edufalertreport1 5755

POSSIBLE VOLCANIC ASH CLOUD FOUND
Alert Status: New Alert Object

Alert Confidence: HIGH - ' Annotation Ke y

) ' Y -
LatitUdE ﬂf Hadiati"-"ﬂ CEntEr: 53853 [dE!-grEE.'B] (annotation colors are not related to colors in underlying image) 180 200 220 112‘:10;11 ;??K] 280 300 3200 2 :SNSUSFH;ShJ[imIiSIS 18 20
Longitude of Radiative Center: 159.302 [degrees] ; ; ; - —
) . h IR Window Imagery and Ash/Dust Effective Radius IR Window Imagery and Ash/Dust Loading
Mean Object Date/Time: 2014-07-21 00:38:58 [UTC] SNPP VIIRS (07/21/2014 - 00:39 UTC) SNPP VIIRS (07/21/2014 — 00:39 UTC)

Mean Viewing Angle: 64,60 [degrees]
Mean Solar Zenith Angle: 34.40 [degrees]
Mearby Volcanoes (meeting alert criteria):

Zhupanowvsky(12.41 km)

Dzenzursky(25.15 km)

Akademia Mauk(3B8.05 km)
Karymsky(45.26 km)

Avachinsky(54.22 km)
Cloud Object Probability: 100.00000 [3]
Median Probability of Object Pixels: 99.33333 [3:]
Percent Unambiguous Pixels: 17695 [34]
Maximum Height [AMSL]: 7.6 [km] (24913.46 [f])
90th Percentile Height [AMSL]: 6.5 [km] (21437 .82 [f])
Mean Tropopause Height [AMSL]: 121 [km] (39781.88 [ft])
Total Mass: 000699 [Tg]
Median Effective Particle Radius: 4.70 [um]
Total Area: 418.08 [km*2]

180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16([180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10

Geographic Regions of Mearby Volcanoes: Kamchatka 11 um BT [K] Ash/Dust Effective Radius [um] 11 4m BT [K] Ash/Dust Loading [g/m]




VOLCANTC ASH ADVISORY INFORMATION IN GRAPHICAL FORMAT HODEL WVAG
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DTG: 20140721/0147E
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INFO SOURCE: MTSaT-2

AVIATION COLOUR CODE: NIL
ERUPTION DETZILS: POSS ERUPTION OES AT 20140721/0100Z FL110 EXTD NE

VOLCANO: ZHUPANOWSEY 1000-1Z2 FME: HNIL

AFEA: RUSSIA
SUMMIT ELEVW: Z958M
AOVISORY NWE: 2014731

NEXT ADVISORY: 20140721/0600%



From: Mike Pavolonis NOAA Federal False Color Imagery (12-11pm, 11-8.5um, 11um) IR Window Imagery and Ash/Dust Cloud Height
Subjeet: NOAA/CIMSS Volcanic Cloud Alert Agua MODIS (06/19/2014 — 14:45 UTC) [ Aqua MODIS (06/19/2014 — 14:45 UTC)

Date: June 19,2014 122022 PM CDT
To: Mike Pavolonis NOAA Federal

l@FFFFFFFFFFVDLGANE ALEHTSFFFFFFFFFF

STARTING DATETIME OF IMAGE: 2014-06-19 14:45
PRIMARY INSTRUMENT: Agua MODIS

WMO SPACECRAFT ID: 784

LOCATION/ORBIT: LEO

L1 FILE: MYDD21KM.AZ014170.1445.005.20141701¢
VOLCANO DATABASE: Matafcommon/VOLCAT _DAT
NUMBER OF ASH CLOUD ALERTS: 1

NUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALEF
NUMBER OF 302 CLOUD ALERTS:0

REFPORT WITH IMAGES:
httpzvolcano.ssecwisc.edu/alertreport14713

POSSIBLE VOLCANIC ASH CLOUD FOUND ' Annotation Key
Alert Status: New Alert DbjEﬂt (annotation colors are not related to colors in underlying image) 180 200 220 240 260 280 300 23200 2 4 6 & 10 12 14 16 18 20

Latitude of Radiative Center: 54.032 [degrees] 11 pm BT [K) Ash/Dust Height m, ASL]
Lﬂngnude le Fiadlatllule Ge nter: 159.48? [deg ree_s] IR Windo Iaery and Ash/Dust Effective Radius IR Wndwlmagery and Ash/Dust Loading
Mean Viewing Angle: 55.75 [degrees] Aqua MODIS (06/19/2014 — 14:45 UTC) Aqua MODIS (06/19/2014 — 14:45 UTC)
Mean Solar Zenith Angle: 100.31 [degrees]
Mearby Volcanoes (meeting alert criteria):
Karymsky(3.13 km)
Akademia Nauk(5.92 km)
Maly Semiachiki(16.30 km)
Balshoi Semiachik(46.88 km)
Zhupanovsky(54.03 km)

Cloud Object Probability: 100.00000 [%]
Median Probability of Object Pixels: 98.80333 [3:] :
Percent Unambiguous Pixels: 27 86300 [3] m
Maximum Height [AMSL]): 15.2 [km] (437 72.83 [ft])
90th Percentile Height [AMSL]: 14.2 [km] (464 74.05 [ft]
Mean Tropopause Height [AMSL]: 11.8 [km] (38864 .34
Total Mass: 000559 [Tg]
Median Effective Particle Radius: 4.35 [um]
Total Area: 623.73 [km*2]

Geographic Regions of Nearby Vaolcanoes: Kamchatk k-7 m
WAAC Regions of Nearby Vaolcanoes: Tokyo o

FIR Regions of Mearby Volecanoes: Unknown 180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16|[180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10
R 11 um BT [K] Ash/Dust Effective Radius [um] 11 pm BT [K] Ash/Dust Loading [g/m?]




