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Accessing MT data from the NCI Geonetwork

For this example, we will access some of The University of Adelaide MT Data. To search for this, let’s visit the NCI GeoNetwork [https://geonetwork.nci.org.au/geonetwork/srv/eng/catalog.search#/home]

[image: ../_images/NCI_geonetwork_1.png]
Let’s begin by searching using the keyword magnetotellurics:

[image: ../_images/NCI_geonetwork_2.png]
Now click on The University of Adelaide Magnetotellurics Data.

[image: ../_images/NCI_geonetwork_3.png]
This will bring you to The University of Adelaide MT data parent record:

[image: ../_images/NCI_geonetwork_4.png]
This page has a description of the parent record as well as links to the associated child resources.

Let’s take a look at the South Australia MT surveys:

[image: ../_images/NCI_geonetwork_5.png]
Here we can see a list of MT surveys conducted in South Australia

[image: ../_images/NCI_geonetwork_6.png]
Let’s click on a survey of interest:

[image: ../_images/NCI_geonetwork_7.png]

	Here we can see:

	
	an abstract describing the dataset


	http download of the EDI files for this dataset


	links to any papers or reference material associated with this dataset








[image: ../_images/NCI_geonetwork_8.png]


MT software available at NCI


	The following MT software:

	
	BIRRP [http://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html]


	OCCAM1DCSEM [http://marineemlab.ucsd.edu/Projects/Occam/1DCSEM/]


	DIPOLE1D [http://marineemlab.ucsd.edu/Projects/Occam/1DCSEM/]


	OCCAM2DMT [http://marineemlab.ucsd.edu/Projects/Occam/2DMT/index.html]


	MARE2DEM [http://mare2dem.ucsd.edu/]


	ModEM [http://www.modem-geophysics.com/]








are locally installed on NCI’s Raijin Supercomputer and Virtual Desktop Infrastructure (VDI) (currently under the project my80).

NOTE: To join the project my80, please log into mancini [https://my.nci.org.au/mancini/login?next=/mancini/], click on the Projects and groups tab, then click on the Find project or group tab. Search for
my80 and request to join.

Additionally, the seismogram browser Snuffler [https://pyrocko.org/docs/current/apps/snuffler/tutorial.html] is available on NCI’s VDI.


BIRRP conditions of use:


1. The robust bounded influence magnetotelluric analysis program, hereinafter called BIRRP, is provided on a caveat emptor basis. The author of BIRRP is not responsible for or culpable in the event of errors in processing or interpretation resulting from use of this code.


2. No payment will be accepted by any user for data processing with BIRRP.


3. BIRRP will not be distributed to anyone. Interested persons should be referred to this website [http://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html].


4. The author will be notified of any possible coding errors that are encountered.


5. The author will be informed of any improvements or additions that are made to BIRRP.


6. The use of BIRRP will be acknowledged in any publications and presentations that ensue.







ModEM conditions of use:

AUTHORS



Gary Egbert, Anna Kelbert & Naser Meqbel

College of Atmospheric and Oceanic Sciences

104 COAS Admin. Bldg.

Oregon State University

Corvallis, OR 97331-5503




E-mail:  egbert@coas.oregonstate.edu

Fax:     (541) 737-2064

Ph.:     (541) 737-2947

http://www.coas.oregonstate.edu






COPYRIGHT

Both binary and source codes for the Modular Electromagnetic Inversion Software
(hereafter ModEM) are copyrighted by The State of Oregon acting by and through
the State Board of Higher Education on behalf of Oregon State University,
an educational institution having offices at 312 Kerr Administration Building,
Corvallis, Oregon 97331-2140 (hereafter, OSU) and ownership of all right, title
and interest in and to the Software remains with OSU.
By using or copying the ModEM, User agrees to abide by the terms of this Agreement.

NONCOMMERCIAL USE

OSU grants to you (hereafter, User) a royalty-free, nonexclusive right to execute,
copy, modify and distribute both the binary and source code solely for academic,
research and other similar noncommercial uses, subject to the following conditions:


1.    User acknowledges that the Software is still in the development stage
and that it is being supplied “as is,” without any support services from OSU.
NEITHER OSU NOR THE AUTHORS MAKES ANY REPRESENTATIONS OR WARRANTIES, EXPRESS
OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY REPRESENTATIONS OR WARRANTIES
OF THE MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE, OR THAT
THE APPLICATION OF THE SOFTWARE, WILL NOT INFRINGE ON ANY PATENTS OR OTHER
PROPRIETARY RIGHTS OF OTHERS.

2.    OSU shall not be held liable for direct, indirect, incidental or
consequential damages arising from any claim by User or any third party with
respect to uses allowed under this Agreement, or from any use of the Software.

3.    User agrees to fully indemnify and hold harmless OSU and/or the Authors
of the original work from and against any and all claims, demands, suits,
losses, damages, costs and expenses arising out of the User’s use of the Software,
including, without limitation, arising out of the User’s modification of
the Software.

4.    User may modify the Software and distribute that modified work to third
parties provided that: (a) if posted separately, it clearly acknowledges that
it contains material copyrighted by OSU (b) no charge is associated with such
copies, (c) User agrees to notify OSU and the Authors of the distribution and
provide copies of the modifications if requested, and (d) User clearly notifies
secondary users that such modified work is not the original Software.

5.    User agrees that OSU, the Authors of the original work and others may
enjoy a royalty-free, non-exclusive license to use, copy, modify and redistribute
these modifications to the Software made by the User and distributed to third
parties as a derivative work under this agreement.

6.    This agreement will terminate immediately upon User’s breach of, or
non-compliance with, any of its terms. User may be held liable for any copyright
infringement or the infringement of any other proprietary rights in the Software
that is caused or facilitated by the User’s failure to abide by the terms of
this agreement.

7.    This Agreement shall be governed and construed in accordance with the laws
of the State of Oregon.




COMMERCIAL USE

Any User wishing to make a COMMERCIAL USE of the Software must contact the lead
author at egbert@coas.oregonstate.edu to arrange an appropriate license.
Commercial use includes (1) use of the software for commercial purposes,
including consulting or interpretation of geophysical datasets for fee;
(2) integrating or incorporating all or part of the source code into a product
for sale or license by, or on behalf of, User to third parties, or
(3) distribution of the binary or source code to third parties for use with
a commercial product sold or licensed by, or on behalf of, User.




MT software on Raijin

In order to use the Raijin MT software, let’s first login to Raijin:

$ ssh abc123@raijin.nci.org.au





where abc123 is your NCI username.

Now use a text editor (e.g. nano, emacs, vi) to edit your .bashrc:

$ nano ~/.bashrc





Add the following line to the bottom of your .bashrc:

$ export MODULEPATH=/g/data/my80/apps/modules/modulefiles:$MODULEPATH





Save and exit.

Run the following command in your terminal:

$ source ~/.bashrc





You should now be able to load the following MT modules:

$ module load birrp

$ module load occam1DCSEM

$ module load dipole1D

$ module load occam2D

$ module load mare2DEM

$ module load modem





Once these modules are loaded, to run BIRRP:

$ birrp-5.3.2





To test that BIRRP is working:

$ cd /g/data/my80/sandbox/capricorn_test

$ birrp-5.3.2 < CP1_LP_NR.script





To run OCCAM1DCSEM and/or DIPOLE1D:

$ occam1DCSEM





To test OCCAM1DCSEM is working:

$ cd /g/data/my80/sandbox/occam_test/occam1DCSEM/Canonical_RealImag_BxEyEz

$ occam1DCSEM startup





To run mare2DEM, we first need to load in the intel-mpi module:

$ module load intel-mpi





To run mare2DEM in inversion mode:

$ mpirun -np <number of processors> mare2DEM <input resistivity file>





To run mare2DEM in forward mode:

$ mpirun -np <number of processors> mare2DEM -F <input resistivity file>





To run mare2DEM in forward fields mode:

$ mpirun -np <number of processors> mare2DEM -FF <input resistivity file>





To test mare2DEM is working:

$ cd /g/data/my80/sandbox/mare2DEM/inversion_MT

$ mpirun -np 8 mare2DEM Demo.0.resistivity





To run OCCAM2D:

$ Occam2D





To test OCCAM2D is working:

$ cd /g/data/my80/sandbox/occam_test/Test2

$ Occam2D startup





To run ModEM:

$ mod2DMT

or

$ mod3DMT





Note: If you need to use the Mod3DMT_MPI parallel code, you will have join the group ModEM-geophys via the NCI Mancini page [https://my.nci.org.au/mancini/login?next=/mancini/]

Once you have access to this group, you can load in the following module:

$ module load ModEM-geophysics/2013.06







MT software on the NCI Virtual Desktop Infrastructure (VDI)

We can also access the MT software on the VDI. Once logged in to the VDI via Strudel (see the VDI user guide [https://opus.nci.org.au/display/Help/VDI+User+Guide] for installation instructions),
open up a terminal and use a text editor (e.g. nano, emacs, vi) to edit your bashrc:

$ nano ~/.bashrc





Add the following line to the bottom of your bashrc:

$ export MODULEPATH=/g/data3/my80/apps/modules/modulefiles:$MODULEPATH





Save and exit.

Run the following command in the terminal:

$ source ~/.bashrc





Now you should be able to load in the following modules:

$ module load birrp

$ module load occam1DCSEM

$ module load dipole1D

$ module load occam2D

$ module load mare2DEM

$ module load modem

$ module load snuffler





BIRRP, OCCAM, mare2DEM and ModEM can be used as per the instructions for Raijin.

To run snuffler:

$ snuffler






Time-series QC using snuffler, a miniSEED time-series visualisation tool

The Snuffler is an interactive and extensible seismogram browser (but can also be used to view MT time-series) that is suited for small and very big datasets and archives.

For more information about Snuffler, please visit the Snuffler manual [https://pyrocko.org/v0.3/apps_snuffler.html]

For this example, we need to first log into NCI’s VDI. Once on the VDI, open up a terminal.

Let’s load in the module snuffler:

$ module load snuffler





For this example, let’s view some miniSEED data located here:

$ cd /g/data/my80/sandbox/snuffler_test/





To view this example time series:

$ snuffler *.mseed





and the following window should open:

[image: ../_images/Snuffler1.png]
Initially there are no waveforms. To zoom in and view the waveforms, hold the mouse over the coloured boxes and pull towards you. Once you zoom in close enough, the time-series will appear. To zoom out, hold the mouse over the trace data and push the mouse away from you.

[image: ../_images/Snuffler2.png]
Navigation commands:

< space > - move forward one page in time

b - move backward one page in time

f - full screen is displayed

< minus > - remove one trace from the snuffler screen

< plus > - add a trace to the snuffler screen

: - toggle the snuffler command line

? - displays help information

For a more detailed look at how to use snuffler, please visit this snuffler tutorial [https://pyrocko.org/docs/current/apps/snuffler/tutorial.html].



Running the Bounded Influence, Remote Reference Processing (BIRRP) code on NCI’s VDI and Raijin

Once we are happy with the quality of our time-series, the next step is to run our time-series data processing. For this example, we will run the Bounded Influence, Remote Reference Processing (BIRRP) code of A.D. Chave and D.J. Thomsom.

For those unfamiliar, the BIRRP program computes magnetotelluric and geomagnetic depth sounding response functions using a bounded influence, remote reference method, along with an implementation of the jackknife to get error estimates on the result. It incorporates a method for controlling leverage points (i.e., magnetic field values which are statistically anomalous), includes the implementation of two stage processing which enables removal of outliers in both the local electric and magnetic field variables, and allows multiple remote reference sites to be used.

For more information about BIRRP and links to the relevant literature, please visit here [http://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html]


Using BIRRP on the VDI

A test dataset has been created with 16 MT sites and associated E/B time-series ready for BIRRP processing. Note that this test is mainly focusing on computational performance and not on the results of the BIRRP processing.

