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Frequency of Large Earthquakes 
How Often Do We Expect the “Big One?” 

Really large earthquakes, such as the ones that happened in Sumatra in 2004 or 
Japan in 2011 (both Mag 9.1), cause a lot of damage and loss of life. How often do 
such events occur globally? To answer this question, students process data obtained 
from the IRIS Earthquake Browser (IEB) tool to make a claim based on evidence. The 
IEB is a user-friendly data portal, and the task is straightforward, enabling students 
to practice accessing, downloading and manipulating real world data in 
spreadsheets and applying it to considering the societal resources needed to 
respond to major earthquakes.  
 
 
 

 

 
Essential Question: How many earthquakes of Magnitude 8.0 or greater happen globally each year? 
 
Essential Understandings: 

● Large magnitude earthquakes occur less frequently than earthquakes of smaller magnitudes 
● The occurrence of large earthquakes cannot be predicted on an annual basis, but overall probabilities can be used for 

long term planning

Goals	
Learners will: 

● Describe the relationship between magnitude and 
frequency of earthquakes 

● Understand that while earthquakes cannot be 
predicted, they can be planned for probabilistically 

● Access real world data in a data portal and 
manipulate data in spreadsheets 

● Make a claim supported by evidence 
 

Materials	
● Computers (if students are downloading the data from 

the IEB) 
● IRIS Earthquake Browser (IEB) 

https://www.iris.edu/hq/inclass/software-web-
app/169 

● Slideshow and editable Word versions of student 
handouts can be accessed at 
https://serc.carleton.edu/ANGLE/educational_material
s/activities/245043.html   

● Student Handout 
● Teacher key 
● IRIS Fact Sheet https://www.iris.edu/hq/inclass/fact-

sheet/how_often_do_earthquakes_occur 

 
 

● Natural Hazard Image Data Base 
https://www.ngdc.noaa.gov/hazardimages/#/ 

● Related IRIS Animations:  
https://www.iris.edu/hq/inclass/animation/take_2__ca
n_earthquakes_be_predicted_part_1 
https://www.iris.edu/hq/inclass/animation/take_2_can
_earthquakes_be_predicted_part_2

NGSS	Science	Standards	
• MS-ESS2-2 Construct an explanation based on 

evidence for how geoscience processes have 
changed Earth’s surface at varying time and spatial 
scales 

• HS-ESS3-1 Construct an explanation based on 
evidence for how the availability of natural 
resources, occurrence of natural hazards, and 
changes in climate have influenced human activity 

• ESS2.B Plate Tectonics and Large-Scale System 
Interactions: Plate tectonics is the unifying theory 
that explains the movements of rocks at Earth’s 
surface and geologic history 

• ESS3.B Natural Hazards. Natural hazards and other 
geologic events have shaped the course of human 
history; they have significantly altered the sizes of 
human populations and have driven human 
migrations 

Image: Tohoku, 2011; Mass Communication Specialist 1st 
Class Matthew M. Bradley, US Navy; NOAA/NCEI 
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Teacher	Background	&	Instructions	

Implementation	Suggestions	
Working with spreadsheets: From the data portal, 
students download a .csv file titled IEB_Export.csv. This file 
can be opened in Excel, or imported into Google Drive and 
opened as a Google sheet. Depending on what 
applications learners have access to, educators may wish 
to modify the instructions. 
 
The .csv file has additional columns of data that are not 
needed to answer the questions. Instructors may wish to 
have students delete extra columns before students sort 
the data.  
 
Options for differentiation: Instructors may require 
students to create their own data tables for data 
processing. However, the data and data tables are also 
provided as printable handouts for working offline, and/or 
scaffolding the data processing. 
 

Instructional	Sequence:	
Step 1: Engage students with images from historic large 
earthquakes such as Sumatra, 2004, Chile 2010, or Japan 
2011. A slideshow is provided, but instructors may use the 
Natural Hazard Image data base to select images for 
different events. 
 
