IRIS INTERN WEEK: Working with Broadband Data

Susan Bilek, NMT

A) Obtaining Data
Let’s say a big earthquake occurs and you want to download data for this earthquake – where would you go?  Luckily, the IRIS DMC (Data Management Center) has great web interfaces for downloading data for earthquakes that recently happened, or further back in time.  

Go to the IRIS webpage: www.iris.edu/  Click on the link for “data”, then the link for “how to get data”.  You could work through the Data Access Tutorial, focusing on the WILBER II request tool.  Or just go to the WILBER II webpage (http://www.iris.edu/cgi-bin/wilberII_page1.pl) to find the data for the recent Java earthquake.  Click on the map roughly where the earthquake occurred, and you’ll get a list of events in that area.  Click on the 2006/05/16 Magnitude 6.8 Northern Sumatra Indonesia earthquake.  You’ll then go through several webpages that allow you to select exactly the data you want.

A few hints as you work through the WILBER request pages:

Responding Networks: Select the GSN stations (networks II and IU, or the Virtual _GSN network)

Sorting page:  Collect the BHE, BHN, and BHZ components of the following stations:

PMG (Port Moresby, New Guinea) and KIEV (Kiev, Ukraine)  

Use most of the defaults at the base of the page (2 and 10 min windows), but choose “SAC BINARY individual files” from the Available Data Formats column.  Put in a user name, label for your request, and hit “Process Request”.

Once you hit the process request button, you will see the state of your request.  When it is complete, you will see a window telling you where you can pick up the product.  You can click on the link and save the file in your directory.  Copy all of these *.SAC files into your directory.  We’ll look at them in Matlab.  

Viewing seismograms in Matlab:

You’ll need to copy over a function file called load_sac.m from an ftp site (or contact Susan Bilek at New Mexico Tech, sbilek@nmt.edu).  This short script is handy – it will allow you to load SAC format files into Matlab.  To use it, type

[sachdr_pmg_bhz,pmg_bhz]=load_sac(‘filename’)  

The information in the header is stored in the variable “sachdr_pmg_bhz” and the y-values of the seismogram are stored in “pmg_bhz”.  You can plot this seismogram by the following command:

plot(pmg_bhz)

A plot window should appear showing the seismogram (the broadband vertical BHZ component of the PMG station).  Try each of the stations and components, and see if you can identify any phases in the seismograms.

B)  Simple Earthquake Location: Locate a local earthquake on October 30, 2005

Again, you’ll need a couple of files from that same data location (or again contact Susan Bilek, sbilek@nmt.edu).  For this section, copy the following into your directory:

location_data.mat

station_locations.dat

eq_location.m

Load .mat file – location_data.mat  

Contains y-values for each seismogram (BAR, BMT, CAR, LAZ, LEM, LPM, MLM, SBY, SMC, WTX), x-values (time, use for each station), and header values for each station (sachdr_BAR, …)

Make plots for each station

plot(time,BAR)

On each plot, make a pick for the P wave arrival (first break) where possible.  Time scale is in seconds after 02:57 (HH:MM) UTC on October 30, 2005.  Use the zoom features in Matlab to get to the P-wave, and you can use the data cursor function in the plot window to get the time value for your pick.

Put the time (in seconds) into the file “station_locations.dat” in the 4th column (see example for station SBY).  The format of this file is 

Latitude 
Longitude 
Elevation 
P-time  
Station_Name

This file is the data file for the location program “eq_location.m” to be run in Matlab.  This program uses some of the inverse theory principles you learned earlier in the week.  Within Matlab, open “eq_location.m” to look at the program.  Note that you will need to input an initial “guess” for the earthquake location – a good option is to use the location and time for the station with the shortest arrival time. 

Once you have made your changes to the “eq_location.m” file and your data file “station_locations.dat” is complete, run the “eq_location” command in your Matlab command window.  You’ll see the number of iterations used to converge on a best-fitting solution, then the final location at the end.  

I’ll show a plot of the location so you can see how well you did!

C.  Earthquake Magnitude
Earthquake magnitude is a fundamental measurement in observational seismology, important for scientific and societal purposes.  Using seismograms recorded at various stations, we can measure the wave amplitudes that reflect the earthquake size after corrections for geometric spreading and attenuation.  Various magnitude scales are used, with the general form of 
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where A is the amplitude of the signal, T is the dominant period of the wave, F is a correction to the amplitude due to the earthquake depth (h) and distance from the station ( in degrees), and C is a regional scale factor. 

For this exercise, we will focus on mb (body wave magnitude) and Ms (surface wave magnitude) measurements using teleseismic data. mb is commonly measured in the early part of the body wave train, using a formula of
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We will focus on P waves here, so we will measure absolute maximum ground displacement amplitude (A, in microns) within the first 5 s of the P wave. 

Part 1:  Determine mb for 2004 Morocco earthquake
In this section, you will use several seismograms provided for the 02/24/2004 Morocco earthquake to estimate mb. Copy the files in the Morocco directory at the previously used site.

The observations needed for this measurement are absolute maximum ground displacement amplitude (A, in microns) within the first 5 s of the P wave, period of the wave that you are measuring (T), and the distance between station and earthquake (given in the sac header information).

Again, use the load_sac command, 

[sachdr_anmo,anmo]=load_sac(‘ANMO.dsp.z’)

You’ll see several header values flash before you – you’ll need the distance in degrees, given in the “gcarc” variable.  Also note “delta” is 1- gives the sampling rate (1 sample/second in this case).

For each station, examine the first 5 seconds of the P wave and record the maximum absolute amplitude and period of this wave.  Note that the y-values are ground displacement in meters – you’ll need to convert these to microns to use the above formula.  Make a list of the observations, with station name, amplitude, period, and distance, then write a short Matlab program to read in these values and compute mb using equation 2 above.  You will likely see significant scatter in these station estimates, so find the mean value and standard deviation for this earthquake. 

Part 2:  Compare your estimate with the USGS 

How does your estimate compare with USGS estimates for this earthquake? Check out the earthquake page linked from www.earthquake.usgs.gov (you’ll need to search in their archives back to 2004), or search for it in the Harvard CMT catalog www.seismology.harvard.edu/CMTsearch.html.
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