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Learning Outcomes
In this section, you will

• Rank the effects of earthquakes. 

• Map the intensity of earthquakes. 

• Interpret a map of earthquake 
intensity to infer the general 
location of the epicenter. 

• Identify geologic materials that 
pose special problems during 
earthquakes. 

• Explain how the magnitude of an 
earthquake is determined. 

Section 12  Earthquake Magnitude 

Think About It 
Earthquakes can be so small that people cannot feel them. 
They can be so great that the seismic energy of a magnitude 8 
earthquake would supply one day’s worth of electrical energy for 
the entire United States. 

•  What factors would you look at to “measure” the size of 
an earthquake? 

•  What damage do passing earthquake waves cause?

Record your ideas about these questions in your Geo log. 
Be prepared to discuss your responses with your small group 
and the class. 

Investigate 
In this Investigate, you will compare the effects of an earthquake 
felt in various locations. You will map the intensities of the effects 
on a map of the United States and look for patterns in the data.

Section 12 Earthquake Magnitude 
What Do You See?
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Measurement of Earthquake Effects 

 1. The reports listed below describe the  
effects of an earthquake felt in many 
cities in the eastern United States. 

a) In your group, rank the effects in 
order of intensity. Assign numerical 
values to your ranking. Be prepared 
to explain your ranking system. 

Newspaper data: 

Detroit, MI: “Did you feel the earthquake? 
Last night a slight earth tremor was felt in 
this area.” 

Pittsburgh, PA headline: “Items Broken By 
Earthquake. Small Earthquake Awakens 
Many.” 

Syracuse, NY: “Mayor’s 10th-floor office 
chandelier sways in the earthquake.” 

Baltimore, MD: “Citizens dash outside as 
earthquake brings down plaster in many 
homes.” 

Philadelphia, PA: “Doors and windows 
rattle as earthquake strikes.” 

Cleveland, OH: “Earthquake felt on top of 
new 23-story department store.” 

Roanoke, VA: “Pedestrians report parked 
cars rocked back and forth by earthquake.” 

Charleston, SC: “Almost no one here 
notices earthquake.” 

New York, NY: “Skyscraper offices sway in 
earthquake.” 

Washington, D.C.: “Chimneys tumble, new 
prefabricated buildings collapse in violent 
earthquake felt here.” 

Richmond, VA: “Furniture moved about 
by earthquake, but no major damage 
reported.” 

Winston-Salem, NC: “Patients in hospital 
report that building shakes in earthquake.” 

Atlanta, GA: “Earthquakes reported north 
of here apparently miss Atlanta.” 

Indianapolis, IN: “Few people here feel 
recently reported earthquake.” 

 2. Use the data and your ranking to map 
the intensity of earthquake effects on 
the map of the eastern United States. 

a) Draw several curves on the map 
connecting points or regions of 
equal intensity. 

b) Label each curve with the intensity 
value it represents. 

c) Attach your intensity scale.

 3. Use the map to answer the 
following questions: 

a) Describe any pattern you observe. 

b) What can you infer about the 
probable location of the epicenter of 
the earthquake? Provide a reason. 
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4. Share your results with the class. 

a) How do the rankings of earthquake 
effects compare? 

b) How close were the estimates of the 
epicenter of the earthquake? 

c) What problems did you have finding 
the epicenter? 

d) What other information do you think 
would have helped you to locate the 
earthquake more accurately? 

e) How would you describe your 
measurement scale? Is it qualitative 
or quantitative? 

f) What property or properties of the 
earthquake were you measuring? 
Explain your answer. 

Learning Through Technology

Visit the EarthComm 
Web site at http://www
.agiweb.org/education/
earthcomm2/ to find the 

location of the Virtual Earthquake Web 
site. At this site, you can simulate a new 
earthquake.  

a)  Follow the directions to calculate 
the magnitude of the earthquake. 

b)  How does the amplitude (height) of 
a seismic wave change when the size 
of an earthquake changes? 

c)  How would you expect the 
amplitude as recorded on a 
seismogram to change as you get 
farther from the epicenter? 