False Color imagery (12— 11p,m 11—8 5um, ”Mm)

_ Annotation Ker , o
(annotation colors are not related to colors in underlying image)



False Color Imagery (12~ 11p,m 11-8. 5pm 11um)

_ Annotation Ker , o
(annotation colors are not related to colors in underlying image)



False Color Imagery (12~ 11p,m 11-8. 5pm 11um)

_ Annotation Ker , o
(annotation colors are not related to colors in underlying image)



VOLCANTC ASH ADVISORY IHFORMATION IH GRAPHICAL FORMAT HODEL VAG

SFC/FLZ40

SFC/FLZ20
SBFC/FL1SI
‘ INFO SOURCE: MTSAT-2
| ODTG: 20140709,/03108 AVIATION COLOUR CODE: NIL
: ‘ ERUETION DETAILS: POSS ERUPTION 0Bs AT 2014070900002 FLZS0 EXTD SE
VOLCANO: SHEVELUCH 1000-27 RME.: NIL
AREA: RUSSIA WET ADVISORY: 20140709/06002

SUMMIT ELEW: S283M
AOVISORY ME: 2014787



False Color Imagery (12-11um, 11-3.9um, 11um)
MTSAT-2 VisIRImager (07/09/2014 — 01:01 UTC)

Ty

F !

_ Annotation Ke?z , o
(annotation colors are not related to colors in underlying image)




False Color Imagery (12-11um, 11-3.9um, 11um)
SNPP VIIRS (07/09/2014 — 01:00 UTC)
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(annotation colors are not related to colors in underlying image)
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Presenter
Presentation Notes
When using satellites to detect volcanic eruptions the core scientific question boils down to: Is a given cloud that forms near a volcano the result of weather or a volcanic eruption?  This is not an easy question to answer especially using traditional manual satellite analysis techniques as this example will illustrate. This satellite image sequence over Indonesia shows several tropical weather systems that evolve in time.  In addition, in the center of the image, the new cloud system that forms is actually a result of the explosive eruption of the Kelut volcano.
-Ash was erupted up to 70,000 feet!


= Automated system is able to detect Kelut eruption about
60 minutes sooner than standard operational tools

MTSAT-LR - IF 1@ & MICROMETERS (CHAMMEL 021 - Lo 19 UTe L4 FESRUARY Z0ld4 - CLMSS .~ Tr OF LIISCOMSIN ADISON


Presenter
Presentation Notes
Using a special satellite data set with 10 minute image spacing, the NOAA alerting system is able to automatically detect the eruption shortly after it starts.  The more frequent the images, the greater the ability to detect the eruption in a very timely manner using the alerting system.  The next generation Geostationary Operational Environmental Satellite (GOES-R) will provide very frequent images, which when coupled with the alerting system will significantly improve NOAA’s volcanic ash related operational products and services.  The forthcoming Joint Polar Satellite System will also contribute significantly towards improving operational capabilities.




Presenter
Presentation Notes
Eruption can be detected 60 minutes earlier with automated technique


@O CANKE ALERTE e
STARTING DATE/TIME OF IMAGE: 2014-02-13 16:19:00 [UTC] - . .
PRODUGTION DATE/TIME OF ALERT: 2014-02-14 16:49:44 utc) | Kelut eruption is detected in a timely
PRIMARY INSTRUMENT: MTSAT-1r VisIR_Imager manner

WMO SPACECRAFT ID: 171
LOCATION/ORBIT: GEQ

L1 FILE: misat01_1_2014_044_1619.area.qz .‘ Color Enhanced Infrared Imagery (11um)
VOLCANO DATABASE: Mdata/commonNOLCAT DHTNEH“ MTSAT-1R VISIRImager (02/1 3/2014 - 16:19 UTC
NUMBER OF ASH CLOUD ALERTS: 0 ' — —

NUMBER OF VOLCANIC Cb ALERTS: 1
NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS:
NUMBER OF S02 CLOUD ALERTS: 0

REPORT WITH IMAGES:
httpzAvolcano.ssecwisc.edu/alertreport 2238

POSSIBLE VOLCANIC ERUPTION DETECTED
Alert Status: New Alert Object
Latitude of Radiative Center: -8.012 [degrees]
Longitude of Radiative Center: 112.265 [degrees)
Mean Viewing Angle: 33.92 [degrees)
Mean Solar Zenith Angle: 157 .44 [degrees)
Nearby Volcanoes (meeting alert criteria):
Kelut(9.99 km)

Kawi-Butak(23.00 km)
Maximum Height [AMSL]: 21.2 [km)] (69643.73 [ft])
90th Percentile Height [AMSL]): 19.2 [km] (62995.20 [ft]) r
Mean Tropopause Height [AMSL]): 16.4 [km] (53783.42 [ft])
Trend in IR Brightness Temperature: -53.16 [K] -
Vertical Growth Rate Time Interval: 10 [minutes]
Vertical Growth Rate Anomaly: 24.75 [number of stddev al
Total Area: 1270.01 [km*#2]

