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ABSTRACT

The International Civil Aviation Organization (ICAO)
requireswarningsand flight-planninginformationabout one
of the most potentially hazardous but non-meteorological
aeronautica phenomenathat exists, vol canicash. Thispaper
discusses the provision of required information based on the
experiencesgained from eruptionsof Mount St. Helens and
Redoubt Volcano in the United States. The frequency and
duration of these eruptions, aswell asthe lack of guidelines
about ash concentrations and their affect on aircraft, have
madeit difficultto meet the requirementsfor supportingsafe
and efficient aeronautical operationswith availableinforma-
tion messages. While progresshas been achieved with warn-
ingsand flight-planningdata, efficient di sseminationhas not
been achieved for graphical representationsof ash clouds.
M eeting aeronautical informati onrequirementsfor this non-
meteorological phenomenon requirescooperation, research,
and development among people in various disciplines to
atain safe and efficient operations.

INTRODUCTION

The experience gained in providing meteorologica
information on volcanic ash clouds to those in aeronautical
operations has resulted in adjusting some procedures to
accommodate requirements. This paper briefly discussesthe
requirements and challenges and how support will be
improved, primarily through communications, in the near
future.

During the past decade, a number of arcraft have
encountered volcanic ash clouds whilein flight. Three inci-
dents involved loss of engine power and posed potential
disaster for passengers and crew; these encounters caused
extensivedamageto the aircraft. Fortunately, suchincidents
have been rare, and disaster has been averted because of
good crews and equipment. These incidents have, however,
ingtilled a hedlthy awarenessof and respect for the problem
of volcanicash.

The relative infrequency of large volcanic eruptions
and the inability to predict the onset of eruptions in an

aeronauticaly timely manner increasesthe potential danger
faced by crews and operators. In spite of the non-meteoro-
logical nature of volcanic eruptionsand ash, the responsibil-
ity rests with meteorologists for: (1) the issuance of
alphanumeric significant meteorological (SIGMET) infor-
mation to warn of the hazard, and (2) the inclusion of ash-
cloud information in abbreviated, plain-language, areafore-
casts and on significant weather charts used for flight
planning.

Satelliteimages, radar data, aircraft reports, and coop-
erationand informationcoordinationwith vol canol ogistsare
all essential for early detection of eruptionsand for tracking
ash clouds. However, there are considerable limitations
inherent in the system that provides SIGMET information.
Two limitationsare: (1) forecasting the onset of eruption
with the timeliness required for aeronautical opera-
tions—this goal will certainly elude meteorologists, and (2)
determining the concentration of erupted ash particles and
(or) gases that may or may not affect aircraft. Hopefully,
studiesthat addresstheselimitationswill also provideguid-
ance as to when ash concentrationsare sufficiently low so
that the ash no longer threatensaircraft.

Wind datain the form of particle-trgjectoryand disper-
sion-model forecasts for flight planning are essentially the
only aspect of the volcanic eruption and ash problem that
adheresto meteorological prediction principles(Murray and
others, thisvolume; Stunder and Heffter, this volume). This
means that meteorologists need help in providing the best
ash-cloud-warning servicefor the aeronautical community.

The experience in the United States for issuing ash
cloud warnings and SIGMET’s began with the eruption of
Mount St. Helens in 1980. The St. Helens experience dif-
fered considerably from the more than 25 eruptions at
Redoubt V olcano,whichis 177 km southwest of Anchorage,
Alaska, and to which meteorol ogists responded beginning in
December 1989. Mount St. Helens eruptionswerelonger in
duration and less frequent that those of Redoubt Volcano.
Initially, each Redoubt eruption lasted several hours, and
subsequent eruptions, some consisting primarily of steam,
lasted lessthan 30 minutes(Brantley, 1990).
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ALPHANUMERICINFORMATION
REQUIREMENTS

