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1. Introduction and Objective 

 
 

Over the past 30 years there have been more than 90 incidents in which 

commercial jet airliners encountered clouds of volcanic ash. 

Eight of these involved temporary in- flight engine failure and two barely 

avoided disaster. 

 

The volcanic ash hazard to aviation is a very real threat on a worldwide 

scale, given that many of the major air routes are over the worldôs 

volcanically active regions. It is estimated that volcanic ash can be 

expected to be in or around air routes at altitudes greater than 30 000ft for 

roughly 20 days per year. 

 

There have been many advances in coordinating a dynamic response to 

the threat of volcanic ash and the havoc it wreaks economically. These 

include: 

 

¶ establishing  nine Volcanic Ash Advisory Centers (VAACôs) 

around the world. 

¶ satellite and ground based observations. 

¶ sophisticated computer modeling prediction programs. 

 

Yet, in April 2010 the Eyjafjallajökull Volcano in Iceland erupted and 

resulted in the prolonged shutdown of most of European Airspace. 

Criticism was leveled at the authorities for an over cautious response as 

the economic effects were enormous. In some cases the Pilot in 

Command was left to make the final decision. 
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The objective of this paper is thus: 

 

 
 

To increase the understanding of the 

phenomenon of ñVolcanic ashò to Flight 

Crews. 

 

To educate Flight Crews as to how and 

why it affects aircraft.  

 

To increase their understanding of the 

advancing worldwide aviation trends and 

forecasting techniques so that they are 

equipped to make an informed decision.  
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2. Brief history of previous aircraft 

incidents 
 

There are more than 1,330 volcanoes worldwide that have demonstrated 

activity over many thousands of years. 

Approximately 500 have recent histories of activity, resulting in 55 to 60 

eruptions per year (an average of more than one a week).  

However, constant seismic monitoring is only available on 174 volcanoes. 

 

A brief summary of the major incidents.(Taken from the Boeing Volcanic 

Ash paper 2010) follows: 

 

Mt St Helens, United States 1980. 

 

A Boeing 727 and a Douglas DC 8 encountered separate ash clouds during 

this major eruption. Both aircraft experienced damage to their systems and 

windshields but were able to land safely. 

 

Galunggung Volcano, Indonesia 1982. 

Several 747s encountered ash from this eruption. One aircraft lost thrust 

from all four engines and descended from 36,000 ft. to 12,500 ft. before all 

four engines were restarted. The aircraft, on a flight from Kuala Lumpur, 

Malaysia, to Perth, Australia, diverted to Jakarta and landed safely despite 

major engine damage. This aircraft subsequently had all four engines 

replaced before returning to service. A few days after the initial encounters, 

another 747 flew into the ash cloud and suffered significant engine damage. 

This airplane also diverted to Jakarta and subsequently performed a 

successful two-engine landing. (British Airways Flight 9) 

Mt. Redoubt, United States, 1989.  

On a flight from Amsterdam to Anchorage, Alaska, a new 747-400 (only 

three months old with approximately 900 hr. total flying time) encountered 
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an ash cloud from the erupting Mt. Redoubt near Anchorage. All four 

engines ingested ash and flamed out. The crew successfully restarted the 

engines and landed safely at Anchorage. (KLM 867) 

All four engines were replaced and many airplane systems also had to be 

repaired or replaced. For example, the airplane environmental control system 

was replaced, the fuel tanks were cleaned, and the hydraulic systems were 

repaired. Several other airplanes encountered ash from this eruption, but 

most damage was minor because operators had been notified of the eruption. 

Some operators, such as Alaska Airlines, continued scheduled flights once 

they had developed processes to safely identify where ash might be 

encountered. Although information was available about the Mt. Redoubt 

eruption, the channels for sharing this information were not well developed 

at the time. 

Mt. Pinatubo, Philippines, 1991.  

More than 20 volcanic ash encounters occurred after the Mt. Pinatubo 

eruption. This was the largest volcanic eruption of the past 50 years. The 

ability to predict where ash was to be found was challenging because of the 

enormous extent of the ash cloud. Commercial flights and various military 

operations were affected; one U.S. operator grounded its airplanes in Manila 

for several days.  

Mt. Popocatepetl, Mexico, 1997.  

This volcano affected several flights in 1997 and 1998. Although damage 

was minor in most cases, one flight crew experienced significantly reduced 

visibility for landing and had to look through the flight deck side windows to 

taxi after landing. In addition, the airport in Mexico City was closed for up to 

24 hours on several occasions during subsequent intermittent eruptions. 

