Estimating seismic hazard 

Research problem

You and a partner have been asked to compare the seismic hazard in two regions to determine which is safer for building a new manufacturing plant.  

1. What type of data would you need to collect to make the comparison?
2. How could you express your findings in a quantitative way?

One way to do this is to estimate the rate of seismic activity in a region using a catalog of past earthquakes.  We will do that using the IRIS Earthquake Browser, which includes a catalog of earthquake locations and magnitudes from the International Seismological Centre and the US Geological Survey.  


Steps

· Go to www.iris.edu/ieb and select a region of the world that is of interest to you, and which is different from your partner’s selection, but covers approximately the same area
· Interrogate the earthquake catalog to determine the number of various sized events that occur in a 25-year period for your region. 
· Set the Time Range to a 25-year period starting in 1980 or later
· Set the Magnitude Range, starting with a minimum magnitude of 8.0 and then decrease the minimum magnitude in 0.5 magnitude intervals
· Always leave the maximum magnitude as 10
· Record the total number of events (2nd number in the orange box in the right column) for each magnitude range
· Set up an Excel spread sheet, with columns for:
· Magnitude range (8-10, 7.5-10, 7-10, etc)
· Total number of earthquakes greater than or equal to a specified magnitude
· Number of earthquakes/year
· Plot the magnitude range vs the number of earthquakes/year in Excel, and experiment with different types of plots.  


Questions to discuss with your partner

· Given the range of the data, what sort of plot gives the clearest representation of the data?  Consider scaling the axes in different ways.
· Do you see any patterns or trends in your data?
· How does your plot compare to your partner’s plot of a different region?
· What is the likelihood of earthquakes of magnitude 6.0 or greater and 7.0 or greater occurring in the next year in the 2 regions?    Express your estimate as X chance(s) in 10 or Y chance(s) in 100.  
· What is the likelihood of these events occurring in the next 100 years in each region?
· How can you use this information to estimate which of your two regions would be a safer choice for the manufacturing plant mentioned at the beginning of the exercise?

· What are some assumptions, limitations, and potential sources of error in drawing conclusions about long-term seismic hazard using the above technique?



The relationship that you have just determined between the frequency of earthquakes and their magnitude in a region is called the Gutenberg-Richter relationship:
[bookmark: OLE_LINK1]Log10N = a - bM

where N is the number of earthquakes having a magnitude ≥ magnitude M. Constants a and b are related to the stresses experienced by a body of rock and the size and time period of the area sampled. Constant a indicates the total seismicity rate of the region over a set time period, and constant b is generally calculated/assumed. For Earth, this value is usually approximately 1. Determining the constants in the Gutenberg-Richter relationship is a useful way to compare the rate of seismicity in different regions.


Additional questions to consider

· Why are there more small earthquakes than large earthquakes?
· If we were to use a physical model of earthquake activity, scaled down to desktop size, do you think the relative distribution of earthquake sizes would still hold?
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Useful links

Some potential research tools

IRIS

IRIS Earthquake Browser: www.iris.edu/ieb

Focal mechanism solutions: http://www.iris.edu/spud/momenttensor

jAmaseis – real time seismogram viewer and analysis tool: http://www.iris.edu/hq/programs/education_and_outreach/software/jamaseis

Earth Model Collaboration (tomographic seismic velocity cross sections): http://www.iris.edu/dms/products/emc/gcross-section.html


USGS

Earthquake probability mapping – explore any US region: http://geohazards.usgs.gov/eqprob/2009/index.php

PAGER – Automatic estimates of damage ($$) and deaths after earthquakes – Could study how damages and deaths vary with magnitude and country or state: http://earthquake.usgs.gov/earthquakes/pager/



General IRIS tools

Seismic Monitor – last 2 weeks of global seismicity: http://www.iris.edu/seismon/

Recent Earthquake Teachable Moments – Slides sets usually within 24 hours after Magnitude 7+ earthquakes: http://www.iris.edu/hq/retm

Animations on a range of geoscience topics: http://www.iris.edu/hq/programs/education_and_outreach/animations

Ground Motion Visualizations – see seismic waves travel across the US: http://www.iris.edu/hq/programs/education_and_outreach/visualizations
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