GOES-16/17* Level 2 Job Aid
VOLCAT: The VOLcano Cloud Analysis Toolkit

Performance Objective:

0 Use information that is available at this website: https://volcano.ssec.wisc.edu to
diagnose ash clouds that result from volcanic eruptions. Note that this site will alert you
to volcanic events in your region of interest if you have signed up for that service.

0 *Global monitoring occurs at this site. Thus, in addition to GOES-East and GOES-West
data, Himawari-8, Meteosat-11 geostationary data can be accessed. Polar orbiting data
— VIIRS (Suomi NPP and NOAA-20) and MODIS (Terra/Aqua) — are also provided; these
data are key to provide high-resolution data at high latitudes such as the Aleutians.

Ideal Case Setting and Points to consider:

0 Geostationary data can give excellent temporal resolution. Polar-orbiter data can give
excellent spatial resolution. Combine information to take advantage of the strengths of
both observing platforms. Near the Poles, polar coverage can also occasionally give
sporadic bursts of passes such that temporal resolution is useful.

0 This Job Aid concerns a Volcanic Ash detection algorithm. Look for an eruption. If
you've signed up for alerts at https://volcano.ssec.wisc.edu , one should arrive when
something happens in the region you have requested to be monitored.

0 The VOLCAT algorithms, both geostationary and polar versions, have evolved since the
development of baseline procedures in the late 1990s. Baseline GOES-R Level 2
algorithms have evolved little since then, but VOLCAT algorithms have been refined.
Indeed, the Level 2 Volcanic Products for GOES-R are no longer being produced!

O VOLCAT is primarily designed to alert you in real time to the initial eruptive event. The
subsequent evolution of the volcanic ash plume will continue for hours (or days) after
that initially alerted event. Reporting on how that plume evolves with time is part of the
VAAC responsibility.

Data Integration:

Imagery that is useful for Volcanoes in AWIPS includes single channels, channel
differences, such as the Split Window Difference (10.3 um —12.3 um) and the Cloud Phase
Difference (11.2 um — 8.4 um), and RGBs such as the SO, and Ash and Airmass RGBs. VOLCAT
algorithms for volcanic detection use more recent advancements in satellite detection of
Volcanic Ash/Clouds, but you will also see single channels, channel differences, and RGBs at
that site. When you receive an alert that an eruption has started, a sensible thing to do is to
load imagery into AWIPS: Visible (0.64 um) is the highest resolution and during the daytime
can show volcanic activity. If you are interested in the future path of a Volcanic plume, load up
the water vapor imagery, both upper level (6.19 um) and low-level (7.34 um), to estimate
mid/upper tropospheric flow. The Band 10 Low-level water vapor channel is also sensitive to
SOy, as is Band 11, the infrared cloud phase band at 8.44 um. You can also load Derived Motion
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Wind vectors that track features in the atmosphere, and model forecast wind vectors. The sum
of these products should inform you as to how the plume may evolve with time. Monitor these
products to maintain situational awareness of how the environment around the plume might
evolve. Other products you can load:

O Load the RGB that shows some kind of True Color in an AWIPS pane. The color of
volcanic Ash differs from clouds and it is possible to monitor the ash clouds with an RGB.
This functionality is available only in daytime, of course. The Ash RGB and the SO, RGB
might also have a signal, depending on the components within the ash plume. The
Airmass RGB can also be useful and may differentiate between SO,- and Ash-dominated
plumes.

O Request a MESO!! Volcanic eruptions are a high-priority reason for a GOES-16 or (more
likely) GOES-17 Meso sector. Instead of seeing things every 5 minutes, you get 1-minute
temporal sampling.

0 Volcanic eruptions may cause lightning. Although the Aleutians and Kamchatka fall
outside the observational domain of the GLM on GOES-17, an eruption elsewhere might
be accompanied by lightning that is detected by GLM. In addition, Earth Networks Total
Lightning (or GLD) can have a signal that might be related to the strength of the
eruption.

O An eruption at night could have a strong signal in the VIIRS Day/Night Band, and in
shortwave infrared imagery.

0 Radiosonde winds will complement Derived Motion Winds and Model winds. Strong
vertical wind shear can quickly distort the appearance of a plume as viewed from the
satellite.

Volcanic Cloud Monitoring — NOAA/CIMSS
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Figure 1 VOLCAT (https://volcano.ssec.wisc.edu) on opening (left) -- A "Tutorials'
button (right, in red) is available. Click on it; you'll see explanations on the imagery you
can see: what it is, and why it is included
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Volcanic Cloud Monitoring — NOAAICIMSS
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Figure 2 VOLCAT allows you select Satellite Imagery. When you click on this, you move to a
page that requires times/dates/Sectors -- the sector controls which satellite data can be used

Introduction/Background:

Once you have the location of the eruption identified, choose the Sector available in
VOLCAT. There are many of them, and some frequently-erupting peaks have their own sectors.
(For example, Calbuco in the Andes, Cleveland and Chiginigak in the Aleutians, Sheveluch and
Zhupanovsky in Kamchatka). Once you’ve selected a sector, either a Volcanic peak or a Region
(‘Alaska’, ‘Banda Sea’, ‘Iceland’, ‘Canada’, for example), and a time, the site will ask you to
select imagery to display. You will choose MODIS, or VIIRS, or ABI, or Imager, or SEVIRI, or AHI,
depending on the satellite imagery you want to view (Terra/Aqua, Suomi NPP/NOAA-20, GOES-
16/GOES-17, GOES-15, Meteosat-11 or Himawari-8, respectively).