The international requirementsfor reports, warnings,
and forecasts about volcanic ash are contained in the ICAO
publication entitled "Meteorologica Service for Interna-
tional Air Navigation, Annex 3,” (ICAO, 1992) —this pub-
lication is hereinafter referred to as "ICAO Annex 3"
United States domestic and international procedures and
policiesmeeting these requirementsare detailedin Nationa
Oceanic and Atmospheric Administration (NOAA) and
National Weather Service (NWS) operations manuals.
Within the United States, additional measures are taken
both from a warning and flight-planning point of view. For
warnings, NWS meteorologistsassigned to air route traffic
control centers (ARTCC) provide center weather advisories
(CWA’s) as a quick response to new or quickly changing
conditionsthat may not be detailed in SIGMET's prepared
by meteorological watch offices (MWO’s). For flight plan-
ning, trajectory information (see Recent Developments sec-
tion in this paper) is provided to aeronautica and
meteorological facilitiesin accordance with existing agree-
ments. Currently, this information is distributed on a lim-
ited basis, but extensive distribution of flight-planning
information through meteorological graphics communica
tions systems within the United States and internationally
are planned and are nearing fruition. This will result in
extensive distribution of this information to the aeronauiti-
ca community and to information providers.

REPORTS

Recommended practices concerning observations and
reports of volcanic activity by meteorologica stations are
described in the ICAO Annex 3 (chap. 4, p. 20): "The
occurrenceof pre-eruption volcanicactivity, volcanic erup-
tions, and volcanic ash clouds should be reported without
delay to the associated air traffic services unit, aeronautical
information services unit, and meteorologica watch office.
The report should be made in the form of a volcanic activ-
ity report [VAR—see Fox, this volume] comprising thefol-
lowing informationin the order indicated:

a Messagetype: volcanicactivity report,

b. Station identifier: location indicator or name of
station,

c. Dateandtime of message,
Location of volcano and nameif known,
Concise description of event, including, as appropri-
ae, level of intensity of volcanic activity, occurrence
of an eruption and its date and time and the existence
of a volcanic ash cloud in the area together with
direction of ash cloud movementand height."
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The standard concerning aircraft observations and
reportsthat iscited in ICAO Annex 3 (chap. 5, p. 24) isthat
"goecial observations shal be made by dl aircraft
whenever...

c. Volcanicashisobserved or encountered....
e. Pre-eruptionvolcanicactivity or avolcaniceruptionis
observed."
Note— Pre-eruption volcanic activity, as used in both con-
texts cited above, means unusual and (or) increasing volca-
nic activity that could presagea volcanic eruption.

The ICAO standard for the contents of specia air
reportsof pre-eruption volcanicactivity, avolcaniceruption,
or volcanicash cloud and their order in the volcanic activity
report (VAR) (Fox, thisvolume) is:

e Aijrcraftidentification,
Position,
Time,
Flight level or altitude,
Volcanicactivity observed,
Air temperature,
Wind, and
Supplementaryinformation.

SIGMET INFORMATION

SIGMET's are aeronautical meteorological warnings,
and they areissuedin al phanumericform. The |CAO Annex
3 (chap. 7, p. 34-36) standard on the issuance of SIGMET
information includes the occurrence and (or) expected
occurrence of volcanic ash cloud at subsonic, transonic, and
supersonic cruising levels. The recommended issuance of
"SIGMET messages concerning volcanic ash cloud...
expected to affect a flight-informationregion (FIR) should
be issued at |east 12 hours before the commencement of the
period of validity and should be updated at least every 6
hours.”

This requirement combined the short-term requirement
for hazardous SIGMET information and the longer term
requirement for flight-planningdata. However, at the ICAO
communi cations-meteorol ogy-operationgdivisions and the
World M eteorol ogical Organization(WMO) commissionon
aeronautica meteorol ogy meeting (September 1990, heldin
Montreal, Canada), several states that have had experience
with volcanic activity SIGMET's indicated that permitting
the period of validity of SIGMET's for volcanic ash to be
extended up to 12 hours, in their opinion, was quiteimpossi-
ble given current volcanic-activity-observing techniques,
especially concerning ash particlesize and density.

