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Lesson:  Mt. Pinatubo and the Atmosphere

STUDENT WORKSHEET  |  Mt. Pinatubo 1991: The Blast Heard ‘Round the World

BACKGROUND
When Mount Pinatubo blew its top, vast amounts of debris, rocks, rock particles, ash, and gases were ejected. The 
summit of Mount Pinatubo collapsed, reducing the height of the peak by 300 meters (853 feet). Particles the size of 
sand grains fell out of the air in a matter of a few minutes close to the volcano. These particles have little effect on 
the climate. Tiny dust-size ash particles thrown into the lower atmosphere floated around for hours or days, causing 
darkness and cooling directly beneath the ash cloud, but these particles were quickly washed out of the air by the 
abundant water and rain present in the lower atmosphere.

Mount Pinatubo erupted with such a tremendous force that it 
ejected vast amounts of ash and gas high into the atmosphere. 
It was so high that the volcano’s plume penetrated into the 
stratosphere. The stratosphere is the layer of atmosphere 
extending from about 10 km to 50 km (6-30 miles) in altitude. 
Pinatubo injected about 15 million tons of sulfur dioxide into 
the stratosphere. Over the course of the next two years strong 
stratospheric winds spread these aerosol particles around the 
globe.

The photo shows the ash plume of the Icelandic volcano 
Eyjafjallajökull in 2010. Photograph courtesy Árni Sæberg, Icelandic Coast Guard. 

http://images.nationalgeographic.com/wpf/media-live/photos/000/189/
cache/iceland-volcano-ash-eruption-flights-cancelled_18958_600x450.jpg

Volcanoes that release large amounts of sulfur compounds like sulfur oxide or sulfur dioxide affect the climate more 
strongly than those that eject just dust. The sulfur compounds are gases that rise easily into the stratosphere. Once 
there, they combine with the (limited) water available to form a haze of tiny droplets of sulfuric acid. These tiny 
droplets are very light in color and reflect a great deal of sunlight for their size. Although the droplets eventually 
grow large enough to fall to the earth, the stratosphere is so dry that it takes time, months or even years, to happen. 

Unlike the lower atmosphere (or troposphere, which extends from the surface to roughly 10 km), the stratosphere 
does not have rain clouds to quickly wash out contaminants. Therefore, aerosol contaminants, like the plume from 
Mount Pinatubo, remain in the stratosphere for years. Because they scatter and absorb incoming sunlight, aerosol 
particles exert a cooling effect on the Earth’s surface.

In the images that follow, the left satellite image was taken the day before the big eruption on June 15, and the 
right image was taken the day after. The white cloud mass gives an idea of the volume and size of the eruption 
cloud as it drifted west.

http://images.nationalgeographic.com/wpf/media-live/photos/000/189/cache/iceland-volcano-ash-eruption-flights-cancelled_18958_600x450.jpg
http://images.nationalgeographic.com/wpf/media-live/photos/000/189/cache/iceland-volcano-ash-eruption-flights-cancelled_18958_600x450.jpg
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The Pinatubo eruption increased aerosol optical depth in the stratosphere by 10 to 100 times normal levels. Aerosol 
optical depth tells us the degree to which airborne particles prevent light from passing through the atmosphere. 
The aerosols from Mt. Pinatubo reflected the energy equivalent of a 3-Watt light bulb per square meter of surface 
area, and reduced the average global temperature a whopping half a degree (0.5°C) for almost two years. This 
decrease in temperature may not seem like much, but consider that it took humans about 100 years after the 
Industrial Revolution to drive up the average global temperature by half a degree through the release of greenhouse 
gases. Pinatubo’s aerosol output completely canceled out this greenhouse gas warming.

The false-color images to the right show aerosol optical 
depth in the stratosphere during four different time spans, 
ranging from before the June 1991 Pinatubo eruption to 
two years after the event. 

Red pixels show the highest values, while dark blue shows 
the lowest values, which are normally observed in the 
stratosphere. 

Notice how the volcanic plume gradually spreads virtually 
across the entire globe.  

Article based on NASA’s “Global Effects of Mount Pinatubo” (http://earthobservatory.nasa.gov/IOTD/view.php?id=1510) 
and the NASA Classroom of the Future Volcanoes module (http://www.cotf.edu/ete/modules/volcanoes/vclimate.html)

Images courtesy USGS/ NOAA  |  http://pubs.usgs.gov/pinatubo/casa/

Images courtesy NASA: Stratospheric Aerosol and Gas Experiment II 
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510

June 15

June 16

http://earthobservatory.nasa.gov/IOTD/view.php?id=1510
http://www.cotf.edu/ete/modules/volcanoes/vclimate.html
http://pubs.usgs.gov/pinatubo/casa
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510
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Review
 1. Name the types of things ejected from the top of an erupting volcano.

2. What is the name of the gas which was ejected into the stratosphere?

3. What happens when this gas mixes with water vapor?

4. What effect does this type of aerosol have on the climate? Explain.

5. Using what you know about Earth’s spheres, go back through this article and identify the Event-to-Sphere and 
Sphere-to-Sphere interactions. 

Name:___________________________________________  Date:______________________
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Activity: Volcanoes’ Long Range Effects
Examine the graph below which features two volcanic eruptions.  Interpret the data by answering the following 
questions.