BIRRP script files for sites B1-B16 can be found here:

$ cd /g/data/my80/sandbox/capricorn_test/loop_test/





For example:

$ less B1/CP1.script





Let’s create a file with a simple loop to run BIRRP processing serially (one station after another) on each of our 16 MT sites. Run:

$ less serial_VDI.sh





to view the following script:

#!/bin/bash

for f in /g/data/my80/sandbox/capricorn_test/loop_test/B*;
  do
    [ -d $f ] && cd "$f" && echo Entering into $f and running BIRRP && birrp-5.3.2 < CP1.script && cd ..
  done;





To run this script:

source serial_VDI.sh

The job execution time for this script is approximately 30 minutes.





Now let’s slightly edit our script to run the 16 BIRRP executions in parallel using the 8 cores available on the VDI. Run:

$ less parallel_VDI.sh





to view the following script:

#!/bin/bash

for f in /g/data/my80/sandbox/capricorn_test/loop_test/B*;
  do
     [ -d $f ] && cd "$f" && echo Entering into $f and running BIRRP && birrp-5.3.2 < CP1.script && cd .. &

  done
  wait





To run this script:

$ source parallel_VDI.sh





The job execution time for this script is approximately 4 minutes.



Using BIRRP on Raijin

Let’s test our BIRRP processing script on Raijin using 16 cpus and 500MB of memory.

Login to raijin and run:

$ cd /g/data/my80/sandbox/capricorn_test/loop_test/

$ less parallel_VDI.sh





to view the following script:

#!/bin/bash

#PBS -P z00
#PBS -q normal
#PBS -l walltime=00:05:00
#PBS -l mem=500MB
#PBS -l jobfs=1GB
#PBS -l ncpus=16
#PBS -l software=birrp-5.3.2
#PBS -l wd

module purge
module load birrp/5.3.2

for f in /g/data/my80/sandbox/capricorn_test/loop_test/B*;
  do
     [ -d $f ] && cd "$f" && echo Entering into $f and running BIRRP && birrp-5.3.2 < CP1.script && cd .. &

  done
  wait





To run this script:

$ source parallel_raijin.sh





The job execution time for this script is approximately 1 minute.

Here we can see that by running our BIRRP loop on Raijin using multiple CPUs, we can significantly decrease our processing time. In theory we could run thousands of different BIRRP processes at once on Raijin. This same concept could be applied to running 2D inversions with OCCAM2D and Mod2DMT where one could run thousands of inversions in parallel by requesting the appropriate number of CPUs.




Installing and using MTpy on the VDI

MTpy: A Python Toolbox for Magnetotelluric (MT) Data Processing, Analysis, Modelling and Visualization

Written in Python, the code is open source, containing sub-packages and modules for various tasks within the standard MT data processing and handling scheme. For more information on MTpy, please read:

Krieger and Peacock 2014 [https://www.sciencedirect.com/science/article/pii/S0098300414001794]. MTpy: A Python toolbox for magnetotellurics. Computers & Geosciences, 72, 167-175.

We will now go through the installation of two versions of MTpy on the VDI:

V1: https://github.com/geophysics/mtpy

This is the original version of MTpy. The advantage of this version is it has few dependencies making it easy to install and use. This version will take up approximately 115MB of disk space.

$ cd ~/

$ git clone https://github.com/geophysics/mtpy.git

$ cd mtpy

$ python setup.py install





To test that mtpy has been installed:

$ module load python/2.7.11

$ module load ipython/4.2.0-py2.7

$ ipython





In [1]: from mtpy import utils





If this line of python code works then you have successfully installed MTpy on the VDI!

Now let’s try an example of converting BIRRP outputs to edi files. For this, we will work with an example BIRRP output found here:

/g/data/my80/sandbox/capricorn_test/loop_test/2M/M1/





Note that the BIRRP config file is CP1.script and the survey_configfile is survey.cfg.

Let’s head back to our ipython terminal

In [2] from mtpy.processing.birrp import convert2edi
In [3] stationname = 'c01'
In [4] survey_configfile = '/g/data/my80/sandbox/capricorn_test/loop_test/2M/M1/survey.cfg'
In [5] in_dir = '/g/data/my80/sandbox/capricorn_test/loop_test/2M/M1/'
In [6] birrp_configfile = '/g/data/my80/sandbox/capricorn_test/loop_test/2M/M1/CP1.script'
In [7] convert2edi(stationname, in_dir, survey_configfile, birrp_configfile, out_dir = None)





This should create the following edi file:

/g/data/my80/sandbox/capricorn_test/loop_test/2M/M1/C01.edi





V2: https://github.com/MTgeophysics/mtpy

This is the most up to date version of MTpy and will take up approximately 370MB of disk space. Additionally, a virtual environment needs to be created in order to install some of the dependencies, which will take up approximately 190 MB of disk space. This version of MTpy requires the following dependencies:



	matplotlib>=2.02


	numpy


	PyYAML>=3.11


	(geo)pandas


	scipy


	pillow


	pyqt


	qtpy


	obspy


	netcdf4


	numpydoc>=0.7.0







To install:

$ cd ~/

$ git clone https://github.com/MTgeophysics/mtpy.git





Now we need to load in the required modules:

$ module load python/2.7.11

$ module load python/2.7.11-matplotlib

$ module load numpy/1.11.1-py2.7

$ module load scipy/0.17.1-py2.7

$ module load ipython/4.2.0-py2.7

$ module load pandas/0.18.1-py2.7

$ module load netcdf4-python/1.2.4-ncdf-4.3.3.1-py2.7

$ module load gdal/2.0.0

$ module load virtualenv/15.0.2-py2.7

and create a virtual environment::

  $ virtualenv mtpy_venv

  $ source mtpy_venv/bin/activate





Once the virtual environment has been activated, the following modules need to be installed via pip:

$ pip install pyyaml

$ pip install Pillow

$ pip install qtpy

$ pip install obspy

$ pip install numpydoc==0.7.0





Now we can install mtpy:

$ cd mtpy

$ python setup.py develop





To verify the install:

$ pip list | grep mtpy





To test, open up an ipython terminal:

In [1]: import mtpy.processing.birrp as birrp





If this works then MTpy has been successfully installed.



ModEM 3D inversions

Modular EM (ModEM) is a flexible electromagnetic modelling and inversion program written in Fortran 95.

It is currently available to use with 2D and 3D MT problems. For more information about ModEM, please read:

Kelbert, A., Meqbel, N., Egbert, G.D. and Tandon, K., 2014. ModEM: A modular system for inversion of electromagnetic geophysical data. Computers & Geosciences, 66, pp.40-53. - Kelbert et al. link [https://www.sciencedirect.com/science/article/pii/S0098300414000211]

Egbert, G.D. and Kelbert, A., 2012. Computational recipes for electromagnetic inverse problems. Geophysical Journal International, 189(1), pp.251-267. - Egbert and Kelbert link [https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-246X.2011.05347.x]

Let’s test the serial and parallel Mod3DMT codes on the VDI and Raijin for the ObliqueOne Inversion dataset given in the examples folder of the ModEM software.

Test 1: Serial Mod3dMT on the VDI

$ cd /g/data/my80/sandbox/modem_test/ObliqueOne/INV/

$ module load modem

$ mod3DMT -I NLCG  50_2x2_for_ObliqueOne.model Z_10_5_16p_100st_ObliqueOne_Noise50.data Inv_para.dat FWD_para.dat x02_y02_z02.cov

or

$ source my_script





The job execution time for this script was 1180m29s (almost 20 hours).

Test 2: Parallel Mod3dMT_MPI on Raijin

In order to use the Mod3DMT_MPI code, you will have join the group ModEM-geophys via NCI’s mancini [https://my.nci.org.au/mancini/login?next=/mancini/]page. Once you have been granted access to this group:

$ cd /g/data/my80/sandbox/modem_test/ObliqueOne/INV3/





To run Mod3dMT_MPI, we need to create a shell script. For this example, let’s use the normal cue, 32 cups, 4GB memory and a walltime of 10 minutes:

#!/bin/bash

#PBS -P <project code>
#PBS -q normal
#PBS -l walltime=0:10:00,mem=4GB,ncpus=32,jobfs=100MB
#PBS -l wd

export OMP_NUM_THREADS=2

module load openmpi/1.10.2
module load intel-mkl/15.0.3.187
module load ModEM-geophysics/2013.06

mpirun -np 16 --map-by slot:PE=$OMP_NUM_THREADS /apps/ModEM-geophysics/2013.06/bin/Mod3DMT_MPI -I NLCG 50_2x2_for_ObliqueOne.model Z_10_5_16p_100st_ObliqueOne_Noise50.data Inv_para.dat FWD_para.dat x02_y02_z02.cov -v debug -P './tmpvec' > mod3dmt_oblique_test.out.$PBS_JOBID





To run this shell script:

$ qsub < mod3dmt_shell_script >





Experiment with some of the following commands to monitor the progress of this job:

$ qstat -u $USER

$ qstat -sw <jobID>

$ qstat -E <jobID1,...>

$ qstat -f <jobID>

$ qcat -s <jobID>

$ qcat -e <jobID>

$ qcat -o <jobID>

$ qls <jobID>

$ qcp <jobID>/* ./

$ qps <jobID>

$ nqstat_anu <jobID>





Once this job is complete, to see the stats:

$ qstat -u $USER -x

$ qstat -sw <jobID> -x

$ qstat -fx <jobID>





Additionally, 8 hours after the job is complete, the job stats should be available here [https://usersupport.nci.org.au/report/job_history]

The job execution time for this script was 7m51s. For this example, using Mod3DMT_MPI on Raijin produces results almost 170 times faster than using the serial Mod3DMT on the VDI.



This material uses The University of Adelaide Magnetotellurics Data Collection [https://geonetwork.nci.org.au/geonetwork/srv/eng/catalog.search#/metadata/f4237_9555_3315_5547] which is available under the Creative Commons License 4.0 [https://creativecommons.org/licenses/by/4.0/].
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Processing MT data on the NCI


Requirements

The following tutorial shows how to process magnetotelluric (MT) data stored on the National Computational Infrastructure (NCI). As such it makes certain assumptions about the storage structure, mainly that the time series data are stored in separate folders for each site and separate folders for each day. The tutorial uses the Bounded Influence, Remote Reference Processing (BIRRP) code. [https://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html]



Preparation

For this example we will be processing the Renmark 2009 time series data [http://dx.doi.org/10.25914/5bea5867bb322] located on NCI’s /g/data file system. The first step in processing is to work out the starting and finishing dates for each site in the survey, in order to find the sites with overlapping time-series which can be used for remote-reference.


[1]:






import pickle
import os
import datetime
from glob import glob

def _linecount(filename):
    """ Return number of lines in a file """
    num_lines = sum(1 for line in open(filename))
    return num_lines

def get_metadata(base_dir, frequency, tmp_dir):
    """ Return information about each site """
    fn = os.path.join(tmp_dir, 'metadata.json')
    if os.path.exists(fn):
        with open(fn) as f:
            sites = pickle.load(f)
        return sites
    sites = [os.path.basename(i) for i in glob(os.path.join(base_dir, '*'))]

    sites = dict([(i, {}) for i in sites])

    for site in sites.keys():
        sites[site]['name'] = site
        sites[site]['files'] = []
        days = sorted([os.path.basename(i) for
                       i in glob(os.path.join(base_dir, site, '*'))])
        for idx, day in enumerate(days):
            files = glob(os.path.join(base_dir, site, day, '*'))
            if not files:
                continue
            last_files = files
            sites[site]['files'].append(files)
            if idx == 0:
                start_time = os.path.basename(files[0]).split('_')[1].split('.')[0]
                start_time = datetime.datetime.strptime(start_time,
                                                        '%y%m%d%H%M%S')
                sites[site]['start_time'] = start_time
        if not [j for k in sites[site]['files'] for j in k]:
            del sites[site]
            continue
        sites[site]['files'] = [j for k in sites[site]['files'] for j in k]
        print(site, sites[site]['files'])
        #if not files:
        #    continue
        files = last_files
        end_date = os.path.basename(files[0]).split('_')[1].split('.')[0]
        end_date = datetime.datetime.strptime(end_date, '%y%m%d%H%M%S')
        length = _linecount(files[0])
        end_time = end_date + datetime.timedelta(seconds=length/frequency)
        sites[site]['end_time'] = end_time
        sites[site]['samples'] = (sites[site]['end_time'] -
                                  sites[site]['start_time']).seconds * frequency

    with open(fn, 'w') as f:
        pickle.dump(sites, f)
    return sites








This function will read in the metadata required for processing a survey. After this processing it will write out this metadata into a file, which will be read back in the next time that the metadata is required.

