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FOREWORD

In February 1997, the White House Commission on Aviation Safety and Security
recommended a national goal for government and industry of reducing the fatal aviation
accident rate by 80 percent in 10 years. The Nationa Aviation Weather Program Council
adopted the 80 percent reduction goal and in February 1999 the National Aviation
Weather Initiatives document was published as the next major step in coordinating the
many federal and nonfederal programs relevant to improving aviation safety. Because of
the serious threat posed by volcanic ash and other airborne hazardous materials, these
were identified as one of the principal service areas for the aviation weather program.

Although there have been no fatal accidents caused by encounters with volcanic ash,
there have been close calls with aircraft experiencing in-flight engine failures.
Fortunately, these aircraft were able to land safely, but in some instances the cost to
repair the aircraft was in the millions of dollars. The fact that there have not been recent
incidents or accidents speaks to the work of the Volcanic Ash Advisory Centers around
the world but there is more we can do to ensure that encounters are reduced to zero and
that there is never afatal accident resulting from a volcanic ash encounter.

This document summarizes the proceedings of the 2nd International Conference on
Volcanic Ash and Aviation Safety and provides a roadmap for building on our successes
in aviation safety over the next decade. | wish to thank the U.S. Geological Survey, the
National Oceanic and Atmospheric Administration, the Federal Aviation Administration,
the National Aeronautics and Space Administration, the Smithsonian, the Air Line Pilots
Association, the Meteorological Service of Canada, the International Association of
Volcanology and Chemistry of the Earth’s Interior, and the Tenix Corporation for their
sponsorship of this conference. In addition, | want to thank the Director of the National
Museum of Natural History, Smithsonian Institution, for his warm welcome at our
reception and private viewing of the museum. Specia thanks goes to the Working Group
for Volcanic Ash, the conference planning committee, and to the colleagues from the 21
countries, 15 airlines, 12 universities, 6 private corporations and other participants who
were instrumental in making this conference a huge success.

Sincerely,

Samuel P. Williamson
Federal Coordinator for Meteorological
Services and Supporting Research
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OPENING SESSION
Conference Goals and Objectives

Goals of the Second I nternational Conference on Volcanic Ash and Aviation Safety

e Consolidate and communicate the substantial progress made in the technical, operational, and
scientific aspects of ash hazard mitigation since the first international meeting in 1991.

e |dentify requirements and opportunities for further improvementsin each component of the
coordinated, international mitigation system.

e Leveragethe ongoing investment of effort and resources by the international programs,
technology R& D partners, and the aviation industry to ensure the greatest return in reducing risks
to safety and socioeconomic consequences.

TheRisk to Aviation from Airborne Volcanic Ash More than 100 commerdial

Airborne volcanic ash poses a serious threat to aviation, but this threat aircraft have had ash-encounter
can be mitigated through the combined efforts of scientific specialists, the | incidents. Damage to a single
aviation industry, and air traffic control centers. More than 100 aircraft has been as high as $80

commercia and military aircraft have unexpectedly encountered volcanic | million.

ash clouds in flight. The consequences of an aircraft flying into an ash
cloud can include degraded engine performance (including flameout), loss of visibility, and failure of
critical navigational and operational instruments. Several encounters have resulted in multiple engine
failures, and disastrous crashes have been only narrowly averted. In addition to major repair costs from
encountering a dense plume (up to $80 million in damages have occurred to a single aircraft), aircraft
encountering less dense volcanic ash clouds have required increased maintenance of engines and external
surfaces.

The safest mitigation strategy is for aircraft to avoid flying into an ash plume. Avoidance requires
knowing where an ash plume exists before entering it. Dispatchers, pilots, and air traffic controllers must
be quickly informed of pre-eruptive volcanic activity, explosive eruptions, and the location and direction
of ash plumes anywhere these may occur around the globe. On average,

In 15 hours, the Mt. &. Helens about 15 mgjor explosive eruptions—those powerful enough to inject ash
plume traveled 600 milesdown- | above 25,000 feet into the stratosphere—occur per year. The ash plume
wind. After 2 weeks, ash had from amajor eruption, such as Mt. Pinatubo in 1991, can affect aircraft
circled the Earth. thousands of miles downwind. When Mt. St. Helens erupted in 1980, the

plume reached an altitude of 90,000 ft. in 30 minutes and was 50 miles
wide.

An International Problem that Requires an International Solution

Volcanic ash is aworldwide aviation problem that demands an international solution. A volcanic “ring of
fire” circlesthe Pacific basin from South and Central America through the Pacific Northwest and Alaska,
and around to Kamchatka, Japan, Indonesia, the Philippines, and Micronesia. Thisregion is often cited as
having the greatest volcanic ash risk because of the number of active volcanoes and their proximity to
major aviation routes. About 100 potentially dangerous volcanoes lie under air routes in the North Pacific
region aone. Other regions of volcanic activity are in the Caribbean and Mediterranean basins and south
Asia, aswell as Iceland and the Azores in the Atlantic basin. Ash carried downwind from an eruption in
any of these regions can endanger aircraft flying in its path.

The International Civil Aviation Organization (ICAO) began adopting provisionsin 1987 for volcanic ash
warningsto beincluded in aviation SIGMETSs. In 1998, ICAO established the International Airways
Volcano Watch, which consists of nine Volcanic Ash Advisory Centers (VAACS) to provide an interface
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between vol cano observatories, meteorologica agencies, and air traffic control centers. Each VAAC uses
reports from volcano observatories and satellite imagery to track volcanic activity and ash cloudsinits
designated region.

Improving the International System for Volcanic Ash Risk Mitigation

The 1991 symposium on volcanic ash and aviation safety brought international stakeholders, aswell as
U.S. Federal agencies and many R&D partners, together for the first time. Since then, the nine VAACs
have been established, aong with channels for rapid communication of volcano eruption and plume
movement information to the aviation community. Methods for observing and analyzing the indicators of
an impending eruption have been improved. New satellite-based remote sensing techniques are being
used or developed for both volcano monitoring and ash-cloud identification and tracking.

Accurate, timely reporting of an eruption, including premonitory information about the build-up phase
and real-time detection of the eruption, is an important component of mitigating the risk to aviation.
Various physical and chemical signals, called “volcanic unrest,” are related to the rise of magma toward
the Earth’ s surface. Tracking these signals over periods of weeks to years before an eruption, combined
with knowledge of avolcano's eruptive history, alows volcanic unrest to be monitored and interpreted.
V olcano observatories use this approach to forewarn, to the extent possible, of impending eruptions.

Once an explosive eruption occurs, polar-orbiting and geosynchronous satellites can use radiometry,
multispectral analysis, and other techniques to detect and track ash clouds. These satellite images provide
snapshots in time of the location of airborne ash. Atmospheric dispersion models provide forecasts of
where an ash cloud is headed, to give pilots, dispatchers, and controllers warning in advance. Airborne
detection systems for volcanic gas and ash detection are being developed and tested.

Just asimportant to risk mitigation as these technol ogical advancesis the operational experience of the

aviation community—commercial carriers, pilots, air traffic controllers, flight service specidists, etc.—
with the still-evolving international system for detecting and communicating volcanic ash hazards. The
timeisright to bring all these stakeholders together again, to assess how the current system is operating
and to focus attention on the critical areas for improvement.

The Second International Conference on Volcanic Ash and Aviation Safety is designed to meet these
objectives. Its plenary and breakout sessions cover the major components of volcanic ash hazard
mitigation, progress in technology and operations, the needs of the aviation community, and future
directionsfor coordinated efforts. Agenda topics for the 4-day conference include:

e Physical damage to aircraft from encounters with volcanic ash clouds and the socioeconomic
consequences of the volcanic ash hazard.

e Thevolcanic source: operations and improvements in eruption monitoring and reporting.

e Ash-cloud observations and forecasting: improving ash-cloud detection and modeling
capabilities.

e Operations and capabilities at the regional VAACs: improving VAAC communications and
operational capabilities to meet world aviation safety needs.

e Aviation industry perspectives: transferring technology from research into operations to meet
aviation needs.

e Education and outreach to pilots, air traffic controllers, dispatchers, the aviation industry, and the
meteorological and communications support services to aviation.

Airborne volcanic ash will persist as a serious aviation hazard. Mitigation strategies are working now but
can and should be strengthened. The Second International Conference on Volcanic Ash and Aviation
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Safety brings the scientific, technology development, and aviation communities together to consolidate
and communicate the progress that has been made, identify requirements and opportunities for further
improvements, and leverage the ongoing investment of effort and resources to ensure the greatest return
in reducing the risks.

Conference Objectives

* Identify new operational needs/requirements and the research and devel opment needed to satisfy
those requirements.

* Match operational and research and devel opment needs/requirements to ongoing
programs/projects to maximize partnership efforts.

* Develop aroadmap for improved volcanic ash-related education, training, outreach, and decision
tools.

¢ Develop aframework for improved partnerships within the international volcanic ash community

to leverage resources and capabilities across the spectrum of operations and research and
development.
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Keynote Addressand Invited Presentations

Keynote Address:

The Keynote Address was to be given by the Honorable Ted Stevens, Senator, Alaska;
however, Senator Stevens was unable to attend due to legislative obligations. A letter from
Senator Stevens was read to the conference attendees (see p. 1-7). Dr. James R. Mahoney,
Assistant Secretary of Commerce for Oceans and Atmosphere and National Oceanic and
Atmospheric Administration (NOAA) Deputy Administrator, delivered the keynote address since
Senator Stevens was not available. He discussed the role NOAA has played in the detection and
monitoring of volcanic ash since the early 1980's. This role was made more formal in 1988 for
aviation safety with the near real-time ash monitoring, tracking, and composition of global
volcanic activities. NOAA'’srole also includes the operation of Meteorological Watch Offices,
the development of numerical models for the forecasting of ash cloud motion, and the R&D of
enhanced volcanic ash detection techniques for use in real-time operations.

I nvited Presentations:

Dr. Charles G. Groat, Director of the U.S. Geological Survey (USGS) described the leading
role of USGS in the global mitigation efforts to reduce the threat to aviation from volcanic ash,
through an integrated program of volcanic monitoring and research, eruption reporting, and
hazard education. Dr. Groat described the development of a color-coded notification alert
scheme for volcanic ash warnings to the air carrier industry, which is now being recommended
for worldwide use by the International Civil Aviation Organization (ICAQO). With the
establishment of the Alaska V olcano Observatory, the USGS has organized interagency
communications procedures for volcanic eruption and airborne volcanic ash hazards in the North
Pacific.

Rear Admiral James P. Schear, U.S. Naval Reserve (Ret.), Federal Aviation Administration
(FAA) Air Traffic Organization's Vice President for Safety related that during the last two
decades more than 80 jets suffered damage because of encounters with volcanic ash. These
encounters resulted in hundreds of millions of dollarsin damage to aircraft and unknown costs
due to operational delays. The FAA has been a stakeholder in improving aviation weather
services which has resulted in a safer and more efficient international airspace. RADM Schear
stated that one of the principal goalsisto “Increase the safety and capacity of the global civil
aerospace system in an environmentally sound manner.” The FAA works closely with ICAO to
adopt common international safety standards, air traffic procedures, and technologies. In
addition, the FAA supports the operations of the VVolcanic Ash Advisory Centers (VAACS) and
the ICAO International Airways Volcano Watch Operations Group. RADM Schear also stated
that more advanced countries need to help countries with limited resources that have active
volcanoes where early detection is critical for flight safety.

1-5



Mr. Ronald J. Birk, Director of the Earth Science Applications Division, Office of Earth
Science, National Aeronautics and Space Administration (NASA), spoke on NASA’s new vision
of integrating Earth observations into decision-support tools for aviation and other applications
of both national and international priority. NASA isworking with the interagency Joint Planning
and Development Office to produce a plan for a precise, continuous, and dynamic aviation
weather digital database to support the aviation information infrastructure. Mr. Birk showed a
movie, “A Vision of the Future,” and invited the global community to sharein thisvision. One
dimension for accomplishing this vision is to extend the benefits of the sensors on NASA and
NOAA Earth observation satellites to provide critical information on the early detection and
trangport of volcanic ash and gas. NASA and its partners benchmark practical uses of
observations and predictions from Earth science models for decision-support tools that serve
operational and policy decision makers. Mr. Birk discussed the Advanced Satellite Aviation-
weather Products project which is a partnership between NASA and FAA intended to integrate
satellite observations into a wide range of graphical products, including volcanic ash.

Mr. Gianni Semenzato, Senior Flight Inspector with the Ente Nazional per L’ Aviazione Civile
(Italian Civil Aviation Authority) described the Catania Fontanarossa Airport’ s procedures for
flight operations in the presence of volcanic ash. Based on information provided by ICAO, an
organizational structure was identified of different civilian and military bodiesinvolved in
ensuring the operational condition for the airport during periods of strong volcanic activity. Mr.
Semanzato spoke of the authoritiesinvolved, the monitoring and alarm capabilities, and the tasks
and responsibilities of each group during an event. He concluded with the guidelines for
evaluating the procedures.
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TED STEVENS, ALASKA, CHAIRMAN

THAD COCHRAN, MISSISSIPP! ROBERT C. BYRD, WEST VIRGINIA
ARLEN SPECTER, PENNSYLVANIA DANIEL K. INOUYE, HAWAL

PETE V. DOMENICI, NEW MEXICO ERNEST F. HOLLINGS, SOUTH CAROLINA
CHRISTOPHER S, BOND, MISSOUR! PATRICK J. LEAHY, VERMONT
MITCH McCONNELL, KENTUCKY TOM HARKIN, 10WA 4

_ CONRAD BURNS, MONTANA BARBARA A. MIKULSKI, MARYLAND nlt[ tﬂt[g Knatz
RICHARD C. SHELBY, ALABAMA HARRY REID, NEVADA
JUDD GREGG, NEW HAMPSHIRE HERB KOHL, WISCONSIN
ROBERT . BENNETT, UTAH PATTY MURRAY, WASHINGTON COMMITTEE ON APPROPRIATIONS
BEN NIGHTHORSE CAMPBELL, COLORADO  BYRON L. DORGAN, NORTH DAKOTA
LARRY CRAIG, IDAHO DIANNE FEINSTEIN, CALIFORNIA WASHINGTON, DC 20510-6025
KAY BAILEY HUTCHISON, TEXAS RICHARD J. DURBIN, ILLINOIS L
MIKE DEWINE, OHIO TIM JOHNSON, SOUTH DAKOTA www.senate.gov/~appropriations
SAM BROWNBACK, KANSAS MARY L. LANDRIEU, LOUISIANA

JAMES W. MORHARD, STAFF DIRECTOR
TERRENCE E. SAUVAIN, MINORITY STAFF DIRECTOR

June 18, 2004

Mr. Sam Williamson

Federal Coordinator for Meteorology

Office of the Federal Coordinator for Meteorology
8455 Colesville Road Suite 1500

Silver Spring, Maryland 20910

Dear Sam:

I am honored to have been invited to be the keynote speaker at the 2™ Conference
on Volcanic Ash and Aviation Safety. Iregret thatIam unable to attend due to
obligations in Washington, D.C.

The threat to aviation posed by airborne volcanic ash is a serious matter. Volcanic
ash poses a risk to aviation in Alaska due to the large number of active volcanoes in our
state. As you know, Anchorage is one of the world’s busiest cargo airorts and is a
common technical stop for transpacific passenger flights. Additionally, seventy percent
of Alaska’s communities are not on the road system and depend on aviation for most
goods and services. For this reason I have long supported a robust volcano monitoring
system throughout Alaska and the North Pacific.

Thanks to all of you for the extraordinary job you have done making our skies
safer.

With best wishes,

TED STEVENS
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PANEL DISCUSSIONS

Panel 1: Airborne Volcanic Ash: Per spectives, Challenges, and Opportunities

Moder ator: Dr. Elbert (Joe) Friday, WeatherNews Professor of Meteorology and
Founding Director of the Sasaki Applied Meteorology Research Institute,
University of Oklahoma

Rapporteur: Mr. Floyd Hauth, Science and Technology Cor poration

Panelists: Dr. Thomas P. Miller, Scientist Emeritus, USGS Alaska Vol cano
Observatory

Dr. Louis Uccdlini, Director, NOAA' s NWS National Centers for
Environmental Prediction

Ms. Gloria Kulesa, Manager, Aviation Weather Research Program, FAA
Mr. Alan Shaffer, Director, Plans and Programs, Office of the Secretary
of Defense

Mr. Peter Chen, Environment Canada, Atmospheric and Climate Science
Directorate

Synopsis: This panel focused on the progress of key actions/recommendations from the first
conference; the current state of volcanic ash operational support and the status of supporting
research; resource coordination and leveraging across the spectrum of operations and research;
the transition of research into applications; and opportunities for the future, including efficient
leveraging of the national and international technologies and research. Highlights included
noting the good progress on volcanic ash initiatives since the first symposium and that
partnerships and collaboration in the area of detection and warning are healthy. It was also noted
that gaps continue in our understanding of the ash hazard and that some deficiencies continue
with observations (analyses), modeling, and warning delivery. It was also noted that volcanic
ash can reach commercial flight levelsin aslittle as 5 minutes which poses area challenge for
the volcanic ash warning system.

Dr. Thomas Miller: Dr. Miller summarized the composition of volcanic ash, the stringent
regquirement for timeliness of warnings, and information on the threat of encounters. He
indicated that much progress had been made since the first symposium, but thereis aneed to
continue efforts to improve the warnings.

Dr. Louis Uccdlini: Dr. Uccellini noted that the 5-minute requirement was hard to achieve but
provided a good challenge to improve observations, modeling (forecasts), and delivery
processes. Progress continuesin model improvements, but the analysis process still requires too
much time and delays warnings.

Ms. Gloria Kulesa: Ms. Kulesa described FAA program investments in science and

technology for aviation support. There are many partnerships in place, and collaborations
continue to be healthy.
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Mr. Peter Chen: Mr. Chen stated that volcanic ash warning requirements demand quick
response and action for aviation safety. The providers of products and services need to continue
to invest in modeling and supporting computation capability. Thereis also aneed to determine
the gaps in capabilities to deal with volcanic ash. Heisaso concerned about the possibility of
higher false alarm rates when efforts push for achieving the 5-minute warning goal.

Mr. Alan Schaefer: Mr. Schaefer described DOD activities and capabilities that support
aviation operations threatened by volcanic ash. He aso reported on progress supporting research
projects. Heindicated that satellites have the best potential to meet observation/detection needs.
Navy centers currently issue tailored ash forecasts.
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Panel 2. Education, Training, and Outreach

Moder ator: Dr. Gregory S. Forbes, Severe Weather Expert, The Weather Channel
Rapporteur: Mr. Donald Carver, FAA
Panelists: Ms. Cyndie Abelman, Meteorologist-In-Charge, NOAA's NWS,

Oklahoma City, OK

Captain Albert Beerley, US Airways Airbus, US Airways/ALPA Training
Committee

Mr. John O’ Brien, Director, Engineering and Air Safety Department, Air
Line Pilots Association

Mr. Saburo Onodera, Manager, Flight Crew Training Department, Japan
Airlines

Professor Eric Doten, Director of Center for Aerospace Safety/Security
Education, Embry-Riddle Aeronautical University

Synopsis: The diverse panel discussed the education, training, and outreach activities within the
university structure, the FAA, the airlines, as well asthe international community. While many
training/education programs exist, the panel highlighted the need for more training on the
coordination of military and civil airspace during volcanic ash hazards; for continued
development of bibliographies for training materials and case studies; and the need for outreach
to agencies on understanding the risk and the reasons to provide resources for volcanic ash
mitigation.

Ms. Cyndie Abelman: Ms. Abelman stated that the FAA academy has intense weather training
for flight service speciaists. In the near future the training will include a volcanic ash hazards
module. En route center controllers are assisted/advised by NWS personnel in Center Weather
Service Units.

Captain Albert Beerley: Captain Beerley noted that U.S. Airways trains on specific risk areas
relative to their routes and terminals of operation. Training includes approach/departure
procedures and sources of advisory/warning services.

Mr. John O’Brien: Mr. O’ Brien noted that the Air Line Pilots Association promotes
operational awareness and procedures to enhance safety among its global membership.
Members support programs plus outreach to agencies, controlling resources for research and
development for better services.

Mr. Saburo Onodera: Mr. Onodera stated that Japan Airlines has established a syllabus for
training for each level of crew competencies, including volcanic ash avoidance and limits to
operations. They emphasize route selection alternatives and simulations/drills.

Professer Eric Doten: Dr. Doten stated that Embry-Riddle Aeronautical University has 130

centers where they confer degrees in applied science for meteorology, including research
opportunities.
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PLENARY SESSIONS

These sessions covered five areas: volcanic ash encounters; volcanic ash source; ash
cloud observation, modeling, and forecasting; Volcanic Ash Advisory Center (VAAC)
operations and capabilities; and aviation industry perspectives. The sessions consisted of
both oral and poster presentations from the international community and set the stage for
related breakout sessions. Papers for some presentations can be found in Appendix C.

Session 1: Encounters, Damage, and Socioeconomic Consequences

Session Chairs: Mr. Edward Miller, Air Line Pilots Association
Mr. Leonard Salinas, United Airlines

Rapporteur: Mr. Donald Carver, Federal Aviation Administration (FAA)

This session featured six ora and two poster presentations focused on aircraft encounters
with volcanic ash and the impacts of volcanic ash on airline operations. Aircraft
encounters with Montserrat, Mt. Hekla, Rabaul, and Miyakejima were described, as well
as how the volcanic ash hazard impacts the operations of airlines such as United Airlines
and Air Niugini. The fact that ash can reach commercial flight levels within minutes and
that even apparent diffuse ash can cause significant engine damage highlighted the need
for early detection and warning.

Session 2: The Volcanic Ash Source - Eruption Monitoring and Reporting

Session Chairs: Ms. Marianne Guffanti, United States Geological Survey (USGS)
Dr. Steven McNutt, Geophysical Institute, University of Alaska
and the International Association of VVolcanology and Chemistry of
the Earth’s Interior

Rapporteur: Ms. Terry Keith, USGS

This session featured eight oral and 13 poster presentations focused on eruption
monitoring and reporting. Thefirst oral presentation provided a global perspective on
volcanoes and their eruptions and noted that many of the world’ s active volcanoes arein
developing countries and that monitoring these volcanoes is difficult. Several of the
presentations noted the difficulty in monitoring volcanoes and in determining the timing
and strength of potential eruptions. There were also presentations on current capabilities
for monitoring volcanic eruptions in the North Pacific and in the Western Pacific. Other
initiatives such as a prototype infrasound system; an alert-level notification scheme for
aviation, using volcanic tremorsin estimating eruption parameters, and ground-based
detection of ash and sulphur dioxide were presented aswell. Points emerging from this
session included the need for instrumenting more volcanoes that pose athreat to aviation,
the need for more research on volcanic processes and ash cloud characterization, and the
need for a standardized warning system.
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Session 3: Ash Cloud Observations, Modeling, and For ecasting

Session Chairs: Dr. William Rose, Michigan Technological University (MTU)
Ms. Barbara Stunder, NOAA Air Resources Laboratory
Mr. Andrew Tupper, Bureau of Meteorology, Volcanic Ash
Advisory Centre, Darwin, Australia

Rapporteur: Ms. AlexandriaMatiella, MTU

This session featured eight oral and 22 poster presentations focusing on ash cloud
observations and forecasting ash cloud movements, using volcanic ash transport and
dispersion models. Several different transport and dispersion models including
VAFTAD, CANERM, HY SPLIT, and PUFF were presented. Various techniques for
detecting volcanic ash clouds, using satellite and radar, were also presented. It was also
noted that use of various satellite techniques provide va uable information on the wet and
dry processes that remove ash particles. Speakers agreed that difficultiesin knowing the
ash plume parameters and the meteorology often cause uncertainties in the models.

Session 4: Volcanic Ash Advisory Center (VAAC) Operations and Capabilities

Session Chairs: Ms. Grace Swanson, NOAA National Environmental Satellite,
Data, and Information Service, Volcanic Ash Advisory Center,
Washington, D.C.
Mr. Rene Servranckx, Environment Canada, Canadian
Meteorological Center, Volcanic Ash Advisory Centre, Montreal,
Canada

Rapporteur: Mr. Donald Carver, FAA

This session featured ten oral and seven poster presentations focusing on various aspects
of VAAC operations. Two papers highlighted the roles of the ICAO and the World
Meteorological Organization (WMO) in dealing with the volcanic ash threat. Several
papers provided operational capabilities at several VAACS, including the Washington
VAAC, the Tokyo VAAC, the Montreal VAAC, the London VAAC, and the Darwin
VAAC. Theimportance of shared situational awareness and collaboration were stressed
in several papers, and the capabilities of anew pilot program called the Volcanic Ash
Collaboration Tool were highlighted as a possible way to enhance collaboration among
international agencies.
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Session 5: Aviation Industry Per spectives

Session Chairs: Mr. Steven Albersheim, FAA

Mr. John Murray, National Aeronautics and Space
Administration/Langley Research Center

Rapporteur: Mr. Floyd Hauth, Science and Technology Corporation

This session featured seven oral and one poster presentations focusing on the volcanic

ash threat from the perspective of the aviation industry. Highlighted areas dealt with the
transfer of R&D to operations, how volcanic ash impacts airport operations, and the
impact of volcanic ash on air traffic control. The importance of the timely dissemination
of volcanic ash information was stressed and a conceptual framework for streamlining the
flow of information was provided.

Plenary Sessions Summary

Two themes that emerged from the plenary sessions were better communications and
more education/training. Specific actions included:

o
o

o

Improve communications to move data and information between all entities.
Increase post-encounter investigations for development of better procedures and
services.

Provide airline pilots with more training with emphasis on hazard awareness.
Increase the number of potentially hazardous vol canoes that are monitored by
ground geophysical instruments.

Perform more research on ash cloud characteristics to better define the hazard for
dispersion models.

Perform more research on fundamental volcanic processes that lead to
“eruptions’ versus “failed eruptions.” Thiswill help provide improved forecasts
on the type, size, and duration of the eruption column as well as the end of the
eruption.

Obtain adequate funding to ensure that all potentially active volcanoes in the
U.S. are instrumented and monitored.

Standardize formats in a ert messages.

Optimize current satellite sensors for ash detection (atmospheric corrections,
e.g., SO,).

Provide users more information in the pilot report (PIREP), in addition to a
broader transmission of all reportsin real time.
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BREAKOUT SESSIONS

The associated breakout sessions provided an opportunity for continued discussion of
issues raised by presentersin the five plenary sessions.

Breakout Session 1: Improving Volcanic Ash Cloud Detection

Session Moder ators. Dr. David Schneider, U.S. Geological Survey (USGS),
Alaska Volcano Observatory
Dr. Steven Ackerman, Cooperative Institute for
Meteorological and Satellite Services, University of
Wisconsin - Madison

Rapporteur: Ms. Emily McCarthy, Michigan Technological University
(MTU)

This breakout session was associated with Plenary Session 3 (Ash Cloud Observations,
Modeling, and Forecasting). Some of the issues discussed dealt with enhanced satellite
imagery for ash detection, satellite-based assessments of ash density and height, and ash
detection using remote sensing by radar and reconnai ssance flights.

Breakout Session 2: Improving M odeling Capabilities

Session Moderators: Mr. Rene Servranckx, Environment Canada, Canadian
Meteorological Center, Volcanic Ash Advisory
Center, Montreal

Ms. Barbara Stunder, National Oceanic and Atmospheric
Administration/Office of Oceanic and Atmospheric
Research/Air Resources Laboratory (NOAA/OAR/ARL)

Rapporteur: Ms. AlexandraMatiella, MTU

This breakout session was associated with Plenary Session 3 (Ash Cloud Observations,
Modeling, and Forecasting). Some of the issues discussed dealt with defining the ash
cloud edge, identifying source-term improvements, assimilating ash cloud observations
into dispersion models, and educating the user of model output for better interpretation
and decision making. It was recommended that a database be established for use by
researchers, modelers, volcanologists, etc. The database would include information on
eruptions, ash clouds, satellite imagery, and model output and would serve as a central
location of information.
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Breakout Session 3: Under standing the Socioeconomic Consequences

Session Moderators: Mr. Floyd Hauth, Science and Technology Cor poration
(STC)
Mr. Peter Lechner, Civil Aviation Authority of New Zealand

Rapporteur: Mr. Floyd Hauth, STC

This breakout session was associated with Plenary Session 1 (Encounters, Damage, and
Socioeconomic Consequences). Some of the issues discussed dealt with the coststo en
route operations associated with the ash hazard; identifying the impact on aerodrome
operations; identifying the cost benefits associated with improved detection, reporting,
and forecasting; and identifying criteriafor prioritizing research. Recommendations
included identifying costs associated with ash encounters and the benefits from
mitigation efforts; establishing a process for closing an airport because of volcanic ash;
and establishing a policy on the required spatial separation for ash avoidance. It was also
recommended that all volcanic ash incidents, level 3 and above, be reported.

Breakout Session 4. Improving Volcanic Eruption Reporting

Session Moder ators: Ms. ChristinaNeal, U.S. Department of the
Interior/USGSAlaska Volcano Observatory
Ms. Cynthia Gardner, U.S. Department of the
Interior/USGS Cascades VVolcano Observatory

Rapporteur: Ms. Gari Mayberry, USGS

This breakout session was associated with Plenary Session 2 (The Volcanic Source-
Eruption Monitoring and Reporting). Some of the issues discussed dealt with identifying
new methods of volcano monitoring in support of aviation users, characterizing the type
of volcano activity report that is optimal for aviation users, and identifying where volcano
reporting can be improved. The group agreed that the characteristics of a good volcanic
activity report included being timely, consistent, and simple. Other considerations for
aviation usersincluded plume height, use of feet, miles, and decimal degrees asthe
preferred units, and the notification of increasing volcano activity.
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Breakout Session 5: Technology Transfer from Resear ch into Operations

Session Moder ators: Mr. Mark Andrews, Department of
Commerce/NOAA/National Weather Service/Aviation
Weather Services
Ms. Debi Bacon, U.S. Department of
Transportation/Federal  Aviation Administration

Rapporteur: Mr. Thomas Fraim, Office of the Federal Coordinator for
Meteorological Services and Supporting Research

This breakout session was associated with Plenary Session 5 (Aviation Industry
Perspectives). Some of the issues discussed dealt with current technology transfer
procedures and possible improvements to these procedures, the private-sector perspective
implementing new technologies, and understanding how technology is introduced in
support of international air navigation. The discussion focused on the FAA’s Aviation
Westher Technology Transfer (AWTT) process which covers end-user products.
Systems such as the Integrated Terminal Weather System (ITWS) do not come under the
AWTT process. It was noted that one product (Volcanic Ash Graphic) is currently in the
AWTT pipeline. It was recommended that the AWTT process be expanded to include
agencies involved in more basic research in order to better link basic research with
operational applications.

Breakout Session 6: Improving VAAC Operational Capabilities

Session Moder ators: Mr. Raul Romero, International Civil Aviation
Organization, Montreal, Canada
Ms. Grace Swanson, U.S. Department of
Commerce/NOAA/National Environmental Satellite, Data,
and Information Service (NESDIS)/Volcanic Ash Advisory
Center, Washington, D.C., USA

Rapporteur: Ms. Donna McNamara, NOAA/NESDIS

This breakout session was associated with Plenary Session 4 (VAAC Operations and
Capabilities). Some of the issues discussed dealt with reducing inconsistencies among
VAACs and Meteorological Watch Offices (MWOSs) in interpreting the significance of
ash events, achieving necessary staffing levels and training, reducing communications
problems, and leveraging opportunities for improved cooperation and sharing of
information. Two issues from this session concerned the dissemination of Volcanic Ash
Advisories and training. Graphical products are preferred, but format standardization and
communications present challenges. Training isa continuing issue. It was noted that
ICAO only sets training requirements; the actual training is the responsibility of
individual states. The biggest operational challenges are eruption notification,
determining plume height, model inaccuracies, and communications.
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Breakout Session 7: Meeting Aviation Needs

Session Moder ators: Mr. William Phaneuf, Air Line Pilots Association
Mr. Richard Heuwinkel, FAA

Rapporteur: Mr. Donald Carver, FAA

This breakout session was associated with Plenary Session 5 (Aviation Industry
Perspectives). Some of the issues discussed dealt with requirements for the
dissemination and display of volcanic ash information, evaluating current and proposed
products, the ash threshold for closing airspace and the criteria for resuming operations,
and the timeliness of reports and ash information. Emerging themes from this session
included the standardization of products from VAAC to VAAC, the need for graphical
products, communication links to get the information to the cockpit, and training.

Breakout Sessions Summary

The breakout sessions continued to have similar issues and action items which were first
mentioned in the plenary sessions. These are:

o Clearly define the 5-minute warning issue as a requirement or agoal.

o Define a detection threshold concentration for volcanic ash cloud.

o Establish a database on volcanic eruption for use by all interested parties. This
database would include, for example, information on ash clouds, satellite data, and model
output.

o Establish aweb page for volcanologic community to contain at a minimum 1) sample
interagency plans and notification strategies, 2) recommended standard reporting format
for volcanic warnings from volcanologists; 3) tutoria for volcanologists on the aviation
and aviation-meteorology terms and procedures (e.g., SIGMETS); and 4) information on
how to obtain ICAO Annex 3 and the ICAO Manual on Volcanic Clouds.

o Exploretheissue of uncertainty in modeling results. Would a measure of uncertainty
be useful to the user community?

o Provide education/training on models and on the interpretation of model results. Asa
first step, model guidance could be posted on VAAC web sites for education and decision
making.

o Establish aprocess to identify and collect cost/benefit data.

o Establish/coordinate a policy on spatial avoidance of known volcanic ash clouds.

o ICAO should initiate/coordinate a requirement to report all volcanic ash incidents on
Level 3 and above (severity scale index).

o Improve the FAAs technology transfer process to include more participation from
users, particularly those agenciesinvolved in basic research (e.g., NASA), to provide a
user’s utility feedback loop.

o Improve the requirements for advanced sensors for ash and eruption detection on
future geostationary satellites.
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o Improve and provide more graphica depiction of volcanic ash products and forecasts
to pilots/dispatchers for situational awareness and route planning.
o Standardize products between VAACs.
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REGIONAL BREAKOUT SESSIONS

The regional breakout sessions were intended to provide aforum to discuss issues
pertinent to particular regions. By bringing together operators, researchers, and scientists
who work in a given region, operational improvements can be identified for issues,
ranging from eruption reporting to model output to VAAC protocols. Many user needs
were brought out, including the need for continuing efforts directed at improving the
timely detection and forecasting of ash dispersion and the need to reduce inconsistencies
across adjacent areas of responsibility when different dispersion models are used.

Breakout Session 8: North Asia Pacific (e.g., Alaska, Russia, Japan)

Session Moderators:  Mr. Christopher Strager, U.S. Department of Commer ce/National
Oceanic and Atmospheric Administration
Ms. Terry Keith, U.S. Department of the Interior/U.S. Geological
Survey/Alaska Volcano Observatory

Breakout Session 9: The Americas and the Caribbean (excluding Alaska)

Session Moderators: Dr. Patricia Mothes, Instituto Geofisico de la Escuela Politécnica
Nacional, Ecuador
Mr. J. Armando Saballos, Instituto Geofisico de la Escuela
Politécnica Nacional, Ecuador
Richard Hernandez, Federal Aviation Administration

Breakout Session 10: Europe, Africa, and the Middle East

Session Moderators:  Dr. Gerald Ernst, Department of Geology and Soil Science,
University of Ghent, Belgium
Mr. Jean-Philippe Desbios, Volcanic Ash Advisory Center,
Toulouse, France

Breakout Session 11: South Asia Pacific (e.g., Indonesia, the Philippines, Australia,
and New Zealand)

Session Moderators:  Mr. Rodney Potts, Australian Bureau of Meteorology Research
Centre
Captain David Innes, Air Niugini

The regional breakout sessions had one underlying issue they would like to see
addressed:

o Conduct regional workshopsto provide training on volcanic ash and to improve the
implementation of the International Airways Volcanic Watch. In particular, thereisa
need to refine communication protocols through table-top exercises, multiagency
operational plans, etc.
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CLOSING SESSION
ICAO’s Commitment to Mitigating the Volcanic Ash Hazard

On Thursday morning, Mr. William Voss, Director, Air Navigation Bureau, ICAO, was
represented by Mr. Raul Romero, Technical Officer, Meteorology Section, International
Civil Aviation Organization. Mr. Romero addressed the background of the ICAO and
WMO involvement in volcanic ash, with respect to airline regulations and the formation
of the Volcanic Ash Advisory Centers and the International Airways Volcano Watch. He
stressed the importance for the vol canic ash community to continue to work together,
especialy in the areas of communications, training, and education.