 

 

 

http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
http://www.boeing.com/commercial/aeromagazine/aero_09/volcanic_examples.html
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Eyjafjallajökull , Iceland 2010 (pronounced  eiya fjatla joekutl) 

In April 2010, in an unprecedented  move, airspace all over Europe was 

closed due to the presence of volcanic ash in the upper atmosphere from the 

eruption of the Icelandic volcano Eyjafjallajökull.
  

There had been some minor seismic activity in the preceding months but on 

14 April 2010, the eruption entered a second phase and created an ash cloud 

that led to the closure of most of Europe's IFR airspace from 15 until 

20 April 2010. Consequently, a very high proportion of flights within, to, 

and from Europe were cancelled, creating the highest level of air travel 

disruption since the Second World War. 

The air space shut down had a massive knock on impact on the economy and 

cultural events across Europe. 

Other volcanic activity that affected Aviation during 2010 included:
 

Kilauea Volcano Hawaii November 2010 

 

This resulted in the re-routing of air traffic 

 

Mount Merapi volcano in Indonesia October 2010 

This resulted in the re-routing of air traffic 

 

(Source: Boeing Volcanic Ash paper 2010) 

 

On the following page are some images from the Eyjafjallajökull Eruption

   

(Pictures: National Geographic and Wikipedia) 

 

http://en.wikipedia.org/wiki/Airspace
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/2010_eruptions_of_Eyjafjallaj%C3%B6kull
http://en.wikipedia.org/wiki/Eruption_column
http://en.wikipedia.org/wiki/Instrument_Flight_Rules
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Air_travel_disruption_after_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/World_War_2
http://en.wikipedia.org/wiki/Aftermath_of_the_2010_Eyjafjallaj%C3%B6kull_eruption
http://en.wikipedia.org/wiki/Aftermath_of_the_2010_Eyjafjallaj%C3%B6kull_eruption
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The last slide shows the forecast extent of the ash cloud superimposed on 

a map of normal transatlantic flights.  
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3. Analysis of the make-up of Volcanic 

Ash 

Volcanic ash is made up of small tephra, which are fragments of 

pulverized rock and glass created by volcanic eruptions. 

The tephra particles are less than 2 millimeters in diameter.  

 

(Light microscope image of ash from the 1980 eruption of Mount St. Helens, Washington. Picture: 

Wikipedia) 

 

Ash deposited on the ground after an eruption is known as ashfall deposit. 

Significant accumulations of ashfall can lead to the immediate destruction 

of most of the local ecosystem, as well the collapse of roofs on man-made 

http://en.wikipedia.org/wiki/Tephra
http://en.wikipedia.org/wiki/Volcano
http://upload.wikimedia.org/wikipedia/commons/f/fe/MtStHelensAsh1980eruption.jpg
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structures. Over time, ashfall can lead to the creation of fertile soils. 

Ashfall can also become cemented together to form a solid rock called 

tuff. Over geologic time, the ejection of large quantities of ash can 

produce an ash cone. 

 

(Picture: National Geographic) 

There are three mechanisms of volcanic ash formation: 

1. Gas release under decompression causing magmatic eruptions;  

2. Thermal contraction from chilling on contact with water causing 

phreatomagmatic eruptions  (eruptions as a result of interaction between 

water and magma). 

3. Ejection of entrained particles during steam eruptions causing phreatic 

eruptions. The violent nature of volcanic eruptions involving steam 

results in the magma and solid rock surrounding the vent being torn into 

particles of clay to sand size.  

 

 

http://en.wikipedia.org/wiki/Tuff
http://en.wikipedia.org/wiki/Geologic_time
http://en.wikipedia.org/wiki/Volcanic_cones
http://en.wikipedia.org/wiki/Magma
http://en.wikipedia.org/wiki/Clay
http://en.wikipedia.org/wiki/Sand
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If a volcanic eruption occurs beneath glacial ice, cold water from melted ice 

chills the lava quickly and fragments it into glass, creating small glass 

particles that get carried into the eruption plume. This can create a glass-rich 

plume in the upper atmosphere which is particularly hazardous to aircraft 

Ash is also created when solid rock shatters and magma separates into 

minute particles during explosive volcanic activity. The plume that is often 

seen above an erupting volcano is composed primarily of ash and steam. The 

very fine particles may be carried for many miles, settling out as a dust-like 

layer across the landscape.  

 If liquid magma is ejected as a spray, the particles will solidify in the air as 

small fragments of volcanic glass. Unlike the ash that forms from burning 

wood or other combustible materials, volcanic ash is hard and abrasive. It 

does not dissolve in water, and it conducts electricity, especially when it is 

wet. 