We will also make a function to calculate the overlap between two sites:


[2]:






def calc_intersection(local_site, remote_site):
    """ Calculate time overlap of a local site and remote site """
    int_start = max(local_site['start_time'], remote_site['start_time'])
    int_end = min(local_site['end_time'], remote_site['end_time'])
    if (int_end - int_start).total_seconds()/60/60 < 5:
        return
    else:
        return int_start, int_end







If the overlap is less than 5 hours then the function returns nothing, indicating no substantial overlap, otherwise it will return the start and end times of the intersection.

The next stage is to make functions for writing out the overlap between the time series from two different sites as ASCII files for BIRRP use as inputs. Here one of the sites is designated as the remote reference.


[3]:






import numpy as np
import scipy.signal

def decimate_file(fn, decimation, new_fn):
    """ Read in a time series, apply a decimation and write out """
    print(fn, decimation, new_fn)
    print(os.path.exists(new_fn))
    if os.path.exists(new_fn):
         return
    print('decimating {}'.format(fn))
    f = np.genfromtxt(fn)
    f = scipy.signal.decimate(f, decimation, n=8)
    np.savetxt(new_fn, f)


def write_files(files, num_skip, num_samples, channel, out_dir, tstart, remote=False):
    """ Write files """
    fn = 'local.' + channel if not remote else 'remote.' + channel
    fn = tstart.strftime('%y%m%d%H%M%S') + '_' + fn
    if os.path.exists(os.path.join(out_dir, fn)):
        return
    print('writing to {}'.format(os.path.join(out_dir, fn)))
    ofile = open(os.path.join(out_dir, fn), 'w')
    ifile = open(files.pop(0))
    print(files, num_skip, num_samples)
    for _ in range(num_skip):
        try:
            next(ifile)
        except StopIteration:
            ifile = open(files.pop(0))
    for _ in range(num_samples):
        try:
            line = next(ifile)
        except StopIteration:
            try:
                ifile = open(files.pop(0))
            except IndexError:
                pass
                # print('did not extract from {}'.format(files))
        ofile.write(line)

def write_birrp_inputs(local_site, remote_site, out_dir):
    """ Write out the intersection of two files """
    if calc_intersection(local_site, remote_site):
        int_start, int_end = calc_intersection(local_site, remote_site)
    local_skip = (int_start - local_site['start_time']).total_seconds()*500
    remote_skip = (int_start - remote_site['start_time']).total_seconds()*500
    local_skip = int(local_skip)
    remote_skip = int(remote_skip)
    num_samples = int((int_end - int_start).total_seconds()*500)
    if local_site['name'] == remote_site['name']:
        remote_skip += 1
        num_samples -= 1
    dec_dir = os.path.join(out_dir, 'undecimated')
    dec10_dir = os.path.join(out_dir, 'decimated10')
    dec100_dir = os.path.join(out_dir, 'decimated100')
    try:
        os.makedirs(dec_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec10_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec100_dir)
    except OSError:
        pass
    channels = ['BX', 'BY', 'EX', 'EY']
    for channel in channels:
        files = sorted([i for i in local_site['files'] if channel in i])
        write_files(files, local_skip, num_samples, channel, dec_dir, int_start)
    for channel in [i for i in channels if 'B' in i]:
        files = sorted([i for i in remote_site['files'] if channel in i])
        write_files(files, remote_skip, num_samples, channel, dec_dir, int_start,
                    remote=True)
    for fn in glob(os.path.join(dec_dir, '*')):
        if fn.endswith('X') or fn.endswith('Y'):
            bn = os.path.basename(fn)
            new_fn = os.path.join(dec10_dir, bn)
            decimate_file(fn, 10, new_fn)
            fn = new_fn
            new_fn = os.path.join(dec100_dir, bn)
            decimate_file(fn, 10, new_fn)
    return num_samples, int_start








Note that decimations are also performed, with the decimated time series placed into new folders. By decimating the data we can achieve responses for longer periods than would otherwise be possible. Decimation is made using scipy.signal.decimate [https://docs.scipy.org/doc/scipy-1.1.0/reference/generated/scipy.signal.decimate.html], which applies an anti-aliasing filter before decimating.

For each three of these folders we generate a BIRRP script:


[4]:






def gen_birrp_script(out_dir, samples, sample_rate, site_name, tstart):
    birrp_string = '\n'.join(['1', '2', '2', '2', '1', '3', '{2}',
                              '65536,2,13', '3,1,3', 'y', '2',
                              '0,0.0003,0.9999', '0.7', '0.0', '0.003,10000', '{3}', '0', '0',
                              '1', '10', '0', '0', '{1}', '0', '{4}_local.EY',
                              '0', '0', '{4}_local.EX', '0', '0', '{4}_local.BY',
                              '0', '0', '{4}_local.BX', '0', '0', '{4}_remote.BY',
                              '0', '0', '{4}_remote.BX', '0', '0,90,0', '0,90,0',
                              '0,90,0'])
    birrp_string = birrp_string.format(os.path.join(out_dir, ''),
                                       samples, sample_rate, site_name,
                                       tstart.strftime('%y%m%d%H%M%S'))
    return birrp_string







The BIRRP script has many different parameters and the best parameters will depend on the dataset. For more information see the BIRRP manual [http://www.whoi.edu/science/AOPE/people/achave/Site/Next1_files/birrp.5.pdf].

We also need a script to run BIRRP and to clean up the output files:


[5]:






def run_birrp(out_dir, birrp_script, birrp_location):
    script_fn = os.path.join(out_dir, 'script.txt')
    with open(script_fn, 'w') as f:
        f.write(birrp_script)
    if any(fn.endswith('.j') for fn in os.listdir(out_dir)):
        return
    #os.system('mpirun -np 32 {} < {}'.format(birrp_location, script_fn)) ### Use if using the mpi modified version of BIRRP
    os.system('{} < {}'.format(birrp_location, script_fn))
    for f in glob('fft.*'):
        os.remove(f)
    for f in glob('remote.*') + glob('local.*'):  ### comment this for loop if you want to keep the intermediate files
        os.remove(f)







Finally, we would like a script to convert the outputs from our three frequency ranges into edi-files and to merge them into a single file. The merging should take place at the longest overlapping period, as this introduces the minimum amount of error resulting from aliasing during the decimation.


[6]:






import mtpy.core.edi
from mtpy.uofa.qel_monitoring_j2edi import convert2edi
from mtpy.uofa.simpleplotEDI import plotedi


def process_birrp_results(out_dir, survey_cfg_fn, site_name, instr_resp_fn):
    edi, coh = convert2edi(site_name, out_dir, survey_cfg_fn, instr_resp_fn, None)
    metadata =  mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)[site_name.upper()]
    e = mtpy.core.edi.Edi(edi)
    if 'loc' in metadata:
        e.head['loc'] = metadata['loc']
    else:
        e.head['loc'] = None
    if 'acqdate' in metadata:
        e.head['acqdate'] = metadata['acqdate']
    else:
        e.head['acqdate'] = None
    if 'acquired_by' in metadata:
        e.head['acqby'] = metadata['acquired_by']
    else:
        e.head['acqby'] = ''
    edi = e.writefile(edi, allow_overwrite=True)
    path = edi.split("qel")[0]
    edi_file = os.path.basename(edi)
    new_name = edi_file.split("_")[1]
    new_edi_name = new_name + '.edi'
    new_coh_name = new_name + '.coh'
    new_edi = path + new_edi_name
    coh_orig = path + coh
    new_coh = path + new_coh_name
    shutil.move(edi, new_edi)
    shutil.move(coh_orig, new_coh)
    # edi = glob(os.path.join(out_dir, '*.edi'))[0]
    plotedi(new_edi, saveplot=True)
    return

def merge_birrp_results(out_dir, site_name):
    edi_fns = (glob(os.path.join(out_dir, 'undecimated', '*edi')) +
               glob(os.path.join(out_dir, 'decimated10', '*edi')) +
               glob(os.path.join(out_dir, 'decimated100', '*edi')))
    e1 = mtpy.core.edi.Edi(edi_fns[0])
    e2 = mtpy.core.edi.Edi(edi_fns[1])
    out_small = os.path.join(out_dir, 'small')
    mtpy.core.edi.combine_edifiles(edi_fns[0], edi_fns[1], out_fn=out_small,
                                   merge_freq=e1.freq[-2])
    out_large = os.path.join(out_dir, site_name)
    in_small = out_small + '_merged.edi'
    mtpy.core.edi.combine_edifiles(in_small, edi_fns[2], out_fn=out_large,
                                   merge_freq=e2.freq[-2])
    os.remove(in_small)
    final_fn = out_large + '_merged.edi'
    plotedi(final_fn, saveplot=True)







Each EDI generated is also plotted. This code makes use of the mtpy (Krieger and Peacock, 2014) [https://www.sciencedirect.com/science/article/pii/S0098300414001794] library.

Note that this script requires both a instrument response function file, and a survey configuration filename. Details on the survey configuration file can be found in the mtpy package, however it will looks something like this:


[ ]:






[RM0105]
station_type = mt
lat = -34.05543333333333
lon = 140.62353333333334
elev = 0
sampling = 0.002
loc = Renmark
acqdate = 2009
acquired_by = The_University_of_Adelaide


[RM0106]
station_type = mt
lat = -34.041183333333336
lon = 140.60265
elev = 0
sampling = 0.002
loc = Renmark
acqdate = 2009
acquired_by = The_University_of_Adelaide

#[RM0107]
#station_type = mt
#lat = -34.004266666666666
#lon = 140.5869
#elev = 0
#sampling = 0.002
#loc = Renmark
#acqdate = 2009
#acquired_by = The_University_of_Adelaide







And so on, for each site.



Putting it together

These functions can be wrapped into one function to process a single site with a single remote site:


[7]:






def run_one_site(local_name, remote_name, tmp_dir, **kwargs):
    dirs = {'undecimated': 0.002, 'decimated10': 0.02, 'decimated100': 0.2}
    sites = get_metadata(kwargs['base_dir'], kwargs['frequency'], tmp_dir)
    print('got metadata')
    local_site = sites[local_name]
    remote_site = sites[remote_name]
    dir_name = local_site['name'] + remote_site['name']
    out_dir = os.path.join(tmp_dir, dir_name)
    try:
        os.makedirs(out_dir)
    except OSError:
        pass
    cwd = os.getcwd()
    samples, tstart = write_birrp_inputs(local_site, remote_site, out_dir)
    print('written inputs')
    for dir_name in dirs.keys():
        sample_rate = dirs[dir_name]
        dir_name = os.path.join(out_dir, dir_name)
        os.chdir(dir_name)
        birrp_script = gen_birrp_script(dir_name, samples, sample_rate,
                                        local_name, tstart)
        run_birrp(dir_name, birrp_script, birrp_location)
        print('ran birrp')
        process_birrp_results(dir_name, kwargs['survey_cfg_fn'],
                              local_site['name'], kwargs['instr_resp_fn'])
        print('processed results')
        os.chdir(cwd)
    merge_birrp_results(out_dir, local_name)







If we save all of this to a file as nci_birrp.py we can create a separate file in the same folder which calls it and runs one site:


[8]:






#!/usr/bin/env python2.7

import sys
from nci_birrp import *

if __name__ == '__main__':
    kwargs = {}
    base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS'
    birrp_location = '/g/data/up99/sandbox/bulk_processing_test/birrp/birrp' ### This version of BIRRP was compiled specifically for the Renmark 2009 use case
    survey_cfg_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/survey_config/renmark.cfg'
    instr_resp_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/instrument_response_function/lemi_coils_instrument_response_freq_real_imag.txt'
    kwargs['instr_resp_fn'] = instr_resp_fn
    kwargs['survey_cfg_fn'] = survey_cfg_fn
    kwargs['birrp_location'] = birrp_location
    kwargs['base_dir'] = base_dir
    kwargs['frequency'] = 500
    run_one_site(sys.argv[1], sys.argv[2], sys.argv[3], **kwargs)







We can save this as proc_site.py.