Conference Highlights

The overall goa of providing aforum for exchanging scientific and operational
information for the purpose of identifying ways to improve the mitigation of the volcanic
ash hazard to aviation was met. With over 20 countries represented, this conference
provided an unparalleled opportunity for the attendees to network and strengthen the
partnerships in mitigating the volcanic ash hazard. The key stakeholders represented
included government and academic scientists, operational meteorologists, product
developers, aviation regulators, pilots, dispatchers, and international organizations
dealing in aviation and meteorological matters. The operational components of the
International Airways Volcano Watch team were represented, including all the VAACs,
the volcano observatory community, and many of the Meteorological Watch Offices
(MWO). With agoal of reducing volcanic ash encountersto zero, two basic actions
emerged from the conference: sustained vigilance and regional workshops. Sustained
vigilance in order to avoid complacency, and additional regional workshopsin order to
improve implementation of the International Airways Volcano Watch.

Building on Our Successesin Aviation Safety for the Next Decade

Identify new operational needs/requirements and the research and development needed to
satisfy those requirements. These included:

e Need for additional information in PIREPs for use in defining existence or
dissipation of volcanic ash.

e Definition of the airlines’ need for 5-minute notification of volcanic eruption.

e Optimizing current satellite sensors for ash detection, including ensuring
volcanic ash community is directly involved with satellite detection research
projects (e.g., SO, detection).

¢ Need for more access to airlines reporting engine problems from volcanic ash
encounters after-the-fact to be able to study the effects of damage.

e Provide satellite requirements for volcanic eruptions and ash plumes to the
Group on Earth Observations (GEO) Architecture Subgroup for critical
elements for the Global Earth Observing System.
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Where possible, match operational and research and development needs/requirements to
ongoing programs/projects to maximize partnership effort.

e NASA will continue to leverage resources in their aviation weather research,
especially the areas for hazard mitigation research associated with the Advanced
Satellite Aviation-Weather Products project.

e FAA’s Aviation Weather Research Program provides opportunities for
collaboration on mitigation of volcanic ash in the Oceanic Weather Product
Development Team.

Develop a roadmap for improved volcanic ash-related education, training, outreach, and
decision tools.

e Conduct regional workshopsto provide training on the volcanic ash and aviation
safety issue and improve implementation of the International Airways Volcano
Watch. Especially, refine communications protocols through table-top
exercises, multiagency operational plans, etc.

e Recommend ICAO provide a website for an internationa source of training
materials.

e Conduct training for both sources and users (volcanologists/meteorologists &
Automated Flight Service Station personnel/airline dispatchers/aircrews).

e Develop a fina four-dimensional graphic of the volcanic ash situation and
expected changes for both airline pilots and dispatchers.

Develop a framework for improved partnerships within the international volcanic ash
community to leverage resources and capabilities across the spectrum of operations and
research and development.

e |dentify additional sources of funding within WMO, ICAO, and U.S. agencies
for improvements to communications (e.g., between MWO and VAACs) and
training.

e Form an aviation issues group within IAVCEI for addressing volcanic ash
mitigation for airline safety. In addition, work with the IAVCEI Commission
on Education to provide training to vulcanologists on the effects on aviation
safety.

e Create a new list serve on the internet focused on ash mitigation issues,
particularly those covered during the conference.
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Next Steps

The OFCM Working Group for Volcanic Ash (WG/VA) will take action on the
conference action items and recommendations including: (1) seek help, input, and advice
from international partners and the International Civil Aviation Organization, (2) sort
action items and recommendations into short- (0-12 month), mid- (1-4 year), and long-
term (4-10 year) actions and prioritize them, and (3) develop and gain approval of a
Volcanic Ash Implementation Plan, outlining program goals, operational
needs/requirements, and R& D needs and priorities, within the next 12 months. OFCM
will publish a proceedings volume from the conference by early fall.
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AGENDA
Sunday 20 June 2004
5:00 PM Early Registration (5:00-8:00)
Monday 21 June 2004

7:00 AM Registration open
Continental Breakfast

Opening Session
8:30 AM Conference Welcome and Introduction of the Mayor of Alexandria, VA

e Mr. Samuel P. Williamson, Federal Coordinator for Meteorological Services and
Supporting Research

8:35 AM Welcome
e Mayor William “Bill” Euille, Alexandria, VA
8:45 AM Conference Objectives and Introductions

e Mr. Samuel P. Williamson, Federal Coordinator for Meteorological Services and
Supporting Research

9:00 AM Keynote Address/Invited Speakers

e TheHonorable Ted Stevens, United States Senate (invited)

e Dr. James R. Mahoney, Assistant Secretary of Commerce for Oceans and Atmosphere

and NOAA Deputy Administrator
e Dr. Charles G. Groat, Director, U.S. Geological Survey

RADM. James P. Schear, Vice President for Safety, Federal Aviation Administration

10:30 AM Morning Coffee Break (10:30 — 11:00)

e Mr. Ronald J. Birk, Director of the Earth Science Applications Division, Office of Earth

Science, NASA

e Mr. Gianni Semenzato, Senior Flight Inspector, Ente Nazional per L’ Aviazione Civile

(Italian Civil Aviation Authority)
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12:00 PM Luncheon (Sponsored by Air Line Pilots Association)

e Guest Speaker: Captain Eric Moody, British Airways (Ret.), Gliding a B747 Out of
Volcanic Ash.

1:30PM Panel 1— Airborne Volcanic Ash: Perspectives, Challenges, and Opportunities

Panel Moderator: Dr. Elbert W. (Joe) Friday, WeatherNews Professor of Meteorology and
Founding Director of the Sasaki Applied Meteorology Research Institute,
University of Oklahoma

Panedlists:
Dr. Thomas P. Miller, Scientist Emeritus, USGS Alaska Volcano Observatory
Dr. Louis W. Uccellini, Director, NOAA’s NWS National Centers for Environmental
Prediction
e Ms. GloriaKulesa, Manager, Aviation Weather Research, FAA
e Mr. Alan Shaffer, Director, Plans and Programs, Office of the Secretary of Defense

e Mr. Peter Chen, Director, Operations Branch, Canadian Meteorological Center,
Environment Canada

3:00 PM Afternoon coffee break (3:00-3:30)
3:30 PM Panel 2: Education, Training, and Outreach

Panel Moderator: Dr. Gregory S. Forbes, Severe Weather Expert, The Weather Channel

Pandlists:

e Ms. Cyndie Abelman, Meteorologist-In-Charge, National Oceanic and Atmospheric
Administration/National Weather Service, Oklahoma City, OK

e Captain Albert M. Beerley, US Airways Airbus, US Airways/ALPA Training Committee
Mr. John O’ Brien, Director, Engineering and Air Safety Department, Air Line Pilots
Association

e Mr. Saburo Onodera, Manager, Flight Crew Training Department, Japan Airlines

e Professor Eric Doten, Director of Center for Aerospace Safety/Security Education,
Embry-Riddle Aeronautical University

5:00 PM Administrative Remarks
Erin McNamara, Conference Coordinator for Logistics

Exhibits open
Posters displayed

OFCM Staff Meeting

5:30 PM Icebreaker (Sponsored by Tenix Corporation)
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Tuesday 22 June 2004
7:00 AM Continental Breakfast

7:55 AM Administrative Remarks
Erin McNamara, Conference Coordinator for Logistics

Plenary Sessions

8:00 AM Session 1. Encounters, Damage, and Socioeconomic Consequences
Session Chairs: Mr. Edward Miller, Air Line Pilots Association (ALPA)

Mr. Leonard Salinas, United Airlines (UAL)

800AM 11 2003 Caribbean Volcanic Ash Encounters
Captain Albert M. Beerley, US Airways ALPA Training Committee,
Philadelphia, PA, USA
820AM 12  Engine Damageto a NASA DC-8-72 Airplane from a High-Altitude
Encounter with a Diffuse Volcanic Ash Cloud
Thomas J. Grindle, NASA, Edwards, CA, USA; and Frank W. Burcham, Jr.
840AM 1.3  Aircraft Encounters fromthe 18" August 2000 Eruption at Miyakejima,
Japan
Andrew Tupper, Bureau of Meteorology, Darwin, Australia; and Y asuhiro
Kamada, Noriyuki Todo, Ed Miller
9:00AM 14  Impactsof Volcanic Ash on Airline Operations
Leonard J. Salinas, United Airlines Flight Dispatch, Chicago, Illinois, USA;
and Daniel Watt
9:20AM 15  Air Niugini and the Volcanic Ash Threat
Captain David Innes, Flight Safety Office, Air Nuigini, Papua, New Guinea
9:35AM 16  Reducing Encounters of Aircraft with Volcanic Ash Clouds
Marianne Guffanti, USGS, Reston, VA, USA; and Thomas J. Casadevall,
Gari Mayberry
9:45 AM Poster Preview by Session Chair

Exhibits open (8:00-5:00)
Posters displayed

10:00 AM Morning coffee break (10:00-10:30)
Exhibits staffed (10:00-3:30)

10:30 AM Session 2: The Volcanic Source - Eruption Monitoring and Reporting
Session Chairs: Ms. Marianne Guffanti, U.S. Department of the Interior/U. S.
Geological Survey (DOI/USGS)

Dr. Steven McNutt, Geophysical Institute, University of
Alaska and the International Association of Volcanology
and Chemistry of the Earth’s Interior (IAV CEI)
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10:30 AM

10:45 AM

11:00 AM

11:10 AM

11:25 AM

11:40 AM

11:55 AM

12:05 PM

12:20 PM

12:30 PM

1:30 PM

1:30 PM

1:46 PM

21 AGlobal Perspective on Volcanoes and Eruptions
Richard Wunderman, Smithsonian Institution, Washington, DC, USA; and
Lee Siebert, James Luhr, Tom Simkin, Ed Venzke

2.2 Promise and Pitfallsin Eruption Forecasting
Chris Newhall, USGS, Seattle, WA, USA

2.3  Satus of Volcano Monitoring Worldwide
John W. Ewert, USGS, VDAP, Vancouver, WA, USA; and Christopher G.
Newhall

2.4  Volcanic Alert Systems: An Overview of their Form and Function
Bradley Scott, Institute of Geological and Nuclear Sciences, Wairakei, New
Zealand

25 Recent Etna’s Explosive Eruptions Threaten Seriously Aviation in Central
Mediterranean Region
Mauro Coltelli, INGV, Catania, Italy

2.6  Recent Eruptive Activity in Ecuadorian Volcanoes and its Threat to Aviation
Safety
Hugo Yepes A, Instituto Geofisico, Escuela Politecnica Nacional, Quito-
ECUADOR

2.7 The Alaska Volcano Observatory — Fifteen Years of Working to Mitigate the
Risk to Aviation from Volcanic Ash in the North Pacific
Thomas L. Murray, USGS, AVO, Anchorage, AK, USA

2.8 Ground-Based Real Time Monitoring of Eruption Clouds in the Western
Pacific
Kisal Kinoshita, Kagoshima University, Kagoshima, Japan; and Satoshi
Tsuchida, Chikara Kanagaki, Andrew C. Tupper, Ernesto G. Corpuz,
Eduardo P. Laguerta
Poster Preview by Session Chair

Lunch (12:30-1:30; catered)

Session 3: Ash Cloud Observations, Modeling, and For ecasting
Session Chairs: Dr. William Rose, Michigan Technological University (MTU)

Ms. Barbara Stunder, U.S. Department of Commerce/National
Oceanic and Atmospheric Administration/Office of Oceanic
and Atmospheric Research/Air Resources Laboratory
(DOC/NOAA/OAR/ARL)

Mr. Andrew Tupper, Bureau of Meteorology, Volcanic Ash
Advisory Center (VAAC), Austraia

3.1 Modeling Volcanic Ash Transport and Dispersion: Expectations and Reality
Rene Servranckx, CMC, MSC, Quebec, Canada; and Peter Chen

3.2 Discrepancies Between Satellite Detection and Forecast Model Results of Ash
Cloud Transport: Case Study of the 2001 Eruption of Mt. Cleveland Volcano,
Alaska
David J. Schneider, USGS, AV O, Anchorage, AK, USA; Rene Servranckx,
Jeff Osiensky
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2:00 PM

2:12 PM

2:24 PM

2:36 PM

2:48 PM

3:00 PM

3:112 PM

3:15PM

3:45PM

3:45PM

3:55PM

4:00 PM

4:10 PM

4:20 PM

3.3 Assessing Volcanic Ash Hazard by Using the CALPUFF System
Sara Barsotti, Istituto Nazionale di Geofisicae Volcanologia, Pisa, Itay; and
Augusto Neri, Joe Scire
3.4 Potential of the ATHAM Model for Usein Air Traffic Safety
Christiane Textor, Lab. Sciences du Climate et de L’ Environnement, Paris,
France; and Gerald Ernst
3.5 Volcanic Ash and Aerosol Detection Versus Dust Detection Using GOES and
MODISImagery
Bernadette Connell, CIRA/CSU, Fort Collins, CO, USA
3.6 IceinVolcanic Clouds: Where and When?
William |. Rose, Michigan Technological University, Houghton, M1, USA
3.7 Detection of Upper Level SO, via the GOES Sounder
Fred Prata, CSIRO Atmospheric Research, Aspendale, Australia; and
Anthony J. Schreiner, Gary P. Ellrod, Timothy J. Schmit
3.8 The G-bIRD Volcanic Ash Cloud Detection System
Bill Young, Tenix, Sydney, Australia; and Matthew Simmons
Poster Preview by Session Chair

Afternoon coffee break (3:15-3:45)

Session 4: VAAC Operations and Capabilities
Session Chairs: Ms. Grace Swanson, U.S. Department of Commerce/National
Oceanic and Atmospheric Administration/National
Environmental Satellite, Data, and Information
Service/Volcanic Ash Advisory Center, Washington, D.C.,
USA (DOC/NOAA/NESDIS/VAAC)

Mr. Rene Servranckx, Environment Canada, Canadian
Meteorological Center, Volcanic Ash Advisory Center,
Montreal (EC/CMC/VAAC)

4.1 The International Airways Volcano Watch (IAVW)
Raul Romero, ICAO, Montreal, Canada
4.2 WMO Activities Related to Vol canic Ash
Saad Benarafa, World Meteorological Organization, Geneva, Switzerland
4.3 NOAA'’s NWS Vol canic Ash Program: Current Status and Plans for the
Future
Christopher S. Strager, NWS Alaska Region Headquarters, Anchorage, AK,
USA; and Jeffrey M. Osiensky, Gary L. Hufford
4.4 Volcanic Ash Impact on International Airport of Mexico City (AICM), Due
to Emissions of Popocatepet! Volcano
Humberto Rodriguez, DMTA of SENEAM, Mexico, D.F. Mexico
4.5 The Darwin VAAC Vol canic Ash Workstation
Rodney Potts, Bureau of Meteorology Research Centre, Melbourne,
Australia; and Mey Manickam, Andrew Tupper, Jason Davey
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4:30 PM

4:40 PM

4:50 PM

5:00 PM

5:05 PM

5:10 PM

5:30 PM

7:00 PM

4.6

4.7

4.8

4.9

4.10

Shared Stuational Awareness and Collaboration Through the Use of the
Volcanic Ash Collaboration Tool (VACT)

Jeffrey M. Osiensky, NWS Alaska Aviation Weather Unit, Anchorage, AK,
USA; and Greg Pratt, David J. Schneider, Lynn Sherretz

Per spectives on Operational Volcanic Ash Warnings

Hordur Thordarson, Meteorological Service of New Zealand, Wellington,
New Zealand

Volcanic Cloud Conceptual Models for Volcanic Ash Advisory Centre
Operations

Andrew Tupper, Bureau of Meteorology, Darwin, Australia; and Gerald
Ernst, Christiane Textor, Kisel Kinoshita, J. Scott Oswalt, Daniel Rosenfeld
Volcanic Ash Advisory Support for the U.S. Department of Defense
Charles Holliday, U.S. AFWA, Offutt AFB, Nebraska, USA

Web Access to the Digital Archive of VAA Messages and VAFTAD Model
Output

Paula Dunbar, NOAA/NESDIS/NGDC, Boulder, CO, USA; and Grace
Swanson

Poster Preview by Session Chair

Sessions end for the day

OFCM Staff Meeting

Tour Washington VAAC
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7:00 AM

7:55 AM

8:00 AM

8:00 AM

8:15 AM

8:30 AM

8:50 AM

9:05 AM

9:20 AM

9:35AM

9:55 AM

10:00 AM

10:30 AM

5.1

5.2

5.3

5.4

5.5

5.6

5.7

Wednesday 23 June 2004

Continental Breakfast

Administrative Remarks

Erin McNamara, Conference Coordinator for Logistics

Session 5: Aviation Industry Per spectives
Session Chairs: Mr. Steven R. Albersheim, U.S. Department of

Transportation/Federal Aviation Administration (DOT/FAA)

Mr. John Murray, National Aeronautics and Space
Administration/Langley Research Center (NASA/LaRC)

Technology Transfer: Moving R&D to Operations

Steven R. Albersheim, Federal Aviation Administration, Washington, D.C.,
USA

The Effect of Volcanic Activity on Airports

Marianne Guffanti, USGS, Reston, VA, USA; and Gari Mayberry, Rick
Wunderman, Thomas J. Casadevall

An Air Traffic Controller Perspective on Volcanic Ash: How to Deal with It!
Richard Hernandez, FAA San Juan Automated International Flight Service
Station, San Juan, Puerto Rico, USA

The New Zealand Volcanic Ash Advisory System

Peter Lechner, Civil Aviation Authority of New Zealand, Wellington, NZ
Prevention of Volcanic Ash Encounters in the Proximity Area Between
Active Volcanoes and Heavy Air Traffic Routes

Saburo Onodera, Flight Crew Training Department, Japan Airlines, Tokyo,
Japan

A Program for Research and Systems Integration to Help Mitigate the
Volcanic Ash Hazard to Aviation

Tenny A. Lindholm, National Center for Atmospheric Research (NCAR),
Boulder, CO, USA

Explosive Vol canic Eruptions Across the Heavily Traveled North Pacific Air
Routes: Freguency, Duration, and Impact on Aviation

Thomas P. Miller, USGS, AVO, Anchorage, AK, USA

Poster Preview by Session Chair

Exhibits open (8:00-5:00)
Posters displayed

Morning coffee break (10:00-10:30)
Exhibits staffed (10:00-3:30)

Breakout Sessions (10:30-12:30)
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Breakout Session 1: Improving Volcanic Ash Cloud Detection
Session Moderators. Dr. David J. Schneider, U.S. Geological Survey, Alaska Volcano
Observatory (USGS/AVO)

Dr. Steven Ackerman, Cooperative Institute for Meteorological and
Satellite Services, University of Wisconsin - Madison

Breakout Session 2: Improving Modeling Capabilities
Session Moderators. Mr. Rene Servranckx, Environment Canada, Canadian Meteorological
Center, Volcanic Ash Advisory Center, Montreal (EC/ICMC/VAAC)

Ms. Barbara Stunder, U.S. Department of Commerce/National Oceanic
and Atmospheric Administration/Office of Oceanic and Atmospheric
Research/Air Resources Laboratory (DOC/NOAA/OAR/ARL)

Breakout Session 3: Under standing the Socioeconomic Consequences
Session Moderators: Mr. Floyd Hauth, Science and Technology Corporation

Mr. Peter Lechner, Civil Aviation Authority of New Zealand
12:30 PM Lunch (12:30-1:30; catered)

1:30 PM Poster Session (1:30-3:30)

P11  Three Aircraft Encountersover Micronesia
Andrew Tupper, Bureau of Meteorology, Darwin, Australia; and Jason Davey, Paul
Stewart, Barbara Stunder, Rene Servranckx

P12  Sulfurous Odors: A Sgnal of Entry into an Ash Plume — But Perhaps Less Reliable
for Escape
Richard Wunderman, Smithsonian Institution, Washington, DC, USA

P2.1  Evaluation of a Prototype Infrasound System for Enhancing Volcanic Ash Warnings
Henry Bass, University of Mississippi; and Milton Garces, David McCormack, Peter
Chen, Michel Jean

P2.2  Recurrence of Explosive Eruptions at Etna Volcano that Produce Hazard for Aviation
Paola Del Carlo, INGV, Catania, Italy

P2.3  AProposed Alert-level Notification Scheme for Aviation and Ground-based Hazards
at U.S Volcanoes
C.A. Gardner, USGS, Cascades Volcano Observatory, Vancouver, WA, USA; and
M.C. Guffanti, C.C. Heliker, D.P. Hill, J.B. Lowenstern, T.L. Murray

P2.4  Monitoring and Reporting of Kamchatkan Vol canic Eruptions
Evgenii Gordeev, Ingtitute of Volcanology and Seismology, Petropavlovsk-
Kamchatsky, Russia; and Sergel Senjukov, Olga Girina

P2.5  Volcano-Related Information Available on the Internet: From Current Activity to the
Past 10,000 Years
Gari Mayberry, USGS, Washington, DC, USA; and Edward V enzke, James Luhr,
Richard Wunderman, Lee Siebert, Marianne Guffanti

P2.6  Volcanic Tremor and its Use in Estimating Eruption Parameters
Stephen R. McNutt, AVO, Fairbanks, AK, USA
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P2.7  Surprise/Sudden Onset Eruptions: The Case of Reventador Volcano — Ecuador, 03-
November, 2002
Patricia Mothes, Instituto Geofisico, Quito-Ecuador; and Minard L. Hall, Patricia
Ramon, Hugo Y epes

P2.8  Ashfall Scenarios and Aviation Impacts of Future Eruptions of Cotopaxi Volcano —
Ecuador
Patricia Mothes, Instituto Geofisico, Quito-Ecuador; and Minard L. Hall, Pablo
Samaniego, Hugo Y epes

P2.9  Airborne Ash Hazard Mitigation in the North Pacific: A Multi-Agency, International
Collaboration
ChristinaNeal, USGS, Anchorage, AG, USA; and AV O Staff, Olga Girina, Gail
Ferguson, Jeffrey Osiensky

P2.10 Ground-Based Detection of Volcanic Ash and Suphur Dioxide

Fred Prata, CSIRO Atmospheric Research, Aspendale, Australia; and Cirilo
Bernardo

P2.11 The New Zealand Volcano Alert Level System — Its Performance in Recent Eruptive
Activity
Bradley Scott, Institute of Geological and Nuclear Sciences, Wairakei, New Zealand

P2.12 Monitoring of Active Volcanoes of the Kurile Islands: Present and Future
A.V. Rybin, Ingtitute of Marine Geology and Geophysics, Y uzhno-Sakhalinsk,
Russia; and Y.V. Karagusov, P.E. 1zbekov, N.S. Terentyev, V.B. Guryanov

P2.13  Volcanic Eruptions as Thunderstorm Ice Factories
Earle R. Williams, Parsons Laboratory, MIT, Cambridge, MA, USA; and Stephen R.
McNutt

P31  UW-Madison Advanced Satellite Aviation-weather Products MODIS Satellite
Vol canic Ash Detection Methodologies
Steven Ackerman, Wayne F. Feltz, CIMSS/SSEC University of Wisconsin, Madison,
WI, USA; and Tim Schmit, John Murray, David Johnson

P3.2  Removal Processes of Volcanic Ash Particles from the Atmosphere
Gregg Bluth, Michigan Technological University, Houghton, M1, USA; and Bill
Rose, Matt Watson

P3.3  Sounding of Volcanic Clouds with Balloon-Borne Instruments: Improving Algorithms
for Ash and SO, in Remote Sensing Imagery
John Chadwick, Idaho State University, Pocatello, ID, USA; and Zach Lifton, Ken
Dean, Jim Chadwick

P3.4  FALL3D: A Numerical Model for Volcanic Ash Dispersion in the Atmosphere
A. Costa, Istituto Nazionale de Geofisica e Vulcanologia, Napoli, Italy; and G.
Macedonio

P3.5  Useof Dispersion Models to Track Eruption Clouds
Ken G. Dean, Geophysical Institute, University of Alaska, Fairbanks, AK, USA; and
Rorik A. Peterson, Ken Papp, Jonathan Dehn

P3.6  Laboratory Measurements of Heterogeneous | ce Nucleation by Volcanic Ash:
Importance for Detecting and Modeling Vol canic Clouds
Adam J. Durant, Michigan Technological University, Houghton, Michigan, USA; and
Raymond A. Shaw, Y oushi Mi, and William I. Rose
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P3.8

P3.9

P3.10

P3.11

P3.12

P3.13

P3.14

P3.15

P3.16

P3.17

P3.18

P3.19

P3.20

Volcanic Ash Detection and Cloud Top Height Estimation from the GOES-12 Imager:
Coping Without a 12um Infrared Band

Gary P. Ellrod, NOAA/NESDIS, Camp Springs, MD, USA; and Anthony J.
Schreiner, Alonzo M. Brown

Resuspension of Relic Volcanic Ash and Dust from Katmai: Sill an Aviation Hazard
David Hadley, NWS Alaska Aviation Weather Unit, Anchorage, AK, USA; and Gary
L. Hufford, James J. Simpson

Observing Popocatepet!’s Vol canic Ash Clouds Using MODISInfrared Data

M. Alexandra Matiella, Michigan Technological University, Houghton, M1, USA;
and Hugo Delgado-Granados, William |. Rose, |. Matthew Watson

Comparison of Ash Detection Techniques Using TOMS MODIS AVHRR, and GMS,
A Case Sudy of the August 18 and 28, 2000 Eruption Clouds of Miyakejima, Japan
Emily McCarthy, Michigan Technological University, Houghton, M1, USA; and
Gregg Bluth, Matthew Watson, Andrew Tupper, Y asuhiro Kamada

Predicting Regions Susceptible to High Concentrations of Airborne Volcanic Ash in
the North Pacific Region

Kenneth Papp, Geophysical Institute, University of Alaska, Fairbanks, AK, USA; and
Ken Dean, Jonathan Dehn

Reanalysis of Eruption Clouds from the North Pacific Region and Their Impact on
Aircraft and Population Centers

Rorik A. Peterson, Geophysical Institute, University of Alaska, Fairbanks, AK, USA;
and Ken G. Dean, Ken Papp, Joanne Groves, Jonathan Dehn

Quantitative Sulphur Dioxide Retrievals from AIRS MODISand HIRS

Fred Prata, CSIRO Atmospheric Research, Aspendale, Australia; and Cirilo Bernardo
Sakura— An Airborne Infrared Imaging Camera for the Detection Of Volcanic Ash
and Sulphur Dioxide Gas

Fred Prata, CSIRO Atmospheric Research, Aspendale, Australia

Testing Real-Time Remote Sensing for Monitoring Volcanic Activity in Central
America

Armando Saballos, INETER, Managua, Nicaragua; and Peter Webley, Martin
Wooster

Advancesin Ultraviolet Detection of Volcanic Eruption Clouds

Stephen J. Schaefer, Joint Center for Earth Systems Technology UMBC, Baltimore,
MD, USA; and Arlin J. Krueger, Simon A. Carn

Real-Time Monitoring of the VVolcanic Ash Fallout Will Improve Airport Safety
Simona Scollo, INGV, Catania, Italy; and Mauro Coltelli, Marco Folegani, Stefano
Natali, Franco Prodi

Operational MODI S Vol canic Ash Products for Aviation Safety and Natural Hazards
Mitigation

George Stephens, OSDPD, NOAA/NESDIS, Camp Springs, MD, USA; and Gary P.
Ellrod, Jun-Sun Im

Volcanic Ash Dispersion Modeling Research at NOAA Air Resources Laboratory
Barbara Stunder, NOAA/ARL, Silver Spring, MD, USA

Operational Volcanic Ash Plume Prediction Model PUFF at the Japan Airlines

H.L. Tanaka, Institute of Geoscience, University of Tsukuba and FRSGC, Japan; and
Saburo Onodera, Daisuke Nohara
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P3.21

P3.22

PA4.1

P4.2

P4.3

P4.4

P4.5

PA.6

PA.7

P5.1

3:00 PM

3:30 PM

Correcting Ash Retrievals for the Presence of Atmospheric Water Vapor Using
Foreward Modeling

|.M. Watson, Michigan Technological University, Houghton, MI, USA; and W.I.
Rose, G.J.S. Bluth

Eruption Cloud Echo Measured with C-band Weather Radar

Y oshihiro Sawada, Hokkaido University, Sapporo, Japan

Operations of Washington Volcanic Ash Advisory Center (VAAC)

Gregory M. Gallina, NOAA SSD, Camp Springs, MD, USA; and Davida Streett
Improvement of Ash Cloud Information by Tokyo VAAC

Takeshi Koizumi, Japan Meteorological Agency, Tokyo, Japan; and Y oshihiko
Hasegawa, Y asuhiro Kamada, Masamichi Nakamura

The Montreal VAAC Toolbox: When Every Second Counts

Mark McCrady, CMC, MSC, Quebec, Canada; and Serge Trudel, Jean-Philippe
Gauthier, Rene Servranckx

Eruption of Anatahan Volcano: Operations and Observations

Michael G. Middlebrooke, NOAA/NWS, Barrigada, Guam

The Vol canic Ash Collaboration Tool (VACT)

Jeffrey M. Osiensky, NWS Alaska Aviation Weather Unit, Anchorage, AK, USA;
and Greg Pratt, David J. Schneider, Lynn Sherretz

Volcanic Ash Monitoring and Forecasting at the London VAAC

Sarah Watkin, Met Office, Exeter, Devon, U.K.; and Derrick Ryall, Helen Watkin,
Helen Champion, Stewart Wortley, Nigel Gait

Web Access to the Digital Archive of VAA Messages and VAFTAD Model Output
Paula Dunbar, NOAA/NESDIS/INGDC, Boulder, CO, USA; and Grace Swanson
First 8 Hours of Volcanic Eruptions: A Northwest Airlines Example &
Recommendation of Revised Flow of Ash Information for Aviation

Tom Fahey, Northwest Airlines, Minneapolis/St. Paul, MN, USA

Afternoon coffee break (3:00-3:30)

Breakout Sessions (3:30-5:30)

Breakout Session 4: Improving Volcanic Eruption Reporting
Session Moderators: Ms. ChristinaNeal, U.S. Department of the Interior/U.S. Geol ogical

Survey/Alaska Volcano Observatory (DOI/USGS/AVO)

Ms. Cynthia Gardner, U.S. Department of the Interior/U.S. Geological
Survey/Cascades Vol cano Observatory (DOI/USGS/CVO)

Breakout Session 5: Technology Transfer from Resear ch into Operations
Session Moderators: Mr. Mark Andrews, Department of Commerce/National Oceanic and

Atmospheric Administration/National Weather Service/Aviation
Westher Services (DOC/NOAA/NWS/AWYS)

Ms. Debi Bacon, U.S. Department of Transportation/Federal Aviation
Administration (DOT/FAA)

A-13



Breakout Session 6: Improving VAAC Operational Capabilities
Session Moderators: Mr. Raul Romero, International Civil Aviation Organization,
Montreal, Canada (ICAO)

Ms. Grace Swanson, U.S. Department of Commerce/National Oceanic
and Atmospheric Administration/National Environmental Satellite,
Data, and Information Service/V olcanic Ash Advisory Center,
Washington, D.C., USA (DOC/NOAA/NESDIS/VAAC)

Breakout Session 7: Meeting Aviation Needs
Session Moderators. Mr. William Phaneuf, Air Line Pilots Association (ALPA)

Mr. Richard Heuwinkel, Department of Transportation/Federal
Aviation Administration

5:30 PM Sessions end for the day
OFCM Staff Meeting

6:30 PM Reception at the Smithsonian National Museum of Natural History (6:30 PM —
8:00 PM)
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Thursday 24 June 2004
7:00 AM Continental Breakfast

8:00 AM Regional Breakout Sessions (8:00-10:00)

Breakout Session 8: North Asia Pacific (e.g., Alaska, Russia, Japan)
Session Moderators. Mr. Christopher Strager, U.S. Department of Commerce/National
Oceanic and Atmospheric Administration (DOC/NOAA)

Ms. Terry Keith, U.S. Department of the Interior/U.S. Geological
Survey/Alaska Volcano Observatory (DOI/USGS/AVO)

Breakout Session 9: The Americas and the Caribbean (excluding Alaska)
Session M oder ators; Dr. Patricia Mothes, Instituto Geofisico de la Escuela Politécnica
Nacional, Ecuador

J. Armando Saballos, Instituto Nicaraguense de Estudios Territoriales,
Nicaragua
Richard Hernandez, Federal Aviation Administration

Breakout Session 10: Europe, Africa, and the Middle East
Session Moderators. Dr. Gerald Ernst, Department of Geology and Soil Science, University
of Ghent, Belgium

Mr. Jean-Philippe Desbios, Volcanic Ash Advisory Center (VAAC),
Toulouse, France

Breakout Session 11: South Asia Pacific (e.g., Indonesia, the Philippines, Australia, New
Zealand)
Session Moderators: Mr. Rodney Potts, Australian Bureau of Meteorology Research Centre

Capt. David Innes, Air Niugini
10:00 AM Morning coffee break (10:00-10:30)

Closing Session

10:30 AM ICAO’s Commitment to Mitigating Volcanic Ash Hazard
Mr. William Voss, Director, Air Navigation Bureau, International Civil Aviation
Organization

10:45 AM Conference Highlights
Ms. Marianne Guffanti, DOI/USGS
Mr. Andrew Tupper, Bureau of Meteorology, Volcanic Ash Advisory Center
(VAAC), Austraia

11:30 AM Building on Our Successesin Aviation Safety for the Next Decade
Dr. Elbert W. (Joe) Friday, University of Oklahoma

Dr. Paul D. Try, Senior Vice President, Science and Technology Corporation

A-15



12:30 PM Closing Remarks/Next Steps
Mr. Samuel P. Williamson, Federal Coordinator for Meteorological Services and
Supporting Research

1:00 PM Adjourn
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2003 CARIBBEAN VOLCANIC ASH ENCOUNTERS
Captain Albert M. Beerley, US Airways ALPA Training Committee, Philadel phia, PA USA

On March 17, 2003, Flight Operations received information from the National Weather Service that the
Montserrat volcano had erupted, spewing ash and particul ate into the atmosphere. East to west upper and
lower atmospheric wind patterns shifted north by northwest and volcanic ash was transported into
populated areas. Dispatch immediately all contacted all aircraft enroute to San Juan, Puerto Rico, St.
Thomas, St. Croix, St. Maarten, Antigua and Santo Domingo in an attempt to divert aircraft away from
the adverse effects of this meteorological condition. Flight operations were terminated for almost six
hours in San Juan and its surrounding area until a volcanic ash pilot report and Notice to Airmen was
rescinded. On July 12, 2003 significant volcanic activity occurred once again at Montserrat. The dome of
the volcano collapsed sending ash and particulate into the atmosphere. An Airbus aircraft inbound to San
Juan, Puerto Rico encountered an unforeseen cloud of ash at approximately 6000 feet. The encounter
subsequently caused damage to the aircraft’ s engine fan blades and the forward flight deck windows.
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ENGINE DAMAGE TO A NASA DC-8-72 AIRPLANE FROM A HIGH-ALTITUDE
ENCOUNTER WITH A DIFFUSE VOLCANIC ASH CLOUD

Thomas J. Grindle, NASA, Edwards, CA, USA
Frank W. Burcham, Jr. NASA, Edwards, CA, USA

The National Aeronautics and Space Administration (NASA) DC-8 airborne sciences research airplane
inadvertently flew through a diffuse volcanic ash cloud of the Mt. Hekla volcano in February 2000 during
aflight from Edwards Air Force Base (Edwards, California) to Kiruna, Sweden. Although the ash plume
was not visible to the flight crew, sensitive research experiments and instruments detected it. In-flight
performance checks and postflight visual inspections revealed no damage to the airplane or engine first-
stage fan blades; subsequent detailed examination of the engines revealed clogged turbine cooling air
passages. The engines were removed and overhauled. This paper presents volcanic ash plume anaysis,
trajectory from satellites, analysis of ash particles collected in cabin air heat exchanger filters and
removed from the engines, and data from onboard instruments and engine conditions.
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AIRCRAFT ENCOUNTERSFROM THE 18 AUGUST 2000 ERUPTION AT MIYAKEJIMA, JAPAN
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Australia, and School of Mathematical Sciences, Monash
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Abstract

Four large commercial aircraft are known to have
encountered clouds produced by the 16-17 km high
phreato-magmatic eruption of 18 August 2000 at
Miyakejima, Japan, which lies close to Japan’ s two busiest
airports at Haneda and Narita. Many other aircraft flew
close by the eruption clouds. A near-new Boeing 737-800
and a Boeing 747 both suffered extensive damage and
required engine replacement. Anocther 747 encountered ash
and sulphur dioxide, was inspected for three days without
any damage found, and a third 747 encountered the cloud
approximately 800 km (430 nautical miles) to the southeast,
smelt sulphur dioxide but suffered no damage. Coststo the
aviation industry are known to exceed US $12,000,000, but
thisfigureis probably a gross under-estimate. The eruption
was very well observed from the air and from the ground,
and initial warnings were issued quickly, however
SIGMETSs did not give sufficient detail of the ash cloud
dispersion, air-traffic management decisions appear to have
been made on the basis of superseded VAAC forecasts for
the prior, low-level eruption, and the known encounters all
happened to foreign airlines, while Japanese airlines had
access to more information about the activity at
Miyakejima and made appropriate flight plans. The
Miyakejima incidents teach us about the importance of pre-
eruption information and planning, of having worldwide
rather than country-specific ash-avoidance procedures, of
universal and consistent information distribution, and of
rigorous post-event investigations. On the positive side, the
rapid eruption observation and reporting and the pre-flight
planning of local airlines probably contributed to the lack
of fatalities from this extremely dangerous eruption.

