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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)



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



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



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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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.

























30 minutes later…
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Weather or volcanic 

eruption?



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

Volcanic eruption detected!



NOAA automated alerting tool

Traditional tools (+ 1 hour)



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







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



Alert subscription service will be opened to all VAACs and collaborators for beta 
testing this summer
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Analysis of 2008 Kasatochi eruption
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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)



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



Future Plans
• Transition of NOAA volcanic cloud system to NESDIS 

operations
• 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
• Several ongoing collaborations with modeling groups
• New GOES-R project with USGS to integrate 

additional satellite and non-satellite data sources 
(hyperspectral IR, lightning, infrasound, seismic, etc…)



Questions?



Back-up slides

Marco Fulle - www.stromboli.net

Rueters











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