At first glance, volcanic ash appears as a soft, harmless powder. Instead, 

volcanic ash is a rock material with a hardness of approximately 5+ on the 

Mohs Hardness Scale. (The highest level on the scale is 10 being that of a 

diamond) It is composed of irregularly shaped particles with sharp, jagged 

edges (see image).  

 

(Picture: National Geographic) 

 

http://en.wikipedia.org/wiki/Combustion
http://geology.com/articles/volcanic-ash/volcanic-ash-picture-750.jpg


P a g e | 13 

 

 

 

The significant hardness, combined with the irregular particle shape renders 

volcanic ash an abrasive material. This gives these microscopic particles the 

ability to damage aircraft windows, irritate the eye, cause abnormal wear on 

moving parts of equipment and many other problems.  

 

Volcanic ash particles are very small in size and have a vesicular structure 

with numerous cavities. This gives them a relatively low density for a rock 

like material. This low density, combined with the very small particle size 

allows volcanic ash to be carried high into the atmosphere by an eruption 

and carried long distances by the wind. Volcanic ash can cause problems a 

long distance from the erupting volcano.  

 

Volcanic ash particles are insoluble in water. When they become wet they 

form a slurry or a mud that can make highways and runways slick. Wet 

volcanic ash can dry into a solid, concrete-like mass. This enables it to plug 

storm water sewers and stick in the fur of animals that are in the open when 

ash falls at the same time as rain.  

 

 

 

Tephra / Pyroclastic Terminology  

Particle Name  Particle Size  

Blocks / Bombs  over 64 mm (2.5 inches)  

Lapilli  under 64 mm (2.5 inches)  

Volcanic Ash  under 2 mm (.079 inches)  

Volcanic Dust 

(Fine Volcanic Ash)  
under 0.063 mm (0.0025 inches)  

"Tephra" and "pyroclastics" are general terms used in reference to particles of igneous rock material of various sizes that have been 

ejected from volcanoes. They are classified by size. The terms "ash" and "dust" communicate a specific size of tephra or pyroclastic 

particles. These are summarized in the table above. 
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Atmospheric effects 

 

When ash begins to fall during daylight hours, the sky turns hazy and a pale 

yellow colour. The ashfall may become so dense that the sky turns gray to 

pitch black, with the ash severely restricting visibility and deadening sound. 

A darkened ash sky lowers temperatures during daylight hours from what 

would otherwise be expected. Loud thunder, lightning, as well as the strong 

smell of sulphur accompany an ashfall. If rain accompanies an ashfall, the 

tiny particles turn into a slurry of slippery mud. Rain and lightning combined 

with ash can lead to power outages, breakdowns of communication, and 

disorientation.  

Volcanic ash particles have a maximum residence time in the troposphere of 

a few weeks. The finest tephra particles remain in the stratosphere for only a 

few months, they have only minor climatic effects, and they can be spread 

around the world by high-altitude winds. This suspended material 

contributes to spectacular sunsets. The major climate influence from 

volcanic eruptions is caused by gaseous sulphur compounds, chiefly sulphur  

dioxide, which reacts with OH (Hydroxide) and water in the stratosphere to 

create sulfate aerosols with a residence time of about two to three years.  

There are clearly many hazards associated with Volcanic Ash. The next 

Chapter focuses on the aviation hazards but there are other health hazards to 

humans. 

People exposed to falling ash or living in the dusty environment after an ash 

fall can suffer a number of problems. Respiratory problems include nose and 

throat irritation, coughing, bronchitis-like illness and discomfort while 

breathing. These can be reduced with the use of high efficiency dust masks 

but exposure to the ash should be avoided if possible.  

 

Long term problems might include the development of a disease known as 

"silicosis" if the ash has a significant silica content. The U.S. National 

Institute of Occupational Safety and Health recommends specific types of 

masks for those exposed to volcanic ash. Anyone who already suffers from 

http://en.wikipedia.org/wiki/Troposphere
http://en.wikipedia.org/wiki/Tephra
http://en.wikipedia.org/wiki/Stratosphere
http://en.wikipedia.org/wiki/Sulfur_dioxide
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problems such as bronchitis, emphysema, or asthma should avoid exposure.  

 

Dry volcanic ash can stick to a moist human eye and the tiny ash particles 

quickly cause eye irritation. This problem is most severe among people who 

wear contact lenses. Some skin irritation is reported by people in ashfall 

areas; however, the number of cases and their severity are low.  