Introduction

The phreato-magmatic eruption of Mount Oyama,
Mikayejima, Japan, on 18 August 2000 was one of
the most dangerous volcanic eruptions from the
viewpoint of aviation safety in recent years. The
eruption began on 8 July 2000 with a crater collapse.
Several larger eruptions then occurred, on 10, 18" and
29 August (Kinoshita et al., 2002). An evacuation
order for Miyakejima residents was announced on 1

September 2000, and high SO, fluxes continue to
affect the region.

The eruption of 18 August was sudden, but not
completely unexpected in the context of the
preceding activity. Researchers from the Earthquake
Research Ingtitute of Tokyo University had already
set up acamerato record the eruptions (Kinoshita et
al., 2002), and since the volcano lies only 160 km
south of Tokyo, public awareness was already very
high. The event was well reported by pilots and
ground observers, and seen remotely with hourly
satellite imagery and radar (lino et al., 2001: Tupper
et al., 2004). Despitethis, two aircraft suffered
severe damage from the eruption cloud 90 minutes
after the beginning of the eruption, and two other
aircraft are known to have flown through the cloud.

Remote sensing issues associated with the eruption,
and a brief chronology of events, are given in Tupper
et a. (2004). The purpose of this paper isto focus on
factors pertinent to the aircraft encounters. We are
not seeking to apportion blame to individuals or
agencies, but to examine issues associated with what
isacomplex and still developing warning
International Airways Volcano Watch.

L ocation of Encounters

The 18 August 2000 eruption occurred at 0802 UTC
(17:02 JST) Fig. 1 shows the location of Miyakejima,
and of the four verified encounters, the first two of
which occurred at about sunset:

i) A Boeing 747 had requested a diversion
that was only partially allowed because of military
airspace (“Octagon” on Fig. 1). Theaircraft
encountered ash cloud at 34,000 ft (10.3 km) at about
0930 UTC, and exited the cloud at 30,000 ft (9.1 km)
2 minutes later. The aircraft made an emergency
landing at Narita. Three engines, the flight deck
windshield, and some forward passenger windows
were replaced. The fourth engine was to be replaced
after 100 hoursflying time. The airline made an
initial cost estimate of at least US $5 million.

i) A near-new Boeing 737-800 also
encountered the cloud at about 0930 UTC, at 36,000
feet (10.9 km), having received no verba warnings
from Air Traffic Control or nearby aircraft. Just
before penetration into the ash cloud, Air Traffic
Control had given the flight a radar vector directing
the aircraft 4ONM (74 km) northeast of Airway B586,
an action that was ineffective for avoidance. The
flight management computer and electronic engine
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controls failed, but the engines still functioned. The
cockpit filled with ‘haze and dust’. The aircraft made
an emergency landing. Both engines were damaged
and had to be replaced, forward visibility waslost on
the windscreen except for a small area under the
windshield wiper. The leading edges and tail were
abraded, and the radome, air data probes damaged.
The cost was at least US $ 5 million.

iii) At 1235 UTC, aBoeing 747
encountered strong sulphuric smells and ‘ sparking’
on the windshield, strongly indicative of an ash
encounter. The aircraft had diverted from Airway
B586 to Airway 337 in an attempt to avoid the ash,
and was partially successful since satellite imagery
suggests less ash in that area. The aircraft was
removed from service and inspected for three days,
but no ash or damage was found. Nevertheless, the
cost to thisairline of diversions and inspections
exceeded US $2 million.

iv) At 2010 UTC, another 747 reported
sulphuric smells. There was no evidence of ashin
this encounter, although the aircraft was apparently
not removed from service for a detailed inspection.
This aircraft had diverted a considerable distance
eastward from Airway 337, after receiving the report
of the 1235 UTC encounter.

Other aircraft movements

The movement of other aircraft around the eruption
cloud are incompletely known. A DC-10 transited
the same airspace at amost the same time as the first
two confirmed encounters, but made no report.
Given the extent of the eruption clouds and their
proximity to Naritaand Haneda airports, it seems
likely that other aircraft encountered ash.

Four Japan Airlines flights observed the eruption
during the evening (from 0830 UTC to 0924 UTC),
and successfully avoided the ash clouds, as did later
night flights. It appears that the action taken was
generaly to fly to the northwest of the eruption, the
only areaunpolluted at cruising levels. This
avoidance action appears quite contrary to the Air
Traffic Control advice to the aircraft in encounter ii),
and reflects the fact that the Japan Airlinesflights
were operating with superior information and were
not reliant on the official warnings.

Performance of International Airways Volcano
Watch

Fig. 2 summarises the time and stated cloud height of
advisories and warnings. The eruption was
exceptionally well observed by the Japan
Meteorological Agency and by pilots, reports were

made extremely quickly, and the speed of issue of
warnings was probably the fastest of any major event
in the history of the International Airways V olcano
Watch. The time from eruption, to theissue of a
volcanic ash advisory, then to the domestic ‘ Area
Meteorological Advisory’ (ARMAD) and then the
international SIGMET, the official meteorological
warning for the eruption, was still twenty-three
minutesin total, reflecting along chain of
communication. However, the first SIGMET was
still issued over an hour before the two most serious
aircraft encounters.

AND
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Figure 1 - Detail of air routesaround Miyakejima.
Hexagons labelled i-iv denote positions of reported
aircraft encounters. The areas of restricted

airspace are labelled 'Octagon A' and 'Octagon B'

A number of major problems can be identified.
Firstly, the observation received by Tokyo VAAC at
0812 UTC of an eruption with tops greater than
FL190 (5.8 km) was trandated into topsto FL190 in
the officidd NOTAM and SIGMETs (Fig 2, ‘a). The
entire avoidance procedure during the critical first
phase of the eruption was based on the incorrect
assumption of alow-level eruption.
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show thetime of key eventsdescribed in the text, and hexagons show the time and height of confirmed

air craft encounters.

Even though these warnings were superseded
around 0835 UTC, the misinformation continued to
propagate through the warning system, asthe initial
information was passed on. This kind of height
confusion is actually quite common: a useful
guideline may be to assume that eruption clouds
above 5 km extend to the tropopause until evidence
is given to the contrary (Tupper and Kinoshita,
2003).

Secondly, the cloud dispersion at cruising levels
was not well understood. The Tokyo VAAC was
unable to prepare and issue a full dispersion
forecast for the eruption until 0925 UTC (‘b in
Fig.2), i.e. about the time of the encounters. The
SIGMETS, the official warning product, never
included a dispersion forecast and stated only that
the ash was going to the southeast or east-
southeast. Thewind field in the areaand likely
dispersion of the plume was well known, with an
upper air observation station just to the south, and
an observation of eruption height over 45,000 ft
(13.7 km) and spot wind observation of northwest
winds at 50 knots (92 km/h) reported to Air Traffic
Control by JAL at 0830 UTC. Despitethis

controllers apparently failed to grasp the extent of
the cloud and were directing aircraft into the ash an
hour after the JAL report and high-level SIGMET.

During the event, staff at Tokyo VAAC became
concerned these issues, and took the initiative of
distributing extra graphics showing a ‘ close-up’
view of the eruption cloud.

Figure 3 - Supplementary nephanalysisissued
during the event by Tokyo VAAC.
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Thirdly, asin many other volcanic ash events, the
procedures for warning cessation at the stage where
ash becomes difficult to detect were not defined.
Encounter iv) occurred after the high level ash had
become impossible to detect on satellite imagery
and as Tokyo VAAC staff were beginning to
concentrate on the lower level eruption clouds (Fig.
2,'C’).

Fourthly, it appears that, where local operators such
as Japan Airlines were in direct receipt of graphical
warnings, followed their own contingency plans,
and were well aware of the situation at

Miyakejima, foreign operators were not as well
informed. All operators should receive the officia
warnings, and an arrangement exists where Japan
Airlines redistributes graphical advices to other
airlines. However it is evident from the written
reports of airlines that suffered damage that
justifiably or otherwise, they felt badly informed.
As a consequence, the Tokyo VAAC was pressured
with phone calls from severa airlines, aswell as
the media, frustrating the VAAC' s efforts to get
information into the official warning system, and
also frustrating the foreign operators who struggled
with language issues.

Finally, despite the seriousness of the encounters
and some direct complaints by airline operators, we
have been unable to find any evidence of an
investigation by the government agencies
concerned. We assume that, because no post-
analysisis explicitly mandated in the arrangements
of the International Airways V olcano Watch, and
no agreement was in existence between the
responsible agenciesin Japan that required an
investigation in a situation where aircraft have been
damaged but no fatalities have occurred, no process
existed to trigger such an investigation.

Discussion

None of the issues identified above are uniquely
Japanese. For example, inthe Australian region,
Qantas functions as a conduit for volcanic
information to other international airlinesin the
same way that Japan Airlines doesin Japan, and it
islikely that any sudden eruption in Australian
airspace would show that some airlines are far
better informed than others.

Formally, Volcanic Ash Advisory Centres exist to
advise Meteorol ogical Watch Offices about the
dispersion of volcanic ash cloud. However, airline
dispatchers, who make critical decisions about their
aircraft, are often desperate for information during

crises and will use whatever resources are available
to make their decisions. Personal relationships are
also highly emphasised in meteorological / aviation
relationships the world over; information flows
much more freely where offices perceive a good
working relationship.

A major challenge for the International Airways
Volcano Watch isto ensure that enough
information is distributed over official warning
channelsto alow al operators to avoid the ash
cloud. Current initiatives, such as globally
consistent volcanic ash graphics, universal
SIGMET and NOTAM implementation, and better
training, could substantially improve the
information distribution. In turn, thiswill reduce
the pressure on VAACSs to provide telephone
service to aviation operators.

There are substantial issues of workload. For
example, the SIGMET 2 for this event was:

RJITG SIGMET 2 VALID 180845/181445 RJIAA —
TOLYO FIRVA MIYAKEJMA (34.1N 139.5E) OBS
at 0829 OVER MIYAKEJMA VA TOPS MORE THAN
FL400 DRIFTING TO E-SEBY B747 INTSF

This SIGMET, while informative, contains no
explicit dispersion forecast. Intoday’s coding, an
appropriate SIGMET for that time may have been:

RJTG SIGMET 2 VALID 180845/181445 RIAA-
TOKYO FIR VA ERUPTION MIYAKEJIMA LOC N31
E139 VA CLD OBSAT 0830Z SE OF MIYAKEJMA
SFC/FLA60 N3415 E13925 - N3410 E13950 - N3345
E13955 - N3350 E13930 - N3415 E13925 MOV SE
40KT INTSF FCST 1445Z VA CLD APRX N3430
E13915 - N3420 E14105 - N3035 E14330 - N3155
E13850 - N3430 E13915 OTLK 012045Z VA CLD
APRX N3435 E13905 - N3035 E13830 - N2855 E14505
- N3415 E14220 - N3435 E13905 020130Z VA CLD
APRX N3440 E13905 - N2955 E13830 - N2730 E14700
- N3410 E14305 - N3440 E13905

Even this SIGMET isasimplification, asit treats
all the ash as one layer in a situation where the
wind changed markedly with height. Text
SIGMETswill be necessary for some time yet,
until graphical products are universal. When
composing and then decoding SIGMETSs such as
those above, which are derived from even more
complex Volcanic Ash Advisories, some delay is
inevitable unless the whole process can be
simplified and/or automated.

The deamnds of the media are unlikely to be
reduced by informative warnings. Itisdifficult to
keep operational contact numbers confidential, and
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every centre should have afirm policy for handling
media enquiries during an event. Sincethereis
virtually no public benefit in feeding extra
information to the media during an event,
responding these calls should be given alow
priority at most.

Large volcanic eruptionsin any particular area are
relatively infrequent. The mistakes made in the
VAAC, Meteorological Watch Office, airline
officesand Air Traffic Control centres are likely to
recur for future eruptionsin other regions unless
regular training is performed. Similarly, the
sensitivities associated with any damage from a
volcanic event are such that, unless a clear protocol
isaready in place for post-analysis, it is possible
that no effective investigation would be performed.

A find point of interest isthat no damage was
found to the aircraft involved with encounter (iii),
despite three days of inspections. When compared
to the Hekla 2000 incident (Grindle and Burcham,
2003), this suggests that further research is
necessary to determine the danger threshold of ash
clouds.

Following the Miyakejima eruptions, the Tokyo
VAAC has had substantial experience with other
eruptions. Volcanic SIGMETS, previously
restricted to heights around 5 km, are now issued
for all altitudes. Numerous case studies have been
conducted for training purposes, aVAAC web site
has been created, and the Japan Meteorol ogical
Agency provides arepresentative to the ICAO
International Airways Volcano Watch Operations
Group, which is shaping the future warning system.

Conclusions

The eruption of Miyakejima provides us with a
remarkable example of amajor eruption of a
monitored volcano, in airspace serviced by highly
sophisticated aviation and meteorological services.
The eruption therefore gives us an insight into the
issues that are likely to be prominent over the rest
of the world once the basic technol ogical
challenges of monitoring are sorted out.

In this case, despite rapid observation of the
eruption and arelatively rapid issue of warnings,
two aircraft were seriously damaged, and at least
two others encountered the cloud. To address these
challenges, we suggest:

1) Further development of the International
Airways Volcano Watch to ensure that

information before and during an eruption
is adequate for international aviation
operators.

2) Regular training and drills to ensure
operational readiness.

3) Thedevelopment of internationally agreed
post-analysis procedures for improvement
of the International Airways Volcano
Watch.
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VOLCANIC ASH CLOUDS
POSE A REAL THREAT TO AIRCRAFT SAFETY

Leonard J. Salinas *
United Airlines, Chicago, Illinois

1 ABSTRACT

Volcanic ash clouds pose a red threat to aircraft
safety. More than 100 jet aircraft have encountered volcanic
ash clouds in the past 25 years often resulting in damage to the
aircraft. The ash is abrasive and capable of causing serious
damage to aircraft engines, control surfaces, windshields, and
landing lights. The ash can clog the pitot-static systems, which
determine airspeed and altitude, and can damage sensors that
deliver electronic data to automated systems used to fly the
aircraft. Seven of these encounters caused in-flight loss of jet
engine power.

The ash cloud, transported by atmospheric winds,
can drift over great distances causing disruption to air traffic
and is a potential hazard to aircraft hundreds of miles from its
source.

The hazard is compounded by the fact that volcanic
ash clouds are not detectable by the present generation of
redar instrumentation carried aboard aircraft. Complete
avoidance of volcanic ash clouds is the only procedure that
guarantees flight sefety.

Addressing the threat of volcanic ash to aircraft
saofety has brought together Governments, University
Scientists, Pilots, Dispatchers, Meteorologists, Air Traffic
Controllers, and many representatives of the aviation industry
to work collaboratively to reduce the hazards caused by
volcanic ash. The First International Symposium and recently
the Second International Conference on Volcanic Ash,
Aviation Safety, The International Civil Aviation Organization,
(I.C.A.Q.), The World Meteorologica Organization (W.M.0O.),
The Airline Pilots Association (A.L.P.A.), The Airline
Dispatchers Federation (A.D.F.), and many others identified
the need for  specialized air carrier operations, procedures,
communications, routings, and training are essentia in
maintaining a high level of flight safety.

* Corresponding author address:

Leonard J. Sdlinas, United Airlines, Program Manager
Dispatch, Flight Safety and OperationssWHQFS

P.O. Box 66100, Chicago, IL 60666;

E-mail: leonard.salinas@united.com

2. INTRODUCTION

The first notable encounter was the British Airways
747 near Galunggung, Indonesia, in 1982. It showed that, in
such encounters, we might expect a loss of engine power,
problems with airspeed indications, and extensive abrasion
damage, including a loss of windshield transparency. The
encounter placed the flight in great danger, and it required
heroic and persistent efforts by the crew to restart the engines
and bring the flight to a safe conclusion (Tootell, 1985).

During the eruption of Redoubt Volcano in Alaska
on 15 December 1989, a new B747-400 on a flight from
Amsterdam to Anchorage flew into the plume and lost power
from al four engines. The crew was able to restart the engines
and land the aircraft safely. The initia estimate of damage to
the aircraft was $80 million, including the replacement of all
four engines (Brantley, 1990).

3. WARNING-SYSTEM

To ensure aviation safety, it is hecessary that reports
of eruptions be processed without delay into warnings to
Pilots, Air Traffic Control Centers, and Air Carrier Operations
Centers. Volcanoes are a threat to air safety from the moment
that they erupt. A warning system should be capable of a 5-
minute response time once an eruption has been detected. The
Mount St. Helens ash took approximately 5 minutes to reach
aircraft-cruising altitudes (Rosenbaum and Waitt, 1981) at a
rate of climb of approximately 5,000 ft per minute. A modern
jet aircraft is traveling over 500 mph and advancing 6-8 miles
per minute.

Winds play the dominant role in the distribution of
volcanic ash. The agency for subseguent ash-location
advisories should be the meteorological office. The
computerized model of winds over the eruption site can be
used, in conjunction with the dispersion models, to predict ash
trajectories, as an aid to flight path planning for avoiding
airborne volcanic ash, such as, the NOAA Air Resources
Laboratory Volcanic Ash Forecast Transport And Dispersion
(V.A.F.T.A.D.) modd (Heffter and Stunder, 1998).

4. VOLCANIC ASH ADVISORY CENTERS

The Volcanic Ash Advisory Centers (V.A.A.C.9)
were established in September 1995 in Darwin at a meeting of
the I.C.A.O. At this meeting it was decided that in an effort
to ensure that volcanic cloud hazards were addressed there
must be an interface between Volcano Observatories,
Meteorological agencies, Air Traffic Control Centers, and Air
Carrier Operations. In order to meet their goa they decided
the world should be divided into different regions
differentiated by their volcanic activity and volcano
observatories. The designated V.A.A.C. would be in charge
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of keeping track of the activity by analyzing satellite imagery
in their designated region.

The V.A.A.C.s operate advanced science-based tools
for detecting, identifying, tracking and projecting the
movement of airborne volcanic ash. Because many of the
world's active volcanoes are located in uninhabited regions,
the rapid detection and location of volcanic eruptions are often
problematic (Chen, 1998).

The Volcanic Ash Advisory Statement (V.A.A.S) is
issued by the V.ALAA.Cs. The V.A.A.C.s must provide the
required advisory information to the various M.W.O.s for a
timely issuance of the SIGMETS.

The nine V.A.A.C.s are the contacts meteorol ogists
can utilize for many of the details regarding a volcanic

eruption. They are Anchorage, Buenos Aires, Darwin,
London, Montreal, Tokyo, Toulouse, Washington, and
Wellington.

The |.C.A.O. International Airways Volcano Watch
publication of Operational Procedures and List of Operational
Contact Points Between Vulcanologica  Agencies,
Meteorological Watch Offices and Area Control Centers
provides areas of responsibilities on a global scale, the phone
numbers, fax numbers, e-mail addresses, and electronic
addresses.

5. STATUSOF ACTIVITY OF VOLCANO

A color code for the “Level of Alert” indicates the
status of activity of the volcano. A group representing many
agencies, meeting in Anchorage, Alaska shortly &fter the
Redoubt Eruption in 1989 developed this. It was determined
this would be a simple method by which al could immediately
understand the current condition of the volcano.

RED Volcanic eruption in progress.
Ash plume/cloud reported above
FL250.

ORANGE Volcanic eruption in progress but
ash plume/cloud not reaching
FL250.

YELLOW Volcano known to be active from
time to time and volcanic activity
has recently increased
significantly, volcano not currently
considered dangerous but caution
should be exercised.

GREEN Volcanic activity considered to
have ceased and volcano reverted
toitsnormal state.

6. SIGMETS, NOTAMS, AND ASHTAMS

The operational requirements for the issuance of
SIGMETS and NOTAMS have been part of the relevant
Annexes for a number of years. The requirements for
ASTAMS were included in Annex 15 - Aeronautical
Information Services in November 1997. The SIGMET and

NOTAM are excellent sources of information for the Pilot,
Dispatcher, Air Traffic Control Facility, and Meteorol ogist.

7. AIR CARRIER OPERATIONS

Pilots are the last link in the chain of safety actionsto
avoid or mitigate encounters with volcanic ash. In order for
pilots to be effective, it is necessary that the rest of the system
meet the needs of the pilots. Pilots view the sky in terms of
routes, fixes, and (or) coordinates. The Air Traffic Controller
and Dispatcher are best equipped to provide this information to
the Pilots in aviation language.

Approximately 600 of the 1,500 potentially active
volcanoes are classified as active (Foreman, 1991). Volcanoes
are not generally marked on aeronautical route charts. The
Dispatcher or Air Traffic Controller will provide a statement of
where an eruption is occurring expressed in aeronautical
terminology, a bearing and distance from a navigational fix, or
a latitude and longitude. Statements of distance will be
expressed in nautical miles, rate of movement in knots, and
plume heights in flight levels. References to time should
aways bein Universal Coordinated Time.

8. PLUME AVOIDANCE

Before operating in a region of known potentia
volcanic activity Pilots and Dispatchers (Jointly Responsible
for Flight Safety by Federa Air Regulations under 121)
should check Significant Meteorological Information Reports
(SIGMETS), Notices to Airmen (NOTAMs), ATC directives,
and Pilot Reports (PIREPs) for that region. To ad in
identifying regions that are potentialy active at a particular
time United Airlines has developed procedures that provide
flight safety (Hinds and Sdlinas, 1998). Since volcanic
eruptions can seriously impact operationa routes and
destinations the United Airlines Weather Center has been
designated as the initial point of contact in the Operational
Control Center (O.C.C.) to gather pertinent data and
information and issue a United Airlines Volcano Advisory
(UVA). The Meteorologists will research sources such as, but
not limited to, VAAC's, SIGMETS, NOTAMS, PIREPS,
Volcano Observatories, ATC, VAFTAD's, Loca Station
Managers, and Civil Emergency Agencies. The Air Carrier
issues a text and graphic Alert noting the volcanic eruption.
This advisory will appear on documents that are sent to the
Pilots and Dispatchers. The United Volcano Advisory UVA
will be updated continuously during the event and will only
expire after no activity is evident and VAAC concurs.

The advisory will contain the following:

Advisory Number

Valid Time (UTC)

Volcano Name and Location
Summit Height

Winds at Summit

Height of Eruptionin Flight Levels
Winds at Flight Levels

Estimate Ash Coverage lat./long.
Comments (Plain Language)
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This information will be provided in both text and
graphical form that is much easier to use and are more
compelling in terms of amending flight plans for the purpose
of avoidance. The standard graphic product will utilize the
internationally recognized symbol to represent a volcanic
eruption in progress on the graphical display.

9. MITIGATION FOLLOWING
INADVERTENT ENCOUNTER

AN

Emphasis must be placed on the avoidance of
volcanic ash. Avoid flight at night in areas of known volcanic
activity or in instrument meteorological conditions (IMC),
when volcanic ash may not be visible. Plan the flight to remain
well clear of reported activity. If possible, stay upwind of
volcanic ash. But, if ash penetration occurs, crews should know
what to do. Criteria for recognizing that one’'s airplaneisin a
volcanic ash plume and suggested procedures for escaping
from a plume, are covered in the paper Recommended Flight-
Crew Procedures if Volcanic Ash is Encountered (Campbell,
1991).

10. RECOGNITION

Volcanic ash may be difficult to detect at night or
during flight through clouds; however, flight crews have
observed the following conditions:

e At night, heavy static discharges (St. EImo’s fire) around
the windshield, accompanied by a bright white glow in the
engineinlets.

e At night, landing lights cast sharp, distinct shadows
in volcanic clouds (unlike the fuzzy, indistinct shadows
that are cast against weather clouds).

e Volcanic ash and dust appearing in the cockpit and
cabin.

e Anacrid odor or the smell of sulfur.

e  Multiple engine malfunctions, such as surge, increasing
exhaust-gas temperature, torching from tailpipe, and
flameouts.

e Decreaseinindicated airspeed.

11. ENCOUNTER PROCEDURES
If volcanic ash is encountered, accomplish the
following (Campbell, 1991):

e Immediately reduce thrust to idle.

e Auto throttles off (if engaged).

e  Exit volcanic cloud as quickly as possible. Volcanic ash
may extend for severa hundred miles. The shortest
distance/time out of the ash may require an immediate,
descending 180-degree turn.

e Engine and wing anti-ice on. All air conditioning packs

on. Turn on engine and wing anti-ice.

Start the auxiliary power unit (APU), if available.

Oxygen mask on and 100 percent, if required.

Ignition on.

Monitor EGT.

Close outflow valves.

Do not pull fire switches.

e Leave fuel boost pump switches “on” and open cross
feed valves.

e Do not usefuel heat.

e  Engine restart may be required. Successful engine start
may not be possible until airspeed and altitude are within
the air start envelope.

e Monitor airspeed and pitch attitude.

e Land at the nearest suitable airport.

12. SPECIAL AIR REPORT OF
VOLCANIC ACTIVITY

Pilot observations of volcanic activity are of use to others. The
Volcanic Ash Working group has produced a special air report
of Volcanic Activity Form (VAR), which is carried by United
Airlines pilots and most other Air Carrier pilots. The formisa
guide. The form should be delivered to the loca
meteorological office on arrival. This form provides a detailed
and useful tool for others in accurate reporting. The ICAO
standard for the contents include:

Aircraft identification
Position

Time

Flight level or atitude
Volcanic activity observed
Air temperature

Winds

Supplementary information

13. CONCLUSIONS

There are 1,500 known volcanoes worldwide, and
about 600 of these volcanoes are considered active. An
average of 55-60 volcanoes erupt each year, and about 8-10
of these eruptions produce ash clouds that reach flight
altitudes. Volcanic Ash can reach aircraft cruise altitudesin 5
minutes and considering jet aircraft are traveling at 5-8 miles
per minutes a 5-minute communications warning system is
imperative.

Pilot and Dispatcher training is a priority. Both
must understand that volcanic ash is not like sand or dust, and
they must know how to recognize inadvertent entry into an
ash cloud. The Boeing Company in cooperation with the Air
Line Pilots Association and the U.S. Geologica Survey has
developed a Volcanic Ash Training Video. In addition Pilots,
Dispatchers, and Air Traffic Controllers must be aware of any
potential volcanic activity affecting their area of operation.
Should an inadvertent penetration of a volcanic ash cloud be
made, flight crews must be aware of potential problems and
be prepared to deal with the arising flight conditions.

Prompt communication among Volcano Observers,
Meteorologists, Air Traffic Controllers, Flight Dispatchers,
and Pilots regarding location of drifting ash clouds will
maintain ahigh level of flight safety.

The detection and tracking of ash-cloud movement
using remote-sensing techniques and atmospheric transport
models continue to provide the graphica data required in
long-range flight planning. Enhanced monitoring of the
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Earth’s active volcanoes, especialy in the remote regions of
the world, such as the new communication links with the
Russians for warning and information about Kamchatkan
volcanoes (Miller and Kirianov, 1993), now provides prompt
notification of an eruption.

Location of a volcano has been simplified by using
the Global Planning Chart showing the position of known
active volcanoes relative to air routes and air navigation aids.
(U.S.G.S. Casadevall and Thompson, 1994).

Avoidance requires the coordinated efforts of a
broad group of technical specialists. The goal of these efforts
is to avoid an area or airspace that has been contaminated by
volcanic ash. Avoidance of Volcanic Ash Clouds is the only
procedure that guarantees flight safety
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AIR NIUGINI AND THE VOLCANIC ASH THREAT

Captain David Innes, Flight Safety Office
Air Niugini, Papua New Guinea

ABSTRACT

Air Niugini is the national airline of Papua New Guinea,
operating international services to Asia, Australia and the
South West Pacific as well as domestic ports in the New
Guinea Islands region. The airline operates a small fleet of
turboprop and jet aircraft in an area notable for its high
number of active volcanoes, some situated near major
centre’s and airport's, many situated directly beneath major
international air route's. Air Niugini's experience with
volcanic activity and airborne ash has resulted in a heightened
state of awareness of the phenomena and we have developed
in house methods for maintaining crew awareness of the
threat as well as standard operating procedures designed to
better enable crews to manage ash encounters. Papua New
Guineas unusua reliance on air transport for commerce and
communication mean's that the airline is continually seeking
out those solutions best suited for our operating environment
in order to maintain services in an area prone to volcanic
activity.

INTRODUCTION

Papua New Guinea is an idand chain stretching from
Indonesia in the west to the Solomon Island's in the east, a
distance of approximately nine hundred nautical miles. Most
of the population lives on the main island but significant
population centres exist on the outlying islands of New
Britain, New Ireland, Manus and Bougainville. Air Niugini as
the national carrier is tasked with servicing these
communities as well as providing international connection's
to neighbouring states. Many of the major population centres
happen to be situated near active or dormant volcanoes,
which are concentrated in a line reaching from the north coast
of the main island across to New Britain and the island of
Bougainville.

ENCOUNTERS

Air Niugini crews fly in the vicinity of active volcanoes on a
daily basis, but as yet we have been fortunate when it comes
to actual ash encounters. The most significant encounters
have involved Fokker F28 aircraft operating close to erupting
volcanoes at Rabaul (Tavurvur) in 1994 and Manus Island in
1996. In the first case, an F28 on the ground at Rabaul
Airport was effectively scrambled in the midst of a volcanic
eruption only a few kilometre's from the airfield. In the
second example, an aircraft enroute between the towns of

Wewak and Madang reported passing close by Manus Island
as it erupted. Other airborne encounters have been limited to
observations only from a safe distance. Operationa
procedures from ash contaminated runways exist but given
the lack of suitable ground equipment at many outport's for
clearing ash and towing aircraft to clear areas for engine
operations, company policy is to simply cease operation's to
affected ports until the ash contamination has been cleared.
Apart from Rabaul Airport, such ash deposits have been light
coverings only.

DAMAGE

Air Niugini has had no significant report of damage to its
aircraft resulting from in flight ash encounters. Aircraft
suspected to have flown in the vicinity of ash are removed
from service while they are inspected and cleaned, and
because of our restrictive operating procedure's, we find our
arcraft serviceability and engine overhaul cycles are
comparable to industry standards for our fleet type and type
of operations. While our aircraft have fared well, the same
cannot be said of some of the airstrips we operate into.
Rabaul Airport was effectively destroyed by the 1994
eruption, along with much of the town, and while Air Niugini
was fortunate enough to manage to extract its aircraft during
the eruption, several companies lost both fixed and rotary
wing aircraft to heavy ash falls.

SOCIO-ECONOMIC CONSEQUENCES

In regard to passenger services, the islands of New Guines,
New Britain, New Iredland and Bougainville are serviced
almost exclusively by air. Seatransportation is relatively slow
and infrequent and the country has no railway network. The
mountainous terrain, up to 14000 feet or more in places, has
limited road access to the coastal areas and one rough road
into the Highlands region of the main island. Any major
disruption to the countries regular air services has an
immediate and severe impact on the communities involved,
and it should be noted that apart from smal numbers of
commuter size aircraft, Air Niugini holds a virtual monopoly
on regular public transport. Tourism is a major source of
foreign income, as is small scale high value seafood and
agricultura produce. The presence of volcanic ash near major
centresinvariably causes major disruptions to these industries
with flow on effect's that run into weeks if not month's. When
airstrips are closed due to volcanic activity, communities are
reduced to travelling long distances to aternate airfields
where the only service available is usually a small commuter
aircraft of nine to nineteen seats capacity.

Session 1 —Page 15



Air Niugini's guidelines for operating in regions prone to
volcanic activity are simple and effective, but result in
frequent schedule delay's and cancelled flights. One example
is the Rabaul area, where night operations are banned even
though facilities exist for full night time operations. Aircraft
do not overnight at this port due to the possibility of ash
damage from the nearby volcano and flight in Instrument
Meteorological Conditions (IMC) is not permitted. In the wet
season, between November and April, flight's operating into
Rabaul/Tokua frequently divert to Kavieng if there is cloud
cover over Simpson harbour. If the flight is an early evening
one, the designated dternate is Port Moresby, a seventy
minute flight. Air Niugini and the communities it serve's are
adversely affected by even the risk of volcanic ash due to the
difficulty of establishing whether or not ash is actually
present in area's of high risk.

CONCLUSIONS

Air Niugini has to date successfully managed to minimise the
risk of exposure to volcanic ash through the use of a
restrictive set of standard operating procedures. The negative
consequence of this has been the disruption of services to
communities almost wholly reliant on our scheduled services
for commerce and communication's. We believe the best way
of improving our schedule maintenance while maintaining
our record for ash avoidance would be the adoption of
volcanic ash detection technology suited to our particular
needs. Ground based ash detection at certain airfiel ds coupled
with appropriate procedures would allow crews to make more
informed decisions, thereby enabling the airline to better
service the community while ensuring aircraft are protected
from exposure to airborne ash.
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REDUCING ENCOUNTERS OF AIRCRAFT WITH
VOLCANIC-ASH CLOUDS

Marianne Guffanti, U.S. Geologica Survey, Reston VA 20192, USA (guffanti @usgs.gov)
Thomas J. Casadevall, U.S. Geological Survey, Denver CO 80225, USA
Gari C. Mayberry, U.S. Geologica Survey, Washington DC 20560, USA

Introduction

The volcanic-ash hazard to aviation is not a
rare possibility on a worldwide scale, given that
many major air routes traverse the world's most
volcanically active regions (Casadevall et 4.,
1999; Ewert and Newhall, this volume). Miller
and Casadevall (2000) estimate that volcanic ash
can be expected to be in air routes a atitudes
greater than 9 km (30,000 ft) for roughly 20 days
per year worldwide. Numerous instances of
aircraft flying into volcanic ash clouds have
demonstrated the life-threatening and costly
damages that can be sustained. Upon impact with
aircraft traveling at speeds of several kilometers
per minute, airborne ash particles abrade forward-
facing surfaces, including windscreens, fuselage
surfaces, and compressor fan blades in turbine
engines. Moreover, the melting temperature of the
glassy silicate rock material that comprises ash is
lower than the operating temperatures of modern
jet turbine engines;, consequently, ash particles
ingested into such engines can melt in hot sections
and then accumulate as re-solidified deposits in
cooler parts of the engine. The overall result of an
encounter of an aircraft with an ash cloud can be
immediately degraded engine performance
(including flame out and loss of thrust power), loss
of visibility, and failure of critical navigational and
operational instruments (Dunn and Wade, 1994).

Systematic collection of information about
ash/aircraft encounters is important to substantiate
the nature and extent of the risk to aviation and to
improve the multi-faceted mitigation strategy of
ash avoidance. To that end, the U. S. Geological
Survey (USGS) and Smithsonian Ingtitution, in
collaboration with the Darwin Volcanic Ash
Advisory Center, are compiling a summary of
reported encounters in the form of a database that
includes information about the source volcanoes
that produced the ash clouds and conditions during
the encounters. This paper presents a preliminary
analysis of information about encounters from

1973 through 2003. The bulk of the encounter
data is published in the Manua on Volcanic Ash,
Radioactive Material and Toxic Chemical Clouds
by the International Civil Aviation Organization
(ICAO, 2001). An updated summary of
encounters will be provided to ICAO for
publication in afuture update of the 2001 Manual.