Here we enter the parameters specific to our example. For our example we use the Renmark 2009 MT dataset from the NCI, which is recorded at 500 Hz and has a configuration file located at /g/data/up99/sandbox/bulk_birrp_processing_test/survey_config/renmark.cfg.

The system arguments are site specific, with the local site name, remote site name, and temporary working directory.


Running on the NCI

We are now almost ready to process the entire survey on the NCI. First we will need a script to submit proc_site.py to process the data from one site with a single remote site.


[9]:






import os

def add_shell_run(local_site, remote_site, base_dir, tmp_dir):
    python_call = proc_site.format(local_site, remote_site, tmp_dir)
    shell_script = '\n'.join(['#!/bin/bash', '', '#PBS -P up99', '#PBS -q normal',
                            '#PBS -l walltime=3:00:00,mem=64GB,ncpus=24,jobfs=30GB','#PBS -l storage=gdata/my80+gdata/up99',
                            '#PBS -l wd', '', 'module load python2/2.7.17',
                            'module load intel-compiler/2020.2.254',
                            'module use /g/data/up99/modulefiles/',
                            'module load mtpy_2013/mtpy_0.0.1','module load openmpi/4.0.2', '', python_call])
    shell_fn = os.path.join(tmp_dir, local_site + '_' + remote_site + '.sh')
    with open(shell_fn, 'w') as f:
        f.write(shell_script)
    os.system('qsub {}'.format(shell_fn))







This function will submit the job to the NCI. Take care to choose optimal values for the walltime and memory consumption, as these will change depending on the recording length. Our example PBS script is using project up99 (change this to a compute project code that you are a member of), the normal queue, a walltime of 3 hours, 24 CPUs and 64 GB of memory. Please see PBS directives explained [https://opus.nci.org.au/display/Help/PBS+Directives+Explained] for more information on the PBS
flags.

We can now loop over each combination of local and remote sites, check to see if there is sufficient overlap, and if so, submit a job to the NCI to process.


[10]:






import mtpy.utils.configfile

def loop_sites(base_dir, tmp_dir, survey_cfg_fn=None):
    sites = get_metadata(base_dir, 500, tmp_dir)
    if survey_cfg_fn:
        survey_cfg = mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)
    site_names = sites.keys()
    for site in site_names:
       if site not in survey_cfg:
            sites.pop(site, None)
    print(sites)
    for local_site in sites:
        for remote_site in sites:
            if calc_intersection(sites[local_site], sites[remote_site]):
                print('add {} and {}'.format(local_site, remote_site))
                add_shell_run(local_site, remote_site, base_dir, tmp_dir)
                #sys.exit()  ####uncomment this line if you are troubleshooting








An option is also included to pass a survey configuration file (as detailed above), where you can comment out any sites which you do not want to process.

Let’s write our nci_birrp.py and proc_site.py files to our local working directory on Gadi:


[11]:






%%writefile nci_birrp.py

# module load birrp
import pickle
import os
import datetime
from glob import glob
import numpy as np
import scipy.signal
import mtpy.core.edi
from mtpy.uofa.qel_monitoring_j2edi import convert2edi
from mtpy.uofa.simpleplotEDI import plotedi
import mtpy.utils.configfile
import shutil
import sys

#######################################################################
#                                                                     #
# Note that you will have to change the following variables to match  #
# the time series data location, birrp executable location, survey    #
# config file, instrument response function, temporary directory,     #
# recorded frequency and and proc_site.py file you are using          #
#                                                                     #
#######################################################################

base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS'
birrp_location = '/g/data/up99/sandbox/bulk_birrp_processing_test/birrp/birrp' ### BIRRP compiled for this Renmark 2009 use case
survey_cfg_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/survey_config/renmark.cfg'
instr_resp_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/instrument_response_function/lemi_coils_instrument_response_freq_real_imag.txt'
tmp_dir = '/g/data/up99/sandbox/bulk_birrp_processing_test/processing_directory/'
frequency = 500
proc_site = '/g/data/up99/sandbox/bulk_birrp_processing_test/processing_directory/proc_site.py {} {} {}'

def _linecount(filename):
    """ Return number of lines in a file """
    num_lines = sum(1 for line in open(filename))
    return num_lines


def get_metadata(base_dir, frequency, tmp_dir):
    """ Return information about each site """
    fn = os.path.join(tmp_dir, 'metadata.json')
    if os.path.exists(fn):
        with open(fn) as f:
            sites = pickle.load(f)
        return sites
    sites = [os.path.basename(i) for i in glob(os.path.join(base_dir, '*'))]

    sites = dict([(i, {}) for i in sites])

    for site in sites.keys():
        sites[site]['name'] = site
        sites[site]['files'] = []
        days = sorted([os.path.basename(i) for
                       i in glob(os.path.join(base_dir, site, '*'))])
        for idx, day in enumerate(days):
            files = glob(os.path.join(base_dir, site, day, '*'))
            if not files:
                continue
            last_files = files
            sites[site]['files'].append(files)
            if idx == 0:
                start_time = os.path.basename(files[0]).split('_')[1].split('.')[0]
                start_time = datetime.datetime.strptime(start_time,
                                                        '%y%m%d%H%M%S')
                sites[site]['start_time'] = start_time
        if not [j for k in sites[site]['files'] for j in k]:
            del sites[site]
            continue
        sites[site]['files'] = [j for k in sites[site]['files'] for j in k]
        print(site, sites[site]['files'])
        #if not files:
        #    continue
        files = last_files
        end_date = os.path.basename(files[0]).split('_')[1].split('.')[0]
                end_date = datetime.datetime.strptime(end_date, '%y%m%d%H%M%S')
        length = _linecount(files[0])
        end_time = end_date + datetime.timedelta(seconds=length/frequency)
        sites[site]['end_time'] = end_time
        sites[site]['samples'] = (sites[site]['end_time'] -
                                  sites[site]['start_time']).seconds * frequency

    with open(fn, 'w') as f:
        pickle.dump(sites, f)
    return sites


def calc_intersection(local_site, remote_site):
    """ Calculate time overlap of a local site and remote site """
    int_start = max(local_site['start_time'], remote_site['start_time'])
    int_end = min(local_site['end_time'], remote_site['end_time'])
    if (int_end - int_start).total_seconds()/60/60 < 5:
        return
    else:
        return int_start, int_end


def decimate_file(fn, decimation, new_fn):
    """ Read in a time series, apply a decimation and write out """
    print(fn, decimation, new_fn)
    print(os.path.exists(new_fn))
    if os.path.exists(new_fn):
         return
    print('decimating {}'.format(fn))
    f = np.genfromtxt(fn)
    f = scipy.signal.decimate(f, decimation, n=8)
    np.savetxt(new_fn, f)


def write_files(files, num_skip, num_samples, channel, out_dir, tstart, remote=False):
    """ Write files """
    fn = 'local.' + channel if not remote else 'remote.' + channel
    fn = tstart.strftime('%y%m%d%H%M%S') + '_' + fn
    if os.path.exists(os.path.join(out_dir, fn)):
        return
    print('writing to {}'.format(os.path.join(out_dir, fn)))
    ofile = open(os.path.join(out_dir, fn), 'w')
    ifile = open(files.pop(0))
    print(files, num_skip, num_samples)
    for _ in range(num_skip):
        try:
            next(ifile)
        except StopIteration:
            ifile = open(files.pop(0))
    for _ in range(num_samples):
        try:
            line = next(ifile)
        except StopIteration:
            try:
                ifile = open(files.pop(0))
            except IndexError:
                pass
                # print('did not extract from {}'.format(files))
        ofile.write(line)



def write_birrp_inputs(local_site, remote_site, out_dir):
    """ Write out the intersection of two files """
    if calc_intersection(local_site, remote_site):
        int_start, int_end = calc_intersection(local_site, remote_site)
    local_skip = (int_start - local_site['start_time']).total_seconds()*500
    remote_skip = (int_start - remote_site['start_time']).total_seconds()*500
    local_skip = int(local_skip)
    remote_skip = int(remote_skip)
    num_samples = int((int_end - int_start).total_seconds()*500)
    if local_site['name'] == remote_site['name']:
        remote_skip += 1
        num_samples -= 1
    dec_dir = os.path.join(out_dir, 'undecimated')
    dec10_dir = os.path.join(out_dir, 'decimated10')
    dec100_dir = os.path.join(out_dir, 'decimated100')
    try:
        os.makedirs(dec_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec10_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec100_dir)
    except OSError:
        pass
    channels = ['BX', 'BY', 'EX', 'EY']
    for channel in channels:
        files = sorted([i for i in local_site['files'] if channel in i])
        write_files(files, local_skip, num_samples, channel, dec_dir, int_start)
    for channel in [i for i in channels if 'B' in i]:
        files = sorted([i for i in remote_site['files'] if channel in i])
        write_files(files, remote_skip, num_samples, channel, dec_dir, int_start,
                    remote=True)
    for fn in glob(os.path.join(dec_dir, '*')):
        if fn.endswith('X') or fn.endswith('Y'):
            bn = os.path.basename(fn)
            new_fn = os.path.join(dec10_dir, bn)
            decimate_file(fn, 10, new_fn)
            fn = new_fn
            new_fn = os.path.join(dec100_dir, bn)
            decimate_file(fn, 10, new_fn)
    return num_samples, int_start


def gen_birrp_script(out_dir, samples, sample_rate, site_name, tstart):
    birrp_string = '\n'.join(['1', '2', '2', '2', '1', '3', '{2}',
                              '65536,2,13', '3,1,3', 'y', '2',
                              '0,0.0003,0.9999', '0.7', '0.0', '0.003,10000', '{3}', '0', '0',
                              '1', '10', '0', '0', '{1}', '0', '{4}_local.EY',
                              '0', '0', '{4}_local.EX', '0', '0', '{4}_local.BY',
                              '0', '0', '{4}_local.BX', '0', '0', '{4}_remote.BY',
                              '0', '0', '{4}_remote.BX', '0', '0,90,0', '0,90,0',
                              '0,90,0'])
    birrp_string = birrp_string.format(os.path.join(out_dir, ''),
                                       samples, sample_rate, site_name,
                                       tstart.strftime('%y%m%d%H%M%S'))
    return birrp_string

def run_birrp(out_dir, birrp_script, birrp_location):
    script_fn = os.path.join(out_dir, 'script.txt')
    with open(script_fn, 'w') as f:
        f.write(birrp_script)
    if any(fn.endswith('.j') for fn in os.listdir(out_dir)):
        return
    #os.system('mpirun -np 32 {} < {}'.format(birrp_location, script_fn)) ### Uncomment if using the mpi modified version of BIRRP
    os.system('{} < {}'.format(birrp_location, script_fn))
    for f in glob('fft.*'):
        os.remove(f)
    #for f in glob('remote.*') + glob('local.*'):  ###uncomment this for loop if you want to remove the intermediate files
    #    #os.remove(f)


def process_birrp_results(out_dir, survey_cfg_fn, site_name, instr_resp_fn):
    edi, coh = convert2edi(site_name, out_dir, survey_cfg_fn, instr_resp_fn, None)
    metadata =  mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)[site_name.upper()]
    e = mtpy.core.edi.Edi(edi)
    if 'loc' in metadata:
        e.head['loc'] = metadata['loc']
    else:
        e.head['loc'] = None
    if 'acqdate' in metadata:
        e.head['acqdate'] = metadata['acqdate']
    else:
        e.head['acqdate'] = None
    if 'acquired_by' in metadata:
        e.head['acqby'] = metadata['acquired_by']
    else:
        e.head['acqby'] = ''
    edi = e.writefile(edi, allow_overwrite=True)
    path = edi.split("qel")[0]
    edi_file = os.path.basename(edi)
    new_name = edi_file.split("_")[1]
    new_edi_name = new_name + '.edi'
    new_coh_name = new_name + '.coh'
    new_edi = path + new_edi_name
    coh_orig = path + coh
    new_coh = path + new_coh_name
    shutil.move(edi, new_edi)
    shutil.move(coh_orig, new_coh)
    # edi = glob(os.path.join(out_dir, '*.edi'))[0]
    plotedi(new_edi, saveplot=True)
    return

