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Collecting large volumes of satellite 
data alone does not directly address 
any natural hazard problem, the 
satellite data must be converted into 
actionable information using science 
and computers. 

Alert! Volcanic 
eruption detected! 

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



2. First detection of volcanic eruptions 

Nabro 

Nabro volcano in Eritrea 
erupted explosively for the 
first time in recorded 
history on June 12, 2011 
 
The eruption went 
undetected for 7.5 hours! 

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.





The NOAA volcanic eruption alerting tool was able to 
detect the eruption within 15 minutes of the start time 
and generate an alert 

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



N
adeau and Dalton (2009) 

1). Ash dominated volcanic plumes – Semi-
transparent clouds dominated by volcanic ash. 
Lightning is usually not present in 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 present in 
these clouds. 

3). SO2 clouds – Sulfur dioxide clouds (SO2 gas is 
invisible to the eye) that may or may not contain 
volcanic ash.  Some eruptions produce large 
amounts of SO2 and very little ash and vice-versa. 



NOAA and MetOp AVHRR Terra and Aqua MODIS SNPP-VIIRS 

Making Full Use of the Space-based Observing System for Volcanic Cloud Monitoring 

GOES-13-15 MTSAT-(1r and 2) 
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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 

Rueters 



Identifying “restless” volcanoes 

Aleutian Islands, AK 

Satellite measurements 

Scientific computer 
algorithm 

Identification of 
volcanoes that are most 

likely to erupt 

Automated alert to users 

Alert: Restless Volcano Detected 

Shishaldin Volcano 

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.



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



30 minutes later… 



July 20, 2014 – VIIRS ash alert using GINA DB 



July 20, 2014 – VIIRS ash alert using GINA DB 



July 20, 2014 – VIIRS ash alert using GINA DB 



July 20, 2014 – VIIRS ash alert using GINA DB 



http://volcano.ssec.wisc.edu 

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



July 20, 2014 – VIIRS ash alert using GINA DB 



July 20, 2014 – VIIRS ash alert using GINA DB 



















Weather or volcanic 
eruption? 

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 

Volcanic eruption detected! 

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.



NOAA automated alerting tool 

Traditional tools (+ 1 hour) 

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



Kelut cloud 

Kelut eruption is detected in a timely 
manner 



Kelut cloud 

Kelut eruption is detected in a timely 
manner 



The next generation of GEO satellites are very well 
suited for automated detection of volcanic eruption 
through cloud object growth rate analysis! 

Kelut cloud 



Sarigan Volcano 



May 29, 2010 – 12:30 UTC 



May 29, 2010 – 12:30 UTC 





Sarigan cloud 





Re-suspended Ash 

VIIRS DNB Image – September 22, 2013 (12:02 UTC) 
(Courtesy of Scott Bachmeier) 



Textural attributes of 
VIIRS DNB image 
implies greater 
vertical structure in 
same regions where 
the 
NOAA/NESDIS/STAR 
ash cloud heights are 
greatest 

VIIRS DNB Image – September 22, 2013 (12:02 UTC) 
(Courtesy of Scott Bachmeier) 



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. 



Re-suspended ash 

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 surface up 
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 

3.25 km 

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



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



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



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



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



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







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

1). Perform volcanic cloud retrieval 
using hyperspectral sounder (e.g. 
CrIS, IASI, AIRS) 

2). Perform retrieval using 
high spatial resolution imager 
(e.g. VIIRS, AVHRR, MODIS) 
a. use hyperspectral retrieval 

as first guess 
b. fill in important spectral 

gaps (e.g. LW CO2) needed 
for high quality retrieval 
by interpolating from 
sounder spatial resolution 
to imager spatial 
resolution 

EUMETSAT 

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 
sensors (information from LEO is 
“transferred” to GEO). 
 
A relatively recent LEO overpass of the 
cloud is required though! 



Future Plans 
• 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 



Fog 

Fog 

Fog 

December 8, 2013 – 12:59 UTC 





























Questions? 



Back-up slides 

Marco Fulle - www.stromboli.net 

Rueters 





Volcanic Ash Requirements 

19-22 Nov 2013 SCOPE-Nowcasting-1 
Agenda Item 5 – Pilot Projects 
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Volcanic Ash: 
Detection 
and Height 
 
 

GOES-R Full Disk 3 km 
(top 
height) 
 

2 km 
 
 
 
 

1 km 
 

0 - 50 
tons/km2 

2 tons/km2 
 
 

Full disk: 15 
min 

Full disk: 15 
min 

430 sec 
 
 
 
 
 

2.5 
tons/km2 

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) 

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



Sensor Channels used 
AVHRR 0.65, 3.75, 11, and 12 μm 
COMS 0.65, 3.9, 6.7, 11, and 12 μm 
FY2 0.65, 3.9, 6.7, 11, and 12 μm 
GOES 0.65, 3.9, 6.7 11, and 12 μm 
GOES-R ABI 0.65, 3.9, 6.7, 7.3, 8.5, 11, 12, and 13.3 μm 
Himawari-8/9 0.65, 3.9, 6.7, 7.3, 8.5, 11, 12, and 13.3 μm 
MODIS 0.65, 3.75, 7.3, 8.5, 11, 12, and 13.3 μm 
MTSAT 0.65, 3.9, 6.7, 11, and 12 μm 
SEVIRI and MTG 0.65, 3.9, 6.2, 7.3, 8.5, 11, 12, and 13.3 μm 
VIIRS 0.65, 3.75, 8.5, 11, and 12 μm 

Channels Used in NOAA Algorithms 

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

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

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





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 



Analysis of 2008 Kasatochi eruption 
 

Marco Fulle - www.stromboli.net 

Rueters 







Aqua MODIS descending node 
August 8, 2008 (UTC) 



Terra MODIS descending node 
August 9, 2008 (UTC) 



Aqua MODIS ascending node 
August 9, 2008 (UTC) 



Terra MODIS ascending node 
August 9, 2008 (UTC) 



Aqua MODIS descending node 
August 9, 2008 (UTC) 



Terra MODIS descending node 
August 9, 2008 (UTC) 

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.



Aqua MODIS ascending node 
August 10, 2008 (UTC) 



Terra MODIS ascending node 
August 10, 2008 (UTC) 



Aqua MODIS descending node 
August 10, 2008 (UTC) 



Terra MODIS descending node 
August 10, 2008 (UTC) 



Aqua MODIS ascending node 
August 11, 2008 (UTC) 



Total mass and area time series 

The limited sensitivity 
to large optical depths 
in the IR likely causes 
the first total mass 
value to be 
underestimated 



Improving ash cloud forecasts 

Iceland 

Ireland 
UK 

Presenter
Presentation Notes
-Scientific algorithms applied to satellite data are actually capable of











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. 

Global Performance 

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