Overview of Known Encounters

Appendix | of the Manual on Volcanic Ash,
Radioactive Materia and Toxic Chemical Clouds
(ICAOQ, 2001) identifies 83 ash/aircraft encounters
from 1935 to 1993 and provides information about
the source volcanoes, eruption dates, aircraft
types, and severity of the encounters; preliminary
mention of another ~17 encounters from 1994 to
2000 is given in an accompanying table. An
additional 9 encounters are known through 2003
that are not included in the Manual. The most
recent reported incident occurred in July 2003 in
the Caribbean region (see Beerley, this volume).

From 1973 through 2003, 105 encounters of
aircraft with airborne volcanic ash have been
documented (Figure 1); this is a minimum value
because encounter incidents are not consistently
reported. The highest annual encounter rate (25
incidents) occurred in 1991, mostly due to the
eruption of Mt. Pinatubo in the Philippines. Since
1991, 26 encounters are documented through
2003, an average of two per year, agan a
minimum value.

The encounter database does not include
information about aircraft caught on the ground at
airports affected by ash; a separate database is
being compiled for airport disruptions resulting
from volcanic activity (see Guffanti et a., this
volume).

Aircraft have been damaged by ash clouds
from eruptions ranging from small, recurring
episodes (eg., a Soufriere Hills Volcano,
Montserrat, 1996) to very large, singular events
(e.g., a Pinatubo, 1991). Thirty source volcanoes
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have produced ash clouds encountered by aircraft
(Table 1). (For a few encounters, the source
volcanoes are not known.) Six volcanoes are
associated with highest number of encounters
(>5): Pinatubo in the Philippines, Sakura-jima in
Japan, Galunggung in Indonesia, and St. Helens,
Augustine, and Redoubt in the United States.

To quantify the effects of reported encounters
on aircraft, a severity index for ash encounters
(Table 2) has been formulated (ICAO, 2001). The
criteria for each class in the severity index are
based on the actual types of damage or conditions
reported.  Severity of encounters ranges from
minor Class O incidents (acrid odor in cabin,
electrostatic discharge on windshield) to very
grave Class 4 and 5 incidents (engine failure).
Fortunately, no Class 5 encounters (those resulting
in crashes) have occurred.

In the database, most encounters (roughly
75%) are Class 0-2. Accurately documenting the
extent of Class 0 encounters is problematical.
Some likely occur that not publicly reported
because no significant damage is involved.
Smelling sulfur does not necessarily indicate the
presence of damaging ash, given that separation of
the gas and ash components of volcanic clouds is
known to occur (Bluth et a., 1994; Guffanti et .,
in press). Moreover, the human nose very
sensitive to sulfur dioxide (R. Wunderman, written
communication, 2004) and may sense it at levels
that are undetectable by remote-sensing methods.

A significant percentage (~25%) of encounters
comprises serious Class 3-4 incidents. Eight Class
4 encounters involving temporary engine failure
occurred from 1980-1991 (Table 3). These
encounters occurred 240 to 960 km (150 to 600
miles) from the source volcanoes (St. Helens,
Galunggung, Redoubt, Pinatubo, Unzen). The
encounters lasted from 2 to 13 minutes at atitudes
ranging between 4.6-11.3 km (15,000-37,000 ft)
above sealevel.

Some recent documented encounters in
August 2000 did not involve engine failure, but
were nevertheless very dangerous. A Boeing 737-
800 nearing Japan’'s Narita Airport flew into an
ash cloud produced during an eruption about an
hour earlier at Mijake-jima volcano, located about
100 miles from the airport. The engines continued
to function, but the flight management computer
and €eectronic engine controls  failed.
Handicapped further by severe loss of visibility

due to abrasion of al but a small part of the
windscreen, the crew managed a safe landing.
Shortly thereafter, a 747 had a similar experience.
Three additional aircraft also are thought to have
encountered the Miyake-jima cloud. Costs to the
aviation industry, including replacement of
engines, exceeded US $12 million (see Tupper et
a., thisvolume).

ICAO recommends that information on ash
clouds and encounters be documented by having
pilots complete the Volcanic Activity Report
(VAR) when appropriate. The VAR can be found
in Annex 3 and ICAO Doc 4444. Pilots and Air
Traffic Services should complete these reports and
forward them to appropriate services and agencies
for operational use and historical record-keeping
by the USGS and Smithsonian. In addition,
encounter information can be sent to any of the
authors of this paper or by emal to
gvn@volcano.s.edu. Such information does not
need to be received by the USGS and Smithsonian
in an operational, rea-time mode. Furthermore,
information identifying the airlines or aircraft
operators involved in encounters will not be
included in the USGS/Smithsonian database.

Discussion

Under the auspices of ICAQO’s International
Airways Volcano Watch, operational procedures
for ash avoidance have been formulated.
Avoidance requires that dispatchers, pilots, and
air-traffic controllers quickly learn of explosive
eruptions and the locations of ash clouds.
Accordingly, mitigation involves elements of: (a)
real-time volcano monitoring and rapid eruption
reporting, (b) detecting ash clouds in a timely
manner, (c) forecasting expected cloud dispersion,
(d) ensuring communication among the diverse
parties responding to the hazard, and (€) not least,
educating key operational personnel such as
volcanologists, meteorologists, pilots, dispatchers,
and air-traffic controllers about the hazard and
how to respond to it (Guffanti and Miller, 2002).
Arguably, implementation of these mitigation
elements has reduced the likelihood of aircraft
encounters with ash clouds. Fewer encounters
have been reported since 1991 (Figure 1), while at
the same time the amount of air traffic in volcanic
regions grew (and the level of eruptive activity
remained more-or-less constant).
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But encounters do continue to occur for a
variety of reasons. Unexpected eruptions occur at
unmonitored volcanoes, and timely eruption
reporting by volcanological agencies to the
aviation sector sometimes is overlooked. Inherent
limitations exist in remote-sensing methods of
detecting ash clouds, including the time it takes to
receive and analyze processed satdlite data at
ground facilities. Models for forecasting cloud
dispersion also have significant limitations, such
as incomplete input parameters describing the
initial eruption plume and sparse wind-field data.
Breakdowns occur in the multi-step process of
information dissemination. Training and hazard
awareness may be inadequate, especially as new
personnel enter into critical positions.

Only as the above problems are identified and
rectified can encounters be minimized or, idedly,
eliminated atogether. Perversely, effective
mitigation can give the erroneous perception that
the hazard has been diminated, leading to
dangerous complacency. As our ability to prevent
encounters improves to the point that even fewer
incidents occur, we must not mistakenly conclude
that no threat exists, but rather cal for continued
vigilance and support of proven, broad-based
mitigation efforts.
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Figurel. Frequency of reported encounters of aircraft with volcanic ash, 1973-2003.
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Tablel. List of volcanoesthat produced ash clouds encountered by aircraft, 1973-2003. Volcanoes
areorganized by country, eruption year in parentheses.

Chile: Hudson (1991)

Colombia: Nevado del Ruiz (1985)

Dem. Rep. of Congo: Nyamuragira (1991)

Ecuador: Guagua Pinchincha (1999), Tungurahua (1999)

Guatemala: Fuego (1998), Pacaya (1987, 1993, 1998)

Iceland: Hekla (2000)

Indonesia: Colo (1983), Galunggung (1982), Langila (1997), Soputan (1985)

Italy: Etna (1989, 2000)

Japan: Asama (1973), Izu-Oshima (1986), Miyakejima (2000), Sakurajima (1975, 1977, 1978, 1979,
1982, 1986, 1991, 1994), Unzen (1991), Usu (1997)

Mexico: El Chichon (1982), Popocatepet! (1998)

Philippines:. Pinatubo (1991, 1993)

Papua New Guinea: Manam (1993), Rabaul (1995)

Russia: Kliuchevskoi (1994)

United Kingdom: Soufriere Hills (1996, 2003)

United States: Anatahan (2003), Augustine (1976, 1986), Redoubt (1989, 1990), St. Helens (1980)
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Table2. Severity Index for Ash Encounters, from ICAO (2001, Appendix I, p. |-6).

Class

Criteria

0

Acrid odor (e. g. sulfur gas) noted in cabin
Electrostatic discharge (St. EImo's fire) on windshield, nose, engine cowls
No notable damage to exterior or interior

Light dust in cabin; no oxygen used
Exhaust gas temperature (EGT) fluctuations with return to normal values

Heavy cabin dust; "dark as night" in cabin

Contamination of air handling and air conditioning systems requiring use of oxygen

Some abrasion damage to exterior surface of aircraft, engine inlet, & compressor fan blades
Frosting or breaking of windows due to impact of ash

Minor plugging of pitot-static system; insufficient to affect instrument readings

Deposition of ash in engine

Vibration of engines owing to mismatch; surging

Plugging of pitot-static system to give erroneous instrument readings
Contamination of engine il hydraulic system fluids

Damage to electrical system

Engine damage

Temporary engine failure requiring in-flight restart of engine

Engine failure or other damage leading to crash

Table3. Summary of Class 4 encounters, modified from ICAO (2001)

Encounter Date Sour ce Volcano Encounter Encounter
Altitude Duration
25 May 1980 Mt. St.Helens, USA 15,000-16,000 ft ~4 minutes
24 June 1982 Galunggung, Indonesia 37,000 ft 13 minutes
24 June 1982 Galunggung, Indonesia 33,000-35,000 ft unknown
13 July 1982 Galunggung, Indonesia 33,000 ft unknown
15 December 1989 | Redoubt, USA 25,000 ft ~8 minutes
17 June 1991 Pinatubo, Philippines 37,000 ft 2 minutes
17 June 1991 Pinatubo, Philippines unknown unknown
27 June 1991 Unzen, Japan 37,000 ft unknown
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Abstract

Three aircraft encounters with volcanic clouds were
reported over the Micronesia area, northeast of Papua New
Guinea; two in November 2002 and one in March 2003.
Satellite analysis was performed using standard techniques,
but no detectable ash was found in the area. Back and
forward trajectories were then performed, to attempt to
identify the source of the volcanic clouds. For the March
2003 encounter, the volcanic cloud most likely derived
from Rabaul, Papua New Guinea, and was probably lofted
from low altitudes to aircraft cruising levels during
extensive convection in the area. The two aircraft in
November 2002 appear to have encountered parts of a
cloud approximately 350 km (190 nautical miles) across,
and about 12 hours apart. One aircraft, an Airbus 340,
reported intense St EImo’ s Fire, and light white * smoke’
with ‘burn smells'. Three pitot probes were replaced
because of ash inside, some light abrasion was found on the
engine air inlets but no damage on the windscreen or the
nose, and no internal engine damage was reported. The
second aircraft observed the ash cloud and smelt a slight
odour but found no damage. In this case, the volcanic cloud
amost certainly did not come from alocal source, but was
advected over agreat distance. The most likely source of
the cloud is the eruption of Reventador (Ecuador) twenty
days earlier, but trgjectory analysis isinconclusive.

Introduction

It isimportant that every aircraft encounter with
volcanic clouds be investigated, even when the
damage isrelatively minor, and the available
information isincomplete. Here, we discuss three
such encounters over or near Micronesia, north and
northeast of Papua New Guinea.

For these events, we produced forward and backward
trajectories for the events described using the Hybrid
Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) model (Draxler and Hess, 1998),
implemented at the Australian Bureau of
Meteorology and at NOAA (Draxler and Rolph,
2003), and the Canadian Meteorological Centre
trajectory model (CMC, 2004), hereafter ‘CMC
trajectory model’. We also conducted reverse
absorption and visible anaysis using GMS, GOES
and MODI S data.

Aircraft encounter on 8 March, 2003

On 8 March, 2003, at 1745 UTC an aircraft reported
volcanic ash at FL330 (approximately 10 km altitude)
to the Oakland, U.S.A., air traffic control centre. The
position was given as within 60 nautical miles (111
km) of the equator at 156E, at the border of the Port
Moresby (Papua New Guinea) and Oakland Oceanic
Flight Information Regions. The information was
passed on by telephone to the Guam Weather
Forecast Office, which then issued a SIGMET for
volcanic ash cloud.

The report was passed to Washington Volcanic Ash
Advisory Centre (VAAC), who immediately
contacted the Darwin VAAC, as the report originated
within Darwin’s area of responsibility (ICAO, 2004).
Washington and Darwin meteorol ogists discussed the
satellite anal yses (no ash detected, no known major
eruption, no obscuring factors such as cloud in the
area), and both VAACsissued advisories to alert
Meteorological Watch Offices in the area to the
situation. The SIGMET issued from Guam was not
found in Darwin VAAC communications traffic,
indicating either an addressing problem or a problem
in the message handling within the Australian Bureau
of Meteorology.

No hard copy of the report was received in Guam, nor
was any further information logged at Oakland
(Frank Wells (NOAA), Steven Albersheim (US
FAA), personal communications). Enquiriesto
various airlines have also proved fruitless;
accordingly, we have no knowledge of damage
caused or of any characteristics of the ash encounter,
which is somewhat frustrating. Our analysis hereis
based on the assumption that the information received
was correct, if sketchy.
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Under this assumption, we surmise that the encounter
did not cause severe on-board systems failure (from
the lack of mediareports), and that, as the encounter
occurred on a moonless night, that visible or other
sensible indications of volcanic ash were close to the
aircraft in order to be observed by the crew.
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Figure 1-CM C backward trajectoriesfor 8 March
2003 encounter, for endpointsat 9, 10 & 11 km at
18 UTC on 8 March 2003, beginning 4 March 00
UTC. Volcanoes with known or assumed activity
duringthe period areindicated, and the star
indicates the encounter location.
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Figure 2 - 27-member ensemble HYSPLIT back-
trajectoriesfor 8 March 2003 encounter using
(left) Bureau of Meteorology TLAPS analyses, and
(right) NOAA FNL data. End-point separation 1
grid-point (horizontally), 0.01 grid point
(vertically).

Figs. 1 & 2 show CMC trgjectory model and

HY SPLIT back-trajectories from the location of the
encounter. Of the active volcanoesindicated in Fig. 1,
explosive eruptions were most likely from Rabaul,
Ulawun, Langila, Ambrym, and Lopevi. However,
the only explosive activity actually observed (most of
these volcanoes are not constantly monitored) was
from Tavurvur cone at Rabaul, which fluctuated
between ‘white vapour’ and ‘ convoluted pale grey
ash clouds' rising a few hundred metres above the
223 m summit (Rabaul V olcano Observatory, 2003).
This height iswell below aircraft cruising levels, but
the vertical motion shown in both figures suggests of
the possibility of ash rising in convection or synoptic
scale ascent.

The differences in the ensemble trgjectories, and the
differences between these trajectories and the CMC
trajectory model, reflect the input analyses. In this
case, TLAPS has probably captured the low-mid
level monsoon trough slightly better because of the
higher resolution. These ensemble trgjectories
suggest a more westward source than the CMC
output, with many of the TLAPS ensemble members
showing a source south of Papua New Guinea. This
areais, however, not volcanically active: the most
likely candidate volcanoes are in the New Britain
region of Papua New Guinea, where the three models
have all indicated a possible source region.

Satellite imagery at 1745 UTC on 6 March (not
shown), indicates a deep layer cloud mass with
embedded convection near Rabaul, associated with
the convergence north of a strong monsoon trough
and Coral Sealow near 15°S (Darwin Regional
Specialised Meteorological Centre, 2003). The cloud
mass moved over awide area, with cumul onimbus
tops advecting slowly towards the northeast (and
toward the position of the aircraft encounter) and
dissipating. The situation two days later, at thetime
of the aircraft encounter, had another period of deep
cloudiness beginning near New Britain, while skies
near the encounter were relatively clear of cloud. This
satellite anal ysis supports the strong vertical motion
indicated by the model analyses.

The location of the suspected encounter is consistent
with ash from eruptions at Rabaul, New Britain,
several days earlier, transported in the vertical by
enhanced ascent associated with an active monsoonal
cloud mass. We presume that the concentration of
ash at thistime would have been quite low, given the
effects of over 3 days of dispersion, enhanced for a
period of at least 12-24 hours by moisture deposition
and fallout within the precipitating cloud mass.
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Aircraft encounters, 23/24 November, 2002

Fig.3 shows the locations of the two encounters
discussed here. Three pilot reports were received,
shown here with our commentsin italics.

Encounter 1.

1. IDENTIFIER - (removed for confidentiality)

2. POSITION - 80NM NORTH W/P DOHRT-AWY B452
(DOHRT is at ON, 156.83E)

3. TIME - 23.1728Z

4. FLT LEVEL - FL330 (about 10 km)
5.VOLCACTIVITY OBSERVED AT - NOT
REPORTED

6. AIR TEMP - M35C

7. SPOT WIND - 150/10

SUPP INFO - VOLCANIC ASH REPORTED AS
FLYING IN CB (cumulonimbus) CLOUD

ACI RQST ANY REPORTS THAT U MAY HAVE
RCVD.

In post-flight briefing, the aircraft crew reported
intense St EImo’ s Fire, and light white ‘ smoke’ with
‘burn smells'. These symptoms are characteristic of
moderate severity ash encounters. The report was not
transmitted during the flight because the crew were
unable to establish contact with either Port Moresby
or Oakland; radio interference is another
characteristic of volcanic ash encounters. The
aircraft, an Airbus 340, had three Pitot probes
replaced because of ash inside, some light abrasion
on the engine air inlets but no damage on the
windscreen or the nose. The encounter |asted about
one minute at cruising speed (=900 km/h), suggesting
an area of distinct ash cloud of the order of 15 km
wide.

Eight hours later, areport was received from an
aircraft on the ground at Rabaul:

LOCAL DATE - 24NOV 2002

TIME (UTC) - 2403302

A/CPOSITION - ON THE GROUND TOKUA (AYTK)
(Tokua airport)

A/C - P2-ANI

FLT NO. - PX204

VOLCANO NAME - TAVURVUR (note: a cone at
Rabaul)

DIRECTION OF ASH DRIFT - VERY HEAVY ASH
FRM VOLCANO GOING STRAIGHT INTO CLOUD
(BASE 3000FT) (about 900 metres)

WIND - LIGHT NORTH WESTERLY

Four hours after this, a second encounter report was
made:

Encounter 2:

1. IDENTIFIER - (removed for confidentiality)
2. POSITION - 0320N 15210E

3. TIME - 24.0717Z
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4. FLT LEVEL - FL360 (about 11 km)
5.VOLCACTIVITY OBSERVED AT - NOT
REPORTED

6. AIR TEMP - NOT REPORTED

7. SPOT WIND - NOT REPORTED

8. SUPP INFO - PLAIN LANGUAGE QUOTE NOT
CONCLUSIVE BUT POSS SLIGHT HAZE AND A
LITTLE SMELL AT FL360 UNQUOTE

Additional information was also obtained from this
airline: ‘ The pilot in charge of that flight
acknowledges that the signs were inconclusive and
not agreed by all flight crew. The time and location
were his recollection of actual event. He added that
looking down-sun the haze was evident, and looking
up-sun there was a*“ corond’ around the sun. They
flew into clearer air without these signs a bit later.’
Further inquiries elaborated on the phrase *a bit
later’: ‘they could discern a different “haze” below
them for about 20 minutes before the sulphurous
smell was noticed. That lasted for “2-3 minutes, less
than 5 anyway”’. These additional data emphasise
the importance of obtaining complete information at
thetime of areport. At cruising speed, acloud
observed for 20-25 minutes corresponds to an
approximate cloud width of 300 — 375 km, with the
areawhere the smell of sulphur was noticed about 30-
45 km across.

Figure 3 - 20-day back trajectoriesfor Encounter
1in November 2002, using HY SPLIT/GASP,
ending 00 UTC 24 November 2002 (top), and for
Encounter 2, ending 12 UTC (bottom). The
positions of encounters1 & 2 on 23/24 November
aremarked with stars.
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Analysis of GMS-5/VISSR, EOSYMODIS and
NOAA/AVHRR data (not shown) did not indicate
any ash inthearea. Back trgjectories (Fig.3) show
that the cloud at the position of Encounter 2 was near
approximately 2N 157E at the time of Encounter 1
(that is, within 50 km of Encounter 1), and at dtitude
of 10 km. Itistherefore highly likely that the aircraft
encountered parts of the same cloud. Because
Encounter 1 occurred during the night, any haze or
corona (suggesting ash or sulphate aerosols) would
probably not be observed, and the cloud was probably
only noticed when aless diffuse area affected the
aircraft for ashort period. At the time of Encounter
2, the sun was low in the sky (4 degrees elevation),
which would make the haze more visible. Had the
flight been slightly later, it is possible that no report
would have been made at all, since the smell of
sulphur was not a mandatory reporting element for
aircraft (thisis expected to change in the near future).

One possible source of this ash cloud was, the
entrainment of volcanic ash into deep convection.
The report from Tokua airport gives a strong
indication of this phenomenon. However, this event
occurred after the first encounter, and some distance
away. Moreover, satellite, manual and model
analysis prior to the encounters (not shown) all had
light and variable winds at the surface and strong
easterlies in the upper levels, suggesting that
advection of ash from Rabaul to the encounter
location was virtually impossible. The active
volcanoesin the vicinity of the encounters were the
same as those shown in Figure 1, but short-term
back-trajectories (not shown) indicate little chance of
ash from these volcanoes being responsible for the
encounters.

If the ash did not derive from alocal source, then it
must have originated in amajor eruption some
distance away. Thiswould be consistent with the
sizeable width of the diffuse cloud. Encounters with
ash at a great distance from the source have occurred
before (Casadevall, 1994). Fig. 3 shows an extended
20-day backward trajectory from the position of
Encounter 1, using HY SPLIT-4 with GASP analysis
data. This and other back-trajectories performed (not
shown) initially came from the east, giving ahigh
degree of confidence to the diagnosis of aremote
eruption source. At a greater distance from the
encounters, there is significant divergence in both
position and altitude. Many trajectories meander
along the equator, while others go near Hawaii, North
America, and Japan. One CMC back-trajectory (not
shown) reached as far as Italy, where Mt Etnawasin
eruption with ash being emitted at low levels.

However, by far the biggest eruption globally in
November 2002 was the eruption of El Reventador,
in Ecuador, South America, on 3-5 November. The
eruption column was at least 17 km high, with
approximately 53 kilo-tonnes of sulphur dioxide
released, and an unknown quantity of ash
(Smithsonian Institution, 2004). El Reventador is
almost exactly east of the encounters (albeit 13950
km east!). Since the tropospheric portion of the
eruption cloud was observed to drift westwardsin
equatorial easterlies, and the clouds associated with
the encounters twenty days later came from the east,
El Reventator is a potentia source of the ash clouds.

Twenty-day forward trajectories from the | ast
observed position of the Reventador ash were
performed to further investigate the possibility of
Reventador being the source of ash for the
Micronesia encounters. Fig. 4 showsthe CMC
trajectory result for this case; the ash initially heads
westwards for severa to many days, reaching as far
eastwards as 160W, then tracks southwards in the
Southern Hemisphere. HY SPLIT tragjectories also
show anumber of possible tracks, including into the
Northern Hemisphere. In general the speed of
movement of the ash is alittle too slow to reach
Papua New Guineain twenty days, although of
coursethisis very sensitive to altitude in the models.
Therefore, although the circumstances remain
suggestive, we are not able to definitively verify
Reventador as the source using either satellite
techniques or trajectory forecasts. On the other hand,
we are unable to suggest any other likely sources.
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Figure 4 - 20-day CM C forward trajectoriesfrom
thelast known position of the Reventador
eruption cloud, 5 November 2002.

Discussion

These cases show some of the more frustrating
aspects of operational monitoring, detection and
forecasting of volcanic ash for aviation:
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- Pilot reporting is intermittent, sometimes not in real-
time, and is often haphazard. The information
obtained for November 2002 was remarkably good
and reflects on the efficient operation of the airlines
involved; on the other hand, the pilot report from
March 2003 was vague and impossible to clarify.

- Volcanic eruption information in areas like the
South Pacific is often difficult to obtain, due to
resource and communication difficulties (Tupper and
Kinoshita, 2003). Our analysis assumptions here
have rested partly on the lack of major eruption
reports from Bougainville, the Solomon Islands, and
Vanuaty, all of which have inadequate volcanic
monitoring.

- Satellite analysis was unable to identify volcanic
clouds at the time of the encounters. Thisis not a new
issue; satellite-based monitoring in the tropicsis
frequently problematic (Tupper et al., 2004),
increasing our reliance on ground-based reporting.

- For the March 2003 encounter, comparisons
between trajectories based on different
meteorologica datasets show some significant
divergence after 1-2 days. The trgjectories suggest
differencesin the anal yses of the three-dimensional
wind field (e.g. strengths and/or positions of the
monsoon trough, Coral Sealow, etc) and are an
example of theincreased uncertainty of trajectoriesin
complex meteorological situations.

Conclusions

The volcanic ash from areported aircraft encounter in
March 2003, if reported correctly, most likely came
from low level eruptions at Tavurvur, Rabaul, Papua
New Guinea, after being advected to high levels
during an active monsoon. In November 2002, an
aircraft was significantly damaged by ash from an
unknown source, and another aircraft flew through a
part of the same cloud twelve hours later. The source
of this cloud amost certainly was not local, and
therefore originated from a major eruption elsewhere
intheworld. The most likely candidate source of the
ash was El Reventador in Ecuador, but we are unable
to prove this hypothesis to our satisfaction using
either satellite or trajectory analysis. The volcanic
clouds at the time of these encounters were not
detectable by current satellite techniques.
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P1.2

SULFUROUSODORS: A SIGNAL OF ENTRY INTO AN ASH PLUME—BUT PERHAPSLESS
RELIABLE FOR ESCAPE

Richard Wunderman, Global V olcanism Program, Smithsonian Institution, Washington, D.C.

Although our understanding of odorous gases associated with volcanic ash plumes is incomplete,
available reports indicate that during aircraft-ash encounters the pilots smelled sulfurous odors. Many
people can smell the volcanic gases hydrogen sulfide (H,S, “rotten egg”) and sulfur dioxide (SO,
“struck-match™) at low concentrations—just a few parts per million (ppm). When subjects are exposed to
sulfurous gases at dightly higher concentrations their smell receptors become saturated (undergoing
‘olefactory fatigue’). Unless trained otherwise, pilots could arrive at the false sense that the gas is gone.
Thus, pilots' sense of smell should reliably signal entry into (or proximity to) an ash plume; in contrast,
once in a plume with significant regions above the saturation threshold, pilots sense of smell could also
mislead, providing afalse sense of having emerged from the plume. Can such high concentrations occur?
The few public records of aircraft-ash encounters suggest are inconclusive. Scientists have long known
that large quantities of sulfurous gases escape during an eruption, but it is difficult to assess the gas
concentrations of most ash plumes. Small droplets containing condensed sulfurous acids might also play a
role. Thus, olefactory fatigue could plausibly present a very dangerous situation in the absence of other
signs of entry into a plume (electrica discharges, clogged pitot tubes, etc.). Moreover, one could imagine
the confusion induced by the perceived disappearance of the odor, as the aircraft penetrated into zones of
higher or fluctuating H,S concentrations. Pilots training might include brief exposure to low
concentrations of sulfurous gases, with discussion of the strengths and limitations of the sense of smell,
the range of observations that might confirm the presence of an ash cloud, and procedures leading to
reliably escaping a plume. Scientists need to establish whether critical concentration thresholds are likely
to be exceeded in eruptive plumes.
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2.1

A GLOBAL PERSPECTIVE ON VOLCANOESAND ERUPTIONS

Richard Wunderman, Lee Siebert, James Luhr, Tom Simkin, Ed Venzke,
Smithsonian Institution, Washington, D.C. 20560 USA

Geologists have identified ~1500 volcanoes worldwide as probably active in the past 10,000
years. Many form conspicuous, lofty cones; others include depressions, fissures, and areas
peppered with vents. Most of these volcanoes reside on land or protrude above water. An
additional, much larger number remain unwatched at depth beneath the sea, but their eruptions
seldom break the surface. Towards the poles in places like Iceland, eruptions under thick glacial
ice can melt an opening, alowing energetic discharges directly into the atmosphere. Volcanoes
often occur in linear belts or chains; those along the Pacific Rim tend to erupt explosively. Many
Asian air routes pass portions of Indonesia, the Philippines, and Japan, countries collectively
home to over one-third of the known active volcanoes. Earth’s active volcanoes include ~10-15
erupting (discharging solid material) nearly continually. At any one time, these are joined by
several others, often those that have erupted in the recent past. During each year of the 1990s,
~50-60 volcanoes erupted. Across the spectrum of explosive eruptions, smaller eruptions
predominate. Many noteworthy eruptions started suddenly (over one-third reached climax
within the first day; one-fifth in the first hour); however, in noteworthy cases years of milder
eruptions preceded a climactic one. Such factors as the erupted material’s volume, discharge
rate, viscosity, and volatile content influence the eruption’s size, character, and ash column
height. No one phenomenon spawns large ash clouds. It is often difficult to gauge the ultimate
size of an eruption at the onset. Although a growing ash column would hopefully trigger an
immediate report to a VAAC, factors may thwart this effort (e.g., bad weather, darkness, limited
infrastructure, damage, lack of diagnostic satellite coverage), thus hating clear, timely
assessments. Half the world’s 1500 active volcanoes reside in developing nations; many of the
world’ s volcanoes lack dedicated monitoring instruments.
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2.2

PROMISE AND PITFALLSIN ERUPTION FORECASTING

Chris Newhall, US Geological Survey
Box 351310, Univ. of Washington, Seattle, WA 98195 cnewhall @usgs.gov

“ The problem with weather forecasting isthat it's
right too often for usto ignore it and wrong too often
for ustorely onit.” (Patrick Young) The same holds
true for eruption forecasting.

Weather forecasting, though not perfect, has
improved greatly in recent decades. Volumes of data
from ground, air, and space based sensors and
sophisticated numerical model s complement ol der
methods. Daily trialsin every forecast area help to
refine the models. Hurricane (typhoon) and tornado
forecasting carry greater uncertainties, limited by
fewer data and opportunities for testing forecasts.

Volcanic eruption forecasting has also improved in
recent decades. Though uncertainties remain high,
probably even higher than uncertaintiesin hurricane
and tornado forecasts, dozens of successful eruption
forecasts have been made since 1980 that saved tens
of thousands of lives. True, volcanologists are
handicapped by being limited to proxy or indirect
measurements at the earth's surface rather than
having direct measurements of the rising magma.
True, only afew trials per year alow usto refine
forecast methods. True, numerical forecast models
are adream of the future. However, today's and
certainly tomorrow's eruption forecasts are important
wake-up calls for plume detection and the variety of
other ash-hazard mitigation measures described
elsewhere in this volume.

In this paper I'll say afew words about why
volcanoes erupt, the basis for eruption forecasts, the
relative reliability of various types of eruption
forecasts, and some potentia pitfalls of which you
should be aware.

First, what are eruptions? Eruptions are gjections of
molten or solid rock, as flows or fragments, into the
air or onto the earth's surface. In most cases the
starting material of eruptionsis molten rock (magma)
that has risen from many miles depth, through the
crust of the earth. If magma and its hot gases heat
groundwater in the surrounding crust to sufficiently
high temperatures and pressures, natural steam
explosions will pulverize the older crust around the
magma and cause that already solid rock to erupt as
well. Many eruptions begin with such steam

("phreatic") explosions and then become "magmatic"
if magmaitself reaches the surface.

Phreatic explosions generate ash by pulverizing the
rock through which they explode. Magmatic
explosions generate ash by fragmenting the magma
itself. Gases that are dissolved comfortably in magma
at depth exsolve (i.e., un-dissolve) near the earth's
surface, pressurize, and blow the magma into tiny
sand- and silt-size fragments that we know as
volcanic ash (fig. 1). Aside from minor differences
in composition and shape, phreatic ash and magmatic
ash are the same, i.e., tiny rock fragments, lofted into
the air in thermal s generated by the heat of exploding
steam and magma.  Small explosions may loft ash a
few hundred or afew thousand feet above a vent;
giant eruptions like that of Mount St. Helensin 1980
or Pinatubo in 1991 loft ash 60,000-100,000 feet. A
curtain of ash then rains out of an eruption plume,
back down through all elevations.

Ideally, forecasts of eruptions would specify their
location, onset date, explosive magnitude, and
duration or ending date. The most important for
aviation safety are location, onset, and explosive
magnitude (eruption column height, ash
concentrations), joined soon after by ash trajectories.
Current forecasts of duration or ending date are too
imprecise to be helpful to the aviation community.

To forecast the location of volcanic eruptionsis
relatively smpleif thereis an adequate network of
monitoring instruments. Nearly all eruptions are
from preexisting vol canoes, and most though not all
volcanoes that have erupted in recent history are
monitored well enough to detect signs that might lead
to an eruption (see Ewert and Newhall, this volume).
As magma pushes its way toward the surface, it
breaks the crust to make way. This processis
recorded as tiny earthquakes by nearby seismometers.
It also causes the earth's surface to bow dlightly
upward, detectable by sensitive surveying
instruments including high-precision GPS stations.
As gases that are dissolved in the magma at depth
begin to exsolve, some leak out and can be detected
by avariety of "gas sniffers’

Session 2 — Page 3



Explosive
eruptions

"% pyroclastic
e
<— fragmentation

« IF magma has high viscosity
«--> gas not very mobile and
cannot escape easily

«IF magma ascends rapidly,
«--> high gas content persists
to near surface

« --> large potential expansion

nucleation

silicate melt /
+ dissolved gases (H,0, CO,, S)
(£ crystals)

magma input from depth

After H Mader

Fig. 1. FromMagma to Ash. Molten rock that contains
dissolved gases (mostly, CO2 and H20) rises buoyantly
through a volcanic conduit. Asit rises, confining pressure
decreases (as when the cap of a carbonated drink is
opened), bubbles form, expand, and eventually turn the top
of the magma column into a magma foam. Rapid
depressurization causes the foamto explode and pulverize
tiny minerals and quenched (glass) bubble walls into
volcanic ash. Heat from the hot ash causes the cloud to
rise like a strong thermal.

at the surface. Nearly always, we know which
monitored volcanoes are restless and COULD erupt.

To forecast the onset of an eruption is more difficult
but sometimes possible. Some volcanoes exhibit
exponentially escalating unrest and the onset of an
eruption can be forecast to within afew hours or days
(small eruptions of Mount St. Helens after the famous
May 18 1980 events, a moderate-size initial eruption
of Redoubt in December 1989, and progressively
larger and eventually giant Pinatubo eruptions of
June 1991). Sometimes, volcanoes also show a
sudden, distinctive cessation of seismicity or gas
emission, or a sudden tilting of ground very near a
vent, that are extra signs that an eruption isimminent.
Fortunately, volcanoes that have been quiet for many
years and that are the most dangerous are usualy the
easiest at which to forecast eruption onset.
Unfortunately, volcanoes that erupt frequently can
erupt again with little notice, and volcanoes that have
already been restless for an extended period can also
erupt with little further notice (e.g., Mount St.

Helens, May 18 1980).

Forecasts of the explosive magnitude of an eruption
are fraught with uncertainty. Two approaches are
usually combined. Thefirst isto review prior
eruptions of that volcano and to assume that future
eruptions will be of similar magnitude(s). Because
many volcanoes erupt with a wide range of explosive

magnitudes, we may have only statistical odds of one
explosive magnitude vs. another. These odds can be
refined dlightly by factoring in the number of years
the volcano has been quiet and the degree to which
long quiescence at that volcano makes subsequent
eruptions more explosive. Not all volcanoes behave
aike, though, and some volcanoes even change their
general eruptive style from decade to decade or
century to century.

A second way to forecast explosive magnitude looks
for telltale indications in precursory unrest. Some
indicators include the speed with which magmais
rising (faster speed correlates with higher eventual
explosivity), recent gas emissions (to judge whether
the new magma remains gas-charged or has already
lost its fizz and explosive potential), and, perhaps, the
apparent volume of rising magma as indicated by
bowing up of the ground surface. Truth be told,
though, we have had very few opportunities to test
the consistency and thusreliability of these
indicators.