def merge_birrp_results(out_dir, site_name):
    edi_fns = (glob(os.path.join(out_dir, 'undecimated', '*edi')) +
               glob(os.path.join(out_dir, 'decimated10', '*edi')) +
               glob(os.path.join(out_dir, 'decimated100', '*edi')))
    e1 = mtpy.core.edi.Edi(edi_fns[0])
    e2 = mtpy.core.edi.Edi(edi_fns[1])
    out_small = os.path.join(out_dir, 'small')
    mtpy.core.edi.combine_edifiles(edi_fns[0], edi_fns[1], out_fn=out_small,
                                   merge_freq=e1.freq[-2])
    out_large = os.path.join(out_dir, site_name)
    in_small = out_small + '_merged.edi'
    mtpy.core.edi.combine_edifiles(in_small, edi_fns[2], out_fn=out_large,
                                   merge_freq=e2.freq[-2])
    os.remove(in_small)
    final_fn = out_large + '_merged.edi'
    plotedi(final_fn, saveplot=True)


def run_one_site(local_name, remote_name, tmp_dir, **kwargs):
    dirs = {'undecimated': 0.002, 'decimated10': 0.02, 'decimated100': 0.2}
    sites = get_metadata(kwargs['base_dir'], kwargs['frequency'], tmp_dir)
    print('got metadata')
    local_site = sites[local_name]
    remote_site = sites[remote_name]
    dir_name = local_site['name'] + remote_site['name']
    out_dir = os.path.join(tmp_dir, dir_name)
    try:
        os.makedirs(out_dir)
    except OSError:
        pass
    cwd = os.getcwd()
    samples, tstart = write_birrp_inputs(local_site, remote_site, out_dir)
    print('written inputs')
    for dir_name in dirs.keys():
        sample_rate = dirs[dir_name]
        dir_name = os.path.join(out_dir, dir_name)
        os.chdir(dir_name)
        birrp_script = gen_birrp_script(dir_name, samples, sample_rate,
                                        local_name, tstart)
        run_birrp(dir_name, birrp_script, birrp_location)
        print('ran birrp')
        process_birrp_results(dir_name, kwargs['survey_cfg_fn'],
                              local_site['name'], kwargs['instr_resp_fn'])
        print('processed results')
        os.chdir(cwd)
    merge_birrp_results(out_dir, local_name)

def add_shell_run(local_site, remote_site, base_dir, tmp_dir):
    python_call = proc_site.format(local_site, remote_site, tmp_dir)
    shell_script = '\n'.join(['#!/bin/bash', '', '#PBS -P up99', '#PBS -q normal',
                            '#PBS -l walltime=3:00:00,mem=64GB,ncpus=24,jobfs=30GB','#PBS -l storage=gdata/my80+gdata/up99',
                            '#PBS -l wd', '', 'module load python2/2.7.17',
                            'module load intel-compiler/2020.2.254',
                            'module use /g/data/up99/modulefiles/',
                            'module load mtpy_2013/mtpy_0.0.1','module load openmpi/4.0.2', '', python_call])
    shell_fn = os.path.join(tmp_dir, local_site + '_' + remote_site + '.sh')
    with open(shell_fn, 'w') as f:
        f.write(shell_script)
    os.system('qsub {}'.format(shell_fn))


def loop_sites(base_dir, tmp_dir, survey_cfg_fn=None):
    sites = get_metadata(base_dir, 500, tmp_dir)
    if survey_cfg_fn:
        survey_cfg = mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)
    site_names = sites.keys()
    for site in site_names:
       if site not in survey_cfg:
            sites.pop(site, None)
    print(sites)
    for local_site in sites:
        for remote_site in sites:
            if calc_intersection(sites[local_site], sites[remote_site]):
                print('add {} and {}'.format(local_site, remote_site))
                add_shell_run(local_site, remote_site, base_dir, tmp_dir)
                #sys.exit()  ####uncomment line if you are troubleshooting










[12]:






%%writefile proc_site.py

#!/usr/bin/env python2.7

import sys
from nci_birrp import *

if __name__ == '__main__':
    kwargs = {}
    base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS'
    birrp_location = '/g/data/up99/sandbox/bulk_birrp_processing_test/birrp/birrp'
    survey_cfg_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/survey_config/renmark.cfg'
    instr_resp_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/instrument_response_function/lemi_coils_instrument_response_freq_real_imag.txt'
    kwargs['instr_resp_fn'] = instr_resp_fn
    kwargs['survey_cfg_fn'] = survey_cfg_fn
    kwargs['birrp_location'] = birrp_location
    kwargs['base_dir'] = base_dir
    kwargs['frequency'] = 500
    run_one_site(sys.argv[1], sys.argv[2], sys.argv[3], **kwargs)








Note that for our example, we are using a BIRRP version compiled specifically for the Renmark 2009 use case (located in /g/data/up99/sandbox/bulk_birrp_processing_test/birrp/birrp). There is also an MPI parallelised version of BIRRP that can be used (located in /g/data/up99/sandbox/bulk_birrp_processing_test/birrp_mpi) - this version runs much faster on the undecimated data, but was not compiled to work with the decimated100 dataset.

Now let’s log onto Gadi and change into our working directory where the nci_birrp.py and proc_site.py files are located. Next we need to run the following commands to set up our local environment:

$ module purge

$ module load pbs

$ module load python2/2.7.17

$ module use /g/data/up99/modulefiles

$ module load mtpy_2013/mtpy_0.0.1

$ module load openmpi/4.0.2





To process the entire Renmark MT survey we would need, for example, to open up an IPython terminal and execute the following commands:


[13]:






%run nci_birrp.py

base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS/'
birrp_location = '/g/data/up99/sandbox/bulk_birrp_processing_test/birrp/birrp'
survey_cfg_fn = '/g/data/up99/sandbox/bulk_birrp_processing_test/survey_config/renmark.cfg'
loop_sites(base_dir, tmp_dir, survey_cfg_fn)







We can view the progress of the jobs in their queue by running qstat -x in a bash terminal:


[14]:






%%bash
qstat -x







After the jobs have executed on the NCI, the processed EDIs and plots would be found in your tmp_dir, which for this example was /g/data/up99/sandbox/bulk_birrp_processing_test/processing_directory/.

If the processing fails, the cause can be debugged using the error file created when running the job. These are located in the same directory as the jobs are submitted (in our case the directory in which this script is run).
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Processing MT data on the NCI


Requirements

The following tutorial shows how to process magnetotelluric (MT) data stored on the National Computational Infrastructure (NCI). As such it makes certain assumptions about the storage structure, mainly that the time series data are stored in separate folders for each site and separate folders for each day. The tutorial uses the Bounded Influence, Remote Reference Processing (BIRRP) code. [https://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html]



Preparation

For this example we will be processing the Renmark 2009 time series data [http://dx.doi.org/10.25914/5bea5867bb322] located on NCI’s /g/data file system. The first step in processing is to work out the starting and finishing dates for each site in the survey, in order to find the sites with overlapping time-series which can be used for remote-reference.


[1]:






import pickle
import os
import datetime
from glob import glob

def _linecount(filename):
    """ Return number of lines in a file """
    num_lines = sum(1 for line in open(filename))
    return num_lines

def get_metadata(base_dir, frequency, tmp_dir):
    """ Return information about each site """
    fn = os.path.join(tmp_dir, 'metadata.json')
    if os.path.exists(fn):
        with open(fn) as f:
            sites = pickle.load(f)
        return sites
    sites = [os.path.basename(i) for i in glob(os.path.join(base_dir, '*'))]

    sites = dict([(i, {}) for i in sites])

    for site in sites.keys():
        sites[site]['name'] = site
        sites[site]['files'] = []
        days = sorted([os.path.basename(i) for
                       i in glob(os.path.join(base_dir, site, '*'))])
        for idx, day in enumerate(days):
            files = glob(os.path.join(base_dir, site, day, '*'))
            if not files:
                continue
            last_files = files
            sites[site]['files'].append(files)
            if idx == 0:
                start_time = os.path.basename(files[0]).split('_')[1].split('.')[0]
                start_time = datetime.datetime.strptime(start_time,
                                                        '%y%m%d%H%M%S')
                sites[site]['start_time'] = start_time
        if not [j for k in sites[site]['files'] for j in k]:
            del sites[site]
            continue
        sites[site]['files'] = [j for k in sites[site]['files'] for j in k]
        print(site, sites[site]['files'])
        #if not files:
        #    continue
        files = last_files
        end_date = os.path.basename(files[0]).split('_')[1].split('.')[0]
        end_date = datetime.datetime.strptime(end_date, '%y%m%d%H%M%S')
        length = _linecount(files[0])
        end_time = end_date + datetime.timedelta(seconds=length/frequency)
        sites[site]['end_time'] = end_time
        sites[site]['samples'] = (sites[site]['end_time'] -
                                  sites[site]['start_time']).seconds * frequency

    with open(fn, 'w') as f:
        pickle.dump(sites, f)
    return sites








This function will read in the metadata required for processing a survey. After this processing it will write out this metadata into a file, which will be read back in the next time that the metadata is required.

We will also make a function to calculate the overlap between two sites:


[2]:






def calc_intersection(local_site, remote_site):
    """ Calculate time overlap of a local site and remote site """
    int_start = max(local_site['start_time'], remote_site['start_time'])
    int_end = min(local_site['end_time'], remote_site['end_time'])
    if (int_end - int_start).total_seconds()/60/60 < 5:
        return
    else:
        return int_start, int_end







if the overlap is less than 5 hours then the function returns nothing, indicating no substantial overlap, otherwise it will return the start and end times of the intersection.

The next stage is to make functions for writing out the overlap between the time series from two different sites as ASCII files for BIRRP use as inputs. Here one of the sites is designated as the remote reference.


