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Lesson:  Mt. Pinatubo and the Biosphere

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

BACKGROUND - Mt. Pinatubo Eruption, 1991
When Mount Pinatubo erupted in June 1991, it was 
a tremendous, explosive eruption that buried the 
surrounding countryside in a thick layer of ash and 
mud and pumped a cloud of ash and gas high into the 
atmosphere. Up to 800 people were killed and more 
than100,000 became homeless following the eruption.

All of this slipping and sliding of the plates over the 
centuries results in frequent earthquakes. The events 
of the 1991 Mount Pinatubo eruption began in 1990, 
when a magnitude 7.8 earthquake occurred 100 
kilometers (62 miles) northeast of the Pinatubo region. 
In April of 1991, small explosions from volcanic vents 
dusted local villages with ash and the first 5,000 
villagers who lived on the flanks of the volcano were 
evacuated. 

Earthquakes and explosions continued. On June 5, 
a Level 3 alert was issued which was escalated to a 
Level 5 alert four days later. An evacuation area with 
a radius of 20 kilometers (12.4 miles) was established 

Geology
Mount Pinatubo is part of a chain of composite volcanoes 
along the Luzon arc on the west coast of the Philippines. 
In this region, the islands are situated on top of a smaller 
microplate called the Philippine Mobile Belt. This microplate 
is essentially being subducted under two much larger tectonic 
plates coming together from the east and west (the Philippine 
Plate and Sundaland/Eurasian Plate, respectively).

In this image white triangles show active subduction zones 
with “teeth” on the over-riding plate, arrows show transform 
or major strike-slip faults, red triangles indicate active 
volcanoes. Plates and micro-plates are shown in different 
colors.  

Image courtesy United States Geological Survey  |  http://pubs.usgs.gov/pinatubo/

and 25,000 people were evacuated.

The following day, 18,000 U.S. military personnel 
and their families stationed at Clark Air Base near 
the volcano were evacuated. On June 12, the danger 
radius was expanded and 58,000 more people were 
evacuated. 

On June 15, the eruption of Mount Pinatubo began at 
1:42 p.m. local time, lasting for nine hours and causing 
numerous large earthquakes due to the collapse of 
the summit of Mount Pinatubo and the creation of a 
caldera, reducing the peak from 1745 meters (5725 
feet) to 1485 meters (4872 feet).

The eruption of Mt. PInatubo impacted the biosphere 
during the 1991/92 winter and 1992 summer 
seasons.  One of the cold regions was in the eastern 
Mediterranean. It was the coldest winter in the 46 years 
since weather reports had been made for that area. It 
was so cold in the winter of 1991-1992 that Jerusalem 
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Image courtesy United States Geological Survey
http://pubs.usgs.gov/pinatubo/

experienced rare snowfall. Coral were seen dying in 
the Gulf of Aqaba in the northern part of the Red Sea. 
Here’s what had happened: The unusually cold surface 
water had sunk, creating a convection current from 
top to bottom and mixing the entire depth of the water 
for months on end. This helped to also mix nutrients 
(like phosphorous) that normally stay deep in the cold 
water to the water’s surface. This resulted in the growth 
of thick, red algal blooms. They are thought to have 
smothered the coral, blocking out the sunlight. When 
temperatures returned to normal, the algal blooms died 
because they no longer had the nutrients they needed. 
The reefs were soon healthy again. This incident shows 
how an event in the lithosphere (volcanic eruption) 
can influence the atmosphere and hydrosphere (colder 
temperatures) and eventually affect the biosphere (coral 
dying).

The largest cooling in the following summer of 1992 
was in the center of North America. In Canada, the 
ice in the Hudson Bay melted almost a month later than 
normal. The cool conditions were beneficial for the 
Hudson Bay polar bears, which feed and have babies 
on the ice. There were many more bears born that 
year than the year before or after. Biologists call them 
“Pinatubo Bears.” 

Back in the Philippines, the human impacts of the 
disaster were staggering. In addition to the nearly 800 
people who lost their lives, there was almost one half 
of a billion dollars in property and economic damage. 

The economy of central Luzon was horribly disrupted. 
In 1991, the volcano destroyed 4,979 homes and 
damaged another 70,257. The following year 3,281 
homes were destroyed and 3,137 were damaged.

