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USING GOOGLE EARTH TO STUDY THE BASIC CHARACTERISTICS OF VOLCANOES

andforms, natural hazards, and the change
in the Earth over time are common material
in state and national standards. Volcanoes
exemplify these standards and readily cap-
ture the interest and imagination of students. With a
minimum of training, students can recognize erupted
materials and types of volcanoes; in turn, students can
relate these characteristics to eruption violence and
potential risk to both nearby and distant populations.
With the advent of Google Earth and the database of
volcanoes supplied by the Smithsonian Institutions’
Global Volcanism
Program (www.volcano.si.edu), students can de-
scribe almost any volcano on Earth. Although about
60 volcanoes erupt in an average year, there are 15 to
20 that have been continuously active for many years,
and will probably continue to erupt for decades. In this
article, we will guide students to use tools in Google
Earth to quantify the characteristics of continuously
active volcanoes and synthesize the information to
recognize shield volcanoes, stratovolcanoes, cinder
cones, and lava domes.
The lesson does not

canocams.html) provides links to numerous live
webcams.

Getting started with Google Earth

Google Earth is a program that allows you to explore
the Earth in great detail. This virtual globe allows
you to visit any location on Earth and observe a 3-D
view of Earth’s surface and gather other data. Google
Earth can be downloaded for free from http://earth.
google.com .

To allow students to be able to view the 3-D relief
of volcanoes, the “terrain” feature should be selected.
This can be achieved by going to the “Layers” pull-
down menu and checking the box labeled “terrain.”
To ensure that metric units of measurement are being
used, go to the “Tools” tab and select “Options.” Click
the “3D View” category, and choose “Meters, Kilome-
ters” in the “Show Elevation” box (Figure 1).

Tutorials on how to use Google Earth can be
found by going to http://earth.google.com and
clicking on the “Help” tab and then on the “User
Guide” tab. We commonly start this part of the les-

require any prior knowl- FIGURE 1 In Google Earth Options, set the elevation measurements
edge about volcano types to metric meters and kilometers

or morphology, but it does

assume that students are
aware of volcanic materials,
especially lava and ash. We
often start our volcano unit
by asking students to draw
avolcano (see Mattox 2000
for detailed procedures). Al-
though exploding stratovol- ' z] Comprem

Texture Colors

High Color (15 bit)
& True Color (32 bit)

i S ooyt optors

30 View Em:lmrq|um'qm'ﬁaﬁd

@ off
Mesdaum
Hgh

canoes are most common,
students tap their prior
knowledge and produce
an array of volcano shapes
and eruption styles. These
drawings serve as a refer-
ence as we move forward
and add new knowledge.
Alternatively, a simple web
search for videos using
“volcano eruption” yields
numerous clips that show
volcano shapes and com-
monly erupted materials.
The website Volcano Live
(www.volcanolive.com/vol-
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USING GOOGLE EARTH TO STUDY THE BASIC CHARACTERISTICS OF VOLCANOES

Activity worksheet: Exploring Volcanoes Using Google Earth

Directions for students
For your volcanoes, please measure the following and
record data in the data table.

Elevation: The surface elevation at the location of the
cursor is provided at the bottom of the screen in Google
Earth (Figure 7). Use this reading to measure the height
of your volcano in meters at the summit and the lower
flanks of your volcano. The summit is the highest point
on your volcano. The lower flank of the volcano is where
the slope flattens out into level ground. Record the el-
evations in the data table.

Relief: A volcano’s relief is the difference between the
summit elevation and the elevation of the lower flanks.
Calculate your volcano’s relief and copy its value into
the data table.

Relief = Summit elevation — lower flanks elevation.
Note: You can estimate the elevation at several loca-
tions, both at the summit and on the flank, before decid-
ing which measurements are most accurate.

Radius: The radius of the volcano is a measure of how
wide a volcano is. It is the distance from the middle of
the volcano, marked by the summit, to the lower flanks

Relief (A)
Elevation (m)
lower flanks

Elevation

summit

(summit —lower

of the volcano, or where the volcano’s slope flattens
out. To measure the radius of your volcano, click on the
ruler tool located at the top of the Google Earth page.
Change the measuring unit to meters, and click to draw
a line reaching from the summit to the lower flanks. Re-
cord your data in the data table.

Slope: Based on your math ability, slope can be calcu-
lated in two different ways:

1. Trigonometry

One way to calculate the slope of the volcano is to use
your data and a calculator or an online tool to calculate
the slope with trigonometry.