 

 

 

 

 

Steam explodes from a glacier-topped Iceland volcano in an aerial picture taken April 14, 2010, by the 

Icelandic Coast Guard.  

 

 

 

Sources: Wikipedia and National Geographic websites 

http://ngm.nationalgeographic.com/geopedia/Iceland#Land of Fire and Ice
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4. The Dangers Facing Aircraft 
 

In general the following hazardous substances can be identified: 

 

Dust/rock particles 

Glass particles 

SO2 (Sulphur Dioxide) 

HCl (hydrochloric acid) 

 

In their gaseous form the latter two constituents of the volcanic ash cloud are 

considered not to cause significant harmful effects to aircraft. 

 

However, following the eruption, oxidation and hydration of the SO2 forms 

H2SO4 (sulphuric acid) droplets which are quite a different matter. The 

resulting ash/acid mix is highly corrosive and can cause damage to jet 

engines and pitting of windscreens. 

This may present a long term maintenance expense for aircraft operating 

regularly in airspace contaminated with even relatively low concentrations of 

such ash/acid. 

 

 

The effect on jet aircraft engines is particularly severe as large amounts of 

air are sucked in during combustion operation, posing a great danger to 

aircraft flying near ash clouds. Very fine volcanic ash particles (particularly 

glass-rich if from an eruption under ice) sucked into a jet engine melt at 

about 1,100 °C, fusing onto the blades and other parts of the turbine (which 

operates at about 1,400 °C). 

. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Aircraft
http://en.wikipedia.org/wiki/Jet_engine
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Illustration of the effects of ash on the modern turbo fan engine 

 
(Picture: The Airbus Paper on Volcanic Ash 2010) 

 

 

 

 

 

 

 
Abrasive particles can 

erode compressor blades 

edges, reducing 

compressor performance 

 

 

 

 

 

 

 

Glass particles will melt in 

the combustion chamber, 

if high thrust rating is used 

Melted material will  

cool down in the 

turbine and deposit on 

the turbine vanes 
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Damage to the engine blades of BA Flight 9 

(picture: bbs.stardestroyer.net) 
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Damage to the Windscreen of BA Flight 9 

(picture: bbs.stardestroyer.net) 
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Aircraft Hazards  

 

Several short-term and long-term hazards can be identified and have been 

encountered in real life in relation to ash encounters. 

The hazards that warrant most attention are those affecting aircraft 

engines and airspeed sensors. 

 

Short-term operational hazards: 

 

o Engine failure 

Á Multiple engine malfunctions, such as surge, stalls, 

increasing Exhaust Gas Temperature (EGT) and torching. 

Á Slow or no engine restart 

Á In case of loss of thrust on all engines there is a high risk of 

loss of most electrical, hydraulic and pneumatic components 

with the ensuing flight control problems and cabin 

pressurization failure. 

 

o Pitot-static instrument failure 

o Communication failure 

o Electrical failures 

o Impaired vision caused by damaged windows 

o Degraded landing performance 

o Limited ground operations 

o Degraded integrity of composite structure 

 

o Long-term operational hazards: 

 

Á Abrasion of fan-blades, engine inlet, and compressor blades 

Á Partial or complete occlusion of turbine blade cooling 

channels leading to blade overheating with a corresponding 

reduction of blade life and premature blade failure 

Á Abrasion or contamination of pneumatic ducting 
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Á Damage to aircraft exterior e.g. windshields, wing leading 

edge, landing lights 

Á Contamination of pitot tubes and static ports 

Á Health risks to operating crew and passengers 

Á Corrosion of exterior 

Á Corrosion of interior 

Á Health hazards: 

Á Impaired breathing 

Á Impaired vision (physically) 

Á Long term exposure health risks to operating crew and 

passengers 

 

 
(Source: IFALPA Position Paper on Volcanic Ash and the Airbus Volcanic Ash Paper) 
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5. The Economic Effects of Volcanic 

Activity on Aviation 

 

In dealing with this complex topic, I based my research chiefly on a Paper 

written by Hauke L. Kite-Powell from Marine Policy Center, Woods Hole 

Oceanographic Institution in January 2001. 

 

Kite-Powell summarized the problems volcanic ash presents to commercial 

aviation and considered the potential contribution of data provided by the 

planned National Polar-Orbiting Operational Environmental Satellite 

System (NPOESS).  

 

This paper attempted to quantify the economic impact that volcanic ash had on 

Aviation in order to motivate the huge expense of the National Polar-Orbiting 

Operational Environmental Satellite System (NPOESS).  Although it was 

written in 2001 it is a useful exercise in quantifying the economic effects. 