Geographic Regions of Nearby Volcanoes: Java
VAAC Regions of Nearby Volcanoes: Darwin

FIR Regions of Nearby Volcanoes: Unknown 200 210 220 230 240 250 260 270 280 290 300
Brightness Temperature [K]




@O CANKE ALERTE e
STARTING DATE/TIME OF IMAGE: 2014-02-13 16:19:00 [UTC] - . X
PRODUGTION DATE/TIME OF ALERT: 2014-02-14 16:49:44 utc) | Kelut eruption is detected in a timely
PRIMARY INSTRUMENT: MTSAT-1r VisIR_Imager manner

WMO SPACECRAFT ID: 171
LOCATION/ORBIT: GEC

L1 FILE: misat01_1_2014_044_1619.area.qz .‘ Color Enhanced Infrared Imagery (11um)
VOLCANO DATABASE: Mdata/commonNOLCAT DHTNEH“ MTSAT-1R VISIRImager (02/1 3/2014 - 16:19 UTC)
NUMBER OF ASH CLOUD ALERTS: 0 ' - —

NUMBER OF VOLCANIC Cb ALERTS: 1
NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS:
NUMBER OF 502 CLOUD ALERTS: 0

REPORT WITH IMAGES:
httpzAvolcano.ssecwisc.edu/alertreport 2238

POSSIBLE VOLCANIC ERUPTION DETECTED
Alert Status: New Alert Object
Latitude of Radiative Center: -8.012 [degrees]
Longitude of Radiative Center: 112.265 [degrees)
Mean Viewing Angle: 33.92 [degrees)
Mean Solar Zenith Angle: 157 .44 [degrees)
Nearby Volcanoes (meeting alert criteria):
Kelut(9.99 km)

Kawi-Butak(23.00 km)
Maximum Height [AMSL]: 21.2 [km)] (69643.73 [ft])
90th Percentile Height [AMSL]): 19.2 [km] (62995.20 [ft])
Mean Tropopause Height [AMSL]: 16.4 [km] (53783.42 [ft
Trend in IR Brightness Temperature: -53.16 [K]
Vertical Growth Rate Time Interval: 10 [minutes]
Vertical Growth Rate Anomaly: 24.75 [number of stddev alg
Total Area: 1270.01 [km*#2]

Geographic Regions of Nearby Volcanoes: Java
VAAC Regions of Nearby Volcanoes: Darwin

FIR Regions of Nearby Volcanoes: Unknown 200 210 220 230 240 250 260 270 280 290 300
Brightness Temperature [K]




The next generation of GEO satellites are very well
E suited for automated detection of volcanic eruption
through cloud object growth rate analy5|sI

NUMBER OF VOLCANIC Cb ALEHTS 1
NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: &
NUMBER OF 502 CLOUD ALERTS:0

REPORT WITH IMAGES:
httpzAvolcano.ssecwisc.edu/alertreport 2238

POSSIBLE VOLCANIC ERUPTION DETECTED - awu "4
Alert Status: New Alert Object T
Latitude of Radiative Center: -8.012 [degrees] il
Longitude of Radiative Center: 112.265 [degrees] '  Kelut cloud
Mean Viewing Angle: 33.92 [degrees) p .
Mean Solar Zenith Angle: 157 .44 [degrees)
Nearby Volcanoes (meeting alert criteria):
Kelut(9.99 km)

Kawi-Butak(23.00 km)
Maximum Height [AMSL]: 21.2 [km)] (69649.79 [ft])
90th Percentile Height [AMSL]: 19.2 [km] (62995.20 [f])
Mean Tropopause Height [AMSL]): 16.4 [km] (53783.42 [t
Trend in IR Brightness Temperature: -53.16 [K]
Vertical Growth Rate Time Interval: 10 [minutes]
Vertical Growth Rate Anomaly: 24.75 [number of stddev ak
Total Area: 1270.01 [km*#2]

Geographic Regions of Nearby Volcanoes: Java
VAAC Regions of Nearby Volcanoes: Darwin

FIR Regions of Nearby Volcanoes: Unknown 200 210 220 230 240 250 260 270 280 290 300
Brightness Temperature [K]
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@**********UDLGAME hLEHTSiiiiiiiiii
STARTING DATE/TIME OF IMAGE: 2010-05-28 12:30:00 [UTC) .
PRODUCTION DATE/TIME OF ALERT: 2014-07-25 20:05:34 [UTC] May 29: 2010 - 12-30 UTC
PRIMARY INSTRUMENT: MTSAT-1r Vis/IR_Imager

WMO SPACECRAFT ID: 171

LOCATION/ORBIT: GEO

L1 FILE: mtsat01_1_2010_149_1230HRIT.noremap.area.qgz
VOLCANO DATABASE: Mdatafcommon/NOLCAT _DATAfMlerts/Nolcat
NUMBER OF ASH CLOUD ALERTS: 0
NUMBER OF VOLCANIC Cb ALERTS: 1

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

lor Imagery (12-11um, 11-3.9um, 11um)
/29/2010 - 12:30 UTC) .