[3]:






import numpy as np
import scipy.signal

def decimate_file(fn, decimation, new_fn):
    """ Read in a time series, apply a decimation and write out """
    print(fn, decimation, new_fn)
    print(os.path.exists(new_fn))
    if os.path.exists(new_fn):
         return
    print('decimating {}'.format(fn))
    f = np.genfromtxt(fn)
    f = scipy.signal.decimate(f, decimation, n=8)
    np.savetxt(new_fn, f)


def write_files(files, num_skip, num_samples, channel, out_dir, tstart, remote=False):
    """ Write files """
    fn = 'local.' + channel if not remote else 'remote.' + channel
    fn = tstart.strftime('%y%m%d%H%M%S') + '_' + fn
    if os.path.exists(os.path.join(out_dir, fn)):
        return
    print('writing to {}'.format(os.path.join(out_dir, fn)))
    ofile = open(os.path.join(out_dir, fn), 'w')
    ifile = open(files.pop(0))
    print(files, num_skip, num_samples)
    for _ in range(num_skip):
        try:
            next(ifile)
        except StopIteration:
            ifile = open(files.pop(0))
    for _ in range(num_samples):
        try:
            line = next(ifile)
        except StopIteration:
            try:
                ifile = open(files.pop(0))
            except IndexError:
                pass
                # print('did not extract from {}'.format(files))
        ofile.write(line)

def write_birrp_inputs(local_site, remote_site, out_dir):
    """ Write out the intersection of two files """
    if calc_intersection(local_site, remote_site):
        int_start, int_end = calc_intersection(local_site, remote_site)
    local_skip = (int_start - local_site['start_time']).total_seconds()*500
    remote_skip = (int_start - remote_site['start_time']).total_seconds()*500
    local_skip = int(local_skip)
    remote_skip = int(remote_skip)
    num_samples = int((int_end - int_start).total_seconds()*500)
    if local_site['name'] == remote_site['name']:
        remote_skip += 1
        num_samples -= 1
    dec_dir = os.path.join(out_dir, 'undecimated')
    dec10_dir = os.path.join(out_dir, 'decimated10')
    dec100_dir = os.path.join(out_dir, 'decimated100')
    try:
        os.makedirs(dec_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec10_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec100_dir)
    except OSError:
        pass
    channels = ['BX', 'BY', 'EX', 'EY']
    for channel in channels:
        files = sorted([i for i in local_site['files'] if channel in i])
        write_files(files, local_skip, num_samples, channel, dec_dir, int_start)
    for channel in [i for i in channels if 'B' in i]:
        files = sorted([i for i in remote_site['files'] if channel in i])
        write_files(files, remote_skip, num_samples, channel, dec_dir, int_start,
                    remote=True)
    for fn in glob(os.path.join(dec_dir, '*')):
        if fn.endswith('X') or fn.endswith('Y'):
            bn = os.path.basename(fn)
            new_fn = os.path.join(dec10_dir, bn)
            decimate_file(fn, 10, new_fn)
            fn = new_fn
            new_fn = os.path.join(dec100_dir, bn)
            decimate_file(fn, 10, new_fn)
    return num_samples, int_start








Note that decimations are also performed, with the decimated time series placed into new folders. By decimating the data we can achieve responses for longer periods than would otherwise be possible. Decimation is made using scipy.signal.decimate [https://docs.scipy.org/doc/scipy-1.1.0/reference/generated/scipy.signal.decimate.html], which applies an anti-aliasing filter before decimating.

For each three of these folders we generate a BIRRP script:


[4]:






def gen_birrp_script(out_dir, samples, sample_rate, site_name, tstart):
    birrp_string = '\n'.join(['1', '2', '2', '2', '1', '3', '{2}',
                              '65536,2,13', '3,1,3', 'y', '2',
                              '0,0.0003,0.9999', '0.7', '0.0', '0.003,10000', '{3}', '0', '0',
                              '1', '10', '0', '0', '{1}', '0', '{4}_local.EY',
                              '0', '0', '{4}_local.EX', '0', '0', '{4}_local.BY',
                              '0', '0', '{4}_local.BX', '0', '0', '{4}_remote.BY',
                              '0', '0', '{4}_remote.BX', '0', '0,90,0', '0,90,0',
                              '0,90,0'])
    birrp_string = birrp_string.format(os.path.join(out_dir, ''),
                                       samples, sample_rate, site_name,
                                       tstart.strftime('%y%m%d%H%M%S'))
    return birrp_string







The BIRRP script has many different parameters and the best parameters will depend on the dataset. For more information see the BIRRP manual [http://www.whoi.edu/science/AOPE/people/achave/Site/Next1_files/birrp.5.pdf].

We also need a script to run BIRRP and to clean up the output files:


[5]:






def run_birrp(out_dir, birrp_script, birrp_location):
    script_fn = os.path.join(out_dir, 'script.txt')
    with open(script_fn, 'w') as f:
        f.write(birrp_script)
    if any(fn.endswith('.j') for fn in os.listdir(out_dir)):
        return
    os.system('mpirun -np 32 {} < {}'.format(birrp_location, script_fn))
    for f in glob('fft.*'):
        os.remove(f)
    for f in glob('remote.*') + glob('local.*'):  ### comment this for loop if you want to keep the intermediate files
        os.remove(f)







Finally, we would like a script to convert the outputs from our three frequency ranges into edi-files and to merge them into a single file. The merging should take place at the longest overlapping period, as this introduces the minimum amount of error resulting from aliasing during the decimation.


[6]:






import mtpy.core.edi
from mtpy.uofa.qel_monitoring_j2edi import convert2edi
from mtpy.uofa.simpleplotEDI import plotedi


def process_birrp_results(out_dir, survey_cfg_fn, site_name, instr_resp_fn):
    edi, coh = convert2edi(site_name, out_dir, survey_cfg_fn, instr_resp_fn, None)
    metadata =  mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)[site_name.upper()]
    e = mtpy.core.edi.Edi(edi)
    if 'loc' in metadata:
        e.head['loc'] = metadata['loc']
    else:
        e.head['loc'] = None
    if 'acqdate' in metadata:
        e.head['acqdate'] = metadata['acqdate']
    else:
        e.head['acqdate'] = None
    if 'acquired_by' in metadata:
        e.head['acqby'] = metadata['acquired_by']
    else:
        e.head['acqby'] = ''
    edi = e.writefile(edi, allow_overwrite=True)
    path = edi.split("qel")[0]
    edi_file = os.path.basename(edi)
    new_name = edi_file.split("_")[1]
    new_edi_name = new_name + '.edi'
    new_coh_name = new_name + '.coh'
    new_edi = path + new_edi_name
    coh_orig = path + coh
    new_coh = path + new_coh_name
    shutil.move(edi, new_edi)
    shutil.move(coh_orig, new_coh)
    # edi = glob(os.path.join(out_dir, '*.edi'))[0]
    plotedi(new_edi, saveplot=True)
    return

def merge_birrp_results(out_dir, site_name):
    edi_fns = (glob(os.path.join(out_dir, 'undecimated', '*edi')) +
               glob(os.path.join(out_dir, 'decimated10', '*edi')) +
               glob(os.path.join(out_dir, 'decimated100', '*edi')))
    e1 = mtpy.core.edi.Edi(edi_fns[0])
    e2 = mtpy.core.edi.Edi(edi_fns[1])
    out_small = os.path.join(out_dir, 'small')
    mtpy.core.edi.combine_edifiles(edi_fns[0], edi_fns[1], out_fn=out_small,
                                   merge_freq=e1.freq[-2])
    out_large = os.path.join(out_dir, site_name)
    in_small = out_small + '_merged.edi'
    mtpy.core.edi.combine_edifiles(in_small, edi_fns[2], out_fn=out_large,
                                   merge_freq=e2.freq[-2])
    os.remove(in_small)
    final_fn = out_large + '_merged.edi'
    plotedi(final_fn, saveplot=True)







Each EDI generated is also plotted. This code makes use of the mtpy (Krieger and Peacock, 2014) [https://www.sciencedirect.com/science/article/pii/S0098300414001794] library.

Note that this script requires both a instrument response function file, and a survey configuration filename. Details on the survey configuration file can be found in the mtpy package, however it will looks something like this:


[ ]:






[RM0105]
station_type = mt
lat = -34.05543333333333
lon = 140.62353333333334
elev = 0
sampling = 0.002
loc = Renmark
acqdate = 2009
acquired_by = The_University_of_Adelaide


[RM0106]
station_type = mt
lat = -34.041183333333336
lon = 140.60265
elev = 0
sampling = 0.002
loc = Renmark
acqdate = 2009
acquired_by = The_University_of_Adelaide

#[RM0107]
#station_type = mt
#lat = -34.004266666666666
#lon = 140.5869
#elev = 0
#sampling = 0.002
#loc = Renmark
#acqdate = 2009
#acquired_by = The_University_of_Adelaide







And so on, for each site.



Putting it together

These functions can be wrapped into one function to process a single site with a single remote site:


[7]:






def run_one_site(local_name, remote_name, tmp_dir, **kwargs):
    dirs = {'undecimated': 0.002, 'decimated10': 0.02, 'decimated100': 0.2}
    sites = get_metadata(kwargs['base_dir'], kwargs['frequency'], tmp_dir)
    print('got metadata')
    local_site = sites[local_name]
    remote_site = sites[remote_name]
    dir_name = local_site['name'] + remote_site['name']
    out_dir = os.path.join(tmp_dir, dir_name)
    try:
        os.makedirs(out_dir)
    except OSError:
        pass
    cwd = os.getcwd()
    samples, tstart = write_birrp_inputs(local_site, remote_site, out_dir)
    print('written inputs')
    for dir_name in dirs.keys():
        sample_rate = dirs[dir_name]
        dir_name = os.path.join(out_dir, dir_name)
        os.chdir(dir_name)
        birrp_script = gen_birrp_script(dir_name, samples, sample_rate,
                                        local_name, tstart)
        run_birrp(dir_name, birrp_script, birrp_location)
        print('ran birrp')
        process_birrp_results(dir_name, kwargs['survey_cfg_fn'],
                              local_site['name'], kwargs['instr_resp_fn'])
        print('processed results')
        os.chdir(cwd)
    merge_birrp_results(out_dir, local_name)







If we save all of this to a file as nci_birrp.py we can create a separate file in the same folder which calls it and runs one site:


[8]:






#!/usr/bin/env python2.7

import sys
from nci_birrp import *

if __name__ == '__main__':
    kwargs = {}
    base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS'
    birrp_location = '/g/data/my80/test/BIRRP_dev/birrp_NR_test/may_test/birrp_mpi'
    survey_cfg_fn = '/g/data/my80/test/test_renmark/renmark.cfg'
    instr_resp_fn = '/g/data/my80/instrument_response_files/lemi_coils_instrument_response_freq_real_imag.txt'
    kwargs['instr_resp_fn'] = instr_resp_fn
    kwargs['survey_cfg_fn'] = survey_cfg_fn
    kwargs['birrp_location'] = birrp_location
    kwargs['base_dir'] = base_dir
    kwargs['frequency'] = 500
    run_one_site(sys.argv[1], sys.argv[2], sys.argv[3], **kwargs)







We can save this as proc_site.py.

Here we enter the parameters specific to our example. For our example we use the Renmark 2009 MT dataset from the NCI, which is recorded at 500 Hz and has a configuration file located at /g/data/my80/test/test_renmark/renmark.cfg.

The system arguments are site specific, with the local site name, remote site name, and temporary working directory.


Running on the NCI

We are now almost ready to process the entire survey on the NCI. First we will need a script to submit proc_site.py to process the data from one site with a single remote site.


[9]:






import os

def add_shell_run(local_site, remote_site, base_dir, tmp_dir):
    python_call = proc_site.format(local_site, remote_site, tmp_dir)
    shell_script = '\n'.join(['#!/bin/bash', '', '#PBS -P z00', '#PBS -q normal',
                            '#PBS -l walltime=10:00:00,mem=128GB,ncpus=32,jobfs=100GB',
                            '#PBS -l wd', '', 'module load python/2.7.11',
                            'module load python/2.7.11-matplotlib',
                            'module use /g/data/my80/modulefiles/',
                            'module load mtpy_nci_processing/mtpy_0.0.1','module load openmpi/3.1.3', '', python_call])
    shell_fn = os.path.join(tmp_dir, local_site + '_' + remote_site + '.sh')
    with open(shell_fn, 'w') as f:
        f.write(shell_script)
    os.system('qsub {}'.format(shell_fn))







This function will submit the job to the NCI. Take care to choose optimal values for the walltime and memory consumption, as these will change depending on the recording length.

We can now loop over each combination of local and remote sites, check to see if there is sufficient overlap, and if so, submit a job to the NCI to process.


[10]:






import mtpy.utils.configfile

def loop_sites(base_dir, tmp_dir, survey_cfg_fn=None):
    sites = get_metadata(base_dir, 500, tmp_dir)
    if survey_cfg_fn:
        survey_cfg = mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)
    site_names = sites.keys()
    for site in site_names:
       if site not in survey_cfg:
            sites.pop(site, None)
    print(sites)
    for local_site in sites:
        for remote_site in sites:
            if calc_intersection(sites[local_site], sites[remote_site]):
                print('add {} and {}'.format(local_site, remote_site))
                add_shell_run(local_site, remote_site, base_dir, tmp_dir)
                #sys.exit()  ####uncomment this line if you are troubleshooting








An option is also included to pass a survey configuration file (as detailed above), where you can comment out any sites which you do not want to process.

