SHORT PRACTICAL GUIDE

For receiver function analysis 

Using Park&Levin multitaper (MTC) codes

Needed software:

SAC – Seismic Analysis Code, available from IRIS (www.iris.edu)

GMT – Generic Mapping Tools, command line graphic package available from the University of Hawaii (gmt.soest.hawaii.edu).

recfunk09_pick – MTC receiver function code, included in this package. Precompiled versions for Mac OSX Intel and PPC included. See the code for compilation instructions if you use a different architecture.

Needed Scripts:

make-rotate-macro – a script which creates a macro for SAC to preprocess data for analysis.  

make-pick-macro – a macro which prepares files to be read in by SAC and place time markers into SAC headers for final processing.

production-run.csh – a script to run Recfunk 9 with variable parameters of processing. You may edit it to fit your specific scientific objective.

RFwig-baz.plot, RFwig-epi.plot – plotting scripts called from within the production-run.csh, these scripts produce images of receiver function sweeps.

Optional Scripts

move.sh – a script which moves data from event folders into one directory for easy processing

rename.csh, rename1.csh –scripts that rename files from long IRIS defaults to a more compact, easy to read format. 

 make-recpick-input – a script that prepares the final input file for recfunk09_pick code.

Codes tested on Mac OS X PPC and Intel architectures. They are almost certain to run on other UNIX incarnations. Questions about the code may be sent to Vadim Levin (vlevin@rci.rutgers.edu).

The following guide was developed by Alex Nikulin, Ben Marshall and Vadim Levin at Rutgers University for the purposes of analyzing data from the EarthScope Transportable Array. All work was done on Mac OS X machines.

Data for analysis were extracted from the IRIS DMC archive with the help of the JWEED data request tool (available from IRIS).  Some file naming conventions, and manipulations needed for them, are specific to the request procedure, and may not be of universal use.

VERY IMPORTANT NOTE: This is free software, intended for academic research. Use at your own risk (of time wasted, nerves frayed, bad results produced, humiliation suffered etc.)

To understand what the codes and scripts do – read them!

Theoretical description of the method: Park and Levin, BSSA, 2000.

Preliminaries: Data extraction and file preparation.

Everyone has his own favorite way of doing this. We used JWEED to format requests, and streamed data directly to the disk. Alternatively, you can formulate a request and send it as a breq_fast request, in this case you get a SEED volume that you need to unpack.

All procedures below anticipate that processing is done one site at a time. Note that when working with a network the task of identifying clear data may be easier if records from the same event are examined together.

Once data have already been requested from the archive, obtained, and stored in a working directory, it is necessary to identify all recorded events that 


a) do have visible records; 


b) do not have obvious problems (noise, dropped samples etc.); 


c) do have all 3 components present, of the same length, starting at the same time.

We found it helpful to place all files for a single seismic station into a file. If data are stored in Event directories (a default mode of rdseed code versions 4.7 and later), you can use one of the optional scripts to do that. 

In Terminal run:

sh move.sh

 #This will move events from subfolders into the station folder.

We also find it useful to have relatively short intuitive names for files (default ones produced by IRIS utilities are long and full of periods.

If you use direct upload of SAC data from IRIS, use:


 csh rename.csh 

 # This creates a script, do-rename.csh, that actually renames the files from IRIS format to short sensible format YYMMDDHHMM.C.SAC.  [YY – year, MM – month, DD – day, HH – hour, MM – minute, C – channel (E,N,Z) ]

Check the do-rename.csh script before running. You can also post-edit that script (e.g. in case of pathologies in file naming conventions that cause script crashes.)

 
csh do-rename.csh

 
# This actually renames all the files.

If you use breq_fast requests (e.g., your data are “restricted”), and get your data in a SEED volume that is then unpacked locally, use rename1.csh instead, you will get files names YYJJJHHMM.SSSS.C.SAC, where JJJ is Julian day, SSSS is site designator.

Now use a seismogram inspector of your choice (we like PQLII from PASSCAL) and select trace triplets that have good data. Alternatively – do selection first, and run a renaming step on selected data.

STEP 1. Data preprocessing.
Objective: Rotate data into the Vertical (Z), Radial (R), Transverse (T) coordinates. Demean & detrend data files. Highpass at 50 s. 

If you used “rename.csh” above then in Terminal run:


csh make-rotate-macro.csh 

If you used “rename1.csh” above then in Terminal run:


csh make-rotate-macro1.csh

# This creates rotate-macro.m, a SAC macro, which rotates and pre-processes the data.


tcsh

  
# switches into tcsh shell, for which SAC is installed. [This is a quirk of Mac machines we use. It may be different on your system. ]


sac

 
# This command launches sac

 
macro rotate-macro.m

 
# This will send a lot of output to the screen. After it is done, all data should be transformed into .rtz files, and are ready for further processing. It is helpful to check the last output on the screen, to make sure the entire list of files was processed. If trouble arises – SAC sends error messages to the screen and quits…

(see appendix for common problems and how to deal with them)

STEP 2. 