Even though the requirement does state "up to 12
hours," local user requirementsduring the Redoubt Vol cano
eruptions led to SIGMET updates as often as every 2 hours.
Thisimplied a dichotomy of purposefor the SIGMET (i.e.,
updatesevery 2 hoursand the requirement for an outlook for
up to 12 hours).
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A few initial Redoubt Volcano eruptionsin December
1989 and January 1990 lasted up to several hours, subse-
quent eruptions lasted usually less than 30 minutes (Brant-
ley, 1990). With the frequency and duration of Redoubt
Vol cano eruptions, the MWO issuing SIGMET's would not
have been able to comply with the spirit of the long-term
requirement at the volcano or for flight-informationregions
(FIR’s) affected downstream by the ash cloud.

Another significant aspect of SIGMET's being valid
essentially from 12 to 24 hoursisthat the areaencompassing
volcanic ash could be very large. Situations did occur at
Redoubt Volcano whereby ash was spread at high levelsfar
to the southeast and at low levelsto the north and northwest.
Inthis case, the areawas already quite large. However, con-
sider the area that would be covered by ash with the wind
directionsindicated above and with a speed of 100 knots at
highlevelsand 25 knotsat low levelsfor aperiod of 12to 24
hours. A SIGMET encompassingsuch asash cloudwould be
meteorologically supportable but operationaly difficult to
implement. Even the 4-hour-valid-period SIGMET's issued
for the initial Redoubt Volcano ash clouds resulted in large
areasthat unnecessarily restricted air traffic—this is a con-
siderable impact at or near high-density routes and aero-
dromes, such as AnchorageInternational Airport.

Ash dispersion can quickly become complicated and
can cover extensive areas with ash that is emanating only
from the source. However, rapidly transported ash at high
levelsthat fallsinto lower levels with different wind direc-
tions essentially resultsin multiple, albeit less concentrated,
sourcesand an extremely complicated ash-cloud pattern.

SIGMET DISSEMINATION

SIGMET's are disseminated over teletypewriter or
computer networksin al phanumeric, abbreviated, plain lan-
guage. ICAO Annex 3 (p. 36) recommends that "SIGMET
messages should be disseminated to meteorologica watch
offices,... and to other meteorological offices, in accordance
with regional air navigation agreement.”

GRAPHICSREQUIREMENTS

The requirementsfor graphical information(i.e., charts
for flight documentation) residein ICAO Annex 3, chapter
9, and is entitled " Service for Operators and Flight Crew
Members." FHight documentation, usuadly in the form of
charts, is provided "'to operators and flight crew members
for:

a Pre-flight planning by operators,
b. Useby flight crew membersbefore departure,
c. Aircraftinflight.”
For pre-flight planning purposes by the operator, the
ICAO recommendation for significant en-route weather

informationis that the information should normally be sup-
plied as soon as available, but not later than 3 hours before
departure.

Prior to the ICAO/WMO meeting in 1990, different
ways to portray volcanic ash on significant weather charts
were tried in the United States for the Redoubt Volcano
eruptions. However, the inclusion of ash clouds on signifi-
cant weather forecast charts caused concern among aeronau-
tical operators. One of the early Redoubt eruptionsoccurred
before the significant weather chart was disseminated, and
the projected ash cloud area was determined by trajectory
information. This areawas enclosed by a scalloped line and
identified with a plain-language note. Unfortunately, the
areaenclosed waslarger than it might have been under those
meteorological conditions, and it caused some anguish
among users. It should be noted, however, that large areas
can be expected under certain meteorol ogical conditions.