The United States military never returned to Clark Air 
Base, turning over the damaged base to the Philippine 
government on November 26, 1991. Today, the region 
continues to rebuild and recover from the disaster.

Review
 1. Using what you know about Earth’s spheres, go 

back through this article and identify any Event-
to-Sphere and Sphere-to-Sphere interactions. 

2. Explain the scientific relationship between plate 
tectonics, earthquakes, and volcanoes.

Going Global
On June 15, the eruption of Mount Pinatubo lasted for nine hours and 
caused numerous large earthquakes. 

The eruption plume of Mount Pinatubo’s various gases and ash reached 
high into the atmosphere within two hours of the eruption, attaining an 
altitude of 34 km (21 miles) high and over 400 km (250 miles) wide. 
This eruption was the largest disturbance of the stratosphere since the 
eruption of Krakatau in Indonesia a century before. 

The aerosol cloud spread around the Earth in two weeks and covered 
the planet within a year, reducing global temperatures. In 1992 and 
1993, the planet was cooled by about 0.5°C. The eruption is believed 
to have influenced such events as 1993 floods along the Mississippi 
River and the drought in the Sahel region of Africa. In 1992 the United 
States experienced its third coldest and wettest summer in 77 years.
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Background - Tracking Historic Volcanoes
Trees And Volcanoes
We know of many past volcanic eruptions, not because 
of the written history, but because of the science of 
dendrochronology. In dendrochronology, we are able 
to use tree rings as records of past natural disruptions.

This field of study was begun in the early 1900’s by an 
American astronomer named Andrew Ellicott Douglass. 
While working at an observatory in his native Arizona, 
Douglass began to collect pine trunk cross sections to 
study their annual growth rings. He thought there might 
be a connection between sunspot activity and drought. 
Such a connection could be established, he believed, 
through natural records of vegetation growth. 

Trees are some of nature’s most accurate timekeepers. 
Their growth layers, appearing as rings in the cross 
section of the tree trunk, record annual cycles such as 
seasons, as well as evidence of floods, droughts, insect 

The rings form because during times of rapid growth 
when the tree is photosynthesizing the cells produced 
are fairly large and laid down rather quickly. As 
winter approaches the cells are laid down more 
slowly and the cells themselves are smaller. In the 
spring, the cell production increases once again. 
The end result is the familiar rings we have all seen 
in a cut tree trunk or branch. Because a tree has one 
fast (summer) growing season and one slow (winter) 
growing season, the age of a tree can be known by 
simply counting these rings. One ring equals one 
year. This only applies to certain types of trees.
Image courtesy Research Group on Introduced Species, http://www.rgisbc.com/
colonisation.html
Illustration © Schweingruber, F.H. (1988). Tree Rings: Basics and Applications of 
Dendrochronology. Dordrecht, D. Reidel Publishing Company. All rights reserved. 
Used by permission.

attacks, lightning strikes, and even volcanic eruptions. 

Douglass was not the first to notice that some growth 
rings in trees are thicker than others. In the climate 
where Douglass was working, the varying widths 
clearly resulted from varying amounts of rainfall. In 
drier growing seasons narrow rings were formed, and 
in growing seasons in which water was more plentiful, 
wide rings occurred. 

In addition to correlating the narrow rings to periods of 
drought and, in turn, to sunspot records, Douglass had 
to establish the actual year each tree ring represented. 
Because absolute ages can be determined through 
dendrochronology, the science has since proven useful 
far beyond the narrow study to which Douglass applied 
it.

Computer analysis and other methods developed 
since Douglass’ time have allowed scientists to better 
understand certain large-scale climatic changes that 
have occurred in past centuries. Likewise, highly 
localized analyses are possible. Archaeologists use 
tree rings to date timber from log cabins and Native 
American pueblos by matching the rings from the cut 
timbers of homes to rings in very old trees nearby. 
Matching these patterns can show the year when a tree 
was cut and, thus, reveal the age of a dwelling.

Lamont dendrochronologist Gordon Jacoby collected 
this sample of tree rings from a Siberian pine in 
Mongolia, which records the years 534-539 A.D. 
(left to right). The narrow, distorted rings for 536 
and 537 indicate a drastic cooling in the northern 
hemisphere that froze sap in the cells during the 
growing season. Evidence for this abrupt climate 
change points to a massive eruption of the volcanic 
precursor of Krakatoa in Indonesia.