 

NPOESS experienced extensive developmental problems with its many sensors, 

causing its first launch to slide several years. Developmental challenges and 

changing requirements also prompted the total program costs to more than 

double from their initial $6.5 billion estimate. 

 

Thus, sadly, this program never came to fruition being a victim of American 

politics and economic problems and was finally terminated in February 2010. 

 

A brief summary of the paper: 

 

In estimating the economic effects of volcanic ash on aviation, it is useful to 

distinguish between two main categories: 

 

 ñairborneò effects due to aircraft encounters with ash clouds, and 

 ñairportò effects due to flight delays and cancellations. 
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Each year from 1980 to 1995, on average, five commercial jets encountered ash 

Clouds in flight. About 10 percent of these encounters resulted in loss of power.  

 

The total reported damage to engines, avionics, and airframes from such 

encounters (1980 to1998) was about $250 million. Some ash damage may not 

have been reported; it is likely that this number underestimates the actual costs. 

 

Fortunately, no ash encounter to date has led to loss of aircraft or fatalities. 

 

However, observers agree that several encounters (Galunggung 1982; Redoubt 

1989/90) had the potential for disastrous consequences. It seems reasonable, 

therefore, to suggest that there has been about a 1 percent chance of total aircraft 

loss in the event of an ash cloud encounter. 

 

To estimate the economic risk of ñairborneò effects, we add the expected annual 

equipment damage (some $15 million/year based on historical data), and the 

estimated annual risk of a total aircraft loss. Assuming 200 passengers and 

crew, and a value per human life of $5 million (see Gramlich 1990), plus $100 

million for the aircraft, the cost of a total aircraft loss is $1.1 billion. The 

economic risk of total aircraft loss is 1 percent of 5 encounters per year, or $55 

million. Thus, the overall economic risk from ñairborneò effects historically is 

approximately $70 million per year. 

 

On the ground, additional costs are incurred when airports are shut down and 

flights are delayed or cancelled because of ash clouds and ash deposition.  

 

Aircraft may be moved to avoid ash contamination on the ground.  Between 

1980 and 1998, over 35 airports in 11 countries (USA, Japan, New Zealand, 

Mexico, Guatemala, Colombia, Argentina, Indonesia, Japan, New Guinea, 

Philippines, Falkland Islands)  have been shut down or severely affected by ash 

falls (Miller and Casadevall 1999). The historical average in the jet aviation age, 

therefore, has been approximately two ñairportò events per year. 

 

Although the particular effects vary from one incident and airport to another, 

most fall into one of three categories:  
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(1) lost revenue to airlines because of cancelled passenger and freight service,  

(2) lost revenue to airports from cancelled traffic, and  

(3) delay costs incurred by passengers.  

 

Other costs include the removal of ash from airport facilities, the relocation of 

aircraft to avoid stranding them (for example, a Boing 767 was stranded at 

Manila airport for 6 days due to ash contamination from Mt. Pinatubo in 1991), 

and delays associated with rerouting flights around potential ash hazards, 

among others. 

 

Tuck and Huskey (1994) summarize the economic effects of the 1989/90 

Redoubt eruption on the aviation industry. In addition to $80 million in damage 

to aircraft, they identified $21 million in economic losses due to disruption of 

air travel at Anchorage International Airport (see below). This is a lower 

estimate of overall losses, as it does not include the cost of disruptions in 

international passenger traffic.  

 

domestic passenger traffic $1.7 million 

international passenger traffic [not quantified] 

domestic freight [minimal] 

international freight $15.0 million 

Anchorage Intôl Airport revenues (landing fees, concessions, fuel flowage fees) 

$1.6 million 

airport support industries (fuel distribution, ground crews and service, catering, 

concessions) $1.0 million 

passenger waiting time $1.8 million 

 

(Sources: Tuck and Huskey (1994); Casadevall (1994). 

 

Using the Anchorage Airport figures as a representative example, we assume 

ñairportò losses in the event of ash fall of about $20 million. Historically, two 

airports per year have been affected, for a historical loss of $40 million per year 

in ñairportò losses.  

 

Thus, the historical losses to commercial aviation from volcanic ash over the 

baseline period 1980 to 1995 have been on the order of $110 million per year.  
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Source: Benefits of NPOESS for Commercial Aviation ïVolcanic Ash Avoidance by  

Hauke L. Kite-Powell 

Marine Policy Center, Woods Hole Oceanographic Institution 

January 2001 

This estimated figure of 110 Million USD per year in 2001 will clearly be much 

higher now.  