POSSIBLE VOLCANIC ERUPTION DETECTED

Alert Status: New Alert Object

Alert Confidence: HIGH

Latitude of Radiative Center: 16.27 [degrees)

Longitude of Radiative Center: 145.77 [degrees]

Mean Object Date/Time: 2010-05-29 12:38:28 [UTC]

Mean Viewing Angle: 20.4 [degrees]

Mean Solar Zenith Angle: 134.3 [degrees]

Mearby Volcanoes (meeting alert criteria):
Anatahan(1.2 km)

Maximum Height [AMSL]: 13.9 [km] (45505 [ft])

90th Percentile Height [AMSL]: 13.2 [km] (43210 [ft])

Mean Tropopause Height [AMSL]: 16.5 [km] (54122 [f])

Trend in IR Brightness Temperature: -56.1 [K]

Vertical Growth Rate Time Interval: 60 [minutes]

Vertical Growth Rate Anomaly: 3.5 [number of stddev above mean)

Total Area: 1328.0 [kmA2]

Geographic Regions of Nearby Volcanoes: Mariana Is-C Pacific =
VAAC Regions of Nearby Volcanoes: Washington Annotation Ke
FIR Regions of Nearby Volcanoes: Unknown lors are not related to coX)rs in underlying image)




@**********UDLGAME hLEHTSiiiiiiiiii
STARTING DATE/TIME OF IMAGE: 2010-05-28 12:30:00 [UTC) .
PRODUCTION DATE/TIME OF ALERT: 2014-07-25 20:05:34 [UTC] May 29) 2010 - 12-30 UTC
PRIMARY INSTRUMENT: MTSAT-1r Vis/IR_Imager

WMO SPACECRAFT ID: 171

LOCATION/ORBIT: GEO

L1 FILE: mtsat01_1_2010_149_1230HRIT.noremap.area.qgz
VOLCANO DATABASE: Mdatafcommon/NOLCAT _DATAfMlerts/Nolcat
NUMBER OF ASH CLOUD ALERTS: 0
NUMBER OF VOLCANIC Cb ALERTS: 1

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS: 0
NUMBER OF 502 CLOUD ALERTS: 0

lor Imagery (12-11um, 11-3.9um, 11um)
b/29/2010 — 12:30 UTC) .

POSSIBLE VOLCANIC ERUPTION DETECTED

Alert Status: New Alert Object

Alert Confidence: HIGH

Latitude of Radiative Center: 16.27 [degrees)

Longitude of Radiative Center: 145.77 [degrees]

Mean Object Date/Time: 2010-05-29 12:38:28 [UTC]

Mean Viewing Angle: 20.4 [degrees]

Mean Solar Zenith Angle: 134.3 [degrees]

Mearby Volcanoes (meeting alert criteria):
Anatahan(1.2 km)

Maximum Height [AMSL]: 13.9 [km] (45505 [f])

90th Percentile Height [AMSL]: 13.2 [km] (43210 [ft])

Trend in IR Brightness Temperature: -56.1 [K]

Vertical Growth Rate Time Interval: 60 [minutes]

Vertical Growth Rate Anomaly: 3.5 [number of stddev above mean)
Total Area: 1328.0 [km*2]

Geographic Regions of Nearby Volcanoes: Mariana Is-C Pacific =
VAAC Regions of Nearby Volcanoes: Washington Annotation Ke
FIR Regions of Nearby Volcanoes: Unknown lors are not related to coX)rs in underlying image)




Color Enhanced Infrared Imagery (1 mm)
MTSAT- TFl V|SIRImager (05;’29f2010 - 11 30 UTC) g p i

240 250 260 270 280 290
Brightness Temperature [K]




Color Enhanced Infrared Imagery (1 mm)
MTSAT TFl V|SIRImager 05;‘29f2010 -12:30 UTC) ey

240 250 260 270 280 290
Brightness Temperature [K]




FVXX22 ENES 291323

ISORY
|DTG: 20100529/1323%

VAAC: WASHINGTON

VOLCANO: ANATAHAN 0804-20
PSN: N1621 E14540

AREA: MARIAMA.ISLANDS

SUMMIT ELEV: 2585 FT (788 M)
ADVISORY NR: 2010/001

INFO SOURCE: GUAM MWO. GOES-11.

ERUPTION DETAILS: LOUD NOISE REPORTED AND CLOUD
SEEN IN IR IMAGERY

RME: WE HAVE RECEIVED INFORMATION SUGGESTING A
POSSIBLE VA EMISSION. WE WILL GATHER FURTHER
INFOERMATION AND ISSUE A FULL ADVISORY AS S00N AS
POSSIBLE.

NXT ADVISORY: AS S00N AS POSSIBLE
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VIIRS DNB Image - Septerpber 22,2013 (12:02 UTC)
(Courtesy of Scott Bachmeier)
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Textural attributes of
VIIRS DNB image
implies greater
vertical structurein
same regions where
the
NOAA/NESDIS/STAR
ash cloud heights are




IR Window Imagery and Ash/Dust Cloud Height
Aqua MODIS (09/22/2013 — 12:49 UTC)

180 200 220 240 260 280 300 3200 2 4 6 8 10 12 14 16

11 um BT [K]

Ash/Dust Height [km, ASL]

18 20

Given the accurate cloud
vertical boundary
information provided by
CALIOP and textural
information provided by
the VIIRS DNB, the
NOAA/NESDIS/STAR cloud
height estimates appear to
be quite reasonable.