Let’s write our nci_birrp.py and proc_site.py files to our local working directory on Raijin:


[11]:






%%writefile nci_birrp.py

# module load birrp
import pickle
import os
import datetime
from glob import glob
import numpy as np
import scipy.signal
import mtpy.core.edi
from mtpy.uofa.qel_monitoring_j2edi import convert2edi
from mtpy.uofa.simpleplotEDI import plotedi
import mtpy.utils.configfile
import shutil
import sys

#######################################################################
#                                                                     #
# Note that you will have to change the following variables to match  #
# the time series data location, birrp executable location, survey    #
# config file, instrument response function, temporary directory,     #
# recorded frequency and and proc_site.py file you are using          #
#                                                                     #
#######################################################################

base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS'
birrp_location = '/g/data/my80/test/BIRRP_dev/birrp_NR_test/may_test/birrp_mpi'
survey_cfg_fn = '/g/data/my80/test/test_renmark/renmark.cfg'
instr_resp_fn = '/g/data/my80/instrument_response_files/lemi_coils_instrument_response_freq_real_imag.txt'
tmp_dir = '/g/data/my80/test/test_renmark/bulk_processing_test/renmark_proc_b'
frequency = 500
proc_site = '/g/data3/my80/test/test_renmark/bulk_processing_test/proc_site_mpi.py {} {} {}'

def _linecount(filename):
    """ Return number of lines in a file """
    num_lines = sum(1 for line in open(filename))
    return num_lines


def get_metadata(base_dir, frequency, tmp_dir):
    """ Return information about each site """
    fn = os.path.join(tmp_dir, 'metadata.json')
    if os.path.exists(fn):
        with open(fn) as f:
            sites = pickle.load(f)
        return sites
    sites = [os.path.basename(i) for i in glob(os.path.join(base_dir, '*'))]

    sites = dict([(i, {}) for i in sites])

    for site in sites.keys():
        sites[site]['name'] = site
        sites[site]['files'] = []
        days = sorted([os.path.basename(i) for
                       i in glob(os.path.join(base_dir, site, '*'))])
        for idx, day in enumerate(days):
            files = glob(os.path.join(base_dir, site, day, '*'))
            if not files:
                continue
            last_files = files
            sites[site]['files'].append(files)
            if idx == 0:
                start_time = os.path.basename(files[0]).split('_')[1].split('.')[0]
                start_time = datetime.datetime.strptime(start_time,
                                                        '%y%m%d%H%M%S')
                sites[site]['start_time'] = start_time
        if not [j for k in sites[site]['files'] for j in k]:
            del sites[site]
            continue
        sites[site]['files'] = [j for k in sites[site]['files'] for j in k]
        print(site, sites[site]['files'])
        #if not files:
        #    continue
        files = last_files
        end_date = os.path.basename(files[0]).split('_')[1].split('.')[0]
                end_date = datetime.datetime.strptime(end_date, '%y%m%d%H%M%S')
        length = _linecount(files[0])
        end_time = end_date + datetime.timedelta(seconds=length/frequency)
        sites[site]['end_time'] = end_time
        sites[site]['samples'] = (sites[site]['end_time'] -
                                  sites[site]['start_time']).seconds * frequency

    with open(fn, 'w') as f:
        pickle.dump(sites, f)
    return sites


def calc_intersection(local_site, remote_site):
    """ Calculate time overlap of a local site and remote site """
    int_start = max(local_site['start_time'], remote_site['start_time'])
    int_end = min(local_site['end_time'], remote_site['end_time'])
    if (int_end - int_start).total_seconds()/60/60 < 5:
        return
    else:
        return int_start, int_end


def decimate_file(fn, decimation, new_fn):
    """ Read in a time series, apply a decimation and write out """
    print(fn, decimation, new_fn)
    print(os.path.exists(new_fn))
    if os.path.exists(new_fn):
         return
    print('decimating {}'.format(fn))
    f = np.genfromtxt(fn)
    f = scipy.signal.decimate(f, decimation, n=8)
    np.savetxt(new_fn, f)


def write_files(files, num_skip, num_samples, channel, out_dir, tstart, remote=False):
    """ Write files """
    fn = 'local.' + channel if not remote else 'remote.' + channel
    fn = tstart.strftime('%y%m%d%H%M%S') + '_' + fn
    if os.path.exists(os.path.join(out_dir, fn)):
        return
    print('writing to {}'.format(os.path.join(out_dir, fn)))
    ofile = open(os.path.join(out_dir, fn), 'w')
    ifile = open(files.pop(0))
    print(files, num_skip, num_samples)
    for _ in range(num_skip):
        try:
            next(ifile)
        except StopIteration:
            ifile = open(files.pop(0))
    for _ in range(num_samples):
        try:
            line = next(ifile)
        except StopIteration:
            try:
                ifile = open(files.pop(0))
            except IndexError:
                pass
                # print('did not extract from {}'.format(files))
        ofile.write(line)



def write_birrp_inputs(local_site, remote_site, out_dir):
    """ Write out the intersection of two files """
    if calc_intersection(local_site, remote_site):
        int_start, int_end = calc_intersection(local_site, remote_site)
    local_skip = (int_start - local_site['start_time']).total_seconds()*500
    remote_skip = (int_start - remote_site['start_time']).total_seconds()*500
    local_skip = int(local_skip)
    remote_skip = int(remote_skip)
    num_samples = int((int_end - int_start).total_seconds()*500)
    if local_site['name'] == remote_site['name']:
        remote_skip += 1
        num_samples -= 1
    dec_dir = os.path.join(out_dir, 'undecimated')
    dec10_dir = os.path.join(out_dir, 'decimated10')
    dec100_dir = os.path.join(out_dir, 'decimated100')
    try:
        os.makedirs(dec_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec10_dir)
    except OSError:
        pass
    try:
        os.makedirs(dec100_dir)
    except OSError:
        pass
    channels = ['BX', 'BY', 'EX', 'EY']
    for channel in channels:
        files = sorted([i for i in local_site['files'] if channel in i])
        write_files(files, local_skip, num_samples, channel, dec_dir, int_start)
    for channel in [i for i in channels if 'B' in i]:
        files = sorted([i for i in remote_site['files'] if channel in i])
        write_files(files, remote_skip, num_samples, channel, dec_dir, int_start,
                    remote=True)
    for fn in glob(os.path.join(dec_dir, '*')):
        if fn.endswith('X') or fn.endswith('Y'):
            bn = os.path.basename(fn)
            new_fn = os.path.join(dec10_dir, bn)
            decimate_file(fn, 10, new_fn)
            fn = new_fn
            new_fn = os.path.join(dec100_dir, bn)
            decimate_file(fn, 10, new_fn)
    return num_samples, int_start


def gen_birrp_script(out_dir, samples, sample_rate, site_name, tstart):
    birrp_string = '\n'.join(['1', '2', '2', '2', '1', '3', '{2}',
                              '65536,2,13', '3,1,3', 'y', '2',
                              '0,0.0003,0.9999', '0.7', '0.0', '0.003,10000', '{3}', '0', '0',
                              '1', '10', '0', '0', '{1}', '0', '{4}_local.EY',
                              '0', '0', '{4}_local.EX', '0', '0', '{4}_local.BY',
                              '0', '0', '{4}_local.BX', '0', '0', '{4}_remote.BY',
                              '0', '0', '{4}_remote.BX', '0', '0,90,0', '0,90,0',
                              '0,90,0'])
    birrp_string = birrp_string.format(os.path.join(out_dir, ''),
                                       samples, sample_rate, site_name,
                                       tstart.strftime('%y%m%d%H%M%S'))
    return birrp_string

def run_birrp(out_dir, birrp_script, birrp_location):
    script_fn = os.path.join(out_dir, 'script.txt')
    with open(script_fn, 'w') as f:
        f.write(birrp_script)
    if any(fn.endswith('.j') for fn in os.listdir(out_dir)):
        return
    os.system('{} < {}'.format(birrp_location, script_fn))
    for f in glob('fft.*'):
        os.remove(f)
    #for f in glob('remote.*') + glob('local.*'):  ###uncomment this for loop if you want to remove the intermediate files
    #    #os.remove(f)


def process_birrp_results(out_dir, survey_cfg_fn, site_name, instr_resp_fn):
    edi, coh = convert2edi(site_name, out_dir, survey_cfg_fn, instr_resp_fn, None)
    metadata =  mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)[site_name.upper()]
    e = mtpy.core.edi.Edi(edi)
    if 'loc' in metadata:
        e.head['loc'] = metadata['loc']
    else:
        e.head['loc'] = None
    if 'acqdate' in metadata:
        e.head['acqdate'] = metadata['acqdate']
    else:
        e.head['acqdate'] = None
    if 'acquired_by' in metadata:
        e.head['acqby'] = metadata['acquired_by']
    else:
        e.head['acqby'] = ''
    edi = e.writefile(edi, allow_overwrite=True)
    path = edi.split("qel")[0]
    edi_file = os.path.basename(edi)
    new_name = edi_file.split("_")[1]
    new_edi_name = new_name + '.edi'
    new_coh_name = new_name + '.coh'
    new_edi = path + new_edi_name
    coh_orig = path + coh
    new_coh = path + new_coh_name
    shutil.move(edi, new_edi)
    shutil.move(coh_orig, new_coh)
    # edi = glob(os.path.join(out_dir, '*.edi'))[0]
    plotedi(new_edi, saveplot=True)
    return

def merge_birrp_results(out_dir, site_name):
    edi_fns = (glob(os.path.join(out_dir, 'undecimated', '*edi')) +
               glob(os.path.join(out_dir, 'decimated10', '*edi')) +
               glob(os.path.join(out_dir, 'decimated100', '*edi')))
    e1 = mtpy.core.edi.Edi(edi_fns[0])
    e2 = mtpy.core.edi.Edi(edi_fns[1])
    out_small = os.path.join(out_dir, 'small')
    mtpy.core.edi.combine_edifiles(edi_fns[0], edi_fns[1], out_fn=out_small,
                                   merge_freq=e1.freq[-2])
    out_large = os.path.join(out_dir, site_name)
    in_small = out_small + '_merged.edi'
    mtpy.core.edi.combine_edifiles(in_small, edi_fns[2], out_fn=out_large,
                                   merge_freq=e2.freq[-2])
    os.remove(in_small)
    final_fn = out_large + '_merged.edi'
    plotedi(final_fn, saveplot=True)


def run_one_site(local_name, remote_name, tmp_dir, **kwargs):
    dirs = {'undecimated': 0.002, 'decimated10': 0.02, 'decimated100': 0.2}
    sites = get_metadata(kwargs['base_dir'], kwargs['frequency'], tmp_dir)
    print('got metadata')
    local_site = sites[local_name]
    remote_site = sites[remote_name]
    dir_name = local_site['name'] + remote_site['name']
    out_dir = os.path.join(tmp_dir, dir_name)
    try:
        os.makedirs(out_dir)
    except OSError:
        pass
    cwd = os.getcwd()
    samples, tstart = write_birrp_inputs(local_site, remote_site, out_dir)
    print('written inputs')
    for dir_name in dirs.keys():
        sample_rate = dirs[dir_name]
        dir_name = os.path.join(out_dir, dir_name)
        os.chdir(dir_name)
        birrp_script = gen_birrp_script(dir_name, samples, sample_rate,
                                        local_name, tstart)
        run_birrp(dir_name, birrp_script, birrp_location)
        print('ran birrp')
        process_birrp_results(dir_name, kwargs['survey_cfg_fn'],
                              local_site['name'], kwargs['instr_resp_fn'])
        print('processed results')
        os.chdir(cwd)
    merge_birrp_results(out_dir, local_name)

def add_shell_run(local_site, remote_site, base_dir, tmp_dir):
    python_call = proc_site.format(local_site, remote_site, tmp_dir)
    shell_script = '\n'.join(['#!/bin/bash', '', '#PBS -P z00', '#PBS -q normal',
                            '#PBS -l walltime=10:00:00,mem=128GB,ncpus=32,jobfs=100GB',
                            '#PBS -l wd', '', 'module load python/2.7.11',
                            'module load python/2.7.11-matplotlib',
                            'module use /g/data/my80/modulefiles/',
                            'module load mtpy_nci_processing/mtpy_0.0.1','module load openmpi/3.1.3', '', python_call])
    shell_fn = os.path.join(tmp_dir, local_site + '_' + remote_site + '.sh')
    with open(shell_fn, 'w') as f:
        f.write(shell_script)
    os.system('qsub {}'.format(shell_fn))


def loop_sites(base_dir, tmp_dir, survey_cfg_fn=None):
    sites = get_metadata(base_dir, 500, tmp_dir)
    if survey_cfg_fn:
        survey_cfg = mtpy.utils.configfile.read_survey_configfile(survey_cfg_fn)
    site_names = sites.keys()
    for site in site_names:
       if site not in survey_cfg:
            sites.pop(site, None)
    print(sites)
    for local_site in sites:
        for remote_site in sites:
            if calc_intersection(sites[local_site], sites[remote_site]):
                print('add {} and {}'.format(local_site, remote_site))
                add_shell_run(local_site, remote_site, base_dir, tmp_dir)
                #sys.exit()  ####uncomment line if you are troubleshooting










