
K. Dean, J.E. Bailey and J. Dehn

Peter Webley

Arctic Region Super Computing Center (ARSC)
Alaska Volcano Observatory (AVO)

Geophysical Institute (GI)
University of Alaska Fairbanks (UAF) 

Volcanic Ash Modeling for North Pacific VolcanoesVolcanic Ash Modeling for North Pacific Volcanoes 
Automated Operational Monitoring and Virtual GlobesAutomated Operational Monitoring and Virtual Globes



NOPAC volcanoes
• ~100 active volcanoes in North Pacific (NOPAC)
• 1975 – 2006, >100 separate volcanic ash clouds > 20 kft
• +8000 flights per year of NOPAC flight routes
• In 1999, $12 million cargo over the region



AVO :: Alaska Volcano Observatory
• Three groups

– University of Alaska Geophysical Institute (UAF-GI)
– United States Geological Survey (USGS)
– Alaska Division of Geological and Geophysical Surveys (ADGGS)

• Responsible for volcano monitoring in NOPAC region

• Liaising with Agencies such as NWS and VAAC

• Seismology, Remote Sensing, Geodesy and Geology



Remote Sensing at AVO-UAF

3 Faculty
2 Staff
3 Post Docs
6 students



What is the Puff model?What is the Puff model?
• Specifically tailored for 3D tracking of volcanic ash particles

• Ash particles released over volcano and tracked over time

• Uses meteorological wind fields

• Initialization parameters include

– Volcano name and location

– Number of particles

– Mean Particle size and spread

– Plume dimensions (height, width and shape)

– Length of model prediction and length of eruption

– Output time step

– Horizontal and Vertical Diffusion

– Wind field model (http://puff.images.alaska.edu)



Webpuff Interface : Run Puff
• Accessed via Puff website

Run time
Output timescale

Plume height

Eruption length
No of particles
Plume base

Wind field model
DEM

Plume shape

Run Puff



Webpuff Interface : View Prediction
• Once run Puff, display results….. Select the run….

Select timing…..



Multiple eruption capabilites

Puff model run for Jan 13Puff model run for Jan 13thth –– 1414thth 20062006

1st operational use of multiple eruptions



AVHRR Ash signal on 13 Jan 2006, 2146 UTCAVHRR Ash signal on 13 Jan 2006, 2146 UTC

Puff output on Jan 13th 2006, 2150 UTC Puff output on Jan 13th 2006, 2150 UTC 
(8 (8 –– 10 km)10 km)



Kliuchevskoi volcano, 28 June – 2 July 2007

• AVO working with KVERT group 
on monitoring the eruption

• Seismic data collected in Russia

• Satellite data at AVO and KVERT

• Webcam data from Russia

• Puff model predictions from AVO






Puff System pre 2006
• Run Puff when an event occurs

• What do we use as initial conditions?

– Wind field [Regional or Global]
– Plume height [ 8, 10 or 16 km]
– Duration [ 1, 3 or 24 hrs]
– Start time [ Now, 3 hrs past, yesterday]

• Can we get someone to run the model at 3am?

• Region of interest for ash movement?

• How long to run for? ---- 6, 12, 24 hrs

• When do we do the next update? ---- 1, 3, 6 hrs



The 5 minute warning
• In USA, NWS and FAA work together

• In Alaska, the AAWU and Air traffic controllers in same room

• When an eruption has been confirmed, they want to know where the ash 
is ASAP

• AAWU would run Puff or Hysplit or contact AVO



Automated Monitoring
• 12 volcanoes in NOPAC

– Alaska : Augustine, Cleveland, Korovin, Veniaminof, Pavlof and FourPeaked
– Kamchatka : Bezymianny, Chickurachki, Karymsky, Kliuchevskoi and Shiveluch
– Cascades : St Helens

• 4 in Indonesia Region
– Anatahan, Kelut, Semeru and Manam

• 3 in Ecuador
– Reventador, Sangay and Tungurahua

• 1 in Caribbean
– Soufriere Hills

• 2 in Italy
– Etna and Stromboli

• 2 in Mexico
– Popocatepetl and Colima

• NOPAC volcanoes updated Puff model forecast every 3 hrs

• Worldwide volcanoes updated Puff model forecast every 6 hrs

• Plume heights range from 4 – 16 km (up to 20 km for SHV)

• NWP wind fields
– NAM 216 fields for NOPAC (45 km resolution)
– AVN for Worldwide (~100 km resolution)

Volcanoes : Alaska and Kamchatka
at elevated alert (June 2007)

No need for personnel 
to be running the 

model 24 hrs a day



http://puff.images.alaska.edu/

http://puff.images.alaska.edu/


KVERT June 30, 2007 for Kliuchevksoi



From Alaska Interagency Plan

From IAVW

Wellington VAAC



Virtual Globes

• They have become widely used for visualization in the scientific environment. 

• They have become a tool for displaying three dimensional geophysical data both 
operationally and retrospectively. 

• In the recent past, Puff forecasts have been displayed as two dimensional maps of ash 
location, color-coded by altitude and/or relative ash concentration. 

• This is a useful tool for operational analysis but does not take full advantage of the three 
dimensional nature of the data. 