Step 2: Discuss the impacts of these large earthquakes, 
which are often accompanied by tsunamis (links to event 
summaries are provided in the slideshow presenter notes). 
Ask: When will the next event occur? We can’t predict 
exactly when, but we know events like this will happen 
again. How often? 

Step 3: Pose the essential question: How many 
earthquakes of Magnitude 8.0 or greater happen globally 
each year?  
 
To help students see the value in a probabilistic answer 
(since we can’t have an exact answer), educators may 
contextualize the task. For example, tell students to 
imagine they are on a global disaster response task force 
that is charged with responding to such natural disasters. 
The task force needs to raise funds for the response, and 
the amount of funds needed would depend on the 
average cost of an event and how many events might 
happen in a given time period. 
 
Step 4: Form student pairs or small groups. Distribute the 
handout, and provide access to devices (if students will be 
downloading data files), or provide the hard copy data.  
 

Explain to students how you expect them to compile the 
data, based on the option you have chosen: students 
create their own data table, or fill in the data table 
provided in the handout. 
 
Step 5: Circulate and provide guidance as students work 
on the task.  
 
Step 6: When all groups are finished making their claim, 
have one or two groups share their claim. Discuss as a 
group. 
 
Step 7: Project the IRIS Fact Sheet How Often Do 
Earthquakes Occur? and discuss the key points. The graph 
shows that there is a consistent relationship between 
earthquake magnitude (a measure of energy released) and 
how often the earthquakes occur annually. For example, 
about 1 million M2 earthquakes occur each year, but only 
~1500 M5. 
 
Extensions: 
 
Students use the IEB to confirm the patterns on the fact 
sheet. How many M7 occur per year? How many M6, M5, 
M4? This is good practice for students to process data in 
spreadsheets using the sort tool and math functions. Have 
students search one year at a time, for one magnitude, to 
make it easier to count earthquakes. Consider a jig saw 
group strategy to do the investigation 

If you have students work on where the earthquakes occur 
or at what depths, you will need to direct them back to the 
IRIS Earthquake Browser (IEB) map and legend. They will 
practice skills in reading and interpreting spatial 
information. https://www.iris.edu/hq/inclass/software-
web-app/169 

 

Math and Social Studies connection - Students research 
the monetary cost of historic earthquakes and make a 
formal proposal of how much money their task force 
would need to raise annually to respond to the expected 
earthquake disasters. 
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Earthquake Frequency  
Really large earthquakes, such as the ones that happened in Sumatra in 2004 or Japan in 2011 
(both Mag 9.1), cause a lot of damage and loss of life. Imagine you were part of an international 
team that helps communities when they experience a large earthquake, and part of your job is 
to raise money to pay for relief supplies. How much money would you need to raise? The funds 
needed would depend on how many earthquakes you need to respond to each year.  
 
Essential Question: How often do earthquakes of Magnitude 8.0 or greater occur globally?  
 
To answer this question, you will analyze earthquake data in this exercise. 
 
Instructions: 

1. Go to the IRIS Earthquake Browser at https://ds.iris.edu/ieb/ 
2. Zoom out so you can see the entire world (it’s ok if you see some parts twice) 
3.  Use the drop-down menus to set the search parameters:  

a. Under Maximum earthquakes, select 100 
b. Under Select earthquakes by, select Largest 

4. Click Apply 
5. Scroll down and select Download as Excel. 
6. In the downloads, find the file IEB_Export.csv. Open the file in a spreadsheet application 

such as Excel, or import the file into Google Drive and open as a Google sheet. 
7. Follow your teacher’s instructions for simplifying the data - you may delete some of the 

columns, such as Month, Day, and Timestamp. You can also leave these columns. 
8. Highlight all the columns of data remaining, and sort the data: 

a. From the Menu bar, select Data > Sort Range (or just “Sort” in Excel) 
b. Click the box “My list has headers” 
c. Sort by the Column “Mag” and Order “largest to smallest” 
d. At the bottom of the rows, delete the rows containing earthquakes that are 

magnitude 7.9 or smaller, retaining all earthquakes that are 8.0 or larger 
e. Compile the data in data tables according to your teacher’s instructions. 