At best, explosive magnitude can be forecast to the
nearest order of magnitude of how much magma will
be fragmented into ash (e.g., 0.01, 0.1, 1, 10, or 100
cubic miles of magma) and the nearest 20,000 or
30,000 feet of eruption column height. Many
volcanologists use a shorthand index of explosive
magnitude, called the V olcanic Explosivity Index or
VEI (Newhall and Self, 1982). Successively higher
VEI values refer to roughly one order of magnitude
greater ash volume and successively higher
maximum column heights. Of the 60 or so hon-
submarine volcanoes around the world that are active
each year (Wunderman and others, this volume),
most are producing VEI 2 eruptions from which ash
rises between 3,000 and about 20,000 feet. VEI 2
eruptions generally don't threaten commercial jet
traffic at cruise altitude but can certainly cause
problems for low-flying aircraft, planes on ascent or
descent, and for airports themselves. VEI 3 and
higher eruptions, of which there are typically several
per year worldwide, generally do send ash to cruise
altitudes and are serious aviation hazards. If a
volcano is expected to erupt and is known to produce
VEI 3 and larger eruptions, it would be prudent to
assume that the impending eruption could be that
large until proven otherwise. Satellite imagery
combined with a measure of seismic tremor
associated with an eruption (McNutt, 1994) can often
give an estimate of column height within an hour
after eruption onset, supplanting whatever was
forecast, but be aware that eruptions often increase or
decrease in VEI from hour to hour and day to day. In
more than 90 % of eruptions, the climax (maximum
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explosive magnitude) is reached in the first 24 hours
(Simkin and Siebert, 1984), but tall eruption columns
can also pop up later in eruptions!

What determines the ultimate expl osive magnitude of
an eruption? Inaword, gas! More precisely,
explosivity is controlled by how much gas was
originally contained in the magma and how much of
that has bled off before the magma reached near the
earth's surface. The analogy between magmas and
soda pop is actually quite good. Gas-charged soda
pop will explode if opened suddenly, but if opened
dowly its gas will just bleed off. Without trying here
to quantify these parameters, we can generalize that if
magmaisrelatively fluid and/or isrising dowly,
most of its gas may be able to bleed off before that
magma nears the surface. Its resulting explosive
potential will below. Thisistrue of fluid Hawaiian
magmas and of very viscous magmas beneath some
lavadomes. In contrast, if gas-rich magmaistoo
viscous to let gases escape easily and if it rises fast
enough that the gases can't bleed off before nearing
the surface, the explosive potential will be high. This
is characteristic of most volcanoes of the Circum-
Pacific "Ring of Fire" and most volcanoesin Italy,
Greece, and Iceland. Some volcanoes like Soufriere
Hills on Montserrat exhibit both behaviors -- non-
explosive dome growth when the supply and ascent
rate of magmais slow and explaosive eruptions when
itishigh. At afew volcanoes like Stromboli in Italy,
the ascent rate is just right to maintain constant small
explosions -- high enough to not lose all of its gas
enroute to the surface yet low enough to lose enough
gasto keep explosions small.

| should add words of caution about “non-explosive”
dome building eruptions and secondary explosions.
Even though lava domes may grow without
explosions, those that are actively growing,
especialy if on steep slopes, tend to collapse and
produce what we call dome-collapse pyroclastic
flows. These are hot avalanches and have significant
dust (ash) clouds. Becausethelavais hat, these
winnowed ash clouds can rise in thermals to
thousands, even several tens of thousands of feet, i.e.,
up into cruise altitudes. Dome collapse and
associated ash clouds are very difficult to forecast
and, at this point, the best that can be done for
warning of theseis near-real time detection and
tracking, alerted by the seismicity of the collapse.
“Secondary explosions’ occur where pyroclastic flow
deposits are thick and remain hot for months or even
years and groundwater seeps into the deposit, is
heated, and flashes into steam. Most such events are
too small for aviators to worry about, e.g., lofting ash
only afew hundred feet at Redoubt Volcano in 1990,

but the largest secondary explosions from thick
deposits on the slopes of Mount Pinatubo occurred
months after the main eruption, with only rainfall as
warning, and sent ash 80,000 feet into the air and
damaged at |east one commerciadl jet.

Conventional wisdom isthat after an eruption,
magma that remains in the volcano's conduit cools
and solidifies ("freezes"), forming a plug that will
have to be cracked or blasted out before the volcano
can erupt again. Such "closed-vent" behavior is
characterized by infrequent, often explosive
eruptions. However, many volcanoes exhibit " open-
vent" behavior in which magmain the conduit does
not solidify between eruptions but, instead, churnsin
akind of lava-lamp-like convection. Rising, gas-rich
magma grows less and | ess dense as gas bubbles
grow init, eventually turning into a magma foam not
far below the surface. Foams are permeable and
most of the gas escapes, feeding persistent gas
plumes from such volcanoes. The degassed foam
collapses, becomes dense, and sinks back down
through the fresh rising magma, driving the
convection process. |If the reservoir of gas-rich
magma.is large enough, this activity can persist and
feed small eruptions for years or even decades, e.g.,
Stromboali, Italy and Y asour, Vanuatu. Some
volcanologists think the same is occurring beneath
other volcanoes that in recent years have produced a
lot of gas and not much else, e.g., Popocatépetl in
Mexico.

Closed-vent behavior makes eruptions relatively easy
to forecast. Fresh magmaworking itsway to the
surface must break through the plug or surrounding
rock, generating earthquakes and swelling of the
ground. Gas leaks may or may not be detected at the
surface. The most easily measured gas, sulfur
dioxide, may be absorbed into and hidden in
groundwater and thus not reach gas instruments on
the surface. Fortunately, most VEI 3 and larger
eruptions are going to follow closed-vent behavior
and thus will give at least some warning of
reawakening.

Open-vent behavior tends to bleed off the gas and
thus reduce explosive potential. Thus, most eruptions
during this behavior will be VEI 2 and smaller.
However, be careful, because there are some casesin
which either the convection speeds up (increasing
explosive potential) or is temporarily stopped
(trapping gas and thus also increasing explosive
potential). Eruptions from volcanoes in open-vent
behavior are generally difficult to forecast because
thereis virtually no plug to break through. Seismic
and ground deformation precursors will be minimal.
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Emission of CO,, SO,, and other volcanic gases may
increase notably, but these don't indicate likely onset
time very precisely. Ground deformation (e.g., tilt)
measurements right on crater rims can warn of fresh-
arriving slugs of magma and thus of explosions or
dome collapse to follow within hoursto afew days,
but very few volcanoes have instruments close
enough to their vents to detect such changes. So, in
general, eruptions during open-vent behavior will be
difficult to forecast. Asan example, after the vent of
Mount Spurr, Alaska, was opened in June 1992, a
second eruption in August began without clear
seismic precursors.

Throughout this paper | have been referring to
eruption forecasts asiif they are issued in a standard
format. Inredity, they are not. Three related
formatsillustrate.

One format of eruption forecasts explicitly states one
or severa progressively narrower time windows, e.g.,
2 weeks, 1 day, etc., within which an eruption is
expected to begin (e.g., Swanson and others, 1983;
Punongbayan and others, 1996). Very few forecasts
are this explicit, although one successful one from
Pinatubo (1991) was instrumental in saving many
lives. Equally few specify the exact magnitude of an
impending eruption; more often, forecasts givea
range of likely magnitudes.

A second format estimates relative and absolute
probabilities of al likely outcomes, usually in the
form of a probability tree that appliesto a specified
timeframe (Aspinall and others, 2002; Newhall and
Hoblitt, 2002; Marzocchi and others, in press).

The third, most common format (with many variants)
isacolor or numerical code that is shorthand for the
intensity of seismic and other unrest, level of
volcanologists' concern, OR proximity of the onset of
an eruption. Most such codes have 3-6 levels of
which the lowest is background activity and the
highest is a dangerous explosive eruption in progress.
Steps between these two extremes represent
increasing hazard but may not specifically "forecast”
an eruption. Rather, they represent DECREASING
ASSURANCE that an eruption will NOT occur.
Although this might seem like afine distinction |
think it is an important one, as there are still many
instances in which we know that present unrest
COULD presage an eruption but could equally well
stop without eruption. Volcanologists try very hard
toavoid false alarms, i.e., to not "cry wolf," and color
codes that can be raised or lowered are more flexible
than forecasts of when avolcano WILL erupt. The
International Civil Aviation Organization (ICAO,

2004) describes its color-code scheme, and task
groups within the US Geological Survey (Gardner,
this volume) and the International Association of
Volcanology and Chemistry of the Earth's Interior
(IAVCEI) are exploring whether wider
standardization is possible.

The three formats of forecasts are broadly related.
Yellow or similar codes indicate elevated but not
intense unrest, and generally do not imply that an
eruption will occur. Indeed, more often than not,
yellow unrest will stop without an eruption. Many
instances of orange or similar unrest typically are
followed by an eruption within days to weeks, so
thereis animplication, tacit or explicit, that an
eruption could and in some cases probably will begin
within that timeframe. The highest level of alert, red
or similar, may indicate that an eruption islikely
within hours or has already begun. Please note use of
theterms"could" and "likely," rather than "will
occur." Observatories may use different formats for
different audiences or to emphasize time of onset,
type of eruption, or simplicity and possible relation to
response plans, respectively.

Weather forecasters track how often their forecasts
are correct or incorrect. Can we do the same for
eruption forecasts? Of 224 moderate-size
explosions during a 1987-1991 test period at
Sakurajima Volcano, 162 were successfully forecast
and 62 were missed (Kamo and others, 1994). An
automated algorithm produced only afew false
alarms. Twenty (20) post-climactic, mostly dome-
building eruptions of Mount St. Helens were
successfully forecast between 1980 and 1986 without
false alarms or misses (Swanson and others, 1983;
Swanson, 1990).

Color-code or numerical alerts do not specifically
forecast dates of eruptions but, at higher levels,
usually imply atimeframe of weeks or less. Within
the past 20 years but not including Sakurajima and
Mount St. Helens events, 60 orange, red, or similar
alerts were followed by eruptions within weeks or
less, 8 orange or red alertswere “false alarms,” i.e.,
NOT followed shortly by eruptions, and 48 eruptions
weremissed. Many in the last group were
anticipated with a yellow aert but not with a more
urgent orange or red alert.

Of roughly 150 VEI >3 eruptions that occurred from
mid-1984 to mid-2004 — eruptions that are always of
concern to aviation -- about 30 were successfully
forecast with an orange or red alert and 50-100 were
loosely anticipated by a yellow or equivalent alert,
but at least several tens were not anticipated at all.
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The last group occurred where vol canoes were not
monitored or where the observatory failed to issue an
alert. These unforetold VEI >3 eruptions are
worrisome and unacceptable, and their source
volcanoes are dowly being brought under monitoring
surveillance.

Eruption forecasting isimproving slowly but surely.
Part of the improvement comes from expanded and
better monitoring and a growing body of experience
about what precursors to expect. Another part comes
from improving conceptual models of how magma
rise and degas, or, if not, explode. Clearly, not al
eruptions are being forecast yet, but are the forecasts
that are issued reliable? Since volcano observatories
are careful to not issue false alarms, most orange, red,
or equivalent warnings are likely to be correct and
can help you to be ready for ash as soon as an
explosive eruption does begin.
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2.3

STATUSAND CHALLENGES OF VOLCANO MONITORING WORLDWIDE

John W. Ewert, U.S. Geologica Survey, Vancouver, WA 98683, USA (jwewert@usgs.gov)
Christopher G. Newhall, U.S. Geologica Survey, Seattle, WA 98195 USA

I ntroduction

Volcanoes exhibit precursory activity that may
occur hours to years before an eruption and thus
allow an eruption forecast. Accurate forecasts and
real -time detection of volcanic eruptions are
essential to keep pilots, passengers, and planes out
of ash clouds. Timely eruption reporting by
volcano observatories, beginning with information
about the premonitory build-up phase, allows
more time for flight planning and improves
response time of satellite-based ash-cloud
detection. Here we describe in general terms the
most commonly used volcano-monitoring
techniques, and report where obvious gapsin
monitoring exist, particularly with respect to
aviation safety.

Most vol cano-monitoring networks and
observatory operations have been designed to
mitigate hazards to people on the ground rather
thanintheair. Consequently, most volcano
observatories and hence most monitored vol canoes
are found where the risks to people on the ground
are greatest. Notable exceptions are the
monitoring of Alaskan volcanoes by the Alaska
Volcano Observatory (AVO) (Murray, this
volume), Kamchatkan and Kurile volcanoes by
KVERT (Gordeev and others, this volume), and
Anatahan volcano by the U.S. Geological Survey
and the Commonwealth of the Northern Mariana
Islands. At the present time, volcano-monitoring
operations are conducted by about 60 ingtitutions
globally. However, of the more than 1500 active
volcanoes in the world, less than a quarter have
any kind of real-time monitoring, and only afew
(numbering less than 50) would be considered
adequately monitored for both hazard and research
pUrposes.

Why is ground-based monitoring critical ?

A recent eruption at Anatahan volcano in the
Commonwealth of the Northern Mariana Islands

(CNMI) in 2003, gives an example of thetime lag
between eruption onset and ash cloud detection
that can occur in aremote areaif only remote
sensing isemployed. On 10 June 2003,
approximately five hours elapsed from the
unexpected onset of eruptive activity at Anatahan
and subsequent ash plumeto 11 km, to the
issuance of the first Significant Meteorol ogical
Advisory (SIGMET) and Volcanic Ash Advisory
by the Guam Meteorological Watch Office
(MWO) and Washington-Volcanic Ash Advisory
Center (W-VAAC), respectively (Guffanti and
others, in press). Arguably, had Anatahan been
seismically monitored in real time before the start
of eruptive activity, this delay likely could have
been much shorter and dissemination of ash-
hazard information to the aviation sector could
have been more rapid. Luckily, no damaging
encounters appear to have occurred.

Subsequently, real-time seismic monitoring was
installed on Anatahan by the U.S. Geological
Survey and the CNMI Emergency Management
Office, and in March and April of 2004 notices of
new eruptive activity at Anatahan were passed to
the W-VAAC and Guam MWO within minutes of
seismic detection (R.White, written
communication).

When ground-based monitoring isin operation at a
volcano, and communication links arein place
between the vol cano observatory and the regional
MWO and VAAC, natices of heightened eruption
potential and notification of eruption onset are
typically more rapid than if no ground-based
monitoring isin place. The eruption of remote
Bezymianny V olcano, Kamchatka in June, 2004,
illustrates this case. On June 16, 2004, based on
increasing seismicity, the Kamchatkan Volcanic
Eruption Response Team (KVERT) raised the
concern color code for Bezymianny from yellow
to orange (indicating an eruption is possible within
afew days and may occur with little or no
warning). On June 18, 1940 UTC an explosive
eruption was detected seismically, and an ash
column to 8-10 km was observed by aremotely
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operated video camera at 2040 UTC. KVERT
issued an eruption notification at 2055 UTC, a
little more than one hour after the eruption began.
In contrast, owing to alack of satellite coverage,
the ash column was first spotted in satellite
imagery approximately 4 hours after the
seismically-determined eruption onset. (D.
Schneider, personal communication).

Although the eruption notification was not made
within five minutes of the eruption onset as airline
representatives to the 2™ International Conference
on Volcanic Ash and Aviation Safety suggested as
agoal, the notification was much more timely than
would have been possible with only satellite
remote sensing owing to the ground-based
monitoring by the KVERT. No damaging
encounters were reported from this eruption.

Real-time volcano monitoring

An adequately monitored volcano has continuous
multiparametric (a.combination of seismic,
deformation, geochemical, etc.) data streams that
are available in real-time to an observatory
facility. More commonly in the world today, if a
volcano has any monitoring at al, itisby asingle
seismometer, standalone or within aregional
network.

For the purposes of this discussion, we classify
volcano monitoring techniques into two general
classes; those useful for eruption forecasting and
prediction, and those useful for eruption detection.
We limit our discussion to those techniques and
instruments that can be used in real time or near-
rea time, generaly in atelemetered configuration.
A combination of monitoring techniques and
sensor types yields the most reliable results.

Eruption forecasting tools

Seismic monitoring is the mainstay of volcano
monitoring operations around the world. The
typical telemetered seismic station used to monitor
avolcanoisasingle (vertical) component , short-
period type, data from which are sent viaanalog
telemetry to a central recording site. This class of
instrumentation has been employed to monitor
volcanoes since the early 1970s, is robust even in
marginal field conditions, and the technology is

Session 2 —

accessible in developing countries. To locate
seismicity, aminimum of four telemetered
instruments spread around the volcano is
necessary. In many cases though, only one or two
instruments may be deployed close enough to a
volcano to reliably detect and track the subtle
changes in seismicity prior to eruption.
Fortunately, useful information about the status of
avolcanic system can be gleaned from one or two
stations if an experienced seismologist is on hand
with appropriate data processing software
(McNutt, 1996).

At well-monitored vol canoes, which number less
than 50 worldwide, focused, small-aperture
seismic networks are arrayed within alarger
aperture regional network and may consist of a
mix of single and three-component stations.
Focused sei smic monitoring techniques can be
used to infer the presence of magma as a cause of
seismicity, to track the ascent of magma and other
fluids toward the surface, and to determine the
onset of explosive eruptions.

Other monitoring techniques used to forecast and
predict eruptions include methods to measure
ground movement (deformation), gas emissions,
and changes in thermal characteristics.
Telemetered deformation instrumentation includes
(in order of increasing sensitivity) Global
Positioning System (GPS) installations, which
measure surface displacement in three dimensions;
tiltmeters, which measure changes in near-surface
ground inclination; and strainmeters, which
measure minute compressional or tensional
changesin strain in boreholes that are 10sto 100s
of meters deep. Monitoring ground movement by
remote sensing over broad areas is sometimes
possible with Interferometric Synthetic Aperture
Radar (INSAR). The InSAR technique lends itself
to tracking slow, long-term changes that may
occur months to years ahead of an eruption.
Together, these deformation-monitoring
techniques can detect accumulation of magma
beneath a volcano and the passage of magma
toward the surface (Dvorak and Dzurisin, 1997).

Carbon dioxide, sulfur dioxide and hydrogen
sulfide gas fluxes can be determined by flying
monitoring instruments beneath and through the
volcanic gas plume near the volcano. Sulfur
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dioxide flux can be measured from the ground in
daylight hours and the data telemetered. Changes
in concentrations of gas speciesin soil or
fumaroles can also be measured, and the data
telemetered to a central receiving site. Though not
measurements of the total gas flux from the
magmatic system, these types of data can be useful
in tracking a volcanic system moving toward
eruption. These techniques can confirm the
presence of an active, degassing magma body and
be used to infer rise of magmato shallow levels
beneath a volcano and/or boiling and
disappearance of groundwater in response to
increased thermal flux (Symonds and others,
1994).

The extent and intensity of thermal emissions from
avolcanic source can be measured in avariety of
ways including satellite, aircraft, and ground based
measurements. Used in conjunction with other
monitoring techniques, thermal monitoring can aid
in diagnosing whether arestless volcano is
progressing toward eruption.

Eruption detection tools

Explosive volcanic eruptions can create a sudden
ash hazard to aircraft, necessitating the shortest
possible delay between eruption detection and
issuance of warnings. While satellite remote
sensing offers attractive eruption detection
capabilities owing to broad areal coverage and
multi-spectral capabilities, uncertainties in cloud
cover, eruptive column height, orbita timing of
Polar Operationa Environmental Satellites and
scan timing of Geostationary Operational
Environmental Satellites make timely detection of
eruptions from space a hit or miss proposition
(Mouginis-Mark and Domergue-Schmidt, 2000).
Ground-based instrumental monitoring, used in
conjunction with satellite remote sensing offers a
much higher probability of timely detection of
eruption onsets.

As with eruption forecasting, seismic monitoring
is the mainstay of eruption detection at volcano
observatories. Other techniques used to detect and
confirm eruptions include infrasonic and lightning
detection, direct human observations, weather
radars and video surveillance. A combination of
different sensors coupled with effective

communication between observers and the
aviation community offer the best chance of
timely ash cloud avoidance by aircraft.

Current Status

The number of monitored vol canoes has increased
in most regions since the First International
Symposium on Volcanic Ash and Aviation Safety
in 1991 (Casadevall, 1994). About 270 of 470
explosive volcanoes that have erupted in past 2000
years have some form of continuous monitoring in
place (fig. 1). The majority have only seismic
monitoring—in many cases asingle sensor. Well-
monitored vol canoes tend to be in wealthy
countries, exhibit some level of unrest, have
erupted recently, and/or pose a clear hazard to
densely populated areas. The corollary isthat
there are about 200 recently active vol canoes with
explosive potentia that remain unmonitored.

With the exception of the monitoring being carried
out in the Aleutian Islands by the Alaska V olcano
Observatory Murray, 2004), Kamchatkan and
northern Kurile volcanoes by KVERT (Gordeev,
this volume), and Anatahan volcano by the U.S.
Geologica Survey and the CNMI, aviation risk
has not been the determining factor in where
volcano networks are established. Usually the first
priority of the institution doing the monitoring is
the safety of people in hazardous areas nearby the
volcano. Volcano observatories typically issue
public notifications of conditions at monitored
volcanoes, but again, the focus is typically on
warnings about ground hazards.

Although more volcanoes are monitored now than
ever before, there are till large portions of
volcanic arcs that remain un-monitored, including
volcanoes that serioudly threaten airways (fig. 1).
The most under-monitored volcanic areas include
the Northern Mariana Islands, the Kurile Islands
and parts of Kamchatka, the central and southern
Andes of South America, and Africa. Not
surprisingly, these are areas with the smallest
ground populations at risk.
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Challenges

More volcanoes along busy air routes are
continuously monitored now than at the time of
thefirst Volcanic Ash and Aviation Safety
Conference 13 years ago. Encounters are fewer
today than 13 years ago (Guffanti and others, this
volume). Y et, encounterswith ash still occur. We
in the volcanological community are proud of our
improvements in monitoring, but we're still not
satisfied and the aviation community shouldn’t be
either. Here are several targets toward which
volcanologists, meteorologists, air traffic control,
pilots, and airlines together should strive:

1) Add monitoring as quickly as possible to the
~200 volcanoes that are potentially active and may
pose athreat to aviation, but are still unmonitored.
Can we halve that number of unmonitored within
the next 10 years?

2) Strengthen monitoring at minimally-monitored
volcanoes, so that no eruption will be missed.

3) Ensure that communications between volcano
observatories and VAACs are fast, clear, and
robust. One way to improve this communication
and awareness of each others' work would beto
increase near-real-time data sharing. Through the
internet, vol cano observatories could share graphic
seismic datawith their VAAC(s) and VAACs
could share selected satellite imagery (e.g., GOES
or GM Simages) with their cooperating volcano
observatories.

4) A clear and worthy target is to notify pilots of
an ash-producing eruption within 5 minutes of its
onset. Work together to ensure adequate funding
for these efforts. Specifically, pilots, airline
companies, and thosein air traffic control need to
help volcanol ogists and meteorologiststally (a)
encounters and details of their consegquences, (b)
diversions (avoided encounters) and probable
savings (c) the volume of air traffic in under-
monitored volcanic areas. These data are sorely
needed to justify measures and expenses that each
of the abovementioned players would make in the
overall mitigation effort.
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Figure 1. Map showing 468 volcanoes that have erupted explosively in the last 2000 years.
Monitored volcanoes indicated by solid triangles. Un-monitored volcanoes indicated by open
circles. Volcano datafrom Siebert and Simkin, 2002-. Flight routes from Casadevall and others,
1999. Monitoring status compiled by the authors.
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24

VOLCANIC ALERT SYSTEMS: AN OVERVIEW OF THEIR FORM AND FUNCTION
Bradley Scott, Institute of Geological and Nuclear Sciences, Wairakei, New Zealand

Volcanic activity world wide is monitored by over 60 Volcano Observatories. Individual
volcano observatories can be responsible for anywhere from one to over 40 volcanoes. They
are typically set up to advise nationa, regiona or local governments, emergency responding
agencies, industry and the population. This advice is usually communicated by ‘volcano alert
bulletins and ‘volcano aert levels . A wide variety of needs are catered for in these systems.
Two basic styles of volcano aert/warning systems have developed which relate to the status
of a volcano, i.e. is it frequently in eruption or is it reawakening? Systems dealing with
frequently active volcanoes have steps in them that are typically linked to the ‘current’ status
of the volcanic activity, especially ongoing eruptive activity. They can carry any element of
prediction, forecasting or warning and some indication of the degree of risk that the public
are placed in while undertaking normal (non-restricted) activity on or about the volcano. In
contrast, systems based on expected activity (reawakening) are often based on time-windows
to the next expected level of unrest or the commencement of eruptive activity. The window
durations are typically years, months, days or hours. The structure and responses to the aert
systems vary between countries, resulting in a lack of international uniformity in our alert-
warning systems, however this does not undermine the important function they achieve.
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2.5

EXPLOSIVE ERUPTIONS OF ETNA VOLCANO SERIOUSLY
THREATEN AVIATION SAFETY INTHE
CENTRAL MEDITERRANEAN REGION

Mauro Coltelli and Paola Del Carlo

Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania, Piazza Roma 2, 95123,
Catania, Italy

Etna is a basdltic volcano located in eastern
Sicily (Italy). Although it is worldwide known
for lava flow eruptions that often threat the
populated areas on its slopes, in the last decades
explosive eruptions represent its more frequent
activity either a summit craters or aong
fissures opened on its flanks, making Etna
volcano a serious source of risk for aviation in
central Mediterranean region (Fig. 1).

The frequency of Etna’s eruptive phenomenain
the last four centuries has increased, and
particularly the explosive eruptions since 70's
years (Branca and Del Carlo, 2004a). From
1979, we surveyed a large number of violent
explosive events (Fig. 2) produced by summit
craters, including more than 150 lava fountain
episodes, characterized by: i) eruptive columns
from 2 to 15 km high above the vent, ii) tephra
volumes ranging from 10* to 10" m® and iii)
magnitude from violent strombolian to

subplinian. They often produced tephra fallout
over eastern Sicily and the city of Catania.

Fig. 1: 2001 eruption plume of Etnain the
Mediterranean Sea (NOAA courtesy).
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Fig. 2: Frequency of Etna’'s explosive eruptions
occurred in the last 25 years.

At summit craters the prolonged explosive
activity is generally weaker and produces
limited dispersed tephra fallout, whereas violent
strombolian and subplinian types episodes from
summit craters are short-lived eruptions (from
less than one hour to few hours) that produce
widely dispersed deposits up to a few hundred
km from the volcano. Due to the small volume
of magma erupted they are not able to produce
serious damages to the infrastructures also close
to the volcano but they produce or induce
severa collateral damages mainly to the human
health (lung ingestion of very small particles),
to agriculture (lost of harvests), to the aviation
(in-flight encounters with the drifting ash cloud
and airport’s runway contaminated with ash)
and to the surface mobility (dlippery roads due
to a continuous ash mantle). These events are
often repeated in a short time as in September
1989, when 14 episodes occurred during 16
days, in 1990 when other five episodes
occurred; between November 1995 and June
1996 when ten strong fire fountain episodes
were produced by North East Crater; during
1997 with other 14 episodes mainly from South
East Crater; in 1998-9 when 4 episodes
occurred, and finally the extraordinary activity
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of 2000 when 64 episodes occurred during five
months causing the first serious problems to the
population of eastern Sicily for the damages to
aviation, to agricultures, and to roads and
villages around Etna covered by an ash-mantle
and amost daily cleared.

During this period, the most relevant air
accident occurred on April 2000 when a
commercial airplane (Airbus 320) departing
from Catania airport encountered Etna's ash
cloud damaging cockpit windshields.

During the last flank eruptions, occurred in
2001 and 2002-03, an exceptiona and
prolonged explosive activity originated from
vents opened on the upper slopes of Etna was
observed for the first time in the last century
(INGV Research Staff, 2001; Andronico et al.,
2004). Lava fountaining activity formed an ash
plume 1-3 km high above the 2800 m vent (Fig.
3), causing a continuous tephra falout for
almost two months during the 2002-03 eruption.

Fig. 3: 2002-03 eruption ash plume dispersed
eastward from the 2800 m vent in the S slope of
Etna (Photo UFVG-INGV Sezione di Catania).

Copious lapilli and ash covered the volcano
slopes and fine particles reached Rome and
central Italy, western cost of Greece at and the
northern coast of Libya. Because the effects of
this unusual flank activity have been very
serious on both hedth and economy,
particularly for the respiratory diseases widely
reported, and for the frequent disruption of the
flight operations at Catania and Reggio Calabria
airports, the explosive activity of Etna has
started to draw the attention of loca
administrators and national politicians (Fig. 4).

Fig. 4: 2002-03 eruption plume and ash fall on
Catania airport (Photo UFVG-INGV Sezione di
Catania).

The criticd revision of the historical reports
from the last four centuries (Branca and De
Carlo, 2004b) shows that eruptions
characterised by long-lasting explosive activity,
such as the 2001 and 2002-03, are not so
unusua. The report by abbot Recupero (1985)
describes a copious tephra falout of 4 kg per
square meter in Cataniain about ten days during
the La Montagnola eruption in 1763, whereas
during the 2002-03 eruption, we measured 2.5
kg per square meter in two days. In the 19"
century, the occurrence of this type of eruption
is more frequent. Eruptions occurred in 1811,
1852, 1886 and 1892 caused abundant ash
fallout in the dista areas of the volcano.
Therefore, the eruptive behaviour of Etna
during the 2001 and 2002-03 eruptions is not a
frequent phenomenon, yet at the same time it
does not represent any anomaly in the eruptive
history over the past centuries.

The thick volcaniclastic successions, that
blanket the eastern slope of the Etna edifice,
record a history of important explosive activity
in Late Pleistocene and Holocene times
characterised by plinian, phreatoplinian and
subplinian centra eruptions and violent
strombolian lateral eruptions (Coltelli et al.,
1998; 2000; Del Carlo et al., 2004).

The discovery of these explosive eruptions
raises important issues for hazard assessment of
basaltic volcanoes in amost persistent activity
such as Etna, indicating that even a volcano,
commonly considered non-hazardous for
humans, can become very dangerous for
aviation safety.
In  summary,
observed and
historically

Etna's explosive eruptions
guantitatively  described,
reported and stratigraphically
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studied, represent a severe threat for aviation
and economy of Sicily.

INGV staff in Catania, is in charged of the
monitoring of the eruptive activity of Sicilian
volcanoes, in response to this source of hazard,
up to a few years ago completely ignored. It
worked with Catania International Airport
Direction, Italian Agency for Civil Aviation
(ENAC), Meteorologica Office of Itdian Air
Force and Italian Nationa Civil Protection for
warnings continuously the aviation authorities
about the incidence of ash clouds on Sicilian
airspace and the ash falout on Catania airport
depending on the intensity of the eruptive plume
and the wind direction. With thisam, INGV is
organizing an articul ate strategy for studying in
depth these eruptions, for setting an
instrumental network to observe ash-cloud
formation and developing, and finaly for
forecasting by mean of simulating computer
models the ash dispersion in atmosphere and its
fallout on the ground.

The lesson learned during the 2001 and 2002-03
crises was used to improve our volcanic ash
cloud monitoring system, and transferred to
ENAC for editing an official procedure for air-
traffic and airport operations management in
case of future crises a Etnha, and in any case, to
have a broad applicability worldwide.

References

Andronico D, Branca S, Calvari S, Burton MR,
Caltabiano T, Corsaro RA, Del Carlo P, Garfi
G, Lodato L, Miraglia L, Muré F, Neri M,
Pecora E, Pompilio M, Salerno G, Spampinato
L (2004) A multi-disciplinary study of the
2002-03 Etna eruption: insights for a complex
plumbing system. Bull Volcanol, DOI:
10.1007/500445-004-0372-8

Branca S, Del Carlo P (2004a) Eruptions of Mt
Etna during the past 3,200 Years. a revised
compilation integrating the historical and
stratigraphic records. In: Bonaccorso A, Calvari
S, Coltelli M, Dd Negro C, Falsaperla S (eds)
Mt Etna Volcano Laboratory. AGU
Geophysical monograph series 143, 1-27
Branca S, Del Carlo P (2004b) Types of
eruptions of Etna Volcano AD 1670-2003:
Implications for short-term eruptive behavior.
Bull. Volcanal., in press

Coltelli M, Del Carlo P, Vezzoli L (1998) The
discovery of a Plinian basaltic eruption of
Roman age at Etna volcano (Italy). Geology,
26:1095-1098

Coltelli M, Del Carlo P, Vezzoli L (2000)
Stratigraphic constrains for explosive activity
for the past 100 ka at Etna volcano, Italy. Int. J.
Earth Sciences, 89:665-677

Del Carlo P, Vezzoli L, Colteli M (2004) Last
100 ka tephrostratigraphic record of Mount
Etna. In: Bonaccorso A, Cavari S, Coltelli M,
Del Negro C, Fasaperla S (eds) Mt Etna
Volcano Laboratory. AGU  Geophysical
monograph series 143, 77-89

INGV Research Staff Sezione di Catania (2001)
Multidisciplinary Approach Yields Insight into
Mt Etna 2001 Eruption. EOS Transactions,
American Geophysical Union 82:653-656
Recupero G (1815) Storia naturale e generale
dell’Etna. Ed. Dafni, Tringali Editore, Catania,
1970

Session 2 — Page 19



2.6

RECENT ERUPTIVE ACTIVITY IN ECUADORIAN VOLCANOESAND ITSTHREAT TO
AVIATION SAFETY

Hugo Yepes A., Instituto Geofisico, Escuela Politécnica Nacional, Quito-ECUADOR
hyepes@igepn.edu.ec

Recently, Ecuadorian volcanoes have been unusually active. They are huge, tall volcanoes whose
edifices rise more than 15.000 ft adl, therefore their eruptions start close to the flight corridors
used by local commercia airlines. Guagua Pichincha (GGP) and Reventador (REV) have
produced short lived but powerful eruptions (VEI > 3), which generated superbuoyant eruptive
columns and stratospheric injections of volcanic material. A distinctive characteristic is that
these eruptive columns split at about the tropopause due to a 180° change in wind direction at the
equatoria regions. This creates a virtual E-W ash shade for commercia routes flying N-S along
the pacific coast of South America. Tungurahua (TUNG) is generating thermals since 1999
within two altitude ranges: 1) quiescent plumes related to weak strombolian activity and/or
permanent gas emissions that are being propagated by prevailing westerly winds between
15.000-20.000 ft; and 2) stronger strombolian or vulcanian explosions which have been tracked
by satellites to altitude levels higher than 25.000 ft. Sangay (SANG) sent its most recent ash
cloud, 50 km long and traveling East at 18.000 ft, at the beginning of 2004. Thanks to the
geophysical monitoring of the volcanic activity, the onset of the eruption period at GGP and
TUNG was anticipated by the 1G and transmitted to the responsible authorities, including
commercia aviation (DAC). Once that eruption activity was correlated with seismic signas, it
was possible to inform DAC about expected ash clouds or thermals beforehand. In some cases,
especialy during TUNG'S open system venting, no seismic signals are generated and
information flows in opposite direction: from ground observers and pilots to the IG through
DAC. REV’s eruption was sudden but the working relationship already established between |G
and Washington VAAC greatly helped to establish the size and potentia threat during early
stages of the eruption. SANG is not monitored by the |G due to its remote location, but it poses a
major threat to Guayaquil Airport and commercial routes.
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2.7

THE ALASKA VOLCANO OBSERVATORY - FIFTEEN YEARS OF WORKING TO
MITIGATE THE RISK TO AVIATION FROM VOLCANIC ASH IN THE NORTH PACIFIC

Thomas L. Murray, Alaska Volcano Observatory, U.S. Geological Survey,
Anchorage AK, USA

On December 15, 1989, a passenger wide-body jet encountered an ash cloud erupted from
Alaska's Redoubt Volcano. All four engines of the aircraft ceased operation and it descended
almost 15,000 feet before the engines were restarted, enabling the aircraft to land safely in
Anchorage. This near disaster was a defining moment for the then year-old Alaska Volcano
Observatory (AVO). Almost all of Alaska's volcanoes lie along the 1500-mile-long Aleutian
volcanic arc which parallels the busy North Pacific air routes between North America and Asia
Generdly, the main threat to life and property posed by explosive eruptions of Aleutian arc
volcanoes isto aircraft. Thus, most of AVO's efforts have focused on limiting the risk to aviation
in the North Pacific from volcanic ash, including (1)installing new seismic monitoring networks
on remote vol canoes along the Aleutian arc to provide advanced notification of volcanic activity,
(2)expanding the satellite remote sensing capability of AVO and developing this into an integral
part of volcano monitoring and research, (3) undertaking geologic studies of Alaskan volcanoes
to determine their eruptive histories and hazards, (4) working with other Federal and State
agencies in Alaska to establish protocols and procedures that enable AV O to quickly notify the
aviation industry of volcanic activity and volcanic ash clouds,(5) coupling the monitoring efforts
with a strong research program to better understand volcanic processes in order to provide better
forecasts of volcanic activity, and (6) working with Russian scientists to establish the
Kamchatkan Volcanic Eruptions Response Team (KVERT)in order to insure reports of volcanic
activity in Kamchatka are broadly distributed.