Photo courtesy Dee Breger, Micrographic Arts
http://www.ldeo.columbia.edu/news/2004/06_03_04.htm
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To determine whether changes now occurring in climate 
are part of the Earth’s normal pattern or are induced by 
human activity, scientists rely on the history of climatic 
changes both locally and globally as revealed by tree 
rings, ice cores, pollen samples, and the fossil record. 
Computers are used to detect possible patterns and 
cycles from these many sources. 

NOTE: You may now want to go back and add to your Event-to-Sphere and Sphere-to-Sphere interactions.

In dendrochronology, large data bases allow scientists 
to compare the ring records of many trees and to 
construct maps of former regional climates. The 
evidence collected so far suggests that climatic change 
is simply a part of life on Earth. The extent to which 
human activity affects the way the global climate is 
changing now is not yet fully understood.

Article based on USGS’ “Global Change: Time and Cycles” 
(http://egsc.usgs.gov/isb/pubs/teachers-packets/globalchange/globalhtml/time.html)
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Activity - Work as a Dendrochronologist
Tree ring boundaries are distinguished by a change 
in appearance between the small thick-walled cells 
produced at the end of a growth season and the large 
thin-walled cells produced at the beginning of the next 
growth season. The wood between these boundaries 
is formed during one growth season and constitutes 
one growth ring. Once the ring has formed, it remains 
unchanged during the life of the tree.

Tree rings record both the negative and positive effects 
of volcanic eruptions. After the eruption of Mount 
Pinatubo, ash that blanketed forests retarded growth 
for about two years. As rain washed away the ash, the 
rate of tree growth recovered and actually increased. 
The effect of the ash was equivalent to putting mulch on 
garden plants. In a garden, mulch helps retain moisture 
and keep weeds from competing with other plants. 

Your Task
Apply your best investigative skills to “read” the tree rings on the “Volcanoes- Dating a Volcanic Eruption” hand out 
and find out what year there was an eruption of Mount Katmai in Alaska.

What you know
1. This tree was growing 48 kilometers (29 miles) 

northwest of Katmai Volcano.
2. After the eruption, the forests were blanketed in 

ash.
3. This tree’s growth decreased for some years after 

the eruption, but then it increased.
4. This tree was cut down in 1962. 

What you want to find out
1. Using the diagram on the next page, what is the 

tree’s age? (Count the number of rings from the 
center of the tree to the bark. Each dark band 
represents 10 years.)

2. What year did the tree start to grow? (Subtract 
your answer in #1 from 1962.)

3. What year was the eruption? (Count the number 
of rings from the center to the first thin ring.)

4. How many years was the tree’s growth decreased? 
(Count the number of thin tree rings.)

5. How many years was the tree’s growth increased? 
(Count the number of wide rings.)

6. Why do you think the tree’s growth increased?

Adapted from the USGS’ “Volcanoes: Death and Recovery” 
http://egsc.usgs.gov/isb/pubs/teach-pack/volcanoes/lesson5/lesson5.html

Name:___________________________________________  Date:______________________
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Name:___________________________________________  Date:______________________
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Extension - Volcanoes and Photosynthesis
Background: Photosynthesis
The biosphere plays an important role in the movement 
of carbon in and out of the land and ocean through the 
processes of photosynthesis and respiration. Nearly all 
forms of life on Earth depend on photosynthesis, which 
is the production of sugars from solar energy and carbon 
dioxide and the metabolism (respiration) of those sugars 
to produce the chemical energy that facilitates growth 
and reproduction. This process forms the foundation of 
the biological carbon cycle. Photosynthesis is also used 
by marine flora such as certain bacteria, phytoplankton, 
and seaweeds.