 
Use the data to answer these questions on a separate sheet of paper: 
 

1. How many earthquakes of each magnitude have occurred since 1970?  
 

2. How many of these large earthquakes happened each year? (Tip: resort sheet by Year) 
 

3. Make a claim based on the evidence you have gathered: How many earthquakes of 
Mw 8.0 or greater will happen globally each year, in the future? 
 

4. Extension Questions - do you see in any patterns in: 
a. When large earthquakes occur?  Explain why or why not? 
b. Where large earthquakes occur worldwide? 
c. Depth of large earthquakes? 
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Question 1: How many earthquakes of each magnitude have occurred since 1970?  
 
Table 1 

Magnitude Number Magnitude Number Magnitude Number Magnitude Number 

9.5  9.1  8.7  8.3  

9.4  9.0  8.6  8.2  

9.3  8.9  8.5  8.1  

9.2  8.8  8.4  8.0  
 
 
Question 2: How many of these large earthquakes happened each year?  
(Tip: resort sheet by Year) 
 
Table 2 

Year # EQ Year # EQ Year # EQ Year # EQ Year # EQ Year # EQ 

1970  1980  1990  2000  2010  2020  

1971  1981  1991  2001  2011  2021  

1972  1982  1992  2002  2012  2022  

1973  1983  1993  2003  2013  2023  

1974  1984  1994  2004  2014  2024  

1975  1985  1995  2005  2015  2025  

1976  1986  1996  2006  2016  2026  

1977  1987  1997  2007  2017  2027  

1978  1988  1998  2008  2018  2028  

1979  1989  1999  2009  2019  2029  
 



Earthquake Frequency Data
All earthquakes of magnitude 8 or greater that occurred since 1970-2021.

Year Mag Location Year Mag Location

2011 9.1 Tohoku, Japan 1971 8.1 Papua New Guinea

2004 9.1 Andaman Islands, Sumatra 1996 8.1 Biak region, Indonesia

2010 8.8 Offshore Bio-Bio, Chile 2021 8.1 South Sandwich Islands

2012 8.6 Northern Sumatra, Indonesia 1989 8.0 Macquarie Island region

2005 8.6 Northern Sumatra, Indonesia 2019 8.0 Lagunas, Peru

2007 8.4 Southern Sumatra, Indonesia 2013 8.0 Lata, Solomon Islands

2001 8.4 Southern Peru 2007 8.0 Central Peru

2015 8.3 Illapel, Chile 2006 8.0 Tonga

2013 8.3 Sea of Okhotsk 2000 8.0 Papua New Guinea

2006 8.3 Kuril Islands 1995 8.0 Colima, Mexico

1994 8.3 Kuril Islands 1995 8.0 Antofagasta, Chile

1977 8.3 Sumbawa, Indonesia 1986 8.0 Aleutian Islands, Alaska

2018 8.2 Ndoi Island, Fiji 1985 8.0 Valparaiso, Chile

2017 8.2 Tres Picos, Mexico 1985 8.0 Michoacán, Mexico

2014 8.2 Iquique, Chile 1976 8.0 New Zealand

2012 8.2 Northern Sumatra, Indonesia 1972 8.0 Mindanao, Philippines

1994 8.2 La Paz, Bolivia 1971 8.0 Papua New Guinea

2003 8.2 Hokkaido, Japan 1970 8.0 Columbia

2021 8.2 Perryville, Alaska

2021 8.1 New Zealand

2009 8.1 Samoa Island region

2007 8.1 East of Kuril Islands

2007 8.1 Solomon Islands

2004 8.1 North of Macquarie Island

1998 8.1 Balleny Islands region

Data obtained from the IRIS Earthquake Browser at https://ds.iris.edu/ieb/ in 2021. If other
earthquakes Mag 8 or greater have occurred since 2021, you will need to add them here.

https://ds.iris.edu/ieb/
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