• Google Earth is one of the many “Virtual Globes” available. 

• Use the Google Maps API to centralize all the Puff model runs for the NOPAC and how 
Google Earth can be used to display VATD simulations in both two and three dimensions.



Stage 1 development: Puff in Google Earth

Early 2006



Stage 2: Current method for 3D Puff in Google Earth

Mt Augustine 2006 eruptive event



Puff Google Earth generation
• Puff model produces three dimensional data set (latitude, longitude, altitude)
• Google Earth™ (GE) allows displaying of Puff model output in 3D
• Each ‘Ash’ particle represented by separate placemarker
• Time stamped to allow ‘animation’ with GE [GE Version 4+]



Puff images in GE



Mount Augustine January 2006

• 13 separate eruption 
clouds 

• Jan 11th – 28th 2006

• Displayed here is 
01:40 UTC on Jan 
14th 2006

• Seismic event lasted 
for 4 mins

• Plume to 34,000 ft 
from radar data



St Helens 1980 : Side View



St Helens 1980 : Top View



Auto runs http://puff.images.alaska.edu/dynamic_kml.shtml

http://puff.images.alaska.edu/dynamic_kml.shtml


Radiosonde kml http://puff.images.alaska.edu/static_kml.shtml

http://puff.images.alaska.edu/static_kml.shtml


Redoubt-KLM ash encounter
• Dec 1989, Mount Redoubt volcano produced numerous volcanic eruptions. 

• The flight 867 entered the ash cloud at approximately 25,000 ft 150 miles 
NNE of Mount Redoubt. 

• Immediately the aircrew increased power and attempted to climb out of the 
ash cloud. 

• The aircraft descended approximately 13,000 ft to within a few thousand 
feet of the ground before the crew restarted the 4 engines.  

• Performed an emergency landing at the nearby Anchorage airport. 

• Even though there were no injuries to passengers, the damage to engines, 
avionics, and aircraft structure from this encounter was significant. 



Redoubt ash and KLM aircraft

PILOT KLM B-747 – “KLM 867 WE HAVE FLAME OUT ALL ENGINES AND WE ARE DESCENDING NOW!”

ANCHORAGE CENTER – “KLM 867 HEAVY ANCHORAGE?”

PILOT KLM B747 – “KLM 867 HEAVY WE ARE DESCENDING NOW … WE ARE IN A FALL!”

PILOT KLM B-747 – “KLM 867 WE NEED ALL THE ASSISTANCE YOU HAVE SIR. GIVE US RADAR VECTORS PLEASE!”




http://puff.images.alaska.edu/Google_Earth2.shtmlPast events kml

Google Earth

http://puff.images.alaska.edu/Google_Earth2.shtml


Puff 1975 Puff 1975 –– 2006 Time Series Data Description2006 Time Series Data Description

• Eruptions at North Pacific Volcanoes : January 1976 – December 2006

• Volcanic Clouds reported to be > ~ 6km or 20,000 ft

• Using information from AVO, KVERT and Smithsonian

• Determined start time, plume height and length of eruption

• 237 discrete events over the past 31 years or 7.64 eruptive events per year

• Added aircraft encounters and airport closures to time series

– Augustine 1976, 1986
– St Helens 1980
– Redoubt 1989/1990
– Spurr 1992
– Kliuchevskoi 1994
– Bezymianny 1995
– Cleveland 2001



Aircraft and Airport EncountersAircraft and Airport Encounters






237 discrete events from January 1975 – December 2006

Composite image shows location of volcanic ash clouds +12 hrs after the start of each event

Puff 1975 Puff 1975 –– 2006 Ash Cloud predictions2006 Ash Cloud predictions 
Composite :: Airborne Ash colorComposite :: Airborne Ash color--coded by altitudecoded by altitude



Puff 1975 Puff 1975 –– 2006 Ash Cloud predictions2006 Ash Cloud predictions 
Composite :: Airborne Ash ConcentrationComposite :: Airborne Ash Concentration

237 discrete events from January 1975 – December 2006

Composite image shows location of volcanic ash clouds +12 hrs after the start of each event



Useful information and links

• Publication in Natural Hazards, SI: Aviation Hazards from Volcanoes

• Puff website http://puff.images.alaska.edu/

• Automatic operational KML http://puff.images.alaska.edu/kml.shtml

• Past eruption event KML http://puff.images.alaska.edu/Google_Earth2.shtml

• ESP working group wiki http://avo.images.alaska.edu/source_eruption_wiki/

• AGU sessions
– ESP - http://avo.images.alaska.edu/source_eruption_wiki/index.php/AGU_session_2007
– Virtual Globes http://conferences.images.alaska.edu/agu/2007/schedulesess1.html

Thanks

http://puff.images.alaska.edu/
http://puff.images.alaska.edu/kml.shtml
http://puff.images.alaska.edu/Google_Earth2.shtml
http://avo.images.alaska.edu/source_eruption_wiki/
http://avo.images.alaska.edu/source_eruption_wiki/index.php/AGU_session_2007
http://conferences.images.alaska.edu/agu/2007/schedulesess1.html
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