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Summary

In this lesson, students explore several facets of the impact of volcanic eruptions on the atmosphere. After 
reading a background article and answering review questions, students analyze three types of visual 
information: a graph of aerosol optical depth versus global temperature, a global map with temperature 
anomalies, and an ash plume photograph. In the hands-on activity students use math to determine the rate 
and estimated time of arrival of an ash plume at an airfield.

LESSON AT A GLANCE

Subject(s) Earth Science, Environmental Science

Grade/Level 8th–12th

Objective(s)

•	 Given an article about volcanoes, aerosols, and sulfur dioxide in the atmosphere, students answer 
review questions.

•	 Students identify event-to-sphere and sphere-to-sphere interactions.

•	 Given visual data representations, students will make inferences about the effects of aerosols on 
global temperatures and climate.

•	 Given statistics about the rate of ash plume dispersal, students will calculate the estimated time of 
arrival at their airfield.

Time 
Required

One or two 50-minute class periods, dependent on whether background article and questions are done 
in or out of class.

Essential 
Question(s)

1. What is the interaction between volcanic gases, the atmosphere, and global temperatures? 

2. In what ways do volcanoes have a short-term effect on global temperatures?

3. By what chemical and physical science mechanisms do volcanoes offset global warming trends?
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Lesson 
Overview

Article
Students read an article on volcanic gases in the atmosphere and answer questions. Students identify the 
event-to-sphere and sphere-to-sphere interactions.

Volcanoes' Long-Range Effects

•	 Students interpret a graph of aerosol optical depth versus global temperature.

•	 Students interpret a global map of temperature anomalies.

•	 Students interpret two images showing ash plume height.

Tracking an Ash Plume
•	 Students use math to determine the rate and estimated time of arrival of an ash plume at an airfield.

TEACHER PREPARATION

Subject 
Matter 

Overview

The teacher should read and understand the student articles, being ready to clarify where necessary. Web 
addresses of additional background articles may be found in the resources section below. We strongly 
recommend that the teacher read these additional articles in preparation.

USGS Article on Mt. Pinatubo
http://pubs.usgs.gov/pinatubo/casa/

NASA Earth Observatory: Global Effects of Mount Pinatubo 
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510 

NASA Classroom of the Future Volcanoes module 
http://www.cotf.edu/ete/modules/volcanoes/vclimate.html

Eruption of Eyjafjallajökull Volcano, Iceland 
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968  

Mount St. Helens
Devastation and Recovery at Mt. St. Helens  
http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php

Volcanic Ash Fall–A ‘Hard Rain’ of Abrasive Particles  
http://pubs.usgs.gov/fs/fs027-00/

Materials

•	 (Recommended) Print one copy of the articles/images in advance to assign as homework

•	 For the Ash Plume Tracking activity: rulers, colored pens or pencils, calculators (optional), large 
U.S. map or atlas (optional)

•	 The Event-to-Sphere worksheet from Lithosphere activity may be used to record these interactions.

Preparation

Before teaching the lesson, the teacher should become familiar with the concept of Earth System 
Science, Event-to-Sphere, and Sphere-to-Sphere interactions. The Internet article “What is Earth System 
Science?” at  http://esseacourses.strategies.org/whatisESSPBL.html gives an overview of the ESS 
analysis approach. 

Assign each student to a different airfield: Great Falls, MT; Billings, MT; Rapid City, SD; Minneapolis, 
MN; Des Moines, IA; Madison, WI; Green Bay, WI; Chicago, IL; Detroit, MI; Cleveland, OH; 
Pittsburgh, PA; Washington, DC; Philadelphia, PA; New York, NY; Boston, MA; and Portland, ME.

Differentiated 
Instruction

These activities are multi-faceted, so they should appeal to visual, auditory, and kinesthetic learners. 
They also provide a combination of analytic, creative, and practical cognitive tasks.

By assigning articles to be read outside of class time, slower readers will have a chance to stay up-to-
speed with others.

TEACHING THE LESSON

http://pubs.usgs.gov/pinatubo/casa
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510
http://www.cotf.edu/ete/modules/volcanoes/vclimate.html
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968
http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php
http://pubs.usgs.gov/fs/fs027
http://esseacourses.strategies.org/whatisESSPBL.html
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Lesson 
Management

•	 Circulate the room to ensure that every one is understanding and following the instructions. 

•	 Review questions may be assigned as homework. There is value in either approach: having the 
students work together to address the questions, or working independently. See the Assessment 
section below for how to grade them.

•	 Key concepts within each activity would be best reinforced if the review questions were discussed 
as a group after students complete them.

•	 This lesson provides a number of options, so the teacher should plan according to student needs, 
age levels, and available time and resources.

Teaching Tips

Ash Plume Tracking activity

•	 Teams will complete their analysis on their worksheets. After each team has determined the 
approximate time that the ash cloud will reach their location, have each team report their findings 
to the class and have students write each team’s times on their maps. (Optional: each team could 
post their times on a large class U.S. map or atlas or class whiteboard.) 

•	 As a class, discuss each team’s findings. 

•	 Possible questions: Why are the times that the ash plume reaches each city approximate times? 
What factors could affect the ash plume’s speed and direction? Based on each team’s findings, 
what is the general direction of the wind?

Student 
Instructions See Student Worksheets.

Student 
Worksheets

Students will write on the worksheets. Students will use their own paper or data logs for addressing review 
questions.

Lesson 
Resources URLs given above in Subject Matter Overview

ASSESSMENT & EXTENSIONS

National 
Standards

A.) Science as Inquiry

 2. Understandings about scientific inquiry
    d) Mathematics is essential in scientific inquiry.

C.) Life Science

 4. Interdependence of organisms
    e) Humans modify ecosystems as a result of population growth, technology, and consumption.  