EC_Natl_SE_C2.indd   247 7/12/11   1:28:29 PM



EarthComm
248

Chapter 2  Plate Tectonics

DESCRIBING EARTHQUAKES 
Earthquake Intensity 
In the Investigate, you ranked an earthquake’s intensity in various 
locations. You used descriptions given about the effects of the quake. 
You also looked for patterns in earthquake intensities in various locations 
in the eastern United States. The effects of an earthquake on Earth’s 
surface are an indication of its intensity. Intensity scales are based on 
certain key responses to the shaking of an earthquake. Examples include 
people awakening, damage to brick and stone structures, and movement 
of furniture. The intensity scale used in the United States is called the 
modified Mercalli scale. There is no quantitative basis for the scale. It 
does not use mathematics as part of its description. It is simply a 
ranking based on observed effects. This is similar to what you did in 
the Investigate. 

Earthquake intensity is a measure of the effects at a certain location. 
Intensity value is important to the average person. It has more meaning 
than a magnitude value. The greatest intensity is often observed near 
the epicenter. However, there are exceptions to this rule. Sometimes, 
areas with the maximum intensity are not nearest to the epicenter. In 
the Mexico City earthquake in 1985, the epicenter was hundreds of 
kilometers away. However, areas within the city experienced much 
higher intensities. 

Modified Mercalli Scale of Earthquake Intensity

Value Description of Effects

I • not felt, except rarely by a few

II • felt by few, especially on upper fl oors of buildings
• delicately suspended objects may swing

III • felt indoors by some
• vibration similar to a passing truck
• not always recognized as an earthquake

IV • felt indoors by many, outdoors by few
• awakens some sleeping people
• dishes, windows, and doors rattle, walls creak
• standing cars rock
• hanging objects swing

V • felt indoors by mostly everyone, outdoors by many
• awakens most sleeping people
• some dishes break, windows and plaster walls crack
• small unstable objects overturned
•  hanging objects and doors swing considerably, pictures knocked out of plumb
• some liquid spilled from full containers

Digging Deeper

Geo Words
modified Mercalli 
scale: an arbitrary 
scale for earthquake 
intensity based on 
observed effects of 
shaking.
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Modified Mercalli Scale of Earthquake Intensity (continued)

Value Description of Effects

VI • felt by everyone
• general excitement and some fear
• slight damage to poorly built structures
• considerable amount of glassware and windows broken
• some furniture overturned, and some heavy furniture moved
• pictures and books fall from walls and shelves
• some fallen plaster and damaged chimneys
• small bells ring

VII • everyone frightened, some have diffi culty standing
•  negligible damage to well-designed, well-built structures, slight to moderate 

in well-built ordinary structures, considerable in poorly built or designed 
structures

• weak chimneys broken
• large church bells ring
•  trees and bushes shaken, water in lakes and ponds disturbed, some stream 

banks collapse

VIII • general fear, approaching panic
•  slight damage to structures designed to withstand earthquakes, considerable 

damage to ordinary structures, great damage in poorly built or designed 
structures

• heavy furniture overturned
• chimneys and monuments topple
• sand and mud ejected from the ground
• changes in fl ow of wells and springs

IX • general panic
•  considerable damage to structures designed to withstand earthquakes, well-

designed buildings shifted off of foundations, great damage and partial 
collapse of substantial buildings

• ground noticeably cracked
• some underground pipes cracked

X •  severe damage to well-built wooden structures, most masonry structures and 
foundations destroyed, well-built brick walls cracked

• bridges severely damaged or destroyed
• ground severely cracked
• considerable landslides from steep slopes and riverbanks
• sand and mud on beaches shifted
• water splashes over banks of canals, rivers, and lakes
• underground pipes broken
• open cracks and wavy patterns in concrete and asphalt
• railroad tracks slightly bent

XI • few structures remain standing
• bridges destroyed
• broad fi ssures in the ground
• Earth slumps and landslides in soft, wet ground
• sand- and mud-charged water ejected from the ground
• underground pipelines completely out of service
• railroad tracks greatly bent

XII • total damage to all works of construction
• numerous rockslides and landslides, riverbanks slump
• waves seen on the ground
• objects thrown up in the air

EC_Natl_SE_C2.indd   249 7/12/11   1:28:29 PM



EarthComm
250

Chapter 2  Plate Tectonics

Earthquake Effects
The main effect of earthquakes is shaking of the ground as seismic waves 
pass through an area. The main result of ground shaking is the collapse 
of buildings. Motion along a fault can break power lines, pipelines, roads, 
bridges, and other structures that cross the fault. 