Session 2 — Page 23



2.8

GROUND-BASED REAL TIME MONITORING OF ERUPTION CLOUDSIN THE
WESTERN PACIFIC

Kisel Kinoshital, Satoshi Tsuchidal, ChikaraK anagaki®, Andrew C. Tupper?, Eresto G Corpuz® and Eduardo P, Laguerta®
! Faculty of Education, Kagoshima University, Kagoshima, Japan
2 Darwin Volcanic Ash Advisory Centre, Bureau of Meteorology, Northern Territory, Australia
3 Philippine Institute of Volcanology & Seismology, Quezon City, Philippines

Abdract: Ground-based observation of eruption clouds,
combined with satellite imagery, is very important for
understanding their properties under various volcanic and
meteorological  conditions. Red time  monitoring
contributes greatly to aviation safety, snce height
information is essentid for digperson modd prediction.
The near-infrared camera serves to improve the
observation because it isless sengtive to amospheric haze
and able to detect hot anomdies We report here the
monitoring of eruption clouds & Mayon volcano in the
Philippines, and Suwanosgima, Satsumalgjima and
Sakurgjima volcanoesin southwest Jgpan. We dso discuss
volcanic doudsand gas a Miyakeima near Tokyo.

1. Introduction

Volcanic clouds are often obscured on satdllite
imagery by meteoralogical cloud, or aretoo samdl-scaeto
detect. For aviation safety, a ground-based observation
network is very ussful for detecting ash gections, and
obtaining the vertica structure of the clouds. The flow and
dispersion of volcanic clouds can be dlarified by combined
studies of ground observation and satellite images. Here
we report our worksin this direction concerning volcanoes
in Japan and the Philippines. More details are described in
the papersin abooklet of Kagoshimagroup [1].

2. Methods of ground-based observation
2-1. Near-infrared and visible observations
The near-infrared (NIR) band iswiddy used in
satellite imagery, as it has quite different properties of
arface reflection and amospheric  transportation
compared with visble bands. The use of visble-cuit filter
in the cameras with CCD or CMOS sensor enables us to
get NIR images in ground-based observation [2]. We are
using afilm type filter IR-84, which shidds the light with
wavelength < 840 nm. There are the following advantages

for NIR over conventional visible observations, though the
colour information is lacking: (i) The images are not so
obscured by haze and migt. (ii) They may distinguish
aerosols more clearly than vishble images. (i) They may
detect very hot anomdies. (iv) They may detect vegetation
damage by ash, gasand lava
Fg. 1 shows a comparison of NIR and visble
images of Tekachiho pesk a Kirishima volcanoes 48 km
away. We may see topographic festures owing to the
shadingin NIR image, while we only see the outline of the
mountainin visbleimage.
3]

Fg. 1. Tekachiho pesk in Kirishima volcanoes observed from 48
km away in Kagoshima City on 14 Jan. 2004. (8) NIR image with
IR-84 and ND400 filters in night-shot mode of SONY
DCR-TRV30. (b) Conventiond visibleimage.

2-2. Methods of automatic recording and monitoring

Since the features of valcanic clouds change
with day and time, long period recording is necessary.
Time-lapse recordings may be agppropriate for the
phenomena, except for very quick ones such as lightning.
For this purpose, there are basically two aternatives[2] as
folows.
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(A) Long-time automatic camera recordings. Video
camera recording for 100 days is possible in a two hour
videocassette by recording 0.5 sec. with 10 min. interval.
Memoaries with large capacity are able to store quite large
number of digita camera photos for a few to severa
monthswith an hourly interval.
(B) Camera-computer sysem for monitoring and
archiving: A web-camera with a persond computer or a
network-camera done is ale to serve as a red time
monitor accessible remotely via an Internet connection.
For time-lapse recording and archiving, a server with
enough storage cgpacity is necessary in the system.

For both (A) and (B), a Sable dectric power
supply is essentid, and an uninterrupted power supply
(UPS) must be used.

3. Mayon volcano

After the gigantic Pinatubo eruption in 1991,
Mt. Mayon (2462 m) near Legaspi in southeast Luzon has
been the mogt active volcano in the Philippines (Fg. 2). It
erupted in 1993 and 1999-2001 with pyroclagtic and lava
flows, as seen by the lack of vegetation in Fig. 3. In the
latter eruptions, the appearance of hot lava in nighttime
was detected by a video camera by using night-shot mode.

Luzon

Mt. Pinatubo
A
=150

i . TR 7-\,,1_ 5
Fg. 3. NIR image of Mayon volcano obsarved from
Legaspi airport 11.5 km south from the summit.

3-1. Interva recordings with vis ble-spectrum cameras
Automatic intervd recording a& Mt. Mayon
began on 22 June 2003 as joint work of the Philippine
Ingtitute of Volcanology and Seismology(PHIVOLCS) and
the Kagoshimagroup. Digitd and video cameraswere setin
an observatory on Lignon Hill stuated a 11 km SSE of the
ummit crater. FHg. 4 exhibits a few video scenes of the
plume flow, which depends on the wind around the summit
height. From the records for eight months, it was found that
doud-free scenes are generdly limited to morning and
evening, as douds devdop to cover the summit during
unny days, fdlowing the tropica diurnd mesoscde
convection cycle This indicates the difficulty of satdlite
monitoring of volcanic eruptionsin themoigt tropica arees.
a

2003 8 9
5:42:07 aMm

2003 8 11
B:0Z2:04pPM

Fg. 4. Typica scenes of the plumes at Mayon volcano.
(&) Horizontal flow for freshwind,
(b) Riseand flow under mild wind.

3-2. Network camerasystem to teke NIR and visbleimages

On 24 February 2004, we indaled a network
camera system that has NIR and visble cameras in
pardle, as shown in Fig. 5, except for the Internet
connection.

‘ebCamera
isible

WebCamera
Near Infra-red

PHIVOLCS
Telemeter
Network

Internet

Kagoshima University

[Image Archl'veH ‘Web Server j

Fg. 5. Network camerasystem.
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The sysem dated to operate as a locd
network, to store vishle images every ten minutes during
5:30 and 18:30, and near-infrared images every one-hour
continuoudy in a network-atached sorage (NAS).

Since April 2004, the network camera system
is connected with the Internet, and red time access is
possble from Quezon and Kagoshima. It should be noted,
however, tha the Internet is often disconnected by the
shutdown of a server in the route whenever there are
thunderstorms to avoid power surges and spikes. We are
planning to condruct a semi-red time homepage for
worldwide access. A preiminary report of volcanic cloud
observation a Mt. Mayonisgivenin[3].

4. Island volcanoes in southwest Japan

There is a chain of idand volcanoes in the
Nansa Idands in southwest Japan (Fig. 6). Among them,
Suwanosgiima volcano is the mogt eruptive in Japan in
these years, while Satsumarlgjimavolcano is continuoudy
gecting plumesfor many years.

w001

Kuchinoerabujima
N

¢« Kuchinoshima
e Nakanoshima:

¥ Suwanosejima
I8

L 8

Fig. 6. Location of Suwanosgimaand Satsumarl gjima.
Three smdl idandsin between them aredso volcanic idands.

4-1. Suwanosejima
There were many eruptions of Strombolian

and Vulcanian types from the summit crater (799 m) at
Suwanosgima in the last century. The volcano was
rather dormant for five years since 1995, and resumed
eruptions snce the end of 2000. Eruption clouds at
Suwanosgima are hazardous for low leve (4-5 km)
avidion, and the emitted ash frequently affects other
populated idandsin the vicinity. Asit was difficult to have
agood observation station on the idand, we set a network
camera a Nakanoshima, 25 km to the northeast, and
connected it with the Internet on 6 August 2002.

Suwanosgima was especialy active in 2002,
erupting many times amost every day in August, and with
72 eruptions on 5 December. Some of them were detected
by NOAA/AVHRR, EOSMODIS and GMSVISSR
images, and reported by pilots to Tokyo-VAAC. Most of
them snce August were seen in the monitoring records
such as shown in Fig. 7, though many of them were
somewhat obscured by searhaze. A summary of ground
and satdllite observationsin 2002 isdescribed in [4].

Fig. 8. NIR monitoring cameraimage of Suwanosgimaplume
on 29 April, 2004 at 12:00 JST.

On 18 February 2004, the monitoring camera
a Nakanoshima was changed from a conventiona visible
type to NIR type in order to minimize the sea-haze
obscuration and to detect hot anomalies. Improved results
have been obtained in spite of the long distance over the
g, suchasshowninFg. 8.
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At the points where AC power supply is not
avalable in Suwanosgima, we tested the interva
recording by using digitd camera package with
rechargeable battery pack in a seded transparent box.
Such a package may be useful in longtime fidd
observation, as it is amdl, lightweght and raively
expendable.

4-2. Satsuma-lojima

Sasumalgjima (or Kikaijima) is a volcanic
idand at the NW rim of the Kikai cadera, most of which
lies below the sea leve formed about 7000 years ago. It
has continued active gection of gas mainly from the
summit crater a lo-dake (703 m) for more than severd
hundred years.

Long-time automatic recording of the volcanic
cloud started in July 1998 &t a station about 3 km WSW of
the crater, under the support of Nittetsu Mining Co. Ltd. A
digita camerafor hourly interva such asshowninFg. 9,
and a video camera with 0.2 sec. recording with 3 min.
interva were ingaled. The video recording has been
changed into 0.5 sec. with 10 min. interva Snce September
1999. In these modes, the autometic recordings are possible
without changing mediafor about three months

o e
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1400 13:00
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18:00

Fg. 9. Digitd camerarecordsa Satsumarlgjimaon 22 Aug. 2002

Explosve eruptions affecting aviation have
been rare a lo-dake in recent years The gection of
volcanic plume was rether congtant most of the time, with
the height about 100-800 m above the summit depending
on the winds. The highest heights in 2000-2002 were
about1300-1500 m. Further discussonsaregivenin[5].

For red time monitoring and archiving, aweb
camera sysem was indaled in February 2003, and the
camera head has been turned into NIR type since

December 2003. The video camera has been turned into
NIR mode snce July 2003. It was found that andog
connection of the telephone line was troublesome for the
web-camera system. The Jgpan Meteorological Agency
(IMA), which is responsble for volcanic dissster
prevertion, inddled a high sengdtivity camera with
satellite communication linein November 2002. IMA dso
ingdled dmilaa sysem a Nakanoshima for
Suwanosgima monitoring in March 2003. It is desirable
that different systems and modes are running in remote
idand volcanoes to observe various aspects of valcanic
clouds and backup each cther.

5. Sakurajima

Since 1972, Sakurgima volcano has been
continuoudy active, gecting ash plumesamosgt daily from
the summit crater Minamidake (1040 m), mixed with
Vulcanian and Strombolian eruptions occasiondly.
There had been many ash encounters of commercid
arcrafts until 1991. The encounters have been quite
reduced since then, by routing aircraft away from ash.

The Kagoshima group darted intervd
recording of Sakurgjima cloudsin September 1987 a B in
Fg. 10, 9.8 km WSW from the crater, and has published
highlighted results on the Internet since 1997. Previous
works of ground observations and satellite imagery of
volcanic clouds are summarized in [6]. All of the

archived records are now being converted into digita
movies. Red time monitoring and archiving of the cloud
images, accessble viathe Internet, commenced & A in Fig.
10 in December 2000, and dso a Ta and C in February
and March 2003.

Fg. 10. The topography of Sakurgima and the surrounding
Kagoshima Bay observed from southen sky (SPSE 3D
graphics). The gas monitoring stations (+), and camera
monitoring points (A, B, C, Ta) areindicated.
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At the foot of the volcano around the crater,
there are four stations monitoring surface concentration of
SOz and suspended particulate matter (SPM), as shownin
Fig. 10, providing continuous measurement data with
one-hour resolution since the 1980s. By comparing these
data with the record of volcanic clouds and upper wind
data, it was found that SO2 concentrations at the foat of the
volcano are high only when the winds around the summit
are drong enough to cregte a lee wave and blow the
volcanic plumesand gases down to ameasuring station [ 7).

6. Miyakejima

Since July 8, 2000, Miyakejima volcano, about
160 km south of Tokyo (Fig. 11), has been very active,
with afew big eruptionsto disturb aviation in August 2000,
and continuous gjection of enormous amount of poisonous
gases snce mid-August 2000, which compdlled al of the
inhabitants to evacuae from September 2000. The SO2
flux in the gjected gas monitored by arborne Correlation
Spectrometer was a few 10000s of ton/day in late-2000,
and decreased gradudly: it is till 4000-10000 torVday in
2004. SO2 was detected 100-400 km leeward in the
mainland of Jgpan.

-}qj_ Tokyo X

image on 11 Dec. 2000, 13:25 JST).

The number of SO2 monitoring ations at the
foot of the volcano increased from three in December
2000 to fourteen in April 2004. The Kagoshima group
andyzed the daia, comparing with upper winds a
Hachijoima, NOAA/AVHRR images and ground
observation data from Mikurgjima [8]. It was confirmed
that, as in Sakurgjima, fresh winds around the summit are
reponsble for the high concentration events a

downstream dations [9]. The ground monitoring of the
clouds is now performed by JMA at various points inside
and outside theidand.

7. Concluding remarks

Long-time automaic observation by the
cameras from the ground, combined with satellite images,
isuseful for the studies of volcanic cloudsand gas.

The use of NIR band has opened a new era of
the ground observation.

Red time monitoring from the ground is
important for aviation sfety, disaster prevention of
inhabitants and avoidance of ash and gas damages far
away. It is especidly important in order to speculae the
flow of poisonous gas from the crater.
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SUMMARY

Ash injected into the atmosphere from volcanic
eruptions poses a significant hazard to aircraft
operations. In principle, infrasound monitoring
will complement both seismic observation and
satellite remote sensing to improve continuous
monitoring of wide regions of potentia eruption
hazard at modest cost. This paper proposes an
experiment to test both the practical utility of
infrasound as a regional-scale volcanic eruption
detection tool, and the feasibility of using such
an infrasound system to contribute to the
aviation industry timely operationa aerts
through Volcanic Ash Advisory Centres
(VAACs). We propose a field deployment of
several small prototype infrasound arrays in a
suitably selected region, sending data in rea
time to a central data centre where algorithms
for eruption detection may be prototyped. The
results will be sent on atest basis to participating
VAACs for comparison with the performance of
exigting warning systems.

I ntroduction

More than 80 separate incidents of interaction
between aircraft and ash have been reported over
the last twenty years. Incidents on international
flight paths over remote areas have resulted in
engine failures and significant damage and
expense to commercia airlines. In order to
protect aviation from volcanic ash, pilots need
rapid and reliable notification of ash-generating
events. Systems need to produce a minimum of
false alarms to reduce additional fuel costs and
delays from re-routings.

Whilst many volcanoes, particularly near population
centres or in developed countries, are instrumented
directly with cameras, microphones, strain and
deformation meters, seismometers, etc.', there
remain large portions of the earth’'s surface,
particularly in remote areas or less-developed
countries, where local ground-based surveillance
systems are sparse or non-existent. Despite their
remoteness, some of these areas lie under mgor
intercontinental air routes. To instrument all known
volcanoes with on-site sensors would be extremely
expensive, both in terms of hardware and ongoing
operational costs, and consequently attention is
focused on using remote-sensing systems of various
types to monitor broad areas in a cost-effective
fashion.

Existing Broad-Area Monitoring Systems

Much research has gone into use of Earth
observation satellites both for eruption detection and
tracking of ash once injected into the atmosphere.
Although multispectral techniques have had some
impressive successes, timeliness is limited by the
sampling interval of appropriate satellite images, and
weaknesses remain in the ability to robustly identify
ash in the presence of intervening cloud or when
there isice entrained in the ash.”

Since many volcanoes are in tectonically active
regions where earthquakes are frequent, there are
often regional seismic networks already in place.
However, volcano-associated seismic signals are
often of low magnitude and are difficult to detect
reliably at distances of hundreds of kilometres,
requiring a high density of seismometers near the
volcanoes. Additionally, there is no exact
correspondence between seismic and eruptive
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activity, resulting in possible high false alarm
rates from regional seismic monitoring.
Acoustic surveillance can reduce the ambiguity
between eruptive and purely seismic activity in
an active volcano and provide additional (and
possibly more precise) estimates for the onset
time of an eruption.

Use of Infrasound

The potential of using low frequency sound, or
infrasound, to rapidly identify explosive
volcanic eruptions has been discussed in the
environmental acoustics and aviation safety
communities for some time*%. A direct link
between the excitation of acoustic signals and
the pressurized injection of ash into the
atmosphere during an eruption has been
demonstrated by over a century of observation”.
The ability of sounds in the frequency range
from 0.01-10 Hz to propagate for long distances
in the atmosphere with little attenuation would
suggest broad-area regional monitoring with a
modest number of observing sites should be
possible. However, progress on a demonstration
of the concept has been dow, hampered by
uncertainty asto the operational feasibility of the
technique, lack of experience running infrasound
systems for prolonged periods in remote areas,
difficulties with data access, and a genera lack
of support for infrasound science.

Largely driven by the infrasound requirements
of the Comprehensive Nuclear Test Ban Treaty
(CTBT) International Monitoring System (IMS),
significant practica experience has now been
gained in the operation of autonomous
infrasound systems in a wide range of
environments from tropica jungles to polar ice
sheets. In addition, low powered satellite
communications systems are now available
which make it feasble to instal red-time
communications links between data centres and
remote operating locations far from civil
infrastructure.  Consequently, it seems an
appropriate time to revisit the idea of using
infrasound for remote volcano monitoring.

Although there is progress in resolving existing
policies that restrict access to IMS data for civil
applications’, in practical terms the IMS network

is not optimized for a volcanic monitoring role. The
requirement that a 60 station infrasound network
cover the globe yields stations thousands of
kilometres apart with few close to areas of concern
to the aviation community. Consequently, and for
operational reasons, we propose deploying new
infrasound arrays for the experiment, tailored for the
task and free of any restrictions on data distribution.

Experimental Design

The first objective of the experiment is to test that
infrasound is a practical tool for detection of ash-
generating eruptions. We propose to identify a
region with a number of active, well-monitored
volcanoes, and deploy at least two infrasound arrays.
The arrays would telemeter data in real-time to an
appropriate central location where we could test
various detection and identification schemes. We
would seek to record and identify acoustic signals
from an azimuth corresponding to a known
candidate source, and ideally determine signal
characteristics that would suggest a volcanic origin.
Initial calculations suggest that arrays with four
sensors and an aperture of 200-300 metres provide
adequate azimuthal resolution over distances of
several hundred kilometres. Comparison of results
with on-site volcano monitoring technologies would
provide ground-truth validation of results.

Although  demonstrating  reliable  infrasound
detection of an eruption is critical, an operationa
aert system also requires that the information be
relayed rapidly to aircraft in the vicinity. Clearly, the
closer one can instal instruments to a source, the
larger the signal’, and the sooner it arrives.
However, this must be balanced against the need to
cover large areas from a reasonable number of
discrete observing locations. Initial discussions with
the FAA noted that while users have stated a
requirement to receive notification of an eruption
within 5 minutes of an eruption for an aert of
airborne ash, it was felt that an aert issued within
approximately 15 minutes of the time of eruption
would be of dgnificant benefit, particularly in
remote and unmonitored regions of the world.? The
International Civil Aviation Organization (ICAO)
has designated a number of meteorological centres
as regiona Volcanic Ash Advisory Centres
(VAACs) which are charged with the responsibility
of issuing so-called Volcanic Ash Advisories to the
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aviation community, based on a synthesis of
available information from pilots reports,
satellite observations, local observatories, etc.
We propose to use one or more VAACs as
recipients of the output of the prototype
infrasound system. Feedback on comparisons of
the system performance versus existing
surveillance systems will provide additional
feedback on system feasibility.

Conclusion and Next Steps

Recent developments in infrasound technology
and expertise, automatic data processing, and
satellite  communications technology suggest
that this is an opportune moment to revisit the
concept of acoudtic surveillance for detections
and alerting of hazardous eruptions. A projected
increase in the confidence and timeliness of an
alert would help protect aircraft from the effects
of ash. The next step is to identify a suitable
partner organization in a country with active
volcanoes that can provide technica and
logistica assistance for a deployment of
sufficient duration to evaluate the concepts
presented in this paper.

! See http://www.cenapred.unam.mx/mvolcan.html
for an interesting example.

2 Tupper, A., S. Carn, J. Davey, Y. Kamada, R. Potts,
F. Prata, and M. Tokuno, 2004: An evaluation of
volcanic cloud detection techniques during recent
significant eruptions in the western ‘Ring of Fire'.
Remote Sensing of Environment, in press.

3 Chen, P. and D.R. Christie, 1995: Infrasound
Detection of Volcanic Explosions by the CTBT
International Monitoring System: Implications for
Aviation Safety. Information paper, 2™ Meeting of
the ICAO Volcanic Ash Warning Study Group, 2
November 1995, Montreal Canada, 5pp.

* Kamo, Kosuke, K. Ishihara, and M. Tahira, 1994,
Infrasonic and Seismic detection of explosive
eruptions at Sakurajima V olcano, Japan, and the
PEGASAS-VE early-warning system. Proceedings of
the First International Symposium on Volcanic Ash
and Aviation Safety, USGS Bulletin 2047, 357-365.
® Strachey, R., 1888. On the air waves and sounds
caused by the eruption of Krakotoain August, 1883,
in The Eruption of Krakatoa and Subsequent
Phenomenoa, pp. 57-88, Trubner, London.

® See http://www.wmo.ch/web/www/DPS/DPFS-ERA-
US/ ERA-COG-Doc8(2)-F.pdf for additional information.
" We are neglecting here complexities introduced by
atmospheric structure. Precise locations for the
experiment will be chosen after detailed modelling of
signal propagation.

8 This timeframe defines a scale for the distances of the
infrasound arrays from the source, considering the
acoustic propagation velocity.
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pP2.2

RECURRENCE OF EXPLOSIVE ERUPTIONS AT ETNA VOLCANO THAT
PRODUCE HAZARD FOR AVIATION

Paola Del Carlo, INGV, Catania, Italy
Mauro Coltelli, INGV, Catania, Italy

The recent activity of Etna is characterised by the occurrence of a large number of
explosive eruptions, many of which have produced eruptive plume and copious ash
fallout on its flanks. Since 1989 Etna summit craters have produced more than 150 fire
fountain episodes, characterized by: i) eruptive columns from 2 to 12 km high above the
vent, ii) tephra volumes ranging from 10* to 10’ m® and iii) magnitude from violent
strombolian to subplinian. Furthermore, in 2001 and 2002 flank eruptions, a prolonged
explosive activity, forming a 1-4 km high ash column, caused continuous tephra fallout
for severa weeks. Lapilli and ash blanketed the volcano slopes and fine particles
reached hundreds of km of distance. The effects have been very serious on both
economy and health, particularly for the disruption of the operations of Catania and
Reggio Calabria airports. Widening the temporal interval to the last 3 centuries, the
historical record documents other five flank eruptions, comparable to the 2001 and 2002,
that produced copious tephra fallout up to Malta Island and Calabria region.
Furthermore, from the 18" century onwards, summit activity was characterised by
several episodes of fire fountain and some short-lived sub-plinian episodes (on average
two per century) that caused ash fallout on the eastern Sicily. Therefore, the eruptive
behaviour of Etna observed in the last fifteen years does not represent any anomaly in
the activity over the past three centuries. Nonetheless, the historical record analysis
indicates an increase of the frequency of ash-plume forming eruptions from 1880 and
again from 1961, highlighting Etna as certain source of risk for aviation in central
Mediterranean region.
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I ntroduction

The function of hazard notification schemes
isto give public officids and the public warning
about the proximity of a hazardous event (Scott,
this volume). How precise these warnings can be
depends upon the nature of the hazardous event.
Prior to eruptions, volcanoes exhibit precursory
behavior over a period of days to years, such
that notices of impending eruptions can usually
be made far enough in advance for affected
groups to take mitigative action. But, volcanoes
do not erupt with consistent precursors or in a
uniform style; nor do all episodes of unrest end
in eruption. Thus there is considerable
uncertainty in assessing future volcanic behavior
at restless volcanoes. These uncertainties affect
the precision of volcano notification schemes
and provide a challenge in developing them.

In this paper, we discuss a proposed aert-
level notification scheme for activity at U.S.
volcanoes monitored by the U.S. Geological
Survey’'s Volcano Hazards Program (USGS-
VHP). We discuss the motivation and goals of
the scheme, the rationale for the different levels,
and how it isincorporated into the USGS-VHP's
overall mitigation strategy to inform the public
about potential volcanic eruptions.

Proposed Natification Scheme

The U.S. and its territories have
approximately 170 volcanoes that have erupted
over the past 10,000 years, 80 of which have had
one or more eruptions in historical time (past
250 years). Of the 80 historically active
volcanoes, about 50 are monitored at varying
levels of thoroughness. Some of these
volcanoes are near mgjor cities, whereas others
are in remote areas hundreds to thousands of
kilometers away from ground-based populations.

Under Federal law, the USGS has the
responsibility to monitor U.S. volcanoes and provide
timely warnings to public officias and affected
communities. The USGS-VHP currently has five
volcano observatories and provides assistance to the
Commonwealth of the Northern Mariana Islands.
Three of the five observatories have developed alert-
level notification schemes in order to meet the needs
of nearby populations and the aviation community.
Although there are similarities among the three
schemes, they are not identicd. To minimize
confusion from multiple schemes in the future,
especidly if there are simultaneous eruptions being
handled by different observatories, and to avoid re-
inventing schemes by observatories currently
without one, asingle systemis explored.

The goal isto design asingle system that (1) can
accommodate a range of styles, sizes, and durations
of volcanic activity (both precursory and eruptive);
(2) will work during escalating and de-escalating
activity; (3) is useful to both ground-based
communities and the aviation sector; (4) does not
disrupt currently effective communication between
the observatories and their partners, and (5) is
scientifically defensible.

These are not trivial requirements. Typical
volcanic eruptions can vary in style from relatively
passive events to extremely explosive ones and in
size (volume of erupted material) from 0.001 km® to,
rarely, >100 km®. Generally, an eruption involves
episodes of eruptive activity separated by non-
eruptive intervals of hours to months. The duration
of a single eruptive episode usualy ranges from a
few minutes to tens of hours, whereas the entire
eruption can last for a day to many decades
(Simpkin and Siebert, 1994; Wunderman et a., this
volume). As a result, an observatory may nheed to
change alert levels numerous times over the course
of a volcanic eruption. Similarly, during unrest,
volcanoes exhibit a wide range in precursory styles
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and durations. There may be several cycles of
increasing and decreasing unrest, before or after
an eruptive episode, or before it is clear no
eruption will occur. Again, it is important that
notification systems can accommodate the up-
and-down pattern of many volcanic crises.
Some eruptions affect only ground-based
communities and others only the aviation sector,
but explosive eruptions at volcanoes that are
near maor communities, or that are large
enough that the ash falls on populated areas, will
affect both. Lastly, athough there are many
challenges in eruption forecasting (see Newhall,
this volume), an dert system must be
scientifically defensible to be consistently
applied.

The scheme proposed here (Fig. 1) has four
levels, each assigned a color (Green, Yellow,
Orange, Red), based on a modified stop-light
configuration and the aviation color-code system
developed by the Alaska Volcano Observatory
(AVO) and recommended by the International
Civil Aviation Organization (ICAO). The
scheme also includes hazard terms that are used
by the National Weather Service (NWS) and
familiar to most ground-based emergency
management personnel. The dua system of
colors and terms alows the aviation and
emergency management communities to use the
terminology that best suits them, but only a
single dert-level would be issued (eg.,
Yellow/Advisory) at any time. The descriptions
reflect activity at the volcano and can be used
during escaation and de-escaation. The
descriptions are general to allow for the variety
of volcanic unrest and eruption and to give
observatories the flexibility to expand the
definitions or, if necessary, to subdivide alert
levels in order to meet the needs of user groups.
Any modifications, however, should reflect the
overal intention of the levels as discussed in the
following paragraphs.

GREEN/NORMAL is the typicd non-
eruptive state of avolcano. Thislevel alowsfor
periods of increased steaming, seismic events,
deformation, thermal anomalies, or degassing, as
long as the activity is within the range seen at
the volcano during its monitoring history, or at
similar types of volcanoes. One difficulty is
how to interpret data from new monitoring
techniques, such as INSAR, because there may

be no comparable data to use as a baseline. Another
nuance of this level is that unrest initially seen as
“anomalous’ -- such as the increased steam and
thermal output at Mount Baker volcano in 1975, or
some of the periods of elevated unrest at Long
Valley cadera through the 1980s and 1990s -- may,
after some time, become considered normal
background or regional activity.

Figure 1. Proposed unified alert-level notification
scheme for volcanic activity

Color Term Description

Normal non-eruptive state; typical

GREEN background activity

NORMAL

Elevated unrest above known

YELLOW | ADVISORY | hackground activity

Escalating or sustained unrest
indicates eruption likely,
timeframe variable. OR, eruption
underway that poses alocalized
hazard

ORANGE | WATCH

Hazardous eruption is underway

RED OR expected within hours

WARNING

YELLOW/ADVISORY signifies that one or more
monitoring parameters are outside the “normal”
range of activity. Thislevel impliesthat what drives
the unrest may be magmatic in origin and could be
precursory to an eruption, but that we expect to see
much higher levels of unrest before an eruption
begins. At this level, there is a strong possibility
that no eruption will occur. Stating precisely when
unrest is above “normal” is often difficult, especialy
when unrest begins gradually. During de-escalation,
the definition is the same as during escalation and
implies that monitoring parameters have not yet
returned to baseline levels.

ORANGE/WATCH means either that (1)
sustained high levels of unrest of one or more
monitoring parameters are well outside the “normal”
range or, (2) an eruption is in progress but poses
only alocalized hazard (i.e., no communities, major
airports, or overflight paths). The rationae for this
dual nature primarily is the need to distinguish
between hazardous eruptions and those that do not
pose a significant hazard to life or property. For
example, lava flows from Kilauea Volcano, Hawai’i
are currently flowing through Hawai’i Volcanoes
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National Park, but they are not a threat to homes
or important Park structures. Using our proposed
scheme, we would consider the alert level as
Orange/Watch. If the lava were to start flowing
through communities and threatening homes and
businesses (as it has done in the past), then the
alert level would be raised to Red/Warning.

Ancther example of a non-threatening
eruption is dome growth at a remote volcano
(e.g., Bezymianny, Kamchatka). In this
situation, however, dome collapse could quickly
change the situation from being non-threatening
to potentially hazardous for air traffic. In
situations like dome growth/collapse and when
escalating to or de-escalating (sustained unrest)
from hazardous eruptions, Orange/Watich is a
warning that the situation is dynamic and could
(not will) change quickly. There is no specific
time frame associated with this level, but during
escalation it usualy implies that an eruption is
more likely and more imminent (but still not
guaranteed) than when in Y ellow/Advisory.

We decided against using a fifth color to
handle non-threatening eruptions because (1)
there is no equivalent in the NWS terminology
so there would be no familiar term for the
ground-based communities, (2) it would be non-
linear as one wouldn’t necessarily escalate or de-
escalate through this color, (3) it would be non-
intuitive (is color A more or less of a concern
than color B?), and (4) we wanted to avoid
confusion with the U.S. Department of
Homeland Security’s five-tiered color code
system.

The proposed Orange/Watch definition is
similar in intent to the AVO and ICAO color
code ORANGE. Like those schemes, the
proposed level has a dua nature of either high
unrest or a largely non-hazardous eruption. It
differs primarily in that it does not define an ash
plume threshold. The ash plume dtitude of
25,000 was conceived as a useful threshold of
concern for the North Pacific Region where
many volcanoes are remote but where ash
plumes above 25,000" can affect a large volume
of air traffic at cruise atitudes. A concern with
the 25,000 threshold for all observatories is that
in places where airports are close to volcanoes,
ash plumes of less than 25,000' can be very
hazardous to the aviation industry. Thus we
have tried to adhere to the intent and duality of

the original ORANGE definition, but have deleted
the specific atitude threshold so that it could be
more widely applied. In  some instances,
observatories may want to assign an altitude or some
other threshold to an alert level in order to highlight
specific aviation or ground-based concerns. For
example, at remote locations where there are no
nearby populations or airports, an observatory may
want to use an dtitude, similar to that currently in
use at AVO to define Orange/Watch. Even if no
ash plume threshold is assigned, any available
information regarding ash plume height should
be part of all alert-level notices when in
Orange/Watch or Red/War ning.

RED/WARNING means that monitoring data are
a levels that suggest a potentiadly hazardous
eruption is underway or is expected in the near
future (hours). This level does not indicate whether
the eruption is small, moderate, or large, or who is at
risk—aviation, ground  -based communities, or
both. Rather it indicates that the eruption either is,
or potentialy is, life threatening to one or both
groups, and that action to mitigate the threat is
needed or should have been completed already by
those groups. An observatory may choose to have
sublevels  within  Red/Warning for explosive
volcanoes that have alarge range in eruption size.

Because volcanologists cannot reliably forecast
eruption size, most observatories would likely raise
the alert level to Red/Warning as soon as an eruption
began for those volcanoes that have a history of at
least some moderate explosive events (VEI > 3;
Newhall and Self 1992; Newhall this volume).
Although some eruptions raised to Red/Warning
may be better classified as Orange/Watch in
hindsight, it may be better to be cautious than to
mistake a hazardous event for a non-hazardous one.

Volcanic events are unique enough that it is
impossible to predetermine a detailed set of criteria
for each level that would be applicable in al
situations. The above definitions are guidelines for
scientists to use to categorize the level of unrest, and
for public officials and the public to consider when
deciding what actions they need to take. Our
scheme as portrayed in Figure 1 is a way to
communicate quickly our scientific judgment about
the level of unrest. For more detailed information,
the USGS-VHP usually issues daily, or more often if
needed, updates on the status of the volcano. These
communications typicaly give the volcano's
location in latitude and longitude, height of the
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volcano's summit, the alet level, a short
synopsis of the monitoring data, interpretation of
that data, and both a short- and long-term
forecast of likely activity. These daily updates
are essentially the scientific rationale for the
dert level assigned. If the volcano erupts,
information about when the eruption began, the
presence or absence of a plume, plume height
and volcanic phenomena that affect ground-
based activities would be conveyed along with
the changein alert level.

In order for alert-notification systems to
succeed, users must be aware the system exists,
understand its strengths and weaknesses, and
provide feedback when it works and when it
fails. Communication is a critical element to
mitigating any crisis. Effective communication
includes two-way exchanges of information as
events unfold and clear protocols for
disseminating warnings when needed.

Because volcanologists do not directly
measure the rise of magma during volcanic
unrest, and because not al volcanoes are
monitored, visual observations are an important
monitoring tool. Volcanologists are located in
only a few places compared to the geographical
distribution of volcanoes, so observations from
pilots and individuals on the ground can be vital
in detecting unrest and eruptive activity. For
example, a pilot was the first to note the second
eruption of Crater Peak, Alaska, on 18 August
1992 and immediately informed the AV O of the
event. At that time there was only a weak signal
on the seismic records which would not have
been interpreted as the beginning of an eruption
(Eichelberger et al. 1995). It is critical that
outsde observers know how to contact
observatories and that those observatories are
receptive to outside observations in order for
two-way exchanges of information to occur.

Although two-way exchanges of information
are important for monitoring unrest and activity,
protocols are needed to ensure that essentia
information is communicated efficiently and that
the source of the information can be quickly
verified. Every year there are many false reports
of eruptions and one can only imagine the
disruptions they would cause if they were all
acted upon. Protocols work best if they are
aready in place before a crisis begins and if they
are practiced regularly. The USGS-VHP is

working with emergency managers and aviation
personnel to set up protocolsin the event of volcanic
unrest and eruption. Face-to-face interactions are
one of the biggest benefits of such discussions, as it
is often easier to communicate openly with someone
you know than with a stranger. It is not always
possible to develop protocols in advance, but when
they are aready in place they often help diffuse
many of the problems that arise during a crisis.