False Color Imagery (12-11pm, 11-8.5um, 11um)

Aqua MOD 3 -12:49 UTC )|

CALIPSO Overpass — September 22,2013 (12:57 UTC)

The re-suspended ash in the very far northwestern portion of
the cloud (near the source region), that was discernable in
passive infrared satellite data, extended from the surfaceup
to 3.25 km (~10,600 ft) ASL based on CALIOP data.
Unfortunately, no other CALIPSO overpasses occurred during
this event.

Thanks to NASA Langley for providing
expedited CALIPSO data

CALICP 532 nm Total Attenuated Backscatter (km™'sr™') | 922 12:57:47]
D T e T ' L9,
- m .

B.0E-Q2
7.0E-0Z

E.OE—CQZ
5.0E-02
4 0E—0%
3.0E—02
2.0E-02
1.0E—G2
B.OE-03
7.5E-C3
7.0E—03
6.6E—Q3
B6.0E—G3
B.5E-03 7,
5.0E—03
4.5E-03 ¢
4.0E-03 2
3.5E—03
3.0E—03
25603
2.0E-03
1.5E—G3
1.0E-Q3
9.0E-04
- i : B.OE—C4
L - ] H g 3 H 7T.0E-G4
[y ' ' 6.0E—04
E.OE—04

&

Altitude [km]

4.0E—24
J.O0E-04

T.0E=4

Lat: 58.68 58.54 58.51 58.42 5833 58.25 58.18 58.08 57.4%5 57.40 5782 5773
Lon=154.66 —154.71 —15476 —154.81 —-15487 —-154.92 —154587 -—15502 -15507 -—15513 -—=15518 -—155.23



Alert subscription service will be opened to all VAACs and collaborators for beta
testing this summer

Volcanic Cloud Monitoring — NOAA/CIMSS

Home Sector Imagery  Alerts Subscriptions Tutorials Logout (justins@ssec.wisc.edu)

Add Alert Subscription

Note: you may only subscribe to 5 subscriptions.

O sms: |

(Only alpha-numeric characters as well a5 spaces, dashes, plus signs and parentheses are allowed)
Send alerts to me via:

O Emait: |

Alert Type WMO Spacecraft
= = Region Exclude List Include List

== Click here to select a region Click here to add list Click here to add list

Submit

Problems with website: Webmaster contact form




Alert subscription service will be opened to all VAACs and collaborators for beta
testing this summer

Volcanic Cloud Monitoring — NOAA/CIMSS

Home Satellite Imagery Alerts Tutorials Links Logout (justins@ssec.wisc.edu)

Add Alert Subscription

Note: each user may set up a maximum of 5 (combination of email and SMS) subscriptions.

() SMS:

(Only alpha-numeric characters as well a5 spaces, dashes, plus signs and parentheses are allowed)
Send alerts to me via:

+) Email: myemail@ssec.wisc.edu

Alert Type WMO Spacecraft (optional)
=8l : Geographical Coverage of Alerts Exclude List Include List
Volcanic Ash Cloud [=] |Click here to select a region Click here to add list Click here to add list
Volcanic Thermal Anomaly
Volcanic Cb
Submit

Problems with website: Webmaster contact form




Alert subscription service will be opened to all VAACs and collaborators for beta
testing this summer

CIMSS » Volcanic Cloud Monitoring » Alert Subscriptions

Volcanic Cloud Monitoring — NOAA/CIMSS

Home Satellite Imagery Alerts Tutorials Links Logout (justins@ssec.wisc.edu)

Add Alert Subscription

Note: each user may set up a maximum of 5 (combination of email and SMS) subscriptions.

O sms: |

(Only alpha-numeric characters as well as spaces, dashes, plus signs and parentheses are allowed)
Send alerts to me via:

(=) Email: | myemail@ssec.wisc.edu

Alert Type WMO Spacecraft (optional)
[=] || Voleanic Ash Cloud - Geographical Coverage of Alerts Exclude List Include List
() Volcanic Region {=) VAAC Region jck here to add list | |[Click here to add ist
Select a region .
=| Update

Problems with website: Webmaster contact form




testing this summer

Alert subscription service will be opened to all VAACs and collaborators for beta

CIMSS » Volcanic Cloud Monitoring » Alert Subscriptions

Volcanic Cloud Monitoring — NOAA/CIMSS

Alerts Links

Add Alert Subscription

Note: each user may set up a maximum of 5 (combination of email and SMS) subscriptions.

Home Satellite Imagery Tutorials

) SMS:

Send alerts to me via:

(Only alpha-numeric characters as well as spaces, dashes, plus signs and parentheses are allowed)

Logout (justins@ssec.wisc.edu)

Updat
=pcaie Update List

#HE

| Submit |

Problems with website: Webmaster contact form

(*) Emall: | myemail@ssec.wisc.edu
Alert Type WMO Spacecraft (optional)
[=] || Volcanic Ash Cloud + Geographical Coverage of Alerts Exclude List Include List
) . GOES-13 [Click here to add list
() Volcanic Region (=) VAAC Regi GOES-14
| Select a region : | GOE5-15
MODIS-Terra




Alert subscription service will be opened to all VAACs and collaborators for beta
testing this summer

CIMSS » Volcanic Cloud Monitoring » Alert Subscriptions

Volcanic Cloud Monitoring — NOAA/CIMSS

Home Satellite Imagery Alerts Tutorials Links Logout (justins@ssec.wisc.edu)

Add Alert Subscription

Note: each user may set up a maximum of 5 (combination of email and SMS) subscriptions.