The duration of an earthquake can affect the extent of damage. For 
example, buildings made of reinforced concrete may withstand a 
20-s main shock. However, they will collapse in a smaller-magnitude 
earthquake that lasts longer. 

Many earthquakes in the San Fernando Valley of California caused 
horizontal movement of the ground. In the past, structures had collapsed 
with this kind of motion. They were rebuilt to withstand this kind of 
motion. However, the motion of the 1994 Northridge earthquake was 
different. It had a strong vertical component. Many of the rebuilt 
structures and freeways collapsed again.

Sometimes, some structures are affected by ground motion when others 
are not. All structures have a natural period of swaying. This back-and-
forth movement is called an oscillation. The shaking of the ground during 
an earthquake may be close to the natural oscillation period of a building. 
When the oscillation of the ground is nearly the same as the natural 
oscillation period of the building, the swaying is greatly intensified. This is 
called resonance. The swaying of the building at its maximum contributes 
to the collapse of the building. You might know about resonance if you 
have ever been on a swing. The swing has a natural period of oscillation. 
When you “pump” your legs to go higher, you pump at about the same 
period as the natural period. Pumping at a different period would get 
you nowhere. 

The 1985 earthquake in Mexico City 
badly damaged or destroyed about 
500 buildings. Ground vibrations were 
increased by the vibrational properties 
of tall buildings. This caused 10- to 
14-story buildings to sway even more. It 
resulted in damage to many structures 
of this height. Nearby, shorter and taller 
buildings were not damaged. 

Building materials also make a difference. 
Stone, brick, wood, concrete, and adobe 
all have different responses to the forces 
they experience during an earthquake. 
Building design must take into account 
the structure of the building. However, it 
must also take into account the material 
from which the structure is made. 

Geo Words
resonance: the natural 
oscillation period of 
an object. 

Figure 1 In 2008, a magnitude 
7.9 earthquake in China caused 
massive damage and killed at 
least 68,000 people.
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Geo Words
tsunami: a great 
sea wave produced 
by a submarine 
earthquake (or 
volcanic eruption).

Section 12  Earthquake Magnitude 

Fire is a secondary hazard in cities. Fire can cause much more damage 
than ground movement during an earthquake. In the 1906 San Francisco 
earthquake, 70 percent of the damage was due to fire. Fires start when 
ground motion breaks fuel lines, tanks, and power lines. Often, water 
lines are also disrupted or broken. This reduces the water available to 
fight the fires. One of the ways to reduce the risk of heavy fire damage 
is to place many valves in the water and fuel pipelines. If one part of the 
pipeline is damaged, those pipes can be isolated from the system. 

Landslides are another serious secondary effect of earthquakes. 
Earthquakes can trigger the failure of unstable slopes. The best way to 
minimize this hazard is not to build in areas with unstable slopes. Because 
buildings already exist in such areas, it is difficult to reduce the risk. 

When an undersea or nearshore earthquake occurs, a tsunami can be 
generated. A tsunami is sometimes called a seismic sea wave. Tsunamis 
are like the ripples that form when you throw a rock in a pond. Of 
course, they are much larger. Tsunamis occur when a large area of the 
ocean floor rises or falls suddenly in an earthquake. This causes waves to 
move away from the area. In the open ocean, the waves have very long 
wavelengths (greater than 500 km). The heights of the waves are only a 
meter or so. The waves are so long and so low that ships at sea cannot 
tell they are passing by. If you 
have been to the seashore, 
you might have noticed that 
ordinary ocean waves get 
much higher and then break 
as they move into shallower 
water. The same thing 
happens with tsunami waves, 
only more so. As they come 
onshore, the waves build to 
heights as great as 30 m. 

One of the difficulties in 
preparing for tsunamis is 
their great speed. They move 
very fast over very long 
distances in the ocean. They 
can move at speeds of 1000 
km/h. On average, there are 
two destructive tsunamis in 
the Pacific basin each year. An early warning system now monitors sea 
level around the Pacific. A tsunami can take several hours to travel across 
the Pacific. If a tsunami is detected, its estimated time of arrival is sent to 
areas in danger. People can then be evacuated from the area. This early 
warning system has had many successes. However, there have been some 
failures, since it was begun in 1948. It works well for areas far from the 
earthquake. It is not very effective for areas close by, because the waves 
move so rapidly. 