The Table below shows fields that can be requested under ‘Image Type’. Note that the RGBs

listed have similarities; substitution of the 8.5 um channel, when present (on ABI, AHI, SEVIRI,
MODIS, VIIRS) for the 3.9 um typically does allow for better distinction of the ash cloud in the
RGB product.

All of the imagery in the table is explained in the ‘Tutorials’ Tab — make use of those images to
help you understand what you are seeing in your imagery. A useful daytime product that can
be used for Volcanic Ash that is not in VOLCAT is True Color imagery, either from Polar Orbiters
or from Geostationary Satellites: Volcanic ash clouds can have a much different color than
surrounding clouds.



Image Type
Product Ash Height Ash Loading Ash Probability Ash Reff
(Effective Radius)
Satellite Image | 11 um Brightness 11 um -12 pm 0.65 um
Temperature Split Window Reflectivity (i.e.,
Difference visible image)

Red/Green/Blue
(RGB) Imagery

RGB11120r13um 3911um 11um: Split-
window difference (11 um -12 um) or
11 um -13 pm) in red, the
shortwave/longwave IR brightness
temperature difference in green and the
11 pum brightness temperature in blue

RGB1112 8511um 11um : A false-color
Red/Green/Blue Composite with a split-
window difference (11 um -12 pm) in
red, the Cloud Phase Brightness
Temperature Difference (8.5 um — 11
pm) and the 11 um brightness
temperature in blue

Note: VOLCAT allows for alerts to be sent when Satellite Imagery detects an eruption. Sign up
for this important service (if it's not been done already) because automated monitoring of
satellite imagery might detect an eruption before you become situationally aware of it.

AWIPS Activity:

Load the Data.

O For an Eruption that is happening now, or for one you suspect might be occurring:

O Under the GOES-East (or GOES-West) Satellite Menu, navigate to Imagery
Channels, and for the view you want (Full Disk, Meso, CONUS/PACUS), load up,
for example, the Visible, CIMSS True Color RGB, the low-level Water Vapor
imagery, the SO, RGB and the Ash RGB. Consider tweaking the default

enhancement to better highlight the eruption.

O In separate panes, or editors, under the GOES-East (or GOES-West) Satellite
Menu, for the same domain, load up Derived Wind Vectors. These will help you
anticipate where the plume may move. Ash Height products in VOLCAT can help
you determine which level of the Derived Motion winds to load.

AWIPS Activity: Questions.

Identify how the Single Channels, Channel Differences and RGBs define the Ash
cloud produced by the eruption.

1. Which of the products consistently shows the presence of the eruptive cloud?




2. Do the derived motion wind vectors, and the atmospheric circulations that you infer
from the water vapor imagery, generally agree with the motion of the eruption
downwind of the volcano?

3. Did you tweak the RGB constituents in this case? Which component of the RGB did
you think was best for identifying the plume for this eruption? What does that tell
you about the principal gas within the plume?

4. If you are using GOES-17 imagery, can you identify any image artifacts that might be
arising from the malfunctioning Loop Heat Pipe? These might be most noticeable
around the Equinoxes and less noticeable around the Solstice.

Enhancement Questions

1.) How did the temporal and spatial resolution of GOES-16/GOES-17 help define your
analysis of this situation? For example, did it help in defining the evolution of the fire?
(Note: Has a Meso been called for this event? Why might this be a good idea?)

(Possible Answer: 5-minute imagery does not exist in the region | am monitoring, and
the 10-minute full-disk was also insufficient. Therefore, a Mesoscale sector was
requested)

2.) Do you think the default definitions of the RGBs you used gave the best characterization
of the volcanic plume? Why?

(Possible Answer: Tweaking the RGB definition might make it easier to identify parts
of the plume, and the answer might change as the chemistry of the plume changes.



3.) List the additional datasets you used to better define the Plume. How did the
integration of the satellite data and additional datasets help in examining the problem

of the day?

(Possible answer: Model data such as HySplit might forecast the plume motion well)

Acronymes:

ABI: Advanced Baseline Imager. This is the 16-channel imager
that flies on GOES-R satellites (GOES-16 and GOES-17). It scans a
full-disk image every 10 minutes and provides excellent temporal
coverage. Infrared channels have 2-km spatial resolution; visible
and near-infrared have 1 or 2-km resolution.

AHI: Advanced Himawari Imagery: The 16-channel imager that
flies on Himawari-8 and Himawari-9. It also scans a full-disk image
every 10 minutes, providing excellent temporal coverage. As with
ABI, infrared channels have 2-km spatial resolution; visible and
near-infrared have 1 or 2-km resolution.

MODIS: MODerate Resolution Imaging Spectroradiometer; This
flies on the Terra and Aqua satellites, both of which are greatly
exceeding expectations, life wise. Terra was launched in 1999;
Aqua was launched in 2002! MODIS has excellent spatial
resolution, down to 250 m in the visible.

SEVIRI: The Spinning Enhanced Visible and Infra-Red Imager. The
11-channel Imager on Meteosat-11. SEVIRI scans a full disk every
15 minutes, affording excellent temporal resolution. It has a
horizontal resolution for visible imagery down to 1 km.

VIIRS: Visible-Infrared Imaging Radiometer Suite that flies on
Suomi-NPP and NOAA-20 (and NOAA-21 when it is launched!) It
offers excellent spatial resolution, down to 375 m in select
visible/infrared bands, and down to 750 m in other
visible/infrared bands.