Use the relief (A) and radius (B) from the data table
to calculate the slope of the volcano’s flank (Figure 8).
To do this, calculate the value of A/B and find the slope
by calculating:

slope = tan''(A/B).

This can be calculated using a calculator or the fol-
lowing website: www.ajdesigner.com/phptrigonometry/
trigonometry_inverse_tangent_arctan_equation.php.
Input the value of A/B for “y” and click “calculate” The
slope is the solution given in degrees.

Record the value of the slope in the data table below:

Radius Slope
() (degrees) Other

observations

Color
index

Volcano (m) (1))

flanks)

(m) Tan = A/B
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2. Protractor

A simpler way to calculate slope is to view the Google
Earth image of the volcano from a side view and
physically measure the slope with a protractor.

In order to tilt the image of the volcano from a top-
down view in Google Earth to an image of the volca-
no’s profile from a side view showing the slope of the
volcano, use the Look Joystick in the top right-hand
corner of the screen. Pressing the “up” arrow in the
Look Joystick tilts the view from a top-down view to
one that is parallel with the surface of the Earth, al-
lowing you to see the side view of the volcano.

The slope of the volcano can be viewed as the
angle made by the lower flank of the volcano and
the peak of the volcano (Figure 8). To measure the
volcano’s slope using a protractor, hold the protrac-
tor against the computer screen. Then, place the
vertex of the protractor on the edge of the lower
flanks, and keep the bottom edge of the protractor
horizontal with the base of the volcano. The slope of
the volcano defines a ray that intersects the scale on
the protractor. Record your measurement in degrees
in the data table. See the teacher if you need help
measuring the volcano slope.

Color index: A color index is a measure of the dark
minerals/material in a rock. Dark minerals/materi-
als are called mafic by geologists. Mafic

magma tends to erupt nonvio-

lently to make pyroclastic

cones or lava flows. Geologists call light minerals/
materials felsic. Felsic magma tends to erupt vio-
lently to make a caldera, a volcanic depression,
or an ash deposit. Intermediate magmas behave
both ways.

Use the color index chart provided in Figure 9 to
estimate if your rocks are light, intermediate, or dark
in color. Hold the chart against the appropriate part of
the computer screen. Record the percentage for the
color index in the data table.

Other observations: Study the appearance of your
volcano using Google Earth. Details that can be ob-
served from the surface of the volcano and surround-
ing area can provide hints about the nature of the
volcano. The activity of the volcano and its possible
effects on the surrounding populations can be ob-
served by looking at its image in Google Earth.

Based on your personal knowledge built from see-
ing images, news stories, and even Hollywood mov-
ies, make the following interpretations. Record your
observations in the data table.

¢ Do you observe glowing lava or an ash plume?
* Are the upper slopes showing barren rock or veg-
etation? What is the significance of this?
e Are there any nearby towns or cities?
e Are there any man-made structures to
lessen damage?
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son by demonstrating the use of
Google Earth using one volcano
and projecting the image for all to
see. Ideally, students work on the
activity at individual computers
while the teacher facilitates. If only

Volcanoes

A summarization of volcanic data collected using
Google Earth

Latitude, Longitude Volcano type

Kilauea 19.419391°, -155.288567° | Shield
a small number of computers are . . :
available, students can work indi- Etna 37.752018°, 14.996273 Shield
vidually or in pairs as the remaining Stromboli 38.787763°, 15.209230° Stratovolcano
students work on other aspects of [y, -7.539363°, 110.446336° | Stratovolcano
the volcano unit.

Erta Ale 13.606314°, 40.665857° Shield
Background information Ol Doinyo Lengai | -2.763028°, 35.915886° Stratovolcano