    Human destruction of habitats is threatening current global stability, and if not addressed,  
    ecosystems will be irreversibly affected.

D.) Earth and Space Science

 2. Geochemical cycles
    a) Each element on earth moves among reservoirs in the solid earth, oceans, atmosphere, and  

    organisms as part of geochemical cycles.
    b) Movement of matter between reservoirs are often accompanied by a change in the physical  

    and chemical properties of the matter. 

 3. Origin and evolution of the earth system
    c) Interactions among the solid earth, the oceans, the atmosphere, and organisms have resulted  

    in changes in the earth system. We can observe some changes such as earthquakes and  
    volcanic eruptions, but many processes such as mountain building and plate movements take  
    place very slowly.  

F.) Science in Personal and Social Perspectives

 1. Personal and community health
    a) Hazards and the potential for accidents exist. Regardless of the environment, the possibility  

    of injury, illness, disability, or death may be present. Humans have a variety of mechanisms  
    that can reduce and modify hazards.
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National 
Standards
continued

5. Natural and human-induced hazards
    a) Normal adjustments of earth may be hazardous for humans. As societies have grown,  

    vulnerability to natural processes of change has increased.
    c) Some hazards, such as earthquakes, volcanic eruptions, and severe weather, are rapid and  

    spectacular. But there are slow and progressive changes that also result in problems for  
    individuals and societies. 

    d) Natural and human-induced hazards present the need for humans to assess potential danger and risk.

Assessment/
Rubric

This activity has review questions, self-check questions, and map-related questions which may be turned 
in for a grade.

Additional 
Background 

Resources

USGS article: Volcanic Ash Fall–A ‘Hard Rain’ of Abrasive Particles. Effects of volcanic ash on land, 
infrastructure, atmosphere, and living things.

http://pubs.usgs.gov/fs/fs027-00/

NASA Earth Observatory article: Understanding the Past to Predict the Future. Climate models provide 
researchers with a tool to predict future climate and to understand changes that occurred long ago. Mt. 
Pinatubo is featured as a case study.
http://earthobservatory.nasa.gov/Features/Paleoclimatology_Understanding/

NASA Earth Observatory article: Eruption of Eyjafjallajökull Volcano, Iceland. Use of satellite imagery 
and data to analyze current volcanic eruptions. 
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968

NASA Earth Observatory article: Devastation and Recovery at Mt. St. Helens
http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php

NASA Earth Observatory article: Global Effects of Mt. Pinatubo: 10 Years Later
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510 

NASA Earth Observatory article: Volcanoes and Climate Change
http://earthobservatory.nasa.gov/Features/Volcano/ 

Seven major volcanic eruptions that temporarily cooled the world’s climate
http://www.authorsden.com/visit/viewArticle.asp?id=40379 

Students Online Atmospheric Research
http://asd-www.larc.nasa.gov/SOLAR/learning-aerosol.html 

NASA Fact Sheet: Atmospheric Aerosols: What Are They, and Why Are They So Important?
http://www.nasa.gov/centers/langley/news/factsheets/Aerosols.html

Extension 
Activities

NASA lesson: Using MY NASA DATA to Determine Volcanic Activity. Students gain additional 
experience in using satellite data to study volcanoes.

http://mynasadata.larc.nasa.gov/preview_lesson.php?&passid=40 

ATMO/BIO Debate. These two NASA articles on the surface appear to draw contradictory conclusions 
about the effect of volcanic eruptions upon the production/absorption of CO2 and plant productivity. 
This would make a fascinating class debate or discussion.

http://earthobservatory.nasa.gov/Newsroom/view.php?old=200206059410 
http://earthobservatory.nasa.gov/Newsroom/view.php?id=22098 

•	 Good	explanation	to	resolve	these	conclusions	may	be	found	here:	http://earthobservatory.nasa.
gov/Features/BorealThreshold/boreal_threshold3.php 

Research Article. Scientific research article about the overall climate effects of the eruption. Could be 
used with advanced students.

http://climate.envsci.rutgers.edu/pdf/VEAChapter1_Robocknew.pdf 

USGS: Up in the Air Volcanoes! Lesson 3
http://egsc.usgs.gov/isb/pubs/teachers-packets/volcanoes/lesson3/lesson3.html

http://pubs.usgs.gov/fs/fs027
http://earthobservatory.nasa.gov/Features/Paleoclimatology_Understanding
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=43968
http://earthobservatory.nasa.gov/Features/WorldOfChange/sthelens.php
http://earthobservatory.nasa.gov/IOTD/view.php?id=1510
http://earthobservatory.nasa.gov/Features/Volcano
http://www.authorsden.com/visit/viewArticle.asp?id=40379
http://asd-www.larc.nasa.gov/SOLAR/learning-aerosol.html
http://www.nasa.gov/centers/langley/news/factsheets/Aerosols.html
http://mynasadata.larc.nasa.gov/preview_lesson.php?&passid=40
http://earthobservatory.nasa.gov/Newsroom/view.php?old=200206059410
http://earthobservatory.nasa.gov/Newsroom/view.php?id=22098
http://earthobservatory.nasa.gov/Features/BorealThreshold/boreal_threshold3.php
http://earthobservatory.nasa.gov/Features/BorealThreshold/boreal_threshold3.php
http://climate.envsci.rutgers.edu/pdf/VEAChapter1_Robocknew.pdf
http://egsc.usgs.gov/isb/pubs/teachers-packets/volcanoes/lesson3/lesson3.html