We digress here briefly to discuss our
justification for combining the aviation and ground-
based communities into one system. Perhaps the best
reason for combining them isto ensure that thereisa
consistent message regarding the status of the
volcano. One can imagine the possible confusion
that could arise in populated areas if a volcano is at
Red/Warning for aviation hazards but at
Orange/Watch for ground hazards. All it would take
would be one media or observatory report to confuse
the two for a potential disaster to happen. Moreover,
as restless volcanoes near populations escalate
towards or de-escaae from an eruption, the
information conveyed by aert levels and in daily
updates is of equal importance to both communities.
Many explosive eruptions may not affect both
communities equally, but the differences may be
dight. As long as regiona airport operations are
affected by ash fall, lava flows or lahars, airport-
supported response and recovery efforts will be
difficult or impossible to deploy. The only cases in
which one community will be effected in the other
not, are when volcanoes are very remote or when
eruptive activity is non-explosive and far from
airports. Overal we fed that there is more to be
gained by combining these two groups within one
system than by having two separate ones. The
challenge for observatory scientists is to write
eruption communications well enough so that each
group can quickly identify and locate the volcanic
phenomena of concern.

Closing
There are many ways to develop a volcano aert-

level notification system and oursis but one of many
(Scott, this volume). As stated in the title, thisis a
proposed system and we are in the process of testing
it and evaluating it internally. Even now, we are
trying to determine whether Red/Warning should
only mean “hazardous eruption in progress’ or stay
with the current dual definition of “hazardous
eruption in progress or hazardous eruption
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imminent.”  Another area of discussion is
whether we should set protocols as to how long
we stay in Red/Warning—only for the duration
of the eruption (which may be minutes to many
hours) or for a set time period, perhaps 12 hours
after the eruption has ended? The latter would
cover the time period when ground-based
catastrophic events would have occurred and
most of the tephra would have moved
substantially downwind of the volcano. As we
move forward with this process, we would
greatly appreciate comments as to potential
problems and benefits of this proposed scheme
from the aviation, ground-based, and
volcanological communities.
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P2.4

MONITORING AND REPORTING OF KAMCHATKAN VOLCANIC ERUPTIONS
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Kamchatka is a part of Pacific volcanic ring with 29 active volcanoes. Every year 2- 3 of these
volcanoes produce explosive ash clouds that spread across heavily traveled international air
routes between Asia and North America. The Kamchatka Volcanic Eruption Response Team
(KVERT) has since 1993 provided reports and notices of volcanic activity. In collaboration with
the Institute of Volcanology and Seismology (IVS) and Kamchatkan Experimental and
Methodical Seismological Department (KEMSD) of the Russian Academy of Sciences, the
KVERT staff monitors active volcanoes of Kamchatka seismically, by video and visual
observations, and using satellite images for ash cloud tracking and detection of thermal
anomalies. As of 2003, 28 remote seismic stations are operating at 11 of the most active
volcanoes in Kamchatka and North Kurile Islands. Three volcanoes, Kyuchevskoy, Sheveluch
and Bezymyanny are under control by video-camera system, which makes real-time images of
volcanoes available on the Internet (http://emsd.iks.ru). Seismic observations are a universal tool
used to revea the beginning of volcano unrest and to recognize volcanic blasts of frequently
weather obscured volcanoes. KVERT scientists have developed methods of estimating eruption
plume height from the intensity of the seismic signals. In cooperation with the Alaska Volcano
Observatory, KVERT examines data from Japanese and U.S. meteorological satellites. Several
times a day, images from GMS (Geostationary Meteorological Satellite), GOES (Geostationary
Operational Enviromental Satellites) and polar-orbiting satellites carrying AVHRR (Advanced
Very High Resolution Radiometer) are examined for volcanic activity. Since 2002, KVERT has
used daily images from NOAA16 and NOAA17 satellites received by the Kamchatkan Center
Communication and Monitoring (KCCM). In the future, KVERT will expand its monitoring and
warning capacity by adding more seismic networks and video systems and by enhancing satellite
analysis of Kamchatka and the adjacent Kurile Islands.
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VOLCANO-RELATED INFORMATION AVAILABLE ON THE
INTERNET: FROM CURRENT ACTIVITY TO THE PAST 10,000 YEARS
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Richard Wunderman, Smithsonian Institution, Washington DC, USA
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Introduction

A wedth of information is available on the
Internet about volcanoes and the ash clouds they
emit, but it can be a daunting task for pilots and
aviation officials to find the most pertinent
information.  Scientists with the US Geological
Survey's (USGS) Volcano Hazards Program and
the Smithsonian Institution’s Global Volcanism
Program (GVP) recognize that information
concerning volcanic activity should be readily
available to the aviation community. To that end,
they provide two pages of particular relevance on
their websites: the GVP/USGS Weekly Volcanic
Activity Report, and the USGS Current Updates
for US and Russian Vol canoes.

Worldwide Volcanic Information

Up-to-date information about significant
worldwide volcanic activity is available on a
weekly basis via the online GVP/USGS Weekly
Volcanic Activity Report a
http://www.vol cano.si.edu/reports/usgs/. The
report is a joint project between the Volcano
Hazards Program and GV P that became available
to the public on November 1, 2000.

The most significant section of the website is
the brief description of the activity that occurred at
the volcano during the report week. These
accounts include information about (1) volcano-
related activity that either did not result in an
eruption or preceded and accompanied an eruption
— i.e, increased seismicity, gas emissions,
deformation, surficial changes, (2) eruptions, with
emissions including lava flows, ash, and other
fragmental volcanic materia, (3) secondary
activity such as mudflows/lahars and re-suspended

ash, and (4) eruption impacts, including heath
impacts, arport closures, flights affected, and
property damage. In each volcano report,
volcanological terms that the general public may
not be familiar with are linked to a photo glossary
on the USGS Volcano Hazards Program website.
In addition, acronyms and abbreviations are
commonly used in the reports, so thereisalink to
alist with their meanings.

Background information from the GV P website
is included with each volcano report that briefly
summarizes the geological history of the volcano
and noteworthy past eruptions. Each report also
has links to maps showing the location of the
report volcano in relation to nearby volcanoes and
large cities, the source of the reported information
when available on the Internet, and a link to more
information, images, and data on the GV P website.

All volcano reports are archived on the Internet
by volcano and report date, so that they are easily
accessible. In the 4 years that the GVP/IUSGS
Weekly Volcanic Activity Report has been
available to the public (November 1, 2000 to
November 2, 2004), there have been reports
written about 146 volcanoes in 33 different
countries and island nations (note that all reports
document the minimum amount of activity in any
given week due to under-reporting). A majority of
reports (53) discuss small eruptions at volcanoes
that had not erupted for at least 3 months (Table
1). Small eruptions include ash emissions that did
not rise higher than approximately 5 km above the
volcano. Most of the remaining reports cover non-
eruptive volcanic activity (48) and ongoing
activity (25) not considered anomal ous.
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Table 1. Types of activity reported in the
GVP/USGS Weekly Volcanic Activity Report
during November 1, 2000 to November 2, 2004.

Type of Activity Number of Volcanoes
Non-eruptive, 48

Precursory Activity

Ongoing Activity 25

Small New Eruptions | 53

Large Eruptions 13

Evacuations 20

Deaths 2

Injuries 2

Aviation Impacted 12

Reports were written about 13 large eruptions —
i.e., produced ash clouds that rose higher than 5
km above the volcano and had significant impacts
on populations or aviation (Table 2). Eight of
these eruptions led to evacuations of residents near
the volcanoes; eruptions at 12 other volcanoes led
to evacuations when large eruptions did not occur
(20 evacuations total since November 1, 2000.)
Eruption-related deaths were reportedly caused by
two eruptions. Injuries were reported from two
eruptions, and numerous incidents occurred where
people’s health was adversely affected by ash and
gas

Table 2: List of the 13 large eruptions reported in
the GVP/USGS Weekly Volcanic Activity Report
during November 1, 2000 to November 2, 2004.

Volcano, Country Eruption Date
Popocatépetl, México Dec. 2000
Cleveland, USA Feb. 2001
Merapi, Indonesia Feb. 2001
Etna, Italy May-Aug. 2001

Oct. 2002
Mayon, Philippines June, July 2001
Nyiragongo, D. R. Congo Jan. 2002
Pago, Papua New Guinea Aug. 2002
Tungurahua, Ecuador Oct. 2002
Reventador, Ecuador Nov. 2002
Bezymianny, Russia July 2003

Jan. 2004
Anatahan, Mariana Islands May 2003
Manam, Papua New Guinea Oct. 2004
Grimsvoétn, Iceland Nov. 2004

Ash from eruptions at 12 different volcanoes
disrupted activities at airports and/or affected
aircraft in flight (See Guffanti et al., this volume).
The GVP/USGS Weekly Volcanic Activity Report
provides valuable information about ash and
aircraft/airport  incidents by  consistently
documenting them in atimely manner

Timely reporting of volcanic activity does not
aways alow time for in-depth verification of
information by scientists in the field or by
GVP/USGS Weekly Volcanic Activity Report
editors. Therefore, false reports can sometimes be
included. Six false reports of eruptions have been
included in the GVP/USGS Weekly Volcanic
Activity Report, and were corrected once new
information was received.

The GVP/USGS Weekly Volcanic Activity
Report utilizes the wedth of volcano-related
information available on the GVP webste at
http://www.volcano.si.edu/ by providing links to
data about the report volcano on the website.
While the GVP/USGS Weekly Volcanic Activity
Report has provided brief updates on significant
volcanism around the world for the past four
years, the Smithsonian GVP has provided
information since 1968 about Earth’'s current
eruptions and those that occurred in the past
10,000 years. Monthly newsletters discussing
current activity have been produced since 1975,
and have been posted on the Internet since 1994.

For more than three decades, GVP has
compiled descriptions, data, maps, and images of
volcanoes and their eruptions in order to better
understand the full range of Earth's eruptive
activity and to make these resources available to
the ever-broadening community interested in
volcanism (Siebert and Simkin, 2002). Two
previous hardcopy versions of the GVP volcano
and eruption data (Simkin et a., 1981 and Simkin
and Siebert, 1994) have been published, but in
2002 the data became accessible on the GVP
website (Venzke, et al., 2002). The development
of the world wide web has made possible much
wider and faster dissemination of these data,
which are frequently updated.

U.S. Valcanic Information

For users specifically interested in current
activity at volcanoes in the United States and
Russia, the USGS Volcano Hazards Program
website compiles daily-to-monthly  volcano
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updates from all five volcano observatories in the
United States and an observatory in Kamchatka.
The USGS Current Updates for US and Russian
Volcanoes page is available at

http://vol canoes.usgs.gov/update.html.

The page also has links to each individua
observatory website where detailed information
about the volcanoes within the observatory’'s
region of responsibility can be found.

Summary
The GVPUSGS Weekly Volcanic

Activity Report, with links to the GVP website,
and the USGS Current Updates for US and
Russian Volcanoes page place air traffic
controllers, pilots, and airport authorities abundant
information regarding volcanic activity around the
world literally at their fingertips to help them
quickly make informed decisions when planning
flight routes.
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VOLCANIC TREMOR AND ITSUSE IN ESTIMATING ERUPTION PARAMETERS

Stephen R. McNutt
Alaska Volcano Observatory, Geophysical Institute UAF, Fairbanks, AK 99775 USA

Volcanic tremor, a continuous seismic signal,
accompanies virtually al eruptions. Severa
published studies have examined relations between
tremor reduced displacement (DR, a normalized
amplitude measure; Aki and Koyanagi, 1981; Fehler,
1983) and the Volcanic Explosivity Index (VEI;
Newhall and Self, 1982) or ash plume height. The
goals of these studies are to determine the physical
rel ationships between tremor and eruptions and to use
DR values to provide rea-time estimates of eruption
parameters.

This study examines tremor for 50 eruptions from 31
volcanoes. This is a significant expansion of the data
set from an earlier study of 21 eruptions from 14
volcanoes (McNutt, 1994). Several new trends are
observed when DR is plotted versus VEI (Figure 1):
1) large eruptions produce stronger tremor than small
ones; 2) fissure eruptions produce stronger tremor
than circular vents for the same fountain height (F in
Figure 1); 3) eruptions with higher gas content (H in
Figure 1) produce stronger tremor than those with
low gas content (L in Figure 1); and 4) phreatic
eruptions produce stronger tremor than magmatic
eruptions for the same VEI (Pin Figure 1).

The three volcanoes with varying gas content are
Redoubt 1989-1990, based on eruption type
(vertically oriented pumice eruption versus dome
collapse; Miller, 1994); Mount Spurr in 1992 based
on SO2 measurements (Bluth et a., 1995); and
Shishaldin volcano in 1999 based on presence or
absence of large explosions on a pressure sensor
(Caplan-Auerbach and McNutt, 2003).

Using tremor DR to estimate eruption parametersis a
statistical problem with several factors contributing
to uncertainties. First, tremor occurs when volcanoes
do not erupt as well as when they do. Based on a
worldwide sample, 60-80 percent of tremor episodes
accompany eruptions, while 20-40 percent of
episodes do not. Thus, there is a significant chance
that no eruption is occurring. Second, for each VEI,
there is a range of DR, so it is possible to
overestimate or underestimate the VEI. Hence there
will always be a false alarm rate (~10 percent).
Improvements can be made in the estimates if the
types of eruptions, shapes of vents, and gas contents
are known in advance. These can be estimated from

previous eruptions or measured near-real-time from
independent data. However, adding additional
information takes time, delaying forecasts. A primary
benefit of seismic data is that they are real-time, are
not affected by darkness, and are usable during poor
weather, athough the signal-to-noise ratio can be
worsened. Monitoring tremor DR is therefore an
effective way to characterize eruptionsin progress.
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Reduced Displacement versus VEI
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Figure 1. Reduced displacement, a normalized measure of amplitude, versus the Volcanic Explosivity Index for 50
eruptions at 31 volcanoes. The regression line is from McNutt (1994) based on a smaller data set and is shown for
comparison. Fissure eruptions are labeled F; a phreatic eruption islabeled P; deep (40 km) tremor from Kilaueais
labeled D (no eruption for this one); and three pairs of values from VEI=3 eruptions with high and low gas content
arelabeled H and L, respectively.
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SURPRISE/SUDDEN ONSET ERUPTIONS: THE CASE OF REVENTADOR VOL CANO-
ECUADOR, 03-NOVEMBER, 2002

Patricia Mothes, Minard L. Hall, Patricia Ramon and Hugo Y epes
Instituto Geofisico, Escuela Politécnica Nacional, Quito-Ecuador

Not all volcanoes show a progressive build up over weeks and months of precursory activity
prior to amajor eruption. Several of these include Redoubt (1989) and most recently Reventador
in eastern Ecuador. Prior to Reventador’s VEI 4 subplinian eruption on 03 November, 2002, 10
seismic events were registered on 06 October, 2002 by the two telemetered seismic stations
closest to the active cone. Superficial manifestations observed from a nearby construction camp
were minor. On the day of the eruption only seven hours of tremor and >100 local earthquakes
preceded the paroxysmal eruption at 09H12 (LT) that resulted in a 17 km high ash-rich column
and 5 andesitic pyroclastic flows which descended 9 km down valley. Ash clouds entered the
populated InterAndean Valley and ash began falling between 12H00 and 16HO00 depositing a 5-
15 mm thick layer. Quito’'s International Airport, 100 km west of the volcano, was closed
officially at 12H45, hence most aircraft remained at the airport and were completely covered by
the ash. Reventador has had at least 7 eruptive periods since 1900. In this most recent episode,
the rapid ascent of volatile-rich magma was mainly aseismic. Only telemetered seismic stations
operating directly on the cone may have provided a clearer warning of the impending eruption.
Reventador is similar to several other active volcanoes in Ecuador which have minimal or no
monitoring because of the “low” direct risk they present to important population centers.
Airlines and local Civil Aviation could opt to contribute to establish more intense monitoring of
these volcanoes to maximize eruption predictive capacity and at the same time have plans in
place to deal with unexpected-surprise eruptions.
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ASHFALL SCENARIOSAND AVIATION IMPACTS OF FUTURE ERUPTIONS OF
COTOPAXI VOLCANO-ECUADOR

Patricia Mothes, Minard L. Hall, Pablo Samaniego and Hugo Y epes
Instituto Geofisico, Escuela Politécnica Nacional, Quito-Ecuador

Cotopaxi is a 5900 meter high stratocone on the eastern edge of the densely populated
InterAndean Valley. In November, 2001 Cotopaxi’'s monitoring network began to display
frequent and intense anomalous seismic events. Although this activity has mostly subsided, it
may be a long-term warning that a slow awakening is occurring. The volcano’s last important
eruption was in June, 1877. Covered by ~14 km? of ice and snow, Cotopaxi iswell known for its
destructive lahars that have traveled down all 3 main drainages. Ashfals also had important
consequences for the agriculturally-based communities during the 13 notable VEI 3-4 magnitude
eruptions of the 18" and 19" centuries. Extensive field mapping of 10 main ash fall units of the
Holocene shows that the bulk of the coarser tephra has been deposited to the W-NW of the cone
and that in only two cases have important ash/pumice layers been deposited to the east. As seen
during recent eruptions of other Ecuadorian volcanoes, windshearing is common after the
column enters the stratosphere, directing the fines-component of ash clouds eastward. Historic
accounts following Cotopaxi eruptions report fine ash falls as far north as Pasto- Colombia, to
Piura- Per(, to the south, and westward upon coastal Ecuador where ash falls often persisted 4 to
5 days. Future eruptions are likely to be of similar VEI 3-4.5 magnitude, producing plinian
columns and pyroclastic flows, which have the effect of injecting ash-rich clouds high into the
stratosphere, potentially affecting national and international airline traffic for many daysin all of
Ecuador, and perhaps on aregional scale. In all probability, the three main international airports-
Quito, Latacunga and Guayaquil will suffer some consequences of ashfalls.
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AIRBORNE ASH HAZARD MITIGATION IN THE NORTH PACIFIC: A MULTI-AGENCY,
INTERNATIONAL COLLABORATION

Christina Neal and Alaska Volcano Observatory staff, U.S. Geological Survey, Anchorage, AK,
USA
Olga Girina, Kamchatkan Vol canic Eruption Response Team, Petropavliovsk, Russia
Gail Ferguson, Federal Aviation Administration, Anchorage, AK, USA
Jeffrey Osiensky, NOAA, National Weather Service, Anchorage, AK, USA

More than 100 active volcanoes bordering the Pacific Ocean from southern Alaska, along the
Aleutians, Kamchatka and through the Kuriles, pose a significant risk to aviation. To address
this problem, scientific institutes, federal and state/regional governmental agencies, international
organizations, and private industry work together to ensure effective volcanic hazard warnings.
The principal earth science agencies responsible for detecting and issuing warnings of volcanic
unrest in Alaska and Russia are the Alaska Volcano Observatory (AVO) and the Kamchatka
Volcanic Eruption Response Team (KVERT). AVO and KVERT utilize real-time seismic
networks, satellite remote sensing of ash and therma anomalies, and visual observations to
detect and characterize volcanic activity. Warnings are issued as quickly as possible by phone,
fax, and the Internet to an established recipient list. Information is also rapidly posted on the
Internet.  AVO works closely with the National Weather Service, the Federal Aviation
Administration, and others to ensure that formal operational guidance to the aviation community
contains all critical volcanic hazard information. KVERT has a similar relationship with the
regional aviation and meteorological authorities in Kamchatka. AVO and KVERT aso issue
weekly status reports on all seismically monitored volcanoes and conduct scientific studies in
support of hazard assessments. Both groups utilize a 4-level, color-coded alert scheme to
summarize the severity of volcanic unrest and hazard. Agency responsibilities, relationships,
and operational protocols for eruptions in Alaska are formalized in the “Alaska Interagency
Operating Plan for Volcanic Ash Episodes’. Frequent review of response protocols is necessary
to maintain proficiency and to meet demands for increasingly rapid communication of volcanic
hazards.
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GROUND-BASED DETECTION OF VOLCANIC ASH AND SULPHUR DIOXIDE

Fred Prata, CSIRO Atmospheric Research, Aspendale, Australia
Cirilo Bernardo, CSIRO Atmospheric Research, Aspendale, Australia

We present the first thermal infrared image data showing detection and discrimination of
volcanic ash and sulphur dioxide gas emitted from erupting volcanoes. The images are acquired
from a new multichannel uncooled thermal imaging camera suitable for deployment within ~10
km of an active volcano. Algorithms for ash and SO, detection are described. Images from the
system, named G-bIRD (Ground-based InfraRed Detector) are acquired rapidly (within a few
seconds), analysed and transmitted via satellite or landline to a computer with access to the
Internet and utilising a standard web browser. Tests of the system have been undertaken at Etna
and Stromboli, Italy, at Anatahan, NMI and at Tavurvur, Rabaul and results will be presented.
G-bIRD offers a new means for monitoring hazardous volcanic substances from the ground and
could provide complementary information for providing volcanic ash and SO2 warnings to the
aviation industry.
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THE NEW ZEALAND VOLCANO ALERT LEVEL SYSTEM —
ITSPERFORMANCE IN RECENT ERUPTIVE ACTIVITY

Bradley Scott, Institute of Geological and Nuclear Sciences,
Wairakel, New Zealand

In November 1994, the New Zealand Ministry of Civil Defence introduced a new annex
entitled ‘Volcanic Impacts' into the National Civil Defence Plan. This was based on a five
level volcanic alert system that encompassed all volcanoes in New Zealand. The newly
introduced volcano alert system received its first significant test with eruptions at Ruapehu
volcano from December 1994-April 1995; we learnt some important lessons that highlighted
several operational problems with the system. A revised system was introduced in August
1995 by the Ministry. On 18 September 1995, a mgor episode of eruptive activity
commenced from Crater Lake, Mt Ruapehu with large explosions expelling the crater lake,
producing lahars through ski fields and an eruption plume over 10 km high; activity
continued for weeks, testing the revised system. The revised volcano alert system is based on
six levels and has two separate schemes that clearly differentiate between frequently active
volcanoes and reawakening activity at a dormant volcanic centre. The system provides an
indication of eruptive status and is not intended to be predictive. Thisrevised system has been
effectively used during the 1995 and 1996 eruption episodes at Ruapehu and during recent
eruptions at White Island (1998-2001). The introduction of a volcano alert level system has
produced a uniform platform for responding agencies like central and local government,
critical industries/services, aviation and the public to focus their response on. Based on
experiences with the Ruapehu eruptions, volcano contingency planning now uses the aert
levels as the basic building block for that process. This presentation will outline aspects of the
recent eruptions, the interaction with the alert levels and comment on our experiences.
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STATUSOF MONITORING ACTIVE VOLCANOESOF THE KURILE ISLANDS:
PRESENT AND FUTURE

Alexander V. Rybin', Y .V. Karagusov?, Pavel 1zbekov®, Nikolay S. Terentyev?, Vyachesav B.
Guryanov®, Christina Neal*, and Ken Dean®

! Ingtitute of Marine Geology and Geophysics, Y uzhno-Sakhalinsk, Russia
2 DalInformGeoCenter, Y uzhno-Sakhalinsk, Russia
® Alaska Volcano Observatory, Fairbanks, Alaska, USA
* Alaska Volcano Observatory, USGS, Anchorage, Alaska, USA

Abstract

Important international air routes from
Asia to North America are located immediately
above and to east of the Kurile Islands. There are
thirty six volcanoes within the Kurile Island chain
which are considered to be active, explosive, and
capable of sending volcanic ash to altitudes used
by commercia airliners. The remoteness and the
lack of communication links hinder the
development of the ground-based monitoring of
the active volcanoes of the Kuriles. Therefore, the
efficient use of satellite imagery and coordinated
multi agency efforts in response to volcanic events
arerequired to reduce the risk for aviation.

Part of the “Pacific Rim of Fire’, the
1250-km-long chain of Kurile Islands extends
from Kamchatka Peninsula, Russia to Hokkaido
Island, Japan. It consists of 68 volcanic centers,
among which 36 are considered to be active, i.e.
have records of historic eruptive activities (Figure
1). On average, large eruptions (VEI 4) have
occurred in the Kuriles every 33 years; moderate-
large (VEI 3) eruptions every 22 years, moderate
eruptions (VEI 2) every 11 years, and small
eruptions (VEI 1) every 1-5 years. Sixty eruptions
were recorded in the Kuriles during the 20"
century, among which the most significant were
the eruptions of Tiatia, Grozny, Sarychev,
Severgin, Raikoke, Ebeko, and Alaid (Gorshkov,
1967; Simkin & Siebert, 1994). The most recent
examples include the eruption of Chikurachki
volcano in April-June 2003 and the eruption of
Chirinkotan volcano in July 2004. Eruptions are
typically explosve and capable of sending
volcanic ash to an dltitude of 11 km (36,000 ft)
and higher, thus posing a potentia danger to
aviation.

Although the population of the Kuriles is
quite sparse, there are several permanent
settlements on the southern islands of Kunashir,
Iturup and Shikotan, as well as on the northern
islands of Paramushir and Shumshu. With the
exception of the settlement on the Shikotan Island,
al others are located in the vicinity of active
volcanoes, and eruptions may aso cause a
significant impact on a population and
infrastructure of the settlements.

The most reliable method of volcano
monitoring includes the use of ground-based
seismic networks providing real-time data on the
seismicity beneath active volcanoes. An increase
in seismicity may be used as an early warning of
an eruption. Unfortunately, there are no permanent
seismic networks in the Kuriles. At present, there
are only four single component seismic stations in
the entire Kurile arc (on the flank of the Alaid
volcano, in Kurilsk, Yuzhno-Kurilsk, and Severo-
Kurilsk settlements). These sations provide
rudimentary seismic data for a few volcanoes,
whereas the magjority of the active volcanoes are
tens to hundreds of kilometers from the nearest
station. Installation of the permanent local seismic
networks is expensive and feasible only for a few
volcanoes which pose a threat to loca
communities (i.e. Tiatia, Mendeleev, Grozny,
Baransky, Chirip, Ebeko, Chikurachki, and Alaid).
Remoteness and the lack of communication links
will likely preclude the establishment of the
regular seismic monitoring (and/or ground
observations) for most of the Kuriles for the next
few decades.

It appears that remote sensing is the most
convenient and cost-effective approach to regular
volcano monitoring of the Kuriles. At present, two
major sources of the satellite data are used by our
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group in daily observations: (1) AVHRR data
from the NOAA series of polar orbiters and (2)
MODIS data from Terraand Aqua satellites.

From 1995 to 2000, AVHRR data from
NOAA-12 and NOAA-14 satellites have been
acquired localy by the Institute of Marine
Geology and Geophysics (IMGG) using the
“ScanEx” receiving station made by the Research
& Development Center ScanEx, Moscow
(http://www.scanex.ru). Although there were afew
confirmed small eruptive events during this period
of observation the low spatial resolution of
AVHRR imagery did not allow their detection. For
instance, according to visual observations by on
site observers a phreatic eruption of Kudriavy
volcano on October 7, 1999 produced a small
volcanic ash cloud, which reached an €evation of
1000 meters above sea level. The temperature of a
small, hydrothermally heated area at the volcano
reached 30°C with the temperatures of emissions
from individua fumaroles exceeding 900°C. This
activity was not detectable in either the visual, or
infrared bands of AVHRR imagery. Meanwhile,
the larger scale ash producing eruptive events in
the neighboring Kamchatka have been reliably
detected and reported to our Kamchatkan
colleagues, eg. 1995 eruption of Bezymianny
(Abdurakhmanov et a. (2001).

Since 2001 MODIS data have been
acquired by the DallnformGeoCenter of the
Ministry of Naturd Resources of Russia in
Y uzhno-Sakhalinsk using the “UniScan” ground
receiving station made by the aforementioned
R&DC ScanEx. Compared to AVHRR, MODIS
data has dgnificantly improved spectra and
spatial resolutions, i.e. 36 channels in visual, NIR
and IR spectrums with 250, 500 and 1000 meter
resolutions, respectively. Since the launch of Aqua
satellite in 2002, we have been able to acquire two
swaths daily for the Kuriles. The entire station
mask covers the area from the Arctic regions to
Taiwan Island and from the Anadyr Bay to the
Western Siberia (Figure 2). In 2003, the
DallnformGeoCenter resumed the acquisition of
NOAA AVHRR data. At present, more than
twenty two swaths are received daily for the
Kuriles from NOAA-12, 14, 15, 16, and 17
satellites. Our monitoring capabilities will improve
following the anticipated upgrade of the receiving

station by summer 2004, which will allow
acquisition of MSU-E and MSU-SK data from the
Meteor-3M satellite with 35-m and 250-m ground
resolutions respectively.

Beginning in January 2003, our Sakhalin-
based group of scientists from IMGG and
DalnformGeoCenter has performed satdlite
observations of the Kurile Islands on a regular
basis. The high spatial resolution of MODIS
imagery complemented by the high tempora
resolution of AVHRR data allowed us to observe
the 2003 Chikurachki eruption (Figure 3) as well
as the manifestations of moderate volcanic
activity, i.e. steam plumes at Sinarka and Severgin
volcanoes, mud flows from Tiatia volcano (Figure
4), and most recently the gas and ash plume at
Chirinkotan volcano. Because of a high volume of
the origina data, it is first processed at the
receiving stations of DallnformGeoCenter, which
includes (1) acquisition of the raw data from
satdllites, pre-processing and calibrating, (2)
georeferencing the data, (3) extracting the sub
sectors covering the Kuriles (Figure 2), and (4)
converting data to BMP and JPEG formats. This
allows us to reduce the MODIS data to three files
totaling 5 Mb in size (Table 1). As soon as
processing is completed, these images are sent via
email to the Volcanological Laboratory of the
IMGG, where they can be interpreted by
volcanologists.

Over the course of the next year, we hope
to streamline this process to improve the
timeliness of observation and reporting. We also
intend to incorporate any information from Kurile
seismic stations and ground observers and
eventually digtribute Kurile Volcano Information
Statements to aviation and meteorologica
authorities for wider distribution in support of
aviation safety. At present, we are still gathering
financial and organizational support and working
with colleagues a the Alaska Volcano
Observatory and KVERT to develop reliable
communication protocols.
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Table 1. MODIS bands used to produce the color-composite images used in our daily monitoring

Spatial Image
MODISfile name (example) | resolution | Bands Wavelength range size Application
(meters) (Mb)
1 620-670 nm R,B .
MODO02QKM.A0403040013r | 250 > 811-876 M G 3 Volcanic clouds
3 469-479 nm B
5 1230-1250 nm G .
Volcanic clouds and
MODO02HKM.A0403040013r | 500 7 2105-2155 nm R 15 thermal anomalies
20 3,66-3,84 um B
MODO021KM.A0403040013r | 1000 22 3,929-3,989um G | 0,6 Thermal anomalies
23 4,020-4,080 um R
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Figure 2 The DallnformGeoCenter's station mask for NOAA series polar orbiters(red circle) and for
Terra, Aqua, and M eteor-3m satellites (black dotted circle). TheKurilessub sector isshown by a
black open rectangle.
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Figure 3 Color-composit M ODI S image of the erupting Chikurachki volcano acquired on April 22,
2003.
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Figure 4 Color-composit MODI S image acquired on April 11, 2003 showing the mud flow from the
Otvazhny crater of Tyatya volcano.
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TOTAL WATER CONTENTS IN VOLCANIC ERUPTION CLOUDS AND IMPLICATIONS FOR
ELECTRIFICATION AND LIGHTNING*

Earle R. Williams®, Stephen R. McNutt?
MIT Lincoln Laboratory, Lexington, Massachusetts
2UAF Geophysical Institute, Fairbanks, Alaska

1. INTRODUCTION

The fundamental role of ice particle collisions in the
separation of electric charge and generation of lightning
in thunderclouds is now reasonably well established
(Latham, 1981; W.illiams, 1985; Saunders, 1995).
Charge separation and lightning are also prevalent in
volcanic eruptions. A recent literature survey by
McNutt and Davis (2000), and its recent extension, has
shown more than 150 incidents of volcanic lightning.
The efficacy of the ice-based process in thunderclouds
has raised the interest in the possible applicability of the
same process to a class of explosive volcanic eruptions.
This study is concerned with an evaluation of volcanic
eruptions as atmospheric ice factories.

The behavior of water in magma within the Earth is
reasonably well understood in volcanology, and the
behavior of water in the atmosphere is adequately
understood in meteorology. The perceived gap in
understanding lies in the transition from Earth to
atmosphere. This study is aimed at bridging this gap.

2. WATER CONTENT IN EXPLOSIVE MAGMA

Volatiles in magma have been well studied (Johnson
et al, 1993; Wallace and Anderson, 2000; Wallace,
2004). The volatiles of greatest scientific interest have
been H,0, CO,, and SO,, but water is dominant in total
mass by more than an order of magnitude. The solubil-
ity of water in magma is known to increase with pres-
sure, and this physics is basic to explosive volcanism

* This work was sponsored by the National Aeronautics and
Space Administration (NASA) Contract No. F19628-00-C-
0002. Opinions, interpretations, conclusions, and recommen-
dations are those of the authors and are not necessarily
endorsed by the U.S. Government.

Corresponding author address: Dr. Earle R. Williams,
Massachusetts Institute of Technology Lincoln Labora-
tory, 244 Wood St., Lexington, MA 02421-0000,
earlew@ll.mit.edu

Corresponding author address: Dr. Stephen R. McNutt,
Alaska Volcano Observatory, UAFGI, P.O. Box 757320,
Fairbanks, AK 99775-7320,

steve@giseis.alaska.edu

(Wilson et al, 1980). The water contents of magmas are
traditionally estimated as a percent by weight of the
magma. Numbers in the literature in a wide variety of
studies, sampled in Table 1, are remarkably consistent.

Volcano Water Content Investiator
— (Wt %) Investigator
Bezymianni ]
(1955) 4 Markinen (1962)
Cerro Negro 3_6 a%%%e))nsack etal
Sisson and Layne
Fuego 1-6 (1003) \
_ Carey et al (1995)
M. St Helens 46-61 Gardner et al (1995)
i Wallace and
Pinatubo (1991) 5 Gerlach (2004)
Vesuvius (79 AD) 35-47 Cornell (1987)

Table 1: Water Content of Explosive Magma

The water contents in Table 1 are large from a
meteorological perspective. For example, a cubic meter
of magma at depth with mean magma density 2.5
gm/m*® and with 4% water by weight contains 100
kilograms of water. In condensed form, this is 100
liters of liquid. Following the Clausius-Clapeyron
relation, this amount in vapor form is sufficient to
saturate 4000 m® of tropical atmosphere at a tempera-
ture T=30°C. At a temperature T= -50°C typical of
conditions at the tops of Plinian eruption clouds, the
same mass of water vapor is sufficient to ice-saturate
more than 10’ m® of atmosphere.

3. EXPLOSIVE ERUPTIONS AND THE
RELAXATION VOLUME

Water is widely recognized as the working substance
of explosive volcanic eruptions. Water dissolved in
magma at depth, and with typical weight % values
given in Table 1, is exsolved to vapor in bubbles as the
magma ascends and the pressure declines (Wilson et al,
1980). If the vapor phase remains disconnected in the
magma, typical of isolated bubble inclusions in the
magma matrix and typical of explosive eruptions over
subduction zones, large confined gas pressures can
develop. When the highly viscous magma fractures at a
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critical porosity (Gardner et al, 1996), the stored energy
is released explosively, with an ultimate relaxation of
the elevated pressure to ambient atmospheric pressure
P,.

Conservation of energy for a simple spherical
explosion equates the available energy E and the
pressure-volume work performed against the ambient
atmospheric pressure Py:

E = P, (4nR%3) (1)

A rough estimate for the explosion radius R, the so-
called ‘relaxation radius’ (Few, 1980), is then given by:

R = (3E/4nPy)® (2

This process is illustrated in Figure 1. Though
ignored in this simple calculation, the relaxation vol-
ume will invariably be highly turbulent and involve a
homogenization of the exploding material with the
ambient atmosphere. Figure 1 also provides numerical
estimates for different kinds of explosions. Detonations
of small Chinese firecrackers have relaxation radii of
centimeters, whereas energetic Fourth of July ‘bombs’
show relaxation smoke clouds of order meters. For a
Krakatoa-level explosive eruption with estimated total
energy 10" joules, the relaxation radius is more than
4000 m. These scales are commensurate with the
updraft widths of thunderstorm supercells (Williams,
2001), the largest and most violent form of convection
known to terrestrial meteorology.

Relaxation

. Source
Radius

E (joules) R(m)

2x102m

Chinese
Firecracker

30 joules

Stick of 2x10° joules 0.6m

3 Dynamite

* 4
> 1kT 42x%102 joules 220 m
. Explosive
&

Krakatoa 107 joules 4300 m
Eruption

Energy E of explosion invested in expansion
against ambient pressure Py

4
P 77zR3]:E
°(3

Figure 1: The eruption bomb based on water substance:
illustration of the physical process of the relaxation radius,
and some calculated values.