for teachers

Unzen 32.761182°, 130.298506° Stratovolcano
This lesson will best fit near the be- Yasur -19.530652°, 169.449397° | Stratovolcano
ginning of a unit on volcanoes, after
students have learned the volcanic Arenal 10.462551°, -84.703479° Stratovolcano
materials that can be erupted (e.g., Erebus -77.529340°, 167.152955° | Stratovolcano
gl:(?e:r:ﬁffiigﬁt ’\E(ﬁlsaliisi;)ge;n;;(g White Island -37.520597°, 177.178902° Stratovolcano
their characteristics. To begin their Ambrym -16.258500°, 168.117524° Stratovolcano
investigation of volcanoes, students | pacayq 14.382390°, -90.601501° | Stratovolcano
will first locate a volcano in Google : :
Earth. Twenty suggested volcanoes | Reunion -20.949203°, 55.332670° | Shield
are shown in Figure 2. Students Fuego 14.474443°, -90.880397° Stratovolcano
will use the “Exploring Volcanoes Rabaul -4.239074°, 152.209033° | Pyroclastic shield
Using Google Earth” activity work-
sheet to guide them through the Sakurajima 31.583460°, 130.657599° Stratovolcano
exercise and record their obser- | paricutin 19.493453°, -102.250890° | Cinder cone
vations. With the exception of the :
cinder cones and lava dome. these Anak Krakatau -6.101915°, 105.422905° Cinder cone
volcanoes have been continuously Mount St. Helens | 46.199942°, -122.188606° | Lava dome

active for many years. Using such
active volcanoes for this lesson in-
creases the likelihood that images
of the volcanoes in Google Earth will show them dur-
ing an eruption. Although the cinder cones and lava
dome are not continuously erupting, they have been
included here to allow students to see and compare
four types of volcanoes, and these examples are of
volcanoes likely to erupt again. Once students locate
avolcano with Google Earth, they will begin measur-
ing features of the volcano and making observations.
After recording the data they collect, the class will
share and synthesize their findings to make deter-
minations about the characteristics of the different
types of volcanoes.

To locate a volcano, students will investigate using
Google Earth. Students type the volcano’s latitude

32 |SCIENCESCOPE

and longitude into the “Fly To” search section on the
left side of the screen. A list of the coordinates of 20
volcanoes is found in Figure 2. Projecting this list to
the entire class before students log onto Google Earth
will allow students to record the coordinates of the vol-
canoes they will investigate before getting started.

Once students locate a volcano, labeling its position
on the map with a “placemark” in Google Earth will allow
students to easily locate it again. Once a location is labeled
with a placemark, an icon will appear at the location. Click-
ing the icon brings the viewer directly to the placemarked
location. To label the position with a placemark, click on
the placemark button and name the location.

For students familiar with Google Earth, assign-
ing two or three different volcanoes to be studied is
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Students will plot the data from
the volcanoes they researched
on this graph in order to see
size relationships among vol-

cano types

Height vs Radius of Active Volcanoes
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sufficient enough for a 50-minute investigation. In
order for students to experience different volcano
types using Google Earth, at least two of their vol-
canoes should be a different type. Volcano types
are listed in Figure 2, but do not need to be shared
with students until later in the lesson. To ensure that
students are investigating volcanoes of various types
and that the collective group is studying a variety
of volcanoes, it works well for the teacher to assign
two or three volcanoes to students.

A list of documented volcanoes, including the ones
used here, can be found in the Smithsonian’s Global
Volcanism Program website at www.volcano.si.edu.
From the tab “Volcanoes of the World” click on “Global
Volcano Lists” and choose which list to use.

Shield volcanoes are shown to
be the largest volcanoes, and
all except for the pyroclastic
shield are graphed at a radius
above 10 km. The stratovol-
canoes are grouped near one
another, and most are graphed
at a height between 1 and 3
km. The cinder cone and lava
dome are smaller than most of
the other volcanoes

Height vs Radius of Active Volcanoes
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Synthesizing student observations

After students have individually gathered data about
their volcanoes, the collected data can be shared
with the entire class. One way to facilitate the group
sharing of data is to go through each volcano, dis-
playing its Google Earth image to the entire class,
and asking students who researched the volcano to
share their findings. Once students have shared the
data for all of the volcanoes, the data can be synthe-
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sized, allowing students to recog-
nize characteristics of the differ-
ent types of volcanoes. By sharing
data with their peers, students are
mimicking a basic tenant of science
and are afforded the opportunity
to check their work, repeating and
confirming measurements.
Volcano height and width: Most

When graphed to scale, shield volcanoes are
shown as the largest, followed by stratovolca-
noes. Lava domes and cinder cones are similar
in size and are much smaller than the other
volcano types

Lavo Dorre

. . \ 20° M+. St Helens
volcanoes can be classified by size. <8 L SRTET
Invite students to the board to plot ; _
their data on a projection of Figure Cinder Cone
I5® Paricutin

3; alternatively, each student could
plot data on Figure 3 as a handout.
Students should initial each point
with the abbreviation for the volcano.

km Sratovelcano

Erebus Radiug = Tkm

Figure 4 shows these data already
plotted. Have students use their data

to answer the following questions: Joom

1. Can volcano type be distinguished
based on size alone? Explain your

: ?
Zkmn

/%

Shield

answer.