Figure 2 Moving to a higher elevation is one 
way to protect yourself from a tsunami.
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The Effect of Local Geologic Conditions on Intensity 
Often, seismic waves increase in amplitude when they pass from solid 
bedrock to softer material. For example, the amplitudes of the waves 
increase as they pass onto sand, mud, or landfill. The processes that cause 
this change are complex. However, you can get an idea of how this might
happen. Think about what happens when you shake a soft, jelly-like 
material. Compare this to shaking a much more rigid material such as 
metal or rock. The Mexico City earthquake in 1985 showed how local 
geologic conditions influence the intensity of an earthquake. This 
earthquake caused about 4 billion dollars in damage. It resulted in at 
least 8000 deaths. The earthquake epicenter was about 300 km from 
Mexico City. There was soft sand and clay deposits from an old lakebed 
under part of the city. This amplified (increased) the ground motions 75 
times. The amplification of shaking caused damage to some tall buildings. 
Nearby structures on bedrock were relatively undamaged. 

Liquefaction is another process that affects earthquake intensity. It is a 
temporary change in water-saturated soil and sand. The soil and sand 
turns from a solid to a liquid state. It liquefies. The Marina district in San 
Francisco experienced this during the Loma Prieta earthquake in 1989. 
The district was built on wet landfill. Studies revealed that the landfill 
liquefied during the earthquake. The earthquake was centered 80 km 
south of the city. Nearby parts of the city built on hard bedrock did not 
experience intensities as high as in the Marina district. 

Earthquake Magnitude

Earthquake magnitude is a measure of the amplitude of the seismic waves 
recorded on a seismogram. Charles F. Richter was a seismologist at the 
California Institute of Technology. He developed the first magnitude scale in 
the 1930s. His basic idea was to observe the maximum amplitude recorded 
on a seismogram at a known distance from an earthquake. Earthquakes 
could be ranked quantitatively by size or strength. The amplitude measured 
is the “swing” of the stylus. The wider the swing, the “stronger” the 
vibrations. The greater the vibration, the stronger the earthquake.

The original Richter scale was developed only for shallow earthquakes. 
These were the ones measured in southern California by a certain type of 
seismometer. Since then, the scale has been modified for more general 
use. Modern measurements of magnitude are still based on the amplitude 
of the waves. However, more sophisticated methods are used today. The 
magnitude of an earthquake depends on which method a seismologist is 
using. The results using different methods can vary by one unit or more. 

An important aspect of magnitude scales is that they are logarithmic. 
They are based on powers of 10. This means that seismic wave amplitudes 
increase by 10 times for each unit of the scale. For example, suppose an 
earthquake is a magnitude 6. The measured amplitude is 10 times that in 
a magnitude 5 earthquake. 

Checking Up
1. Why is the 

intensity value of 
an earthquake 
more meaningful 
than magnitude to 
a nonscientist? 

2. Is the greatest 
intensity of an 
earthquake always 
found at the 
epicenter? Explain 
your answer. 

3. What are the direct 
hazards of an 
earthquake?

4. Why are fires able 
to cause extensive 
damage after an 
earthquake?

5. What is a tsunami?

6. Why is it difficult to 
prepare against the 
destruction caused 
by a tsunami?

7. What geologic 
conditions influence 
the intensity of an 
earthquake? 

8. What does an 
earthquake 
magnitude scale 
measure? 

Geo Words
liquefaction: the 
temporary change of 
water-saturated soil 
and sand from a solid 
to a liquid state.

Richter scale: a 
numerical logarithmic 
scale for earthquake 
magnitude.
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Think About It Again
At the beginning of this section, you were asked the following:

• What factors would you look at to “measure” the size of an earthquake? 

• What damage do passing earthquake waves cause?

Record your ideas about these questions now. Be sure that you describe how the effects 
of an earthquake are an indication of its intensity.