The relaxation radius concept was developed
initially to treat the cylindrical explosions around
lightning channels (Few, 1980), with the aim of esti-

mating the dominant acoustic frequency of thunder.
The dominant acoustic wavelength is of the order of the
relaxation radius. For this reason, Chinese firecrackers
emit in the acoustic range for human hearing and
exhibit a sharp ‘crack’, whereas much longer wave-
lengths are dominant for explosions in the category of
volcanic eruptions, inaudible at distance. Hence there
is current interest in detecting volcanic eruptions
worldwide with infrasonic methods (Bass et al, 2004).

4. THE WATER CONTENT AND
TEMPERATURE IN ERUPTION CLOUDS

The relaxation volume together with estimates of
magma water content and temperature enable estimates
of both the average water content and temperature of
eruption clouds. In both cases, it is assumed that the
magma property is distributed homogeneously within
the ultimate relaxation volume.

The water content is considered first. A lower
bound on cloud water content is considered by assum-
ing the ambient atmosphere to be completely dry. The
favorable assumption is also made that all of the water
dissolved at depth is released to the atmosphere in the
explosion. This assumption is supported by the obser-
vations that the porous (water vapor) phase is connected
(Gardner et al, 1996) in post-explosive tephra. Under
this assumption, the mean cloud water content (MWC)
is simply:

MWC = total water in magma
relaxation volume 3)

= (wt%)(total tephra mass)

(E/Po) 4)
= (Wi%)M P,
E ()

A useful reference point for total energy E is the
design threshold for the Comprehensive Test Ban
Treaty (CTBT) network (Sullivan, 1998): a bomb yield
of 1 kiloton (1 KT = 4.2 x 10 joules). The total energy
on the scale of Volcanic Explosivity Index (VEI)
(Simkin and Siebert, 1994) is not specified, but if the
gravitational potential energy of the lofted tephra is 1%
of the total energy, then a 1 kT event is at the low end
of the VEI scale (VEI~0) where the tephra volume M
~10* m®. Following Figure 1, the relaxation radius for a
1 KT total energy is ~220 meters.

If M is proportional to energy, the general assump-
tion in considerations of VEI (Simkin and Siebert,
1994), and wt% is independent of eruption magnitude
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(broadly supported by the results in Table 1), then it
follows that:

MWC = (wt%) (620) gm/m® (6)

And for a representative value of wt% =5 (based on
Table 1):
MWC ~ 30 gm/m? (7)

From a meteorological perspective, this number is
again large. It exceeds by 50% the value needed to
saturate air at 30°C. It exceeds by more than two orders
of magnitude the value needed to saturate the upper
troposphere at typical ambient temperatures. These
comparisons suggest that the assumption of a dry
entrained atmosphere is not a bad one, because the
entrainment of a realistic moist atmosphere would not
change the estimates appreciably. The magma water
dominates the water budget.

Here it has been assumed that the eruption cloud will
have the same temperature as the atmospheric environ-
ment in which it is mixed. Such is not strictly the case,
but the cloud temperature can be estimated from similar
considerations of the relaxation volume.

If the pre-explosive hot porous magma causing a
volcanic explosion has temperature Ty, and volume V),
then the average temperature of the eruption cloud can
be estimated from the volume mixing law:

VuTum +VaTa = (Vm+Va) Te (8)

Te = VmIm +VaTa )

(Vm +Va)

Vu is directly related to the VEI (Simkin and
Siebert, 1994) and V, is essentially the relaxation
volume. Taking values for the nominal 1 Kkiloton
explosion, VEI = 0 case, we have Vy = 10* m?, V4 =
4.2 x 10’ m*, Ty = 1000°C, T = 30°C, we obtain a
mean cloud temperature from equation (1):

Tc ~ 30.2°C (10)

which is only 0.2 °C warmer than the atmospheric
environment. This modest temperature perturbation is
expected in general because Vy <<V,, despite the large
temperature contrast between magma and atmosphere.

This result suggests that the rapidly rising cumuli-
form towers in explosive eruptions are caused primarily
by the kinetic energy of the explosions (on the way to
the relaxation radius), rather than by cloud buoyancy
forces set up by cloud-atmosphere temperature con-

trasts. This conclusion must be considered tentative
however, as it is based on a thorough mixing of the
explosion emission over the entire relaxation volume.
In the case of the 1980 Mt St Helens eruption, the
lateral blast that initiated the eruption was clearly NOT
well mixed with environmental air (Kieffer, 1981), and
substantial enhancements of temperature (>100 °C)
were documented. Modelling studies of eruptions (e.g.,
Woods and Self, 1992) show 20-30 ° C temperature
contrasts between plume and environment. Further-
more, Pack et al (2000) have documented thermal
anomalies from space indicative of strong temperature
perturbations in Plinean eruptions, but more interpreta-
tion of these anomalies is needed. For the calculations
here, we are not concerned with the short time scales of
the initial blast, however, but rather the disposition of
temperature and water substance at the time of ‘relaxa-
tion’.

5. SUPPORTING OBSERVATIONS OF WATER
SUBSTANCE IN VOLCANIC ERUPTION
CLOUDS

The foregoing calculations suggest that condensation
of water vapor to the liquid and solid phase should be a
common occurrence in explosive volcanic eruptions.
How do these simple predictions square with available
observations?

Regarding the evidence for liquid water in volcanic
eruptions, Clarke (1821) describes observations of the
May 31, 1806 eruption of Vesuvius in Italy: “two
places were deluged with a thick black rain, consisting
of a species of mud filled with sulphureous particles”.
In the case of the more recent Mt St Helens eruption in
1980, Waitt (1981) reports, “...dark gray pisolitic mud
fell from the second high-level cloud”, and Thompson
(2000) notes “...mud balls the size of a half-dollar fell
like rain for several minutes”. In tropical eruptions, wet
conditions have also been documented, though in these
cases the interpretation is less clear-cut, owing to the
abundance of moisture and the prevalence of natural
precipitating convection that may be processing atmos-
pheric water vapor rather than magma water. Neverthe-
less, the reports form the tropics are worth noting in
light of the predictions. In the case of the Rabaul
volcano, Rose et al (1995) reported, “some of the ash
fallout was very wet, and a ‘rain of mud’ occurred in
some areas around Rabaul”. For the Pinatubo (Philip-
pines) eruptions in 1991, Oswalt et al (1996) reported:
“Tephra fall continued throughout the day...varying
from completely dry ash through a cement-like mud, to
muddy water”. Paladio-Melosantos et al (1996) docu-
ment Pinatubo conditions as follows: “An area of about
2000 square kilometers was blanketed by 10 to 25
centimeters of rain-soaked tephra.” Note that a typhoon
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accompanied the Pinatubo eruption so some of the
water came from the typhoon.

In addition to this evidence for liquid water, ice has
been reported in volcanic eruptions in a few instances.
Owing to the lower saturation thresholds and the
prevalence of subfreezing conditions in the upper
troposphere, ice is expected to be the most prevalent
fate of magmatic water. In the case of the Surtsey
volcano in Iceland, Thorarinsson (1966) reported,
“...fallout of icy pyroclasts onto local ships was de-
scribed as hail showers with a grain of ash within each
hailstone”.  Using remote sensing methods on the
Rabaul volcano, Rose et al (1995) “...report the detec-
tion, using a satellite-borne infrared sensor, of >million
tons of ice in the cloud”. For the 1980 eruption of
Mount St. Helens, Hoblitt (2000) states, “upon the
arrival of the yellow cloud, ice and ice-cold mudballs
began to fall...”. Of the same eruption, Thompson
(2000) notes: “ice-cube sized chunks of glacier ice
began pelting the ground...”. In the latter case, the
interpretation is again fuzzy, as the ice particles could
have originated from glacial ice on the volcano slope,
rather than from magmatic water. Note the small
number of cases cited here. lronically, these observa-
tions, which are key for lightning studies, are not made
systematically for volcanoes.

6. IMPLICATIONS FOR MICROPHYSICS IN
VOLCANIC CLOUDS

The evidence for an abundance of water in all three
phases in eruption clouds has important implications for
the cloud microphysics occurring therein. Textor et al
(2003) have already treated some of these processes in
numerical simulations of volcanic clouds.

Firstly, the fine volcanic ash particles will serve as
nuclei for condensation—cloud condensation nuclei for
the liquid phase of water and ice nuclei for the solid
phase (Mason, 1971; Hobbs, 1975). The high concen-
trations of such nuclei in volcanic clouds in comparison
to the concentration of natural aerosol in thunderclouds
will likely serve to keep the nucleated cloud droplets
and ice crystals small, thereby suppressing the precipi-
tation process (by either coalescence or by riming).

Secondly, the classical Bergeron process involving
the liquid and solid phases of water is expected to be
active in the mixed phase region of volcanic eruptions
where the in situ temperature lies between 0°C and —
40°C. This process will stimulate the growth of ice
crystals at the expense of the liquid droplets.

Thirdly, given the presence of supercooled water
droplets and ice particles, the riming process should

occur for the larger, faster-falling tephra particles, with
consequent accretion of ice on the surfaces of these
particles, so long as the supercooled droplets are not too
small. In eruptions clouds with extreme updrafts,
substantially larger than those in thunderclouds, the
available time for riming is expected to be shorter.
Nevertheless, the collection action of nucleation and
riming are expected to coat the volcanic particles with
water substance in ether liquid or solid form, with
considerable efficiency. This widespread coating of the
volcanic debris would seem to preclude mechanisms for
charge separation based on tribo-electrification of
silicate mineral surfaces. At least within the mixed
phase region, often half the depth of the troposphere,
ice particle collisions need to be considered in the
electrification process.

7. GROSS ELECTRICAL DIPOLE STRUCTURE
OF VOLCANIC ERUPTIONS

A characteristic feature of ordinary thunderstorms is
their gross positive dipolar structure—positive charge
in upper levels and negative charge at lower levels of
the ice region. A weak test of whether ice is responsi-
ble for the charge separation in volcanic eruptions is the
inquiry into the gross charge structure of eruptions.
The available observations summarized in Table 2,
show gross positive dipole structure and so pass this
weak test. The test is ‘weak’ because one has a 50-50
chance of being correct.

Anderson et al (1965), Surtsey volcano
“...downwind, there is a region of negative charge beneath
the region of positive charge.”

Cobb (1980) Mt. St. Helens volcano
“the measurements always indicated a positively charged
plume”

Hobbs and Lyons (1983), Mt. St. Helens volcano
“negatively charged particles at lower altitudes, and
positively charged particles higher up”

Hoblitt (1994), Redoubt volcano
“the flash polarity tended to change through time from
negative to positive”

Lane and Gilbert (1992), Sakurajima volcano
“positive charges develop in the gas-rich top and negative
charges in the ash-rich part of plume”

Gilbert and Lane (1994), Sakurajima volcano
“positive charges dominate at the top of the plume and
negative charges dominate at the base”

McNutt and Davis (2000), Mt Spurr volcano
“thunderstorms...and eruptions...both show the same
sequence of first negative, then positive...”

Table 2: Gross Dipole Polarity of Eruption Clouds
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Eruptions such as Mt St. Helens in May 1980 (Cobb,
1980) grow to heights greater than the tallest thunder-
clouds, and given the foregoing calculations, are
expected to be rich in ice in upper levels. Some of the
eruption clouds documented in Table 2, however, have
insufficient depth to penetrate the cold part of the
troposphere, and in this case, their inclusion in the table
may not be appropriate. It is however useful to con-
sider in this context a meteorological entity composed
of dry silicate minerals—the small vigorous vortices
developing in desert environments called ‘dust devils’.
The desert conditions typically involve dry air (20%
relative humidity or less), and deep boundary layers in
which condensation and cloud do not occur. There can
be little doubt that dust devils involve collisions be-
tween dry silicate minerals only—no liquid water and
no ice is available. Electrical measurements show that
the gross dipole polarity of dust devils is negative—i.e.,
negative charge in upper levels and positive charge at
lower levels (Freier, 1960; Crozier, 1964; Ette et al,
1971). Freier (1960) refers to the dust devil dipole as
an ‘inverted thunderstorm’. This dust devil polarity is
not consistent with any of the results in Table 2, even
for the smaller eruptions (i.e., Sakurajima volcano) that
are most likely NOT to contain ice.

The polarity behavior noted for cloud-to-ground
lightning discharges from volcanic eruptions also bears
a similarity with thunderstorms, as noted also in Table
2. Both Hoblitt (1994) and McNutt and Davis (2000)
have noted a sequence of activity involving ground
flashes of negative polarity followed by ground flashes
with positive polarity. This behavior is characteristic of
thunderclouds as they transition from their mature
phase to their dissipating stage (Moore and Vonnegut,
1977; Williams and Boccippio, 1993).

8. IMPLICATIONS OF PREDICTIONS FOR THE
SATELLITE-DETECTION OF ERUPTION
CLOUDS

Satellite remote sensing of volcanic ash clouds has
focused on the split window technique (Prata, 1989),
based on the differential infrared response of dry
volcanic ash. Ice is well known to show the opposite
response (Prata, 1989). Ice-coated ash particles are
expected to respond as ice. Given the calculations in
the present study, one can expect difficulties with the
split window technique in distinguishing thunderclouds
from explosive volcanic eruptions. This expectation is
borne out by the observations (Simpson et al, 2000;
Tupper et al, 2004), and in many instances the dry ash
signature will not appear strongly until the ice near the
tops of eruptions clouds has sublimated to expose the
dry ash.

‘Dry’ eruptions are referred to in the literature
(Ellrod et al, 2002), but this is a relative term only.
Given the water-based physics believed responsible for
explosive eruptions, it is difficult to see how any
eruption can be dry. Further observations of volcanic
eruptions with fine time resolution from the earliest
stages are needed to throw more light on this issue.

9. CONCLUSIONS

Calculations have been presented which treat the
transferal of magma water in the Earth to eruptions
clouds in the atmosphere. Volcanic lightning appears
to be widespread, and the high water contents of mag-
mas may be key to electrification processes. Under
favorable assumptions, water in both its condensed
phases is expected to be abundant in large Plinean
eruptions. Further evidence involving gross electrical
structure and lightning behavior is identified for a
fundamental role for ice and lightning production in
large eruptions. However, basic information on water
and ice contents in volcanic plumes is poorly known.
Instrumental electrical data and direct sampling of the
water contents of ash columns and adjacent atmosphere
are needed for at least a few case studies.
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MODELING VOLCANIC ASH TRANSPORT AND DISPERSION:
EXPECTATIONSAND REALITY

René Servranckx and Peter Chen
Montréal Volcanic Ash Advisory Centre, Canadian Meteorological Centre,
Meteorological Service of Canada

FINAGLE's LAWS OF INFORMATION:

The information you have is not what you want

The information you want is not what you need

The information you need is not what you can obtain

The information you can obtain costs more than you want to

pay
1. INTRODUCTION

1.1 Finagle's aphorisms capture the essence of the volcanic
ash transport and dispersion modeling problem. Forecasting
accurately the transport of airborne volcanic ash is a complex
challenge. Yet, improvements in model formulation, a rapid
increase in computing power combined with 24-hr real time
monitoring meteorological operations have lead to significant
improvements in the prediction of airborne volcanic ash. It
would be unthinkable to operate today without the use of
volcanic ash transport and dispersion models (VATDM).

1.2 The aviation community operates in a very precise and
high accuracy environment. Aircraft flying at high speed are
separated vertically by only a thousand feet. The time of
landing thousand of kilometers away can be predicted to
within afew minutes. This naturally leads users to have high
expectations for VATDM, given their usefulness and recent
SUCCESSES.

1.3 Users expect VATDM to produce accurate information on
where ash is or isn't present both in time and space. As
importantly, they expect this information to be delivered in a
timely matter.

1.4 What do these expectations mean from a modeling
perspective and, more importantly, can VATDM meet them?
The objective of this paper is to discuss these points (*'redity
check’’), to present some of the limiting factors and to
suggest some areas for improvement.

2.BASIC COMPONENTSOF THE PROBLEM

2.1 Inits simplest form, the problem of accurately forecasting
ash with VATDM can be expressed as having 3 distinct
components:

- VOLCANIC ASH SOURCE
- METEOROLOGY
- TRANSPORT AND DISPERSION

2.2 The VOLCANIC ASH SOURCE component comprises
all non-meteorological parameters that characterize a specific
eruption or a volcanic ash cloud. For example, the volume /
mass of ash released in the atmosphere, the duration of the

eruption, the vertical and horizontal distributions of the ash
around the volcano or in a detached volcanic ash cloud, the
base and top of the ash cloud, particle size distribution, etc.

23 The METEOROLOGY component includes al
meteorological parameters (wind fields, moisture, stability,
etc.) that are predicted by NWP (numerical weather
prediction) models.

2.4 The TRANSPORT AND DISPERSION component
essentially combines inputs from the previous 2 components,
though the use of VATDM, to displace and disperse the
volcanic ash in the atmosphere as well as depositing it at the
surface using various removal and deposition mechanisms.

3. TIMELINESSAND ACCURACY

3.1 Timeliness is the ability to quickly deliver the
information. Its exact definition varies from one user to
another according to specific needs. Accuracy is dso a
relative term for the same reasons. Its definition also depends
on whether the approach is qualitative or quantitative.

3.2 In the context of aircraft operating at 700 knots, timeliness
trandates to having VATDM guidance delivered in a matter
of minutes after notification of the eruption. At the same time,
accuracy means that VATDM are expected to give precise
and exact information on where ash is or isn't present in time
and space.

3.3 In the context of the operational, rea time application of
VATDM, timeliness and accuracy are equally important for
aircraft operations. Unfortunately, they are also somewhat
counter posing. Timeliness implies that the guidance is made
available quickly. A prerequisite for accuracy is that accurate
data and information must first be collected and checked
before being fed to the VATDM. This however takes time.

3.4 Attaining a balance between timeliness and accuracy is
not easy. It can however be helped by quickly issuing a first
run based on whatever information is available initialy and
default source term parameters for the rest. Subsequent runs
and updates are then done as new information becomes
available.

3.5 Putting aside the timeliness issue, it is clear that the
accuracy of the guidance produced by the transport and
dispersion component, through the use of VATDM, is highly
dependent on the quantitative accuracy of the volcanic ash
source and meteorology components that feed it. In short, an
accurate quantitative time / space forecast of airborne
volcanic ash can not be achieved without accurate quantitative
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information from the volcanic ash source and meteorology
components.

3.6 The expectations for VATDM to produce accurate
information on where ash is located in time and space can be
expressed quantitatively in the modeling context in the form
‘’the volcanic ash concentration at latitude / longitude X in Y
hours &fter the start of the eruption will be Z micrograms of
ash per cubic meters at an altitude of W feet’’.

3.7 What are the factors that limit or restrict attaining accurate
quantitative forecasts of airborne volcanic ash? They are
discussed in the next section.

4. LIMITING FACTORS

4.1 Some of the limiting factors for the VOLCANIC ASH
SOURCE component include:

4.1.1 Eruption parameters are largely unknown and / or
poorly quantified. This is especialy true for the rea time
response but also, in many cases, long after the eruption has
ended. Large uncertainties exist in the estimate of the total
amount of ash released, the time and duration of the eruption,
the vertical and horizontal distribution of the ash. Even the
height to which the plume rises is at times hard to determine,
for example when ice or water clouds are present.

4.1.2 Because many of the world's active volcanoes are
located in uninhabited regions, the rapid detection and
location of volcanic eruptions are often problematic. In this
regard, and aside from limited monitoring instruments such as
seismological and infrasound, satellite remote sensing
techniques (hot spot identification, ash signature, etc.) are
used. However there are practical problems limiting their
reliability and coverage (e.g. cloud cover, satellite coverage,
signal contamination, detection schemes, day versus night
application, etc). Simply put, the remote sensing instruments
and tools currently available are not capable of producing an
accurate quantitative measurement of the 3D space and time
structure of airborne volcanic ash. Even when data are
avalable (for example, estimates of the total volcanic ash
mass loading estimated from satellite imagery), there is little
or no information on the vertical distribution.

4.1.3 Objective measurements (wind tunnel experiments) of
the threshold concentration at which volcanic ash becomes a
“’significant” threat to engines or other components of aircraft
have not been done. It is likely that the threshold value would
vary with type of engine and aircraft. From a scientific point
of view, it would be important to conduct such studies but is
not clear, from an operationa perspective, how this
information might be used to improve the VATDM, given the
numerous other remaining uncertainties.

4.1.4 A report on the brief and inadvertent encounter of a
NASA DC-8 research airplane with a diffuse volcanic cloud
35 hours Mt. Hekla, Iceland erupted in February 2000
provides a fascinating insight on how very low concentrations
of volcanic ash can apparently still be damaging (Grindle and
Burcham, 2003). The flight crew noted no change in cockpit
readings, but the sensitive research instruments onboard the

plane detected the diffuse cloud of ash and sulfur dioxide.
During the next 3 days, seven other research flights were done
in the same region of the Arctic. The sensitive research
instruments again recorded traces of the volcanic ash / SO2
cloud but much more diffuse than in the first encounter.
Subsequent inspections to the plane lead to the remova and
overhaul of the engines at a cost of $3.2 million. Apparently,
damage can occur with very little ash.

415 Because of uncertainties of the source term, the
VAACS guidance charts err on the side of safety and depict
hazardous zones relative to low threshold values. This may at
times overestimate the actual extent of the volcanic ash cloud.
While this approach is prudent from a VAAC perspective, it
may be problematic for the Meteorological Watch Offices
issuing SIGMETs, and equally for the primary users. air
traffic controllers and the airline companies. Decisions based
on SIGMETSs, while primarily for safety arguments, can also
have major economic and other operational implications.

4.1.6 The criterion for displaying volcanic ash on the
guidance charts is based on a "visua ash cloud" (ICAOQ,
1998). Yet, there is no quantitative or scientifically-based
definition of what constitutes a visual ash cloud. This problem
has been raised on a number of occasions, including
international meetings, but there is no simple way of defining
it. A visual ash cloud as sighted by a pilot may be different
from that detected by a satellite or predicted by a model.
Even with an objective definition of *’visual ash cloud’, it is
very likely that a single value for al situations would not
exist. For a specific situation, the value is likely to change
also in time and space. Thisis especidly true for along lived
event where the atmospheric transport would disperse the ash
over alarge domain. Forecasters can play with contouring of
the predicted ash plume or use "ash reduction" schemes for
the model source term eruption parameters. The VAAC
meteorologist can also adjust the threshold value defining the
model output ash plume and the corresponding contouring on
the charts based on real time data Unfortunately, these
modifications may at times introduce additional uncertainties
and complications for non-specialist users trying to interpret
the ash charts.

4.1.7 Eruption heights are often reported in flight levels given
its general use by the aviation community. Flight levels are
based on what is know as the *’ standard atmosphere’” and rely
on a number of assumptions. Because of this, there can be
significant differences between the flight level reported by an
aircraft and the true height with respect to the ground or sea
level.

4.2 For the METEOROLOGY component, some of the
limiting factors are:

421 The horizonta resolution of Numericad Weather
Prediction (NWP) models typically range from a few
kilometers for alimited domain / high resolution model to 100
kilometers for global models.

4.2.2 NWP models use a certain number of discrete levels
(typicaly in the range 25 to 60) to represent the vertica
component of the atmosphere. This means that meteorol ogical
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parameters at a level other than the model levels have to be
deduced in one way or another (interpolation, averaging of 2
model levels, etc). Also, there are more levels in the lower
portion of the atmosphere. Typically, half of the levels or so
are found below 600 hPa.

4.2.3 The fundamental vertical coordinate of most NWP
models is pressure (SIGMA and ETA coordinates). The
conversion of the wind and temperature fields to flight levels
or heights is based on a number of assumptions that have
limitations.

4.2.4 The earth's surface features (topography) in NWP
models are adjusted to a scale that is consistent with the
horizontal and vertical resolution of the models. A very high,
steep mountain will therefore be represented as a smoothed,
rounder and flatter surface in the NWP model topography.
This of course depends on the specific resolution of a model
but, as a genera rule, there are aways differences between
reality and what the model sees. A concrete, but somewhat
extreme example of this: the topography of the Regional
GEM model of the Meteorologica Service of Canada for one
of its recent operational configurations (24 kilometers
horizontal resolution; 28 vertica levels) had its highest
surface point in Alaska at 2640 meters. Yet in redlity the
highest peak, Mount McKinley, reaches 6194 meters!

4.2.5 Accuracy of the predicted fields: Our knowledge of the
initial conditions in the atmosphere is incomplete due to a
number of factors (limited observational data, errors in
measurements, data cut-off deadlines, etc). We are faced with
the problem of creating a sufficiently accurate picture of the
state of the atmosphere at the outset of the forecast process.
Errors introduced at the beginning of the forecast will
propagate and amplify at each forecast interval, gradualy
eroding its accuracy and usefulness. In some situations, a
small difference in the initiad atmospheric conditions can
produced significant differences in the forecasts. While NWP
models are generally quite good in their predictions for the
initial 24 to 48 hours, some atmospheric flows and patterns
are much harder to predict accurately than others.

4.2.6 Another area of errors in NWP models results from a
type of approximation called ‘' parameterization’’. It can be
defined as the representation, in a dynamic model, of physical
effects in terms of admittedly oversimplified parameters,
rather than redlistically requiring such effects to be
consequences of the dynamics of the system. It is done to take
into account the large-scale effects of phenomena that are too
small to be picked-up at the model's resolution or too complex
to be represented exactly. For instance, individual
thunderstorms are too small to be forecasted by the model; yet
in order to be useful the model must still produce a good
approximation of the effects of thunderstorms on large-scale
precipitation and temperature patterns. To be successful, the
model must integrate an understanding of many different
phenomena and their interactions: wind fields; how energy
received from the sun is absorbed and transformed by oceans,
the ground, the air, and the clouds; how water vapor
condensates into clouds and how droplets of water turn to

rain, ice and snow; etc. Thus, errors in handling one type of
phenomenon can propagate to other parts of the model, or
amplify errorsin other model sub-systems.

4.3 Limiting factors for the TRANSPORT AND
DISPERSION component:

4.3.1 The limiting factors presented in sections 4.1 and 4.2
have a clear, direct and important influence on the accuracy of
the transport and dispersion component. Many of the factors
previously covered also apply to the transport and dispersion
component. They will not be repeated here.

4.3.2 At the same time, VATDM also have limiting factors
that can be considered as quasi-independent from the source
term and meteorology components. For one, VATDM must
formulate the source term in one way or another. Even if the
source term parameters were perfectly known, the VATDM
formulation of the source term would have to be
parameterized.

4.3.3 Another limiting factor is that the VATDM, for a
number of reasons, often operate on space / time grids that are
different from the ones used by the NWP models. This
involves a number of interpolations.

4.3.4 Wind fields contribute largely to the horizontal transport
airborne volcanic ash but parameterization must be used to
account for the dispersal, removal and deposition of ash in
time and space.

4.3.5 Real time assimilation of airborne ash plume data is not
done by models. This would improve the tracking of ash
movement and spreading over longer time spans. The data
assimilation techniques are routinely used for other
meteorological variables such as wind, temperature and
pressure. However, the problem of volcanic ash is more
complex and quite similar to total ozone data assimilation.
The problem is adso compounded by the absence of
guantitative data on the vertical and horizontal space and time
structure of the ash cloud. Given the important differencesin
wind speed as a function of altitude, this vertical distribution
is, infact, critical to operational decisions.

4.3.6 The ability of VATDM to predict accurately is aso
dependent on actual atmospheric circulation and flow into
which the volcanic ash is injected. Some flows will be
conducive to maintaining an integral ash cloud for many days
and hence at great distances from the eruption. These are
likely to be easier to forecast.

4.3.7 Another factor to consider is how information is
presented to the users. Many operational constraints restrict
the type and amount of information that can readlistically be
provided, especialy in real time. This is important because
how one interprets information is highly dependant on a
number of factors, including the tools and technology
available to display the information, how the information is
presented and how one looks at the information.
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438 To
illustrate this, we
present two
examples. First

look at the image
on the right and
note how your
perception of
what it shows is
changed  once
you start looking
for faces

(www.banane.be/images.php). As another example, we look
at some Canadian Emergency Response Model images
showing the *’visual ash cloud’’ 45 hours after the start of the
Mt Cleveland Alaska eruption in February 2001. The 3
images are based on identical conditions for the volcanic ash
source, the meteorology and the dispersion / transport
(Simpson et a, 2001). The only difference is the threshold
value to display the ‘’'visual’’ ash cloud boundary. The units
are indicated on each image, in micrograms per cubic meter
average volcanic ash concentration for the layer 20 to 35
thousand feet. Note how the perception of where ash is or is

not present changes wit the display threshold.

5. DISCUSSION / AREASFOR IMPROVEMENT

5.1 The large number of uncertainties and limitations
described in Section 4 may lead one to have doubts about the
usefulness of the VATDM guidance. These are not founded.
The qualitative verification of VATDM guidance based on
satellite data and other tools has shown it to be of great value.

5.2 It would be unthinkable to operate today without
VATDM. Thisis particularly true in an operational, rea-time
response context where timeliness in the delivery of the
guidance is of key importance. Also, at times, the only
guidance available is the one provided by VATDM. For
example, we may not be able to detect volcanic ash with
satellites when meteorological clouds are present. Also,
satellite data may not be available in the areain interest.

5.3 The limitations also point out the importance of not using
the guidance blindly. A careful interpretation of the guidance
must be done by the user and this can not be done without a
good knowledge of the limitations.

5.4 VATDM guidance and remote sensing techniques must be
used together. Each can benefit from information provided by
the other. But in addition, their simultaneous use is synergetic
and sometimes even synergistic. For example, satellite data
can help to better define what concentrations should be
displayed on VATDM guidance while VATDM can help
remote sensing detection by pointing out where ash is likely
to be found. This synergy has been demonstrated on a number
of occasions.

55 Clearly, any improvement that might reduce the
uncertainties and limitations listed in section 4 would be
beneficia. Listed below are some of the key elements that
should be considered in order to maximize the improvements
in VAFTD guidance:

5.5.1 Source term — eruption parameters. The reports of the
Second and Third International Workshop on Volcanic Ash
(Toulouse, May 1998 and September 2003) indicated that
substantial  improvements could be made in VATDM
guidance if the source term estimates were improved. The
basic question remains: is it possible to produce quantitative
estimates of the source parameters for a specific eruption
based on historica events, types of volcanoes, etc? What
about the amount of ash released, the vertical and horizontal
distributions, the particle size distribution, etc.? We seek the
expertise of volcanologists to help answer these questions. If
quantitative estimates can not realistically be produced,
VATDM will simply continue to use some default
parameters. A clear answer to these questions would help
bring some closure to the subject.

5.5.2 Source term and Transport / Dispersion: The NASA
DC-8 plane encounter with a diffuse volcanic cloud points to
the fact that very small ash concentrations can produce
damage and highlights he importance of a better definition of
the source term. The encounter provides another example of a
long-lived volcanic cloud. From a modeling perspective, it
raises the question of how far out into the future can VATDM
predictions be still considered reliable - even if the
meteorological inputs have been updated along the way. For
the purpose of immediate aerting, perhaps this is irrelevant.
But if unconditional ash-avoidance is the rule, predictions
beyond 72-hours would still be relevant - i.e. as long as there
is ash, there should be an interest. Obviously, the predictions
could be made over longer time periods and with more
reliably / credibly if we could assimilate airborne ash
information.

5.5.3 Source term - Remote sensing and detection of ash: Any
technological advancement that might lead to a better
guantitative estimate of airborne volcanic in the horizontal
and vertical would have great benefits for VAFTD.

5.5.4 Source term — Assimilation of volcanic ash data: Some
exploratory work on volcanic ash assimilation has aready
been done. For example, Siebert et al. 2002 used the basic
idea that the vertical wind shear in the atmosphere (e.g.
change of wind speed and / or direction with height) leads to
different transport paths of the cloud (or parts of it) at
different initial heights. The movement of the ash cloud
diagnosed from satellite data and images could then
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possibility be used to infer its vertica displacement and
hopefully even a vertical distribution. Exploratory work is
also being done elsewhere, for example a the NOAA Air
Resources Laboratory. How much can be achieved in this area
is highly dependant on improvements in the area of remote
sensing (section 5.5.3). The redity is that red-time
assimilation of volcanic ash datain a meteorological analysis
using an objective numerical procedure remains a complex
problem that will not be solved quickly.

5.5.5 Meteorology — NWP models: The improvement of NWP
models is an ongoing process. Major NWP Centers regularly
implement operational modifications to their analyses and
forecast systems as a result of advancements in the areas of
remote sensing, data assimilation, parameterization,
computing power, etc. The vertical, horizontal and temporal
resolutions of NWP models are aso increased on a regular
basis.

5.5.6 Meteorology and Transport / Dispersion — Ensemble
forecasting: We aready discussed the fact that the guidance
skill diminishes with forecast time because of the growth of
inevitable uncertainties in the initia conditions, and because
numerical models describe in only an approximate way the
exact laws of physics. Ensemble Forecasting provides a
practical tool for estimating how these errors could affect the
guidance. The basic principle is to produce many runs with
NWP models and / or VATDM, using slightly different initial
conditions to simulate errors in measurements, different
parameterization schemes, etc. The results of the ensemble
members are then averaged. It has been shown that this way
of proceeding produces better guidance than what is obtained
by looking at the results of a single model run. Furthermore, a
measure of confidence in the average can be obtained from
what is called the *’spread’’ of the ensemble. It is a measure
of how similar or different the various members (i.e. runs)
are. A small spread indicates that the runs are smilar while a
large spread signals large differences. This is important
because we know that the accuracy of the guidance is greater
when the ensemble spread is small. Ensemble forecasting is
aready done operationally by maor Nationa Weather
Centers in the area of NWP models but has not been yet
attempted for VATDM. This might be an interesting avenue

to explore. At the same time, the timeliness question would
also need to be evaluated if ensemble forecasts were done,
given that many runs need to be executed.

6. CONCLUSION

This paper presented the main factors that influence and
sometimes limit VATDM. Despite the limitations and
uncertainties, VATDM have proven to be of great value, to
the point where it would be unthinkable today to operate
today without them. At the same time, users must be aware of
the limitations when using VATDM outputs. Another
important point is that VATDM can not be used blindly. In
fact, there is a synergistic benefit in using VATDM in
conjunction with other sources of information.

REFERENCES

ICAO, 1998 International Civil Aviation Organization
International Standards and Recommended Practices -
Meteorological Service for International Air Navigation -
Annex 3 to the Convention on International Civil Aviation
(July 1998), 92 pp.

Grindle, T.J. and F. W. Burcham, 2003: Engine Damage to a
NASA DCB8-72 Airplane from a High-Altitude Encounter
with a Diffuse Volcanic Ash Cloud. NASA/TM-2003-
212030, August 2003, 27 pages.
(www.dfrc.nasa.gov/DTRS/2003/PDF/H-2511.pdf)

Siebert, P., A. Frank and R. Servranckx, 2002: Satellite
Data Assimilation for Volcanic Ash Forecasts. Poster
presented at the European Geophysical Society
General Assembly, Nice, France, April 2002. (A PDF
version is available on request).

Simpson, James J., Hufford, Gary L., Pieri, David,
Servranckx, René, Berg, Jared S., Bauer, Craig: The
February 2001 Eruption of Mount Cleveland, Alaska:
Case Study of an Aviation Hazard, Weather and
Forecasting 2002 17: 691-704.

Session 3—Page 5



32

DISCREPANCIESBETWEEN SATELLITE DETECTION AND FORECAST MODEL
RESULTSOF ASH CLOUD TRANSPORT: CASE STUDY OF THE 2001 ERUPTION OF MT.
CLEVELAND VOLCANO, ALASKA

David J. Schneider, USGS-Alaska V olcano Observatory, Anchorage, AK, USA
Rene Servranckx, Environment Canada, Montrea VAAC, Montrea, Canada
Jeff Osiensky, National Weather Service, Anchorage VAAC, Anchorage, AK, USA

Volcanic ash transport and dispersion models are used in conjunction with satellite image data to forecast
the movement of potentially hazardous volcanic ash clouds. Although these sources of information
typically agree, discrepancies do occur. These discrepancies cause difficulty in accurately forecasting ash
movement, especially in cases wherein model results indicate the presence of ash but none is detected in
satellite data. A case study of the February 19, 2001 eruption of Mt. Cleveland volcano, Alaska is
presented utilizing results from the CANERM dispersion model and GOES satellite images. For this
eruption, the extent of volcanic ash predicted from ash transport and dispersion models was much larger
than the extent detected in satellite image data. A discussion of the operational forecast decisions and
information releases that were ma