 

1. What are the two volcanoes mentioned here? According to the graph, what years did they erupt?

2. The scale for Optical Thickness (blue line) is shown on the y-axis to the right. What does the sudden increase 
represent? Explain what this is measuring.

3. Looking at the blue line, what effect do volcanic eruptions have on aerosols?

4. The scale for Global Surface Temperature (red line) is shown on the y-axis to the left. What do the sudden 
decreases represent?

5. Looking at the red line, do volcanic eruptions have any effect on global temperatures? 

6. Make a table showing each volcano (rows) and the temperature change during the first year and second 
year after each eruption (columns).

Volcano Temp change 
year 1

Temp change 
year 2

Name:___________________________________________  Date:______________________
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Activity: Volcanoes’ Long Range Effects con’t
Examine the map data below and answer the questions. The map shows what are called temperature anomalies 
for the winter after the eruption of Mt. Pinatubo. An anomaly is a measure of how something differs from normal 
condition.  The color scale shown at the bottom indicates that yellows are warmer than normal and blues are colder 
than normal. For example, if you look at Florida, you will see mostly yellow, corresponding to between 0 and 1 
degree C warmer than usual.

 

1. Find the approximate location of your home on the map. In what color band does it fall? What was the 
temperature anomaly during 1991-92?

2. Find the Red Sea and Israel. What was the temperature anomaly?

3. Find Mt. Pinatubo. What was the temperature anomaly?

4. Find England. Was England colder or warmer than usual?  By how much?

Name:___________________________________________  Date:______________________
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Activity: Volcanic Plume Image Analysis
In the past, scientists mostly relied on eyewitness accounts and ground and airplane images to track ash plumes 
from erupting volcanoes. Now, modern scientists use orbiting satellites with a variety of instruments and sensors 
to analyze and track volcanic eruptions and their ash plumes. In this activity, you will examine a volcanic eruption 
from Iceland’s Eyjafjallajökull (pronounced “ay-yah-FYAH-plah-yer-kuh-duhl”) Volcano and interpret the ash plume 
height data. 

Among the key pieces of information that a computer model must have to predict the spread of ash is when the 
eruption happened, how much ash was ejected, and how high the plume was. NASA’s Terra satellite collected data 
on plume height when it passed just east of the Eyjafjallajökull Volcano shortly after eruption. 

Analysis Questions:
1. What is the height of the ash clouds colored blue? Colored red?

2. How do you think the plume shown in the blue and the plume shown in yellow/red might differ?

3. Using the distance scale, estimate how far the ash plume extends (in km) in this satellite image.  

Images courtesy NASA GSFC/LaRC/JPL MISR Team.
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968.

Name:___________________________________________  Date:______________________

To the right is a natural-color image of the volcano’s 
ash plume. The volcano itself is just off the upper 
left corner, with the main plume extending to the 
southeast.

This is the second eruption. When the eruption began, 
air travel across most of Europe was shut down, but 
by the time of the second eruption, forecasters were 
better prepared to predict the spread of volcanic ash.

This image is a false-color image showing the ash 
plume’s height. The color bar is at the bottom. Each 
different color represents the height of ash clouds 
being viewed on a scale of 0-6 km. The distance 
scale is in the lower left.  The white line is equal to 
20km in the image.

For original images and more information, go to: 
Eruption of Eyjafjallajökull Volcano, Iceland http://
earthobservatory.nasa.gov/NaturalHazards/view.
php?id=43968.  

=20 km

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968.
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968.
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968.
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968.
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Activity: Ash Plume Monitoring
Background (Recommended but not required)

   http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php
http://pubs.usgs.gov/fs/fs027-00/

Scenario: 
Volcanic ash can be a serious hazard to jet airplanes when they are flying. Some particles of volcanic ash are so 
small that they can form invisible ash clouds. Because pilots may not see these ash clouds, they can fly into them. 
When ash is sucked into a jet engine, it can cause the engine to stall. Fortunately, when this has occurred, the pilots 
were able to restart their engines, but only after losing many thousands of meters in altitude and suffering severe 
damage to their aircraft.

You are an air traffic controller. You have just received warning that there was a major eruption of Mount St. Helens 
precisely 120 minutes ago. The air space that you monitor is in the path of an ash plume from the eruption. Your 
job is to calculate approximately how much time it will take the ash plume to move into the air space you monitor 
(a 50-kilometer radius around your air traffic control tower). The warning notice states that the ash cloud is moving 
at a rate of 98 kilometers per hour.

Procedures: 
1. You will be assigned the city of the air traffic control tower that you will monitor. On your U.S. map, circle 

the location of your control tower.

2. Circle Mount St. Helens on the map.

3. Look at the map legend. Calculate the distance in kilometers (km) your tower is from Mount St. Helens. 
Distance = _________ km

4. Use the formula Distance = Rate x Time to calculate how long it will take the ash plume to reach your 
tower. 

Analysis Questions: 
1. Assume the eruption occurred 120 minutes ago. How far did the plume extend in that time? 

2. If it continues to spread at the same rate, approximately what time will the ash cloud reach your air space? 

3. What are some factors that may affect the speed (rate) and direction of the ash plume? 

Name:___________________________________________  Date:______________________

http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php
http://pubs.usgs.gov/fs/fs027
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Name:___________________________________________  Date:______________________