Photosynthesis takes place in plant cells that contain 
chlorophyll, a pigment that gives plants their green 
color. Chlorophyll captures light energy and uses it to 
produce carbohydrates (sugars) from carbon dioxide 
(CO2) and water. This reaction also produces oxygen, 
which is released into the atmosphere. The reaction can 
be represented as follows:

 

Photosynthesis is influenced by several factors, including:
•	 temperature: The optimum temperature is 

between 20 and 35°C. Photosynthesis ceases at 
temperatures below 0°C because of the slowing 
of the plant’s physiology (e.g. leaves drop off 
and water absorption is reduced);

•	 the concentration of carbon dioxide (CO2) in 
the air: An atmosphere rich in CO2 promotes 
photosynthesis;

•	 light intensity: The more light there is, up to a 
certain point, the more effective the chlorophyll 
will be. Photosynthesis will be less efficient under 
a cloud cover than in bright sunshine;

•	 leaf surface area exposed to light: The lower 
leaves of hardwood trees often grow larger 
and thinner than those higher up in order to 
compensate for the lack of light. The leaves of 
conifers are very small in order to achieve better 
frost resistance, but they are also very numerous;

•	 the availability of water in the soil: The plant 
will transpire (lose water through the leaves) as 
it absorbs carbon dioxide.  If water becomes 
scarce, the plant reduces transpiration and 
photosynthesis slows. 

Applying Your Understanding

1. If a volcanic eruption creates cooler temperatures, should plant production increase or decrease? Explain 
your reasoning.

2. If a volcanic eruption creates a hazier upper atmosphere and less sunlight is allowed to reach the ground, 
should plant production increase or decrease? Explain your reasoning.

3. If plant production increases, should the amount of CO2 in the atmosphere increase or decrease? Explain 
your reasoning.

4. If the amount of CO2 in the atmosphere increases, should plant production increase or decrease? Explain 
your reasoning.

Name:___________________________________________  Date:______________________
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Extension Activity - Untangling Not-So-Evident Evidence
Carefully examine the two graphs below.  Use what you know about photosynthesis, seasons, and the eruption of 
Mt. Pinatubo to give your best interpretation of the evidence. 

Graph #1.  Shown is ten years of atmospheric carbon dioxide (CO2) measurements taken weekly at the Mauna 
Loa Observatory in Hawaii. CO2 concentration is given in parts per million (ppm), meaning that for every million 
molecules in the air, a certain number are CO2 molecules. 

1. Think about photosynthesis. Explain why the blue line goes up and down once each year.

2. Are the levels of CO2 increasing, decreasing, or staying the same each year?

3. If the levels are increasing or decreasing, estimate the rate of change each year. (Hint: Look at the ppm for 
January. 1, 1987, and the ppm for January 1, 1997. Subtract the two numbers and divide by ten years.)

4. Explain what a trend line is.

5. Examining the yearly minimum only, what is your conclusion about the effect of the volcanic eruption on CO2 
levels?

6. For how many years did this effect last?

7. Is this effect noticeable when you examine the yearly maximum?

8. Think about photosynthesis. Use scientific reasoning to explain why you think the Mt. Pinatubo eruption could 
have affected CO2 levels for this long.

Name:___________________________________________  Date:______________________

Illustration by Bruce Howard, based on data from Keeling & Whorf (2004)    http://cdiac.ornl.gov/trends/CO2/sio-keel-flask/sio-keel-flaskmlo_c.html
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Graph #2. 
Shown is ten years of atmospheric carbon dioxide (CO2) measurements taken at the Mauna Loa Observatory in 
Hawaii. The data is the same as in Graph #1, averaged for each year . In this case, the blue bars represent the 
expected CO2 levels (without an eruption) and the green bars represent the actual CO2levels.

1. What claim can you make about the effect of the volcanic eruption on CO2  levels? Explain how the graph 
supports your reasoning.

2. For how many years did this effect last?

3. With so many possible interactions and connections to atmospheric CO2, the evidence presented does not 
give you the full story.  What additional data would help you better understand what happened to the CO2 
levels during the effected time period and why?  Explain your questions and any seeming contradictions you 
may have untangled in your interpretation of these data.

Note: As is the nature of science, the data tells the story and our first ideas may not match the story being told.  
This is an example in which scientists continue to go back and forth about the effect of Mt. Pinatubo’s eruption on 
photosynthetic activity on a global scale.

Name:___________________________________________  Date:______________________

Illustration by Bruce Howard, based on data from Keeling & Whorf (2004)    http://cdiac.ornl.gov/trends/CO2/sio-keel-flask/sio-keel-flaskmlo_c.html