| SMS:

(Only alpha-numeric characfers as well as spaces, dashes, plus signs and parentheses are allowed)
Send alerts to me via:

(*) Emall: | myemail@ssec.wisc.edu

Alert Type WMO Spacecraft (optional)
E Volcanic Ash Cloud . Geographical Coverage of Alerts Exclude List Include List
~ GOES-13 |Clicl-< here to add list

() Volcanic Region (=) VAAC Region GOES-14

Select a region : | GOES-15

Updat MODIS-Terra
ate
BE e Updste List

Submit

Problems with website: Webmaster contact form




False Color Imagery (13.3-11pm, 11-3.9um, 11um)
GOES-15 Imager (07/25/2014 — 11:30 UTC)

_ Annotation Key _ o
(annotation colors are not related to colors in underlying image)

h/Dust C




False Color Imagery (12-11pum, 11-3.9um, 11um)
SNPP VIIRS (07/25/2014 — 11:38 UTC)

g <J

LUnnamed

_ Annotation Key _ o
(annotation colors are not related to colors in underlying image)




Example Procedure for Combining Measurements from
Different Sensors on the Same Spacecraft

1). Performvolcanic cloud retrieval 2). Performretrieval using

using hyperspectral sounder (e.g. high spatial resolutionimager

CrlS, IASI, AIRS) (e.g. VIIRS, AVHRR, MODIS) s,
= | wwwe Q. use hyperspectral retrieval §

BRHIHTHILSE TEMPLRA

03

g e 0 FT A"° ) | as first guess
el ) | I W" il wwo. b, fillin important spectral
g ; "” J | gaps (e.g. LW CO,) needed
iy M | for high quality retrieval
| ' by interpolating from
' sounder spatial resolution
"o pumersar to imager spatial
- L i resolution

The end result is a high spatial resolution
product that is more accurate because
hyperspectral information was
incorporated into the retrieval!




Example Procedure for Combining Measurements from
Different Sensors on Different Spacecraft (e.g. LEO/GEO)

High quality retrieval results
from LEO sensors are used as a
first guess into GEO sensor
retrievals, which generally have
less spectral information to work
with.

The end result is a high temporal

resolution product with an accuracy : ¥
similar to that achievable from LEO R
sensors (information from LEO is T O
“transferred” to GEO). gf g f?sf‘

A relatively recent LEO overpass of the Caw A Caw aolL
cloud is required though! 7 IRy AR w




Future Plans

e Alerting service from “experimental” system at the
UW will be made available to VAAC'’s this summer
and additional users at a later time (SCOPE-
Nowcasting, CEOS DRM activities, and Satellite
Proving Ground activities)

SCOPE-Nowcasting inter-comparison activity
Integration with HYSPLIT

New GOES-R project with USGS to integrate
additional satellite and non-satellite data sources
(hyperspectral IR, lightning, infrasound, seismic, etc...)

NDE transition




December 8, 2013 — 12:59 UTC




December 8, 2013 — 12:59 UTC
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SNPP RGB (11—12um BTD/8.5—11um BTD/11um BT)
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MODIS RGB (11—12um BTD/8.5—11um BTD/11um BT)




GOES—15 IFR Probability [%]




GOES—15 Modified IFR Probability [%]
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GOES—15 Modified IFR Probability [%]
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MODIS RGB (11—12um BTD/8.5—11um BTD/11um BT)
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Questions?




Marco Fulle - www.stromboli.net

Back-up slides




CURRENT STATUS OF ICAQ VOLCANIC ASH ADVISORY CENTRES (VAAC) - AREAS OF RESPONSIBILITY
SITUATION ACTUELLE DES CENTRES OAGI D'AVIS DE GENDRES VOLCANIQUES (VAAC) - ZONES DE RESPONSABILITE
ESTADO ACTUAL DE LOS CENTROS DE AVISOS DE CENIZAS VOLCANICAS (VAAC) DE LA OACI - AREAS DE RESPONSABILIDAD
CYLLECTBYIOWEE PACNPEJENEHME KOHCYNBETATUBHBIX LEHTPOB MKAQ MO BYIKAHMHYECKOMY NENAY (VAAC) - PAMOHBI OTBETCTBEHHOCTW
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Volcanic Ash Requirements

Heritage NOAA
volcanic ash
products are
imagery based
and qualitative

In preparation for GOES-R, the volcanic ash requirements were re-
defined and are now quantitative (ash cloud height and mass loading)

=] Z5| o9g| Bs| 2% 85| GE:| BF| GE3| ZB3| 8% 3:%
3 e = &8 = 3 = e o 28 e o 38 o 38 o 23 029
] - e c Q = X 3¢ ) 2 =) 2 a = 5 = =] ) 8 <
< Ro @) o = =8 = & % =] = % = = pt = 2t o= o33
Q © = = = Q @ @ <9 <9 S @
e = o 8 & < 3 < 3 o5 X S5 3 5 > 23
< o > 5 = @ @ 23 9 23 9 - o @
= = = & 5 & 5 o 3 =
- - Lo 3 Ew 8 29 -~
w w Q —
=r =r < 3
Volcanic Ash: | GOES-R | Full Disk 3 km 2 km 1 km 0-50 2 tons/km? Full disk: 15 Full disk: 15 430sec 25
Detection (top tons/km? min min tons/km?
and Height height)