There have been no accurate estimates of the combined economic and airline 

effect of Eyjajalljokull but the figure of 1 Billion Euro per day for the duration 

of the airspace closure has been widely used. 
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6. Tracking of Volcanic Ash  

 

 

A wealth of information about volcanic eruptions  has been available  for 

many years. However it was only in July 1991 that the broader aviation 

industry and the ñVolcanologicalò community began a joint effort to find 

ways to avoid future encounters, (after the Mt. Redoubt eruption). 

This was at an international conference in Seattle, Washington.  Aviation 

industry members, meteorologists, and volcano scientists gathered to 

determine what volcano event information the aviation industry needed, how 

this information could be distributed, and who or which agencies should 

distribute it. The International Civil Aviation Organization (ICAO) had laid 

much of the foundation for the volcanic ash issue through its Volcanic Ash 

Warnings Study Group. 

One of the outcomes of this initial meeting is the availability of today's 

Volcanic Ash Advisory Centers (VAAC). The VAACs provide an important 

link among volcano observatories, meteorological agencies, air traffic 

control centers, and operators. A total of nine VAACs observe and report on 

their respective region of the world. 
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(VAAC regions from the Wikipedia website) 

 

The VAAC s provide a VAAS which is a Volcanic Ash Advisory Statement.  

In addition to providing VAAS  s directly to the airlines, the VAAC s also 

provide information to appropriate meteorological organizations that 

subsequently issue significant meteorological information (SIGMET) and 

other reports. The ICAO publication "International Airways Volcano Watch" 

(ICAO annex III) contains further information and contact names and 

numbers. Detailed information on the VAACs, including contacts for each of 

the nine centres, is available at http://www.ssd.noaa.gov/VAAC/. 

Operators rely on the VAACs for information, and many operators maintain 

direct contact with volcano observatories within their flight domains. For 

instance, the Alaska Volcano Observatory (AVO) in Anchorage, with links 

to Fairbanks, issues a weekly bulletin by e-mail and fax detailing the activity 

of key volcanoes in Alaska. During periods of volcanic unrest and eruption, 

http://www.ssd.noaa.gov/VAAC/
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bulletins are issued more frequently as conditions change. Anyone can 

request to be placed on distribution lists for the bulletins.  

Many operators maintain personal relationships with individuals in the 

volcano observatories that monitor volcanoes within a particular flight 

domain. For instance, Alaska Airlines maintains contact with key individuals 

at the AVO because a significant portion of Alaska's flight domain could be 

affected by Alaskan volcanoes. 

Many other web sites provide information and links to other sources of 

volcano information. A wealth of printed information, such as the Bulletin of 

the Global Volcanism Network through the Smithsonian National Museum 

of Natural History in Washington, D.C., is also available. However, the 

information about current volcanic activity in these printed sources is often 

two to three months old. 

Aviation operations in volcanic ash situations rely on information based on 

detection and monitoring, alerting, modeling, and post event assessments. 

The U.S. Geological Survey (USGS) provides seismic monitoring for early 

detection and passes the information directly to the FAA to provide early 

warnings when an eruption is imminent or has occurred, which is especially 

important for en route aircraft. NOAA uses satellite monitoring as a core 

element in detection, tracking, and monitoring eruptions, and the resultant 

ash plume. Pilots also make observations, and the FAA disseminates pilot 

reports or PIREPS along with NOTAMs and Significant Meteorological 

Information (SIGMETs). SIGMETS originate from NOAAôs National 

Weather Service. 

The challenge facing the industry is to detect and forecast the ñash cloudò. 

Various methods are used including ñash cloud modellingò which utilises 

advanced mathematical modelling processes. This process is still in its 

infancy and not yet robust enough for accurate forecasting but as more data 

is gathered, this process will improve. 

Sources: Ifalpa Paper 2010 and Boeing Paper 2010 
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Example of current Volcanic Ash Status by the Volcanic Ash Advisory Center: 

Anchorage (a Green, Yellow, Red colour coded system is used) 
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7. International Federation of Airline 

Pilotsô Associations(IFALPA) Position 

 

Shortly after the Eyjafjallajökull eruption IFALPA produced an official 

Position Paper outlining its viewpoint. This Paper is readily available so I 

have not reproduced the entire paper here. I have however included the 

Executive summary and the seven Recommendations here. The following is 

taken directly from the paper: 

 

Executive Summary 

 

Dealing with hazards is inherent to aircraft operation. Like icing conditions, wake 

turbulence or microburst, volcanic ash introduces operational risks that can be identified 

and dealt with in order to achieve a safe flight. 

