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Aerial view of Redoubt Volcano during a continuous, low-level eruption of steam and ash
December 18, 1989
Source:  photo by W. White, USGS, http://www.avo.alaska.edu/avo3/volc/redou/photo.htm

Transparency:  Redoubt ash cloud

Module 1 Investigation 3
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Background
When volcanoes erupt, they spew tiny particles, called aerosols, into the air.  Aerosols get swirled around
in the atmosphere and can cause significant damage to airplanes flying through these clouds.  Between
December 1989 and February 1990, five commercial airplanes were damaged because they encountered
volcanic ash from Redoubt Volcano, an active volcano in Alaska.  The volcanic ash caused more than
$80 million in damages to just one of the airplanes!  Please help to identify areas in the world where
aerosols can present a hazard to aircraft safety.

Objectives
In this activity, you will
1. identify the sources of aerosols worldwide,
2. develop a time series for global aerosols, and
3. prepare a world map that ranks regions by hazard potential based on any images and data you

collect.

Procedures for the Investigation
1. To get an idea about the dangers associated with volcanic ash, read the story of a plane that

encountered an ash cloud from the Redoubt Volcano in Alaska.  This 1989 eruption encouraged the
formation of a group of nine Volcanic Ash Advisory Centers (VAACs) that use information from
NASA’s Total Ozone Mapping Spectrometer (TOMS) sensors, weather data, and air traffic control
towers to warn pilots of ash clouds in their flight path.

2. You will be gathering, organizing, and analyzing TOMS aerosol data for eight dates to identify
hazardous areas for airplanes.

3. Follow your teacher’s directions to collect and record the data. Divide the work evenly among your
group members so everyone has a chance to contribute.

4. After all the dates have been analyzed, total up the information from all eight of the dates and record
your answers on Log 3: Frequency chart.

5. Make each tally into a percentage by dividing the number of times the square contained aerosols by
the number of dates that you checked (eight).  Fill in the following chart to convert days to
percentages more quickly.

Module 1, Investigation 3: Log 1
How can airline damage from volcanoes be minimized?

1

Dates aerosols were
observed in the square

Percentage of time
aerosols were present

1

2

3

4

5

6

7

8

1/8=

2/8=

3/8=

4/8=

5/8=

6/8=

7/8=

8/8=
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6. Based on the data, rank the regions of the world by aerosol hazard: Level 1—no or low hazard area,
Level 2—moderate hazard area, Level 3—severe hazard area.

7. Create two identical world maps showing these hazard areas.  Color areas according to the rating
that you gave; for example, use yellow for the low hazard regions, orange for the moderate hazard
regions, and red for the severe hazard regions.

Be sure to include all appropriate map elements on the front of both the maps.  The map title should
be descriptive so that people know what data you mapped.

8. Share your maps with the class.  Prepare an explanation of the maps using these questions to guide
you.

• What patterns do you observe on your map?  Are there concentrated areas that have high,
medium, and low aerosol hazards?

• What is probably causing the patterns that you observed?  Think about what you know about the
locations of aerosol sources (deserts, volcanoes, and forests).

9. Divide your group into two teams. Join members from another team to analyze the two different
maps. Use the following questions to guide your analysis.

• What are similarities of and differences between the patterns on the two maps?
• Are there areas that are shown to be dangerous on one map but not on the other?
• Explain any differences that your group observes.

10. Based on your map comparison, which type of map (short-term or long-term) would be most helpful in
identifying aerosol hazards from volcanoes?  Explain your answer.

2

Module 1, Investigation 3: Log 1
How can airline damage from volcanoes be minimized?

References:
http://toms.gsfc.nasa.gov/aerosols/aerosols.html

E. E. Campbell.  Recommended flight-crew procedures if volcanic ash is encountered, pp.151-156
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ANCHORAGE, AK—Redoubt Volcano, near
Anchorage, Alaska, began erupting on December
14, 1989.  On the following day, a 747-400 airplane
entered an ash cloud at 7,620 meters (25,000 feet)
and experienced flameouts on all four engines.

During descent to 7,620 meters (25,000 feet), the
airplane entered a thin layer of clouds when it
suddenly became very dark outside.  The crew also
saw lighted particles pass over the cockpit wind-
shields.  At the same time, brownish dust with a
sulfurous smell entered the cockpit.  The captain
commanded the pilot flying to start climbing to
attempt to get out of the volcanic ash.  One minute
into the high-power climb, all four engines flamed
out.  Due to the volcanic ash and dust in the
cockpit, the crew donned oxygen masks.

The pilot flying noticed the airspeed descending,
initially at a normal rate but suddenly very fast.  All
airspeed indications were then lost due to volcanic
dust contamination in an instrument.  The pilot
flying rather firmly put the nose of the aircraft down
to avoid a stall and initiated a turn to the left in a
further attempt to get out of the volcanic ash.

The crew noticed a “Cargo Fire Forward” warning
and decided that the fire warning was caused by
the volcanic ash, so no further action was taken.
As the engine slowed down, the generators tripped
off and all instruments were lost except for instru-
ments powered by the batteries.

During the time the engines were not working, the
cabin pressure remained within limits and no
passenger oxygen masks deployed.  The crew
elected not to deploy the masks because the
passenger-oxygen-mask system would have been
contaminated by volcanic dust in the cabin air.

3

Module 1, Investigation 3: Briefing
Volcano’s ash kills 747’s engines en route to Anchorage

An emergency was declared when the airplane
passed through approximately 5,181 meters
(17,000 feet).  The crew stated that a total of seven
or eight restart attempts were made before engines
1 and 2 finally restarted.  Initially, the crew main-
tained 3,962.4 meters (13,000 feet) with engines 1
and 2 restarted, and after several more attempts,
engines 3 and 4 also restarted.

After passing abeam and east of Anchorage at
3,352.8 meters (11,000 feet), the airplane was
given clearance for a wide right-hand pattern to
runway 06 and further descent to 609.6 meters
(2,000 feet).  The captain had the runway continu-
ously in sight during the approach; however, vision
through the windshields was impaired due to
“sandblasting” from the volcanic ash in such a way
that the captain and the first officer were only able
to look forward with their heads positioned well to
the side.

Finally, the airplane did land safely, but approxi-
mately $80 million was spent to restore the plane,
which included replacing four engines.  The in-
depth account of this incident helped researchers
devise a procedure of what a crew should do when
they encounter an ash cloud.

Source: http://www.geo.mtu.edu/department/classes/ge404/

gcmayber/historic.html
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