Presenter
Presentation Notes
-research activities are supported by the GOES-R and JPSS programs as well as the FAA
-heritage requirements for multi-spectral imagery have been replaced by GOES-R requirements (quantitative ash and SO2)
-NOAA requires products that can be generated without the traditional split-window
-ash cloud height is a required product
-ash cloud height is not retrieved using the heritage split-window technique


= Channels Used in NOAA Algorithms

A temporal history of detected ash clouds is used to help ensure good consistency
from image to image regardless of the sensor

m Channels used

AVHRR 0.65, 3.75, 11, and 12 um

COMS 0.65,3.9,6.7,11, and 12 um

FY2 0.65,3.9,6.7,11, and 12 um

GOES 0.65,3.9,6.7 11, and 12 um

GOES-R ABI 0.65, 3.9, 6.7,7.3,8.5, 11, 12, and 13.3 um
Himawari-8/9  0.65, 3.9, 6.7, 7.3, 8.5, 11, 12, and 13.3 um
MODIS 0.65, 3.75, 7.3, 8.5, 11, 12, and 13.3 um
MTSAT 0.65,3.9,6.7,11, and 12 um

SEVIRI and MTG 0.65, 3.9, 6.2,7.3, 8.5, 11, 12, and 13.3 um
VIIRS 0.65, 3.75, 8.5, 11, and 12 um

***The same software is used for all sensors.


Presenter
Presentation Notes
The ash detection methodology is designed to take full advantage of each sensors spectral capabilities.


- Wike Pavolonis NOAA Federa False Color Imagery (12-11um, 11-8. 5um 11um)
. June,2014 100247 PMGDT Aqua MODIS (06/04/2014 — 00:20 UTC)

To: Mike Pavolonis NOAA Federal

@**1****1**“0[_{3-&”“3 ALEHTS‘**********

STARTING DATE/TIME OF IMAGE: 2014-06-03 22:45:00 [UTC]
FRODUCTION DATETIME OF ALERT: 2014-06-04 03:01:19 [U
PRIMARY INSTRUMENT: Aqua MODIS

WMO SPACECRAFT ID: 784

LOCATION/ORBIT: LED

L1 FILE: MYDO21KM.A2014154.2245,005.2014155014054. NR
VOLCANDO DATABASE: Mdata/common/VOLCAT_DATASalerts/\V
NUMBER OF ASH CLOUD ALERTS: A

MUMBER OF VOLCANIC Cb ALERTS: 0

NUMBER OF VOLCANIC THERMAL ANOMALY ALERTS:0
NUMBER OF 502 CLOUD ALERTS:0

REPORT WITH IMAGES:
httpfvolcano-test. ssecwisc.edu/alertreportd 1945

POSSIBLE VOLCAMNIC ASH CLOUD FOUMD
Alert Status: New Alert Object
Latitude of Radiative Center: 85373 [degrees]
Longitude of Radiative Center: -162.005 [degrees]
Mean Object Date/Time: 2014-06-03 22:45:00 [UTC]
Mean Viewing Angle: 54.07 [degrees]
Mean Solar Zenith Angle: 32.46 [degrees]
Mearby Volcanoes (meeting alert criteria):
Emmons Lake(5.90 km)
Pavlof(8.88 km)
Pavlaf Sister(13.54 km)
Duttan(28.41 km)
Dana(58.12 km)
Cloud Cbject Probability: 100.00000 [24]
Median Probability of Object Pixels: .00000 [35]
Percent Unambiguous Pixels: 02882 [3%]
Maximum Height [AMSL]: 8.3 [km] (2734 7.90 [fi])
90th Percentile Height [AMSL]: 6.2 [km] (20186.51 [ft])
Mean Tropopause Height [AMSL]: 11.8 [km] (38867 .68 [f])
Total Mass: 013838 [Tg]

Median Effective Particle Radius: 4.05 [um) . Annotation Key .
Total Area: 12419.03 [km*2] (annotation colors are not related to colors in underlying image)

Geographic Regions of Nearby Volcanoes: Alaska Peninsula
VAAC Regions of Nearby Volcanoes: Anchorage
FIR Regions of Mearby Volcanoes: Unknown




Primary Limitations

Volcanic ash must be the highest cloud layer
The products will be degraded if L1 sensor data is degraded

The ash cloud properties, and to a lesser extent, the ash
detection results, will be more accurate if determined from a
more advanced sensor (methods are being explored to address
this issue)

The selection criteria applied to cloud objects generally works
well, but is still being refined

Low level ash plumes that have a very similar temperature as
the surface or warmer than the surface will often be missed by
our ash detection algorithm at the present time




Marco Fulle - www.stromboli.net

Analysis of 2008 Kasatochi eruption
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False Color Imagery (12-11um, 11-3.9um, 11um)
GOES-11 Imager (08/08/2008 — 04:46 UTC)

@FFFFFFFFFFHDLGANE ALEHTSFFFFFFFFFF

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_044E.area.qgz

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

NMUMBER OF VOLCANIC Cb ALERTS: 1

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

REPORT WITH IMAGES:
http-volcano.ssec.wisc.edufalertreport1 0614

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)
Kaoniuji(19.03 km)
Maximum Height [AMSL]): 13.7 [km] (45112.91 [f])
90th Percentile Height [AMSL]: 13.2 [km] (43433.68 [ft])
Mean Tmpnpause Height [AMSL]: 10.6 [km)] (34680.12 [ft]) . Annotation Key .
arature: -44 7 [K] (annotation colors are not related to colors in underlying image)