 

Aircraft are not specifically designed nor certified for flight into volcanic ash simply 

because airworthiness requirements have not been specified with regard to volcanic ash. 

There is presently no clear threshold for the composition and concentration of ash that is 

hazardous to aviation, so the ICAO recommended practice is to avoid all volcanic ash 

(zero-tolerance).  

 

Current regulations and guidance for volcanic ash operations (including measurement and 

certification), i.e. those that resulted in the widespread airspace closure in Europe in April 

and May 2010, do not fulfil all operational and safety needs. This has led to devastating 

economic consequences. 

 

Under this pressure, the Council of European Union Transport Ministers adopted a value 

of 2 mg/m3 as acceptable provided that certain risk mitigating measures were 

implemented. IFALPA believes that such a value needs a scientific basis and this has not 

yet been demonstrated. 

 

ICAO specifies that the position of the óash cloud massô should be forecast, but does not 

define any threshold limits for ash concentration. 

Threshold ash concentration values vary over the world with no clear relationship 

between threshold values and aviation hazards. 
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 A continued zero-tolerance policy is probably not realistic therefore acceptable levels of 

exposure to defined ash-concentrations and appropriate risk mitigation measures must be 

established. 

 

Volcanic Ash is first of all an operational problem as it affects the aircraft and its safe 

operation. The solution depends on new or revised specifications for acceptable tolerance 

levels from engine and airframe manufacturers which can be related to scientifically 

validated measurements. ICAO should establish or revise global Standards for refined 

threshold values for exposure to volcanic ash concentration which must be based on 

hazards to the aircraft and people; a so-called hazard threshold. 

 

Furthermore flight operational and maintenance procedures must be adapted or developed 

and subsequently implemented. Taking into account scientifically proven aviation limits 

(hazard thresholds) the airlines/operators should be able to bear the responsibility for 

planning and executing safe flights. 

 

The necessity of avoiding Volcanic Ash creates a problem for the Air Traffic Services 

(ATS). They play a significant role in the information distribution and have to prevent 

collisions between aircraft and to maintain an orderly flow of air traffic (ICAO Annex 11) 

 

Objectives of the Air Traffic Services), even in situations where Volcanic Ash restricts 

operations in large portions of airspace. ATS Contingency Plans addressing all aspects of 

Air Traffic Management for Volcanic Ash  

situations should be available for all regions of the world and be based on the needs of 

aircraft in flight. 

 

Civil aviation has developed a ósafety-firstô principle which should not be abandoned as a 

result of the economic pressures caused by the recent airspace closures. This means that 

the current principle of conservative avoidance should be maintained unless demonstrably 

safe hazard threshold criteria can be applied. These include accurate modelling or 

measurement of the hazard and certification criteria for flight in the hazard area that 

includes mitigation measures catering for longer term effects. 

 

Finally, the ultimat e responsibility for the safe conduct of a flight rests with the 

Pilot-In -Command. The Pilot-In -Command must therefore be given adequate tools, 

training information and guidelines to deal with volcanic ash. 

 

Recommendation 1: 

New SARPs and Guidance Materials are needed to ensure safety and minimize disruption 

to air travel in case of future eruptions. Revised procedures shall be based on data from 

scientific research; global volcanic ash standards (composition, concentration, etc.); 
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certified engine and airframe operations; reliable and fast (ideally real time) information 

on the hazards; etc. 

Recommendation 2: 

IFALPA strongly supports research to validate a safe and practicable boundary for 

acceptable ash concentration exposure. The introduction of standardised limitations must 

be based on a safety risk assessment. 

Recommendation 3: 

IFALPA believes that additional refinement of the model(s) will indicate more reliable 

and precise defined airspace volumes (3D) of ash hazards. Furthermore, whenever the 

dispersion of volcanic ash is forecast the extent of the airspace volume(s) estimated to be 

above the acceptable threshold concentration should be verified and validated by in-flight 

measurements otherwise a conservative safety buffer should be applied. 

Recommendation 4: 

IFALPA believes that a global approach is needed that allows for a tailor-made solution 

for any airspace concerned. Operators and flight crews are primarily responsible for safe 

flight operations and thus general no-fly restrictions should be minimised. Operations 

should be left subject to the operatorsô safety risk assessment that is acceptable to the 

overseeing national regulator (safety oversight authority). ANSPs should have 

contingency plans available, based on Regional Air Navigation Agreement. 