Reflecting on the Section and the Challenge 
To reduce earthquake risks, scientists study the potential effects of earthquakes. You 
made an intensity scale by ranking the effects of earthquakes on people and structures. 
You used the distribution of intensities to find the general area where an earthquake 
started. If you were able to access the Virtual Earthquake Web site, you learned that the 
amplitude of seismic waves on a seismogram is used to measure magnitude. For most 
earthquakes, both intensity and magnitude decrease as you move farther away from 
the epicenter. Intensity requires human observers. Magnitude requires a seismometer. 
A question about quantitative and qualitative measurements might be an interesting 
one to include for people.

Understanding and Applying

 1. The Magnitude/Intensity Comparison table below compares the magnitude and 
intensity scales. The intensities listed are those typically observed at locations near the 
epicenter of earthquakes of different magnitudes. If intensity and magnitude measure 
different characteristics of earthquakes, how can such a chart be compiled? Why is it 
not like comparing apples to oranges?

Magnitude/Intensity Comparison

Magnitude Intensity

1.0–2.9 I

3.0–3.9 II–III

4.0–4.9 IV–V

5.0–5.9 VI–VII

6.0–6.9 VIII–IX

7.0 and higher X or higher

 2. What is the highest intensity/magnitude that you would consider exciting to experience, 
but not dangerous? Explain your reasoning.

 3. The table on the next page shows the average number of earthquakes per year of a 
given magnitude. Use the table to answer the following questions:

a) Roughly how many earthquakes occur in a given year?

b) Do people feel most earthquakes?
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c) How many earthquakes did you hear about in the last year?

d) What were their approximate magnitudes?

e)  Does this generate a bias in your perception of the number of earthquakes that 
happen per year and their sizes? Explain your answer.

Average Number of Earthquakes Per Year of Given Magnitudes

Description Magnitude Number Per Year

Great earthquake 8.0 and higher 1

Major earthquake 7.0 to 7.9 15

Destructive earthquake 6.0 to 6.9 134

Damaging earthquake 5.0 to 5.9 1319

Minor earthquake 4.0 to 4.9 13,000*

Smallest usually felt by people 3.0 to 3.9 130,000*

Detected but not felt 2.0 to 2.9 1,300,000*

  *estimated

 4. In a major earthquake, where in your school and in your community would you be 
safest? What places are prone to the greatest risks from the effects of an earthquake? 
Explain why you selected these locations.

 5. Preparing for the Chapter Challenge

What game questions could you ask about the different methods scientists use to 
measure earthquakes and their advantages and limitations? Other questions to 
think about include: What are the effects and hazards of earthquakes, including 
the conditions that can increase earthquake intensity? What can be done to reduce 
the effects of earthquakes on people, property, and infrastructure (roads, bridges, 
and so on)?

Inquiring Further
 1. Reporting earthquakes

Does your community experience frequent earthquakes? Maybe you would like to 
help seismologists when an earthquake happens in your community. The Earthquake 
Felt Report Form allows you to contribute your intensity observations directly to 
seismologists so that they can construct isoseismal maps. Visit the EarthComm Web 
site at http://www.agiweb.org/education/earthcomm2/ to find the Web site that will let 
you know the kinds of observations you need to detect and record.
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 2. Determine the intensity of an earthquake from a description 

Do you know someone who has experienced an earthquake? If so, ask the individual 
to describe the experience to you. Compare the person’s descriptions to the modified 
Mercalli scale. Are the descriptions of earthquake effects in the modified Mercalli 
scale consistent with the person’s experience? Use the scale to rate the intensity of the 
earthquake the person experienced. If the person recalls the approximate magnitude 
of the earthquake he or she experienced, how well does the magnitude/intensity table 
match that experience?

 3. Investigate earthquake measurement

Write down other questions you have about the ways earthquakes are measured. How 
would you go about gathering information to answer these questions? Write your ideas 
in your log. Visit the EarthComm Web site for suggestions of useful Web sites 
to explore.

 4. The Pacific Tsunami Warning Center

The Pacific Tsunami Warning Center has provided successful advance warnings 
of potentially dangerous tsunamis that may affect areas distant from the original 
earthquake. Find out about this tsunami warning system.

a)  In your log, record your ideas and any information you find on tsunamis and 
tsunami prediction.

b) Why is it possible to predict a tsunami, but not an earthquake, in time to save lives?

c)  If your community is near the ocean, find out how well your community is prepared 
to deal with a tsunami warning.
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