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End Users

 Volcanic Ash Advisory Centers

e Meteorological Watch Offices

 Weather Forecast Offices

* Volcano Observatories (including the USGS)
« Military

e Operational modeling community (dispersion, weather, and
climate)

 Research Community
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Ultra-Violet (OMPS)
Source: NASA GSFC

NPP/OMPS - 11/28/2014 15:03-15:08 UT - Orbit 15993
S0, mass: 179.520 ki; Area: 619136 km?; SO, max: 82.46 DU at lon: -23.29 lat: 14.38 ; 15:05UTC
-35 -30 -25 -20

-25
SO, column 5 km [DU]

4.8 6.0 7.2

Major Strengths:
« Very sensitive to the presence of SO, under many conditions including

In the presence of clouds (liquid, ice, and aerosol) and over bright
surfaces

e Sensitive to SO, loading, some sensitivity to SO, height



Ultra-Violet (OMPS)

Weakness: Sensitive to solar zenith angle

Suomi NPP/OMPS - 01/04/2015 13:41-13:44 UT
SO, mass: 3.783 kt; Area: 64812 km®; SO, max: 9.97 DU at lon: -20.05 lat: 65.53 ; 13:43UTC
-35 -30 -25 -20 -15 -10 -5 0

Sfource:ﬁﬂNASA GSFC

No information
when SZA > 90°

Increased noise
as SZA
increases to 90°
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Ultra-Violet (OMPS)

spatial scale of many SO, plumes

28.60 28.680 29.00
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S0, column TRM [DU]

28.60 28.80 29.00

Carn et al., 2013



Ultra-Violet (OMPS)

Suomi NPP/OMPS (Zoom) - 06/25/2016 23:44-23:47 UT
SO, mass: 0.103 kt; Area: 4792 km?; S0, max: 1.72 DU at lon: -155.25 lat: 18.81 ; 23:45UTC
-164 -162 -160 -158 -156 -154

Source: NASA GSFC

Kilauea plume
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SO, column TRM [DU]
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Hyperspectral Infrared (CrlS)

S02 brightness temperature index V3 [K] 3 September 2014 V

A5 ULB/BIRA-IASB/CNES/EUMETSAT  [MetOp-B] Night
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Major Strengths:
e Provides information on SO, day and night

 Provides sensitivity to SO, loading and height
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Hyperspectral Infrared (CrlS)

spatial scale of many SO, plumes

28.60 28.680 29.00
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S0, column TRM [DU]

28.60 28.80 29.00

Carn et al., 2013



Narrow-band Imager (VIIRS)

False Color Imagery (12-11um, 11-8.5um, 11um)
SNPP VIIRS (07/16/2015 - 11:30:19 UTC)
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Major Strenﬁs:
« Provides high spatial resolution imagery of SO, clouds and plumes

under many conditions day and night.




Narrow-band Imager (VIIRS)
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SNPP VIIRS (06/25/2016 — 23:38:14 UTC)
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Narrow-band Imager (VIIRS)
i 7

False Color Imagery (12—11pm 11-8.5um, 11um)
' SNPP VIIRS (09/07/2014 14:12 UTC) - &




False Color Imagery (
SNPP VIIRS (09/03/2014 — 13:46 UTC)
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A multi-sensor SO,
analysis is needed

Suomi NPP/OMPS - 09/03/2014 13:49-13:51 UT
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VOLcanic Cloud Analysis Toolkit (VOLCAT)

1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking

__ATST 40 258PM 8% =3

False Color Imagery (12-11um, 11-3.9um, 11um)
SNPP VIIRS (11/30/2014 - 20:29 UTC)
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Spectrally Enhanced Cloud Objects
(SECO) Method for SO, Detection

Automatically extract coherent SO, features from OMPS
and CrlS using cloud object analysis

Construct an a priori probability from OMPS and CrlS
and utilize it in VIIRS implementation of SECO method

Final SO, detection results are at the VIIRS resolution
and are overlaid on VIIRS imagery

The fused JPSS SO, detection results can then be used
to aid in SO, detection and tracking from GEO satellites



SO, Retrieval Options

Utilize existing OMPS SO, loading products

A variation on published methods (e.g. NUCAPS,
Carboni et al. 2012; Clarisse et al., 2014) will be used to
retrieve SO, loading and effective height from CrlS

Optimal estimation readily allows the results from one
sensor to influence another through the a priori. Thus,
the result from OMPS or CrlIS, which ever is deemed to
be of higher quality, can be used to constrain the VIIRS
retrieval, while allowing for small-scale spatial
variability to be captured

Many details TBD — this is R&D, not manufacturing!
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Colaporations

Fusing information from many sensors is challenging.
Collaborations with hyperspectral UV and IR SO, remote
sensing groups at NASA and in academia are needed.

In addition, a collaborative effort with the USGS, academia,
and international partners (e.g. IMO) is needed to validate
the fused JPSS SO, analysis.

