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Conditional probabilities are estimates of the probability of an earthquake of given magnitude occurring in an area within a specified time period.  These estimates are based on a synthesis of real data, historical records and geologic evidence of pre-historic earthquakes.  

For this activity, you will use the history of earthquakes in the Pacific Northwest (PNW) in an attempt to determine the hazards we might be facing in the future.

You should work in groups of 5 people to divide up the work and share the information.  You will first be given a homework assignment to gather data and then come to class to analyze that data.  

In-class, you should use a calculator.  The math is very simple multiplication, division, and finding averages; however, the numbers are not even and you should carry at least 3-4 numbers out from the decimal.  You should also show your math work.  If you don’t I can’t see where or how you went wrong (if you do) and can’t give you partial credit.

Follow the steps in order.  This will lay the larger problem out for you in a meaningful way.

Reminder:  Even though you are working with a group to you should each be filling in your data sheet, making your own graph, and answer the discussion questions in your own words.

You will be using the USGS to help you find the number of earthquakes in a given number of years within a limited magnitude range.

1. At home, go to http://neic.usgs.gov/neis/epic/epic_rect.html
Note: There is an underscore in the URL: epic_rect

2. Select “ 3. Screen File Format (80 columns)”
3. Check “USGS/NEIC (PDE) 1973 – Present”
4. Input the following data to limit your search to the Pacific Northwest:

	50
	Top latitude of rectangle

	42
	Bottom Latitude of Rectangle

	-119
	Right Longitude of Rectangle

	-127
	Left Longitude of Rectangle


5. Input the appropriate starting date and ending date for the data you want and the appropriate magnitude range.  Leave the other fields blank.

6. In the next three tables, each member of your group will be responsible for filling out one line of data.  For instance, John might be responsible for 1992-1993 M2 earthquakes, 1988-1990 M3 earthquakes and 1979-1983 M4 quakes while Amy is responsible for the second line in each table.  No one person will be all the data in these tables.  YOU MUST COME TO CLASS WITH THIS DATA OR YOUR GROUP WILL NOT BE ABLE TO FINISH THE ASSIGNMENT.
	Two-year period
	Number of M. 2.0-2.9 Earthquakes

	1992-1993
	

	1994-1995
	

	1996-1997
	

	1998-1999
	

	2000-2001
	

	Total for 10-year period.
	


	Three-year period
	Number of M. 3.0-3.9 Earthquakes

	1988-1990
	

	1991-1993
	

	1994-1996
	

	1997-2000
	

	2001-2003
	

	Total in 15-year period
	


	Five-year period
	Number of M. 4.0-4.9 Earthquakes

	1979-1983
	

	1984-1988
	

	1989-1993
	

	1994-1998
	

	1999-2003
	

	Total in 25-year period
	


All students should complete the following:

1.  How many M5.0-M5.9 Earthquakes were there between 1973 and 2003?

	30-year period
	Number of M. 5.0-5.9 Earthquakes

	Total in 30-year period
	


Finally, go to http://www.pnsn.org/HIST_CAT/catalog.html and answer the following questions from the table there.  (Note: This URL has an underscore: HIST_CAT)

Be careful!  The list has magnitudes outside of the range you are interested in!

2.  How many M6.0-6.9 earthquakes have there been in the Pacific Northwest since 1872?

3.  How many M7.0-7.9 earthquakes have there been in the Pacific Northwest since 1872?

In Class Activity (10 points)

Gather with your group and share your data.  Fill out the tables and answer the following questions

	Two-year period
	Number of M. 2.0-2.9 Earthquakes

	1992-1993
	

	1994-1995
	

	1996-1997
	

	1998-1999
	

	2000-2001
	

	Total for 10-year period.
	


1. What is the average number of earthquakes per year between magnitude 2.0 and 2.9? (Hint: Average = Total/10)  Record your answer in the attached data table sheet.

2. What is the number of earthquakes expected in ten (10) years?  (Hint: # of quakes expected in 10 years = Average # of quakes per year x 10 years).   Record your answer in the attached data table sheet.

3.  What is the average time (in days) between magnitude 2.0-2.9 earthquakes? (Hint: Average time between quakes = 365 days per year/ Average # of quakes per year).  Record your answer in the attached data table sheet.

4. What are some problems that you might see with the above data?  How significant might these errors be?

5. Fill out the table with your group’s data:

	Three-year period
	Number of M. 3.0-3.9 Earthquakes

	1988-1990
	 

	1991-1993
	

	1994-1996
	

	1997-2000
	

	2001-2003
	

	Total for 15 year period
	


6. What is the average number of earthquakes per year between magnitude 3.0-3.9?

7. How many would you expect in a 10-year period?

8. What is the average time (in days) between magnitude 3.0-3.9 earthquakes?

9. Fill out the table and calculate:

	Five-year period
	Number of M. 4.0-4.9 Earthquakes

	1979-1983
	

	1984-1988
	

	1989-1993
	

	1994-1998
	

	1999-2003
	

	Total in 25-year period
	


a) How many M. 4.0-4.9 earthquakes occur each year on average?

b) What is the average time period (in days) between quakes?

c) Look at the data in the above table again.  Between March 24 and May 19, 1980 there were over 200 earthquakes between M. 4.0-4.9.  Why do you think this is?

d) Should you include 1980 data in your estimates or disregard it?  Why or why not?  Please fully discuss the reasons for your answer.
10. We will move on to M5.0-5.9 Earthquakes now.  

a)  How many were there during the period you looked at?  (Use your answer above to determine what you should do about 1980.)

b) How many years were there?

c) On average, how many M. 5.0-5.9 occur in a year?

d) How many would you expect in 10 years?

e) What is the average time period (in days) between quakes?

11. Use the rest of your data to completely fill in the following results table

DATA TABLE SUMMARIZING RESULTS FROM 1 - 5

	Magnitude Range
	Average number in one year (b)
	Number Expected in ten years (c)
	Time between quakes (days)

(d)
	Time between quakes (years)

	2.0 – 2.9
	
	
	
	

	3.0 – 3.9
	
	
	
	

	4.0 – 4.9
	
	
	
	

	5.0 – 5.9
	
	
	
	

	6.0 – 6.9
	
	
	
	

	7.0 – 7.9
	
	
	
	


12. Plot the magnitude against the average amount of time (in years) between each quake.  A piece of graph paper is provided. You can plot all magnitude 2.0-2.9 earthquakes as a point on the vertical line labeled 2, etc.

13. From your data, project how often magnitude 8 and 9 earthquakes might happen.  (You do this by extending the best-fit line.)  What is their average rate of reoccurrence?

14. Recent evidence has shown that there was a great (M 8-9) earthquake 300 years ago and 1100 years ago.  Does this data fit with your calculations?

15. For every great earthquake (M 8-9) that occurs in this area, how many M 6-6.9 earthquakes would you expect?

16. Given the above information, your group should discuss the following question: Should public officials, emergency planners, building engineers, and/or individuals focus earthquake prevention and preparedness efforts on M. 8-9 earthquakes or M. 6-7 earthquakes?  Explain your reasoning in detail.  What are the positive and negative implications of your choice.