Experiencewith these charts showed that:

1. Inclusion of ash cloudson significant weather forecast
charts is consistently possible only if the volcano
erupts shortly before or during the preparation of a
chart and, of course, if the meteorologistis notifiedin
time,

2. Providing long-term (up to 12 hours and beyond) vol-
canic ash information by outlining the ash cloud on
significant weather charts, while possible, may be
confusing and may be a disserviceto the aeronautical
user when the area delineated is significantly larger
thanit might be or if the chart is prepared for an erup-
tion that turns out to be mostly steam (hence, posing
little or no hazard), and

3. The lead time that must exist so that the charts are
available to the operator, in addition to the time
required to prepare the chart, makes it an extremely
difficult task to includetheinformationas precisely as
desirable.

The Redoubt Vol cano experienceled the United States
to suggest at the September 1990 ICAO/WMO meeting that
the best way to inform flight plannersabout vol canicash was
to include a statement such as " see potential SIGMET's for
volcanic ash” near the volcano on the significant weather
chat—this statement would be included on all significant
weather charts until the volcano becomes inactive again.
Discussions pointed out that longer term, precise informa-
tion on the occurrence and | ocation of vol canicash cannot be
adequately depicted on significant weather charts. The rea-
son for thisis that these charts should be in the users hands
some 9 hours before the valid time—this time corresponds
approximately to the midpoint of the flight. Also, these
charts are prepared up to 6 hours before being disseminated.
The net resultis that a volcanic eruption and ash cloud may
have occurred a any time during a period of 15 hours and
may not be depicted on the significant weather chart that the
air crew receives. It was agreed at the meeting that an ash
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cloud could not beincludedreliably for short-term eruptions
because of timing and disseminationrequirements.

The participants at the ICAO/WMO meeting in 1990
felt that WMO should be requested to develop, in
consultationwith ICA O, appropriatesymbol ogy to represent
the volcanic ash phenomenon on significant westher
charts--this resulted in the recommendation that WMO, in
consultationwith ICAO, devel op appropriate symbology to
represent the occurrenceof volcaniceruptionson world-area
forecast system significant weather charts. Subsequently, it
wasagreedthat symbology would be added to the significant
weather chart at thelocation of the volcano and that adequate
information would be added to the legend of the chart,
including a statement advising concerned air crews to
inquire about SIGMET’s in an areawhere a volcanic erup-
tion or ash contaminationis suspected.

RECENT DEVELOPMENTS

Since the First International Symposium on Volcanic
Ash and Aviation Safety in 1991, graphic information has
been devel oped. The volcanicash forecast transport and dis-
persion (VAFTAD) model, developed by National Oceanic
and Atmospheric Administration (NOAA) Air Resources
Laboratory, is a three-dimensional, time-dependent depic-
tion of the volcanicash cloud (Stunder and Heffter, thisvol-
ume). Eruption input includes volcano name and location,
eruptiontime, and ash-cloud-top height. The model assumes
a given particle-size distribution throughout the initial ash
cloud. Ashis advected horizontally and vertically asit falls
through the atmosphere, using either the Washington World

AreaForecast Center global wind and temperaturecomputer
model dataor aU.S. regional model.

This graphic information, produced automatically and
shortly after notificationof an eruption, will be disseminated
internationally in addition to significant weather charts on
ICAO world-area forecast system satellite broadcasts.
Broadcasts operated by the United States are expected to
begin in late 1993 or early 1994 over the Americasand in
late 1994 over the Pacific Oceen—adtern Asia area. In the
United States, the graphicwill be disseminated on meteoro-
logical computer and graphi c-disseminationsystems.

SUMMARY

Problems faced by meteorologistsand operators con-
cerning: (1) when and where an eruption may occur, (2) the
timely notificationof an eruption in the aeronautical sense,
and (3) what concentrationsof volcanicash threatenlife and
property, contributeto the difficulty in providing useful vol-
canic ash information. However, improved di ssemination of
informationwill significantly assist in planning for efficient
flight andwill contributeto safe operations.
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