Recommendation 5: 

Regional contingency plans should also consider potential effects of volcanic ash on 

aerodromes in the region. 

Recommendation 6:  

The Aircraft Operations Certificate (AOC) holder must conduct a safety risk assessments 

prior to planned operations within or in the vicinity of volcanic ash. The risk assessment 

must include all affected stakeholders and must satisfy the acceptable level of safety 

prescribed by the safety oversight authority. The risk assessment must include clearly 

definable threat scenarios, actions, training and other mitigations. 

Recommendation 7: 

IFALPA strongly believes that several issues must be resolved to guarantee safe flight in 

a volcanic ash environment with maximum flexible use of the available airspace. The 

underlying goal should always be to plan a flight path that will be free from significant 

ash hazards. To achieve this goal the following requirements shall be accomplished: 

1. Identify the hazards. 

a. Perform adequate research on the short and long term effects of volcanic ash on the 

entire aircraft and their occupants. 
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b. Conduct an in-depth risk analysis for the hazards of aircraft operation in VA. 

c. Establish generic engine ash tolerance levels based on actual data and research for 

relevant ash parameters: content concentration, particle size/type/properties and acidity. 

2. Identify the contaminated airspace. 

a. Improve modelling, measurement and/or sensing accuracy of ash particle size and 

density in volcanic ash clouds. Compile experience and data from present and past 

encounters and test flights. 

b. VAAC must deliver relevant data in an accurate, timely and robust way by means of 

measurement, imaging, modelling and validation. 

c. The appropriate safety oversight authority shall establish a danger area, where 

necessary. 

d. Uniform global criteria for closure of (parts of) airspace should be applied in case of 

unacceptable hazardous ash concentrations (the no-fly black zone). Closure should be 

based on unambiguous validated data and executed in accordance with global óclosure 

criteriaô. 

e. Implementation of one or more intermediate levels of ash hazard/concentration with 

restrictive use and additional operating rules and maintenance requirements (e.g. red, 

orange zone) needs further study and validation. 

3. Flight Operation. 

a. Responsibility for flight operations should remain with the operators, except for 

hazardous high-density ash levels exceeding aircraft and engine tolerance limitations 

(black zone). The black zone should be defined by the National Safety Oversight 

Authorities responsible for regulating flight operations, not by Air Traffic Management 

authorities or Air Navigation Service Providers. 

b. The operator must fulfil this responsibility for a safe flight and conduct a safety risk 

assessment prior to any operation in low-concentration ash (grey, red, orange zones) and 

get approval from his Safety Oversight Authority. The operators should effectively train 

crews for operation in these zones. 

c. The Pilot-In-Command is ultimately responsible for safe flight and must therefore have 

insight in all relevant ash data and specific aircraft procedures. As the person ultimately 

responsible, the Pilot-In-Command must retain the final decision whether a flight can be 

conducted safely. 

d. Operators should refrain from any disciplinary actions when flight crews exercise their 

flight safety responsibility not to fly in ash (i.e. delay departure or diversion). 

e. VFR operations (ñSee and avoidò) shall not be considered as a suitable method of 

conducting commercial air transport operations in, or near, ash. A restriction to fly in 
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potentially or actually contaminated areas only under daylight VMC might be an adequate 

mitigation measure to avoid high ash concentration, but does not necessarily protect from 

low ash concentration that might still be hazardous. 

 

Source: The IFALPA Position Paper on Volcanic Operations (June 2010) 
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8. Boeing Volcanic Ash Advice 

 

Boeing published a Volcanic Ash Advice Paper in May 2010. This Paper is 

readily available so I have not reproduced the entire document here. 

This briefing leaflet comprised two parts. 

 

The first is a selection of pages from the Boeing Commercial Airplanes 

publication Aero and dealt with advances in volcanic ash avoidance and 

recovery and the second part is based on the Flight Operations Technical 

Bulletin issued by the company on 21 April 2010. 

 

The ñSpecific Flight Crew Actions Required in Response to Encountersò is 

particularly interesting as it accepts that there will be encounters and thus 

offers specific advice (it does acknowledge that the aircraft/company 

manuals will take preference). 

 

It also publishes Alaska Airlines Procedures for operating in volcanic ash as 

they have extensive experience in this regard due to the extensive of active 

volcanoes in their route structure. 

 

Lastly I have also reproduced their ñVolcano Eruption Warning Color 

Codesò table and their list of Volcanic Ash Resources. 
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Source: Boeing Volcanic Ash Advice (May 2010) 