‘l.l'ertmal Growth Rate Time Intewal 16 [minutes]

Total Area: 1045.84 [km*2]

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




False Color Imagery (12-11um, 11-8.5um, 11um)
Aqua Composite: 2008/08/08 07:05 — 15:20 UTC §

Aqua MODIS descending node
August 8, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Agua Composite: 2008/08/08 07:05 - 15:20 UTC
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False Color Imagery (12-11um, 11-8.5um, 11um)
Terra Composite: 2008/08/08 16:25 — 2008/08/09 00:40 U ¢

Terra MODIS descending node
August 9, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading -
Terra Composite: 2008/08/08 16:25 — 2008/08/09 00:40 UTC S
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11 um BT [K] Ash/Dust Loading [g/m?]




False Color Imagery (12-11um, 11-8.5um, 11um) -
Aqua Composite: 2008/08/08 18:15 — 2008/08/09 00:55 UTC Nf:{:f
ol 1 '8 Fu ; 7 4 \q
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Aqua MODIS ascending node
August 9, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading -
Agua Composite: 2008/08/08 18:15 — 2008/08/09 00:55 UTC ‘3’;.5:?
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False Color Imagery (12-11um, 11-8.5um, 11um)
Terra Com 05|te 2008/08/09 03: 40 - 10 20 UTC .

- Sa 3> 47-0 s | Terra MODIS ascending node
B it | August 9,2008 (UTC)
ii—j\‘l. - \\;3%3 ‘ : §

IR Window Imagery and Ash/Dust Loading
Terra Composite: 2008/08/09 03:40 — 10:20 UTC
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False Color Imagery (12-11um, 11-8.5um, 11um)
Aqua Comp |te 2008/08/09 07:45 — 16 00 UTC

Aqua MODIS descending node
August 9, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Agua Composite: 2008/08/09 07:45 - 16:00 UTC
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11 um BT [K] Ash/Dust Loading [g/m?]




False Color Imagery (12-11um, 11-8.5um, 11pm)
Terra Composute 2008/08/09 17:05 — 23:50 UTC

WQ

Terra MODIS descending node
August 9, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Terra Composite: 2008/08/09 17:05 — 23:50 UTC §

[ .
180 200 220 240 260 280 300 3200 1 2 3 4 5 6 7 8 9 10
11 um BT [K] Ash/Dust Loading [g/m?]



Presenter
Presentation Notes
Particles of all sizes contribute to the cloud optical depth!
-The effective radius allows you to compute the size distribution subject to the form you assume it to be in.


False Color Imagery (12-11um, 11-8.5um, 11um)
Aqua Composﬂe 2008/08/09 18 55 - 2008/08/10 01:40 UTC __.'

Aqua MODIS ascending node
August 10, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Aqua Composite: 2008/08/09 18:55 — 2008/08/10 01:40 UTC Q}sf
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False Color Imagery (12-11um, 11-8.5um, 11um)
Terra Composute 2008/08/10 02: 45 - 11 00 UTC .

Terra MODIS ascending node
August 10, 2008 (UTC)

~/

IR Window Imagery and Ash/Dust Loading
Terra Composite: 2008/08/10 02:45 — 11:00 UTC
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False Color Imagery (12-11um, 11-8. 5um 11um)
Aqua Composﬂe 2008/08/10 06:50 — 15:05 UTC

Aqua MODIS descending node
August 10, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Agua Composite: 2008/08/10 06:50 — 15:05 UTC
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False Color Imagery (12—11um, 11-8.5um, 11um)
Terra Composite: 2008/08/10 16:15 — 22:55 UTC )

Terra MODIS descending node
August 10, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Terra Composite: 2008/08/10 16:15 — 22:55 UTC
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False Color Imagery (12—-11um, 11-8.5um, 11um)
Aqua Composite: 2008/08/11 07:30 — 15:45 UTC L s

r

Aqua MODIS ascending node
August 11, 2008 (UTC)

IR Window Imagery and Ash/Dust Loading
Agua Composite: 2008/08/11 07:30 — 15:45 UTC
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Total mass and area time series

Kasatochi Ash Cloud (August 8 — August 11, 2008)
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Improving ash cloud forecasts

SEVIRI 2010/05/06 ASH AOD & ASH Trajectories on 2010/05/06 062
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Presentation Notes
-Scientific algorithms applied to satellite data are actually capable of


False Color Imagery (12-11um, 11-8.5um, 11um)

Aqua Composite : 2011/01/26




IR Window Imagery and Ash Probability

240 260 280 300 : 10 20 40
11 pm BT [K] Ash/Dust Probability [%]




IR Window Imagery and Ash Probability
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11 pm BT [K] Ash/Dust Probability [%]




False Color Imagery (12
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Global Performance
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The SECO method resulted in no false alarms other than in very close
proximity to the manually analyzed ash cloud boundary, while the “split-
window” method produced many more false alarms despite the incredibly
conservative optimized threshold of -1.80 K.



Presenter
Presentation Notes
-The SECO method did miss a very weak ash cloud from Kizimen though.


Split-Window Imagery (11-12 pm)

Aqua Composite : 2011/01/26
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Modified IFR Frobability [7]
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Modified IFR Frobability [7]
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Modified IFR Frobability [7]
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