International collaboration is needed to work towards best
practices for combining measurements from multiple satellite
sensors — connection to WMO SCOPE-Nowcasting.

Collaboration with the dispersion, weather, and climate
modeling communities are critical to ensure that the impact
of the information is maximized

24



Sumirmnary
7

In support of NOAA's mission, NOAA's role In
generating environmental intelligence related to
SO, needs to be expanded (and integrated with
Information on volcanic ash) in collaboration with
NASA, USGS, and international partners.

The JPSS satellite series is a critical component
of the SO, observing system

A collaborative JPSS initiative is needed to
ensure that the JPSS sensors are being fully
utilized for SO, monitoring

25



“Big Data”

VOLCAT Processing
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Nuances/Exceptions are Prevalent

False Color Imagery (12-11um, 11-8.5um, 11pum)
SNPP VIIRS (01/04/2015 - 03:45 UTC)
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False Color Imagery (12-11um, 11-8.5um, 11um) .
SNPP VIIRS (04/10/2015 — 23:30 UTC) A multi-sensor SOZ

analysis is needed

Suomi NPP/OMPS - 04/10/2015 23:35-23:39 UT
SO, mass: 0.000 kt; Area: 0 km?; S0, max: 1.64 DU at lon: -155.50 lat: 18.86 ; 23:37UTC
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Optional Overlay Options: lat/lon grid, volcanoes, coast lines, VAAC boundaries, automated
feature annotations

Image Probe: cursor readout of lat/lon and data value

Image Markup Tools: users can generate and export polygons and annotated images

SO,: alerting, tracking, and characterization

Incorporation of Non-Satellite Tools: volcano web cameras, dispersion/trajectory modeling,
and infrasound

Source: @

default H
. Overlay options

Sector: @ Use Map

Kamehatia 1 km |
Instrument: @

@ AHI

Ml

MODIS
Satellite: @

HIMAWARI-8

COMS-1

@ Aqua Image Probe
Terra
Image Type: @

RGB1112um 8511um 11u
End Time: &

2016-06-18 20-40-00
Date Range: @

1 hour é
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LEO and GEO satellite imagery are routinely
generated for numerous geographic sectors that
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VOLCAT Goals

1). Unrest Alerts

2). Eruption Alerts

False Color Imagery

pm, 11-3.9um, 11pm}
SNPP VIIRS (11/30/2014 - C

ITG)
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. Messag...(2)

Call FaceTime Add Contact

| FRM:mpav@ssec.wisc.edu
SUBJ:NOAA/CIMSS
Volcanic Cloud Alert
MSG: (3)
1 ASH ALERT(S)
http://volcano.ssec.wisc.e

_ du/alert/report/465 Y.
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VOLCAT Goals

1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking
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VOLCAT Goals

1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking
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VOLCAT Goals

1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking
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False Color Imagery (12-11um, 11-3.9um, 11um)
SNPP VIIRS (11/30/2014 - 20:29 UTC)
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Feb 21, 2013 1:25 PM
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SUBJ:NOAA/CIMSS
Volcanic Cloud Alert
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du/alert/report/465

L -

©

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?]
, \Jea.-_i«-i;i
4). Volcanic Cloud Characterization 5). Dispersion Forecasting

Fieg Coiorimager (133 1m. 118 5um, +1m | R o Imageny and Aar s Clous et

38




VOLCAT Goals

1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking

__AT&T 4G 2:58 PM 78 %

False Color Imagery (12-11um, 11-3.9um, 11um)
SNPP VIIRS (11/30/2014 - 20:29 UTC)

Call FaceTime Add Contact

Feb 21, 2013 1:25 PM
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Volcanic Cloud Alert
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5). Dispersion Forecasting

39



http://volcano.ssec.wisc.edu

[ Volcanic Cloud Monitoring X
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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 signature + geometric properties]
—Putt [some spectral sighature+cloud-growthl]
—Major-Explosion{cloud-growth]

— Tracking in time [spectral signature + feature tracking]
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Spectrally Enhanced Cloud Objects
(SECO)

JGR - Pavolonis et al. (2015a)
JGR - Pavolonis et al. (2015b)




False Color Imagery (12-11um, 11-3. Qum 11um)
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D IR Window Imagery and Ash Probabllnty
Terra MODIS (02119,*2001 - 23:10 UTC) IS B
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False Color Imagery (12- 11pm 11 3 gum 11p_rn)
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D IR Window Imagery and Ash Probabllnty
Terra MODIS (02119,*2001 - 23:10 UTC) IS B
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IR Window Imagery and Ash Probability
Terra MODIS (02/19/2001 - 23:10 UTC)
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False Color Imagery (12-11um, 11-8.5um, 11um)

SNPP VIIRS (07/04/2016 — 16:16:13 UTC)

Automated Determination
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False Color Imagery (12-11um, 11-8.5um, 11um)
HIMAWARI-8 AHI (12/01/2015 — 07:10:00 UTC)

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