2. How much wider are shield
volcanoes compared to stratovol-
canoes? (circle one)
same size, 10x, 100x, 1000x

3. How much higher are stratovolcanoes compared
to cinder cones? (circle one)
same size, 10x, 100x, 1000x

4. How much larger are lava domes compared to
cinder cones? (circle one)
same size, 10x, 100x, 1000x

5. What would be the best way to tell a lava dome
from a cinder cone?

6. How much wider is a shield volcano compared to
a cinder cone (circle one)
same size, 10x, 100x, 1000x, 10,000x, 100,000x

Answers

1. Volcano type cannot be distinguished based on size
alone. Cinder cones and lava domes are similar in size
and must be compared in a different way to accurately
tell them apart. Some volcanoes are smaller or larger
than other volcanoes of their type, and trying to clas-
sify these by their size only could be misleading.

10x

10x

. Same size

. Looking at the volcanic materials would be the best

SIS
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/Muﬁt'nn Radius = 25 km
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way to tell a lava dome from a cinder cone. Lava
domes erupt felsic material, while cinder cones
erupt mafic material.

6. 100x

Volcano size and slope: After obtaining data tables
from all students, the relative sizes of the four main
types of volcanoes examined here (shield, stratovol-
cano, cinder cone, and lava dome) can be analyzed.
One of each type of volcano can be graphed to scale on
a piece of graph paper to compare their relative sizes
(Figure 5). To print free metric graph paper, visit wwuw.
printfreegraphpaper.com/gp/e-m-1-a4.pdf.

The following directions can be used by the teacher
to guide students as they graph volcanoes to scale:

1. Select an appropriate scale factor. (Students can
determine their own scale, or alternatively, suggest
a scale of 1 cm = 200 m.)

2. Graph a point to represent the outer flanks of the vol-
cano on your graph paper. Using your scale, move
horizontally, and graph another point at the distance
representing the radius of the volcano, which was
recorded in the activity worksheet data table.
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0102 319009

The surface elevation at the
location of the mouse on the
[V :{rAl computer screen is

displayed at the bottom of the
screen in Google Earth.

lat 14 474443° |lon -80.880387° elev 3750 m

3. Connect these two points with a line.

4. Use a protractor to draw an angle equal to the slope
of the volcano. Extend the line from this angle to
the point where it lies directly above the radius of
the volcano (at the summit).

5. If the volcano being drawn is small enough (cin-
der cone or lava dome), a complete volcano can be
drawn on the paper. If it is larger (stratovolcano or
shield), the volcano from the flanks to the summit
or less may fit on the page.

6. Repeat steps 2-5 for the next three volcano types. The
resulting images will show the relative size differenc-
es of the four types of volcanoes examined here.

Color and eruption behavior: Students can discover
the general relationship between the composition of the
material and the type that the volcano erupts. A closer
look at a complete data set compiled by students (Fig-
ure 6) shows that all of the shields are made of black
or mafic lava. The volcanoes are made by the gentle,
nonexplosive eruption of lava that pours across the
landscape. Stratovolcanoes display a more complex
relationship where other factors, such as gas content,
also influence eruption style. For example, Arenal is
clearly a stratovolcano based on slope and size, yet
erupts mafic lava flows (frequently accompanied by
moderate explosive activity). In contrast, stratovolca-
noes such as Merapi and Unzen are clearly made of
light-colored, felsic material (lava and ash). The cinder
cones at Anak Krakatau and Paricutin are the result
of weak explosions of gassy mafic material. At the op-
posite end of the volcanic spectrum, the lava dome at
Mount St. Helens is made of viscous felsic lava.

Further exploration

With the skills your students have developed, they can
now explore the Earth as a volcanologist. Students
can study other volcanoes that are historically impor-
tant, such as Vesuvius or Fuji, or currently receiving

The slope of the volcano is the angle
(o) made from the lower flanks of the
volcano and the summit of the volca-
no. The Look Joystick arrows are in the
top circle in the upper-right corner.

slope =tan“l_ﬂéf-|"éf iR

JGooale
ik

The color index of a rock estimates
the percentage of dark minerals
and materials in a rock and can be
estimated using the chart.
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media (and scientific attention), such as Iceland’s Ey-
jafjallajokull volcano, and make their own assessment
of volcano type and eruption style. m
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