Objective: Mark analysis start times in data.

Run "make-pick-macro.csh" shell-script. This script requires an Input file with filenames. The previous step produced a file called “list_of_files”. It may be good to rename it,

e.g. by a command like this:  cp list_of_files listX
Then in Terminal 

 
csh make-pick-macro.csh listX

# This script creates a macro titled listX.sac.macro which allows you to target T1, T2, T3 in SAC.  Now, you are ready to process data and write time picks.

In Terminal: 


sac


#Launches SAC


 macro listX.sac.macro

  
#This opens a graphic interface used for marking the T1, T2, and T3 times on the event data. Depending on the data, place time marks into T1,T2,T3 flags in the file headers. For each record the macro echoes epicentral distance to the screen. If you have P and PKP phases, mark P with T1, PKP with T2 (PP with T3, never used it yet….). To make a mark – in the graphical window place the cursor over the P Arrival, Press T, then press 1 (or 2). At this time a T1 marker should appear. Proceed to the next record by pressing Q. Go through all of the records.

*If you make a mistake an place a wrong mark into a file, do not panic, see troubleshooting advice in the Appendix.

This step allows you to do extra quality control (e.g., if you have no clue where to put the

start mark – maybe the event should not be used…). If that happens – make a note of the event before proceeding.

 STEP 4 

Objective: Prepare final input file for the receiver function code.

In Terminal:


open -e listX

   
# Save into another file, called in_recpick, in the following format:



FullPath/YYMMDDHHMM.? 



/Users/ZZZZ/DATA/0011052233.?  [22:33 on the 5th of November of 2000]



…..



stop

   # The stop is needed to tell the receiver function software that the list is complete, otherwise it crashes. (Note: there must be a space after the word stop or recfunk will still crash. This is a peculiarity of text editing in TextEdit on Mac.)  

While preparing this file, remove from it names of all events that you did not like in the previous step, while placing time marks. The filename in_recpick is required by the receiver function code. Using a FullPath is not required, but is convenient – you can copy the file list to another place, and produce receiver functions in a directory that does not have reams of data. 
Optional: 

If you have “sachdr” code installed (e.g., you have a PASSCAL software on your computer) you can use make-recpick-input script, like this:

In Terminal:


 csh make-recpick-input  listX

. It will check all headers, make a new list called listX.recpick_input, and also make a list of files where more then one mark is present (called listX.two_marks, if empty – it is good), so you can fix them. This script will ignore files without T marks in the header.

If you use this – do not forget to add a “stop” to the end of  listX.recpick_input file. You will have to rename it to in_recpick when you are ready to make receiver functions.

STEP 5. 

Objective: Produce receiver functions.

Run a version of the "production-run" shell script that suits your source distribution.

In Terminal:


csh production-run SITE

        #This script runs recfunk09_pick, and also automatically runs GMT plotting scripts, whose parameters are defined in the text of production-run. You can manually edit these parameters to suit your needs. The script outputs .ps graphical files and relies on GMT scripts RFwig-???.plot provided with this package. SITE is any text, and will be used to tag resulting output files.

You will need a PostScript viewer (Preview on a Mac works, as does Acrobat Reader) to see the plotted results.

NOTE:  At each run the receiver function code recfunk09_pick produces two sets of files: two backazimuth sweeps of receiver functions called outr_baz.grid, outt_baz.grid (for R and T component, respectively) and two epicentral sweeps outt_epi.grid, outr_epi.grid. The production-run script renames them according to the parameters of the script (site name, corner frequency, baz or distance range). All output files are ASCII tables formatted for GMT plotting.

You are done.

Appendix. Common SAC data issues. SAC Manual is at this link:

http://www.iris.edu/manuals/sac/manual.html
1. Uneven file length (e.g. 1 sample difference in a 30000 sample long file…):

 
SOLUTION: if SAC crashed and complained about uneven data length, type “listhdr npts” – you will get a listing of offending file names and file lengths.

Open “rotate-macro.m” file, find the place where the problem arises, and manually insert a “cut b n ZZZZZ” before the block that manipulates these files. ZZZZ is the shortest length – all files will be cut this way on reading. Insert “cut off” after the last comman in the macro block, to restore parameters to a default.

2. Non-orthogonal components. Hard to believe, but happens, typically when people installing the sensor record the orientation of components incorrectly.

Type “listhdr cmpaz” after the SAC crashes (or else read offending data back in and do that). You will see which component has wrong direction. Should be: E- 90, N – 0. (but may be any combination of numbers, as long as they are 90 apart).

Use CHNHDR command to fix the wrong parameter.

3. You made a wrong “mark” (e.g. T2 instead of T1). No problem. Read data with two marks into SAC (“read filename1 filename2 filename3”), then unset the mark you do not need : “chnhdr T1 undef”  will remove the T1 mark.