[12]:






%%writefile proc_site.py

#!/usr/bin/env python2.7

import sys
from nci_birrp import *

if __name__ == '__main__':
    kwargs = {}
    base_dir = '/g/data/my80/test/test_renmark/TS'
    birrp_location = '/g/data/my80/test/BIRRP_dev/birrp_dennis/birrp_comp/birrp'
    survey_cfg_fn = '/g/data/my80/test/test_renmark/renmark.cfg'
    instr_resp_fn = '/g/data/my80/instrument_response_files/lemi_coils_instrument_response_freq_real_imag.txt'
    kwargs['instr_resp_fn'] = instr_resp_fn
    kwargs['survey_cfg_fn'] = survey_cfg_fn
    kwargs['birrp_location'] = birrp_location
    kwargs['base_dir'] = base_dir
    kwargs['frequency'] = 500
    run_one_site(sys.argv[1], sys.argv[2], sys.argv[3], **kwargs)








Note that for our example, we are using an MPI parallelised version of BIRRP. Now let’s log onto Raijin and change into our working directory where the nci_birrp.py and proc_sites.py files are located. Next we need to run the following commands to set up our local environment:

$ module purge

$ module load pbs

$ module load python/2.7.11

$ module use /g/data/my80/modulefiles

$ module load mtpy_2013/1.0

$ module load openmpi/3.1.3





To process the entire Renmark MT survey we would need, for example, open up an IPython terminal and execute the following commands:


[13]:






%run nci_birrp.py

base_dir = '/g/data/my80/States_and_Territories/SA/Broadband/Renmark_2009/TS/'
birrp_location = '/g/data/my80/test/BIRRP_dev/birrp_NR_test/may_test/birrp_mpi'
survey_cfg_fn = '/g/data/my80/test/test_renmark/renmark.cfg'
loop_sites(base_dir, tmp_dir, survey_cfg_fn)







We can view the progress of the jobs in their queue by running qstat -x in a bash terminal:


[14]:






%%bash
qstat -x







After the jobs have executed on the NCI, the processed EDIs and plots would be found in your tmp_dir, which for this example was /g/data/my80/test/test_renmark/bulk_processing_test/renmark_proc_mpi.

If the processing fails, the cause can be debugged using the error file created during running the job. These are located in the same directory as the jobs are submitted (in our case the directory in which this script is run).
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Processing MT netCDF files using OPeNDAP

In this example, we will utilise OPeNDAP services to access and process raw MT time-series that are stored as netCDF files on NCI’s THREDDS data server.

Clear notebook memory


[1]:






%reset -f

#%whos








[2]:






### Uncomment the following line to remove unwanted existing files:

#rm *.mseed bx by ex ey fft.* c01.* time birrp.cfg c01_netcdf.edi survey.cfg C01.edi







Import python modules


[3]:






import os
import matplotlib.pyplot as plt
import subprocess
from multiprocessing import Process
import numpy as np
from netCDF4 import Dataset
from netCDF4 import num2date, date2num
from datetime import datetime, timedelta
import pandas as pd
import glob
import datetime
from subprocess import call
%matplotlib inline







Open up our netCDF file using the THREDDS OPeNDAP link


[4]:






working_dir = '/g/data/my80/sandbox/ascii_to_netcdf_test/'
os.chdir(working_dir)
TS_path = 'http://dapds00.nci.org.au/thredds/dodsC/uc0/my80_dev/netCDF_test.nc'
TS = Dataset(TS_path)

### Uncomment line below if you want to use the local path:

#TS_path = '/g/data/my80/sandbox/ascii_to_netcdf_test/netCDF_test.nc'







Query what data is in our netCDF file


[5]:






for item in TS.dimensions:
    print TS.dimensions[item].name, TS.dimensions[item].size

vars = TS.variables.keys()
for item in vars:
    print 'Variable: \t', item
    print 'Dimensions: \t', TS[item].dimensions
    print 'Shape:    \t', TS[item].shape, '\n'













bx 82800000
by 82800000
ex 82800000
ey 82800000
latitude 1
longitude 1
time 82800000
Variable:       latitude
Dimensions:     (u'latitude',)
Shape:          (1,)

Variable:       ex
Dimensions:     (u'ex',)
Shape:          (82800000,)

Variable:       longitude
Dimensions:     (u'longitude',)
Shape:          (1,)

Variable:       ey
Dimensions:     (u'ey',)
Shape:          (82800000,)

Variable:       bx
Dimensions:     (u'bx',)
Shape:          (82800000,)

Variable:       by
Dimensions:     (u'by',)
Shape:          (82800000,)

Variable:       time
Dimensions:     (u'time',)
Shape:          (82800000,)







Extract some time-series data


[6]:






### For this example, let's extract 20M data points for electric and magnetic time-series

start_point = 0
end_point = 20000000

ex = TS.variables['ex'][start_point:end_point]
ey = TS.variables['ey'][start_point:end_point]
bx = TS.variables['bx'][start_point:end_point]
by = TS.variables['by'][start_point:end_point]

time = TS.variables['time'][start_point:end_point]

lat = TS.variables['latitude']
lon = TS.variables['longitude']







Plot some of the TS data


[7]:






plt.rcParams['figure.figsize'] = [65, 35]

x = 0
y = 1000


f, ((ax1, ax2), (ax3, ax4)) = plt.subplots(2, 2)
ax1.plot(time[x:y], ex[x:y])
ax1.set_title('EX')
ax2.plot(time[x:y], ey[x:y])
ax2.set_title('EY')
ax3.plot(time[x:y], by[x:y], color='r')
ax3.set_title('BY')
ax4.plot(time[x:y], bx[x:y], color='r')
ax4.set_title('BX')








[7]:







<matplotlib.text.Text at 0x7f01b5eb9950>
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Now let’s write TS ascii files that are ready for BIRRP processing


[8]:






%%time

def writets(name,ts):
    """
    write TS as ascii files
    """
    result = np.savetxt(name, ts, fmt="%i")
    proc = os.getpid()
    print('{0} savetxt by process id: {1}'.format(
        name, proc))

if __name__ == '__main__':
    names = ['ex','ey','bx','by','time']
    timeseries = [ex, ey, bx, by, time]
    procs = []

    for name, ts in zip(names,timeseries):
        proc = Process(target=writets, args=(name,ts,))
        procs.append(proc)
        proc.start()

    for proc in procs:
        proc.join()













time savetxt by process id: 27282
ey savetxt by process id: 27279
ex savetxt by process id: 27278
by savetxt by process id: 27281
bx savetxt by process id: 27280
CPU times: user 12 ms, sys: 38 ms, total: 50 ms
Wall time: 1min 23s






A convienent tool for visualising time-series is snuffler [https://pyrocko.org/v0.3/apps_snuffler_manual.html]. In order to convert our TS to miniSEED [https://ds.iris.edu/ds/nodes/dmc/data/formats/miniseed/] format, we must first add header information to our ascii files:


[9]:






BX = [f for f in os.listdir(working_dir) if f.startswith('bx') and f.endswith('bx')]
BY = [f for f in os.listdir(working_dir) if f.startswith('by') and f.endswith('by')]
EX = [f for f in os.listdir(working_dir) if f.startswith('ex') and f.endswith('ex')]
EY = [f for f in os.listdir(working_dir) if f.startswith('ey') and f.endswith('ey')]
#TIME = [f for f in os.listdir(working_dir) if f.startswith('time')]








[10]:







start_time = datetime.datetime.fromtimestamp(int(time[0])).strftime('%Y-%m-%d'+'T' +'%H:%M:%S'+'.0000')
station_BX = 'MagX_CP1L01_Capricorn_BX_QUAL'
station_BY = 'MagY_CP1L01_Capricorn_BY_QUAL'
station_EX = 'ElecX_CP1L01_Capricorn_EX_QUAL'
station_EY = 'ElecY_CP1L01_Capricorn_EY_QUAL'
samples = 20000000
sampling_rate_Hz = 1000

string_bx =  'TIMESERIES %s, %s samples, %s sps, %s, SLIST, INTEGER, Counts \n' % (station_BX, samples, sampling_rate_Hz, start_time)
string_by =  'TIMESERIES %s, %s samples, %s sps, %s, SLIST, INTEGER, Counts \n' % (station_BY, samples, sampling_rate_Hz, start_time)
string_ex =  'TIMESERIES %s, %s samples, %s sps, %s, SLIST, INTEGER, Counts \n' % (station_EX, samples, sampling_rate_Hz, start_time)
string_ey =  'TIMESERIES %s, %s samples, %s sps, %s, SLIST, INTEGER, Counts \n' % (station_EY, samples, sampling_rate_Hz, start_time)









[11]:






string = [string_ex, string_ey, string_bx, string_by]







Add header information to ASCII files for mseed conversion


[12]:






%%time
from itertools import izip, count

def mseedheader(ascfiles,string):
        proc = os.getpid()
        print('{0} added header by process id: {1}'.format(ascfiles, proc))
        for i in ascfiles:
            with open(i,'r') as original:
                data = original.read()
                with open(i,'w') as modified:
                    modified.write(string + data)


if __name__ == '__main__':
    asciifiles = [EX, EY, BX, BY]
    string = [string_ex, string_ey, string_bx, string_by]
    procs = []

    for i,fs,st in izip(count(),asciifiles,string):
        proc = Process(target=mseedheader, args=(fs,st,))
        procs.append(proc)
        proc.start()

    for proc in procs:
        proc.join()













['ey'] added header by process id: 5124
['bx'] added header by process id: 5125
['ex'] added header by process id: 5123
['by'] added header by process id: 5130
CPU times: user 7 ms, sys: 42 ms, total: 49 ms
Wall time: 1.3 s






We can convert our time series ASCII files to miniseed using the IRIS ascii2mseed [https://seiscode.iris.washington.edu/projects/ascii2mseed] code:


[13]:






%%time

def convert2mseed(files):
    for input_file in files:
        proc = os.getpid()
        print('create mseed {0} by process id: {1}'.format(input_file, proc))
        output_file = input_file + ".mseed"
        call(['ascii2mseed', input_file, "-o", output_file])

if __name__ == '__main__':
    types = [EX, EY, BX, BY]
    procs = []

    for fs in types:
        proc = Process(target=convert2mseed, args=(fs,))
        procs.append(proc)
        proc.start()

    for proc in procs:
        proc.join()













create mseed ex by process id: 9352
create mseed ey by process id: 9353
create mseed bx by process id: 9359
create mseed by by process id: 9361
CPU times: user 6 ms, sys: 45 ms, total: 51 ms
Wall time: 5.52 s






To convert our time-series files back to useable BIRRP inputs, we need to remove the header information we just created:


[14]:






%%bash

for i in ex ey bx by;
do
    sed -i -e 1d "$i" &
done
wait







Let’s check that BIRRP input file lengths are the same


[15]:






%%bash

for i in bx by ex ey;
do
    wc "$i" &
done
wait













 20000000  20000000 119015069 bx
 20000000  20000000 120000399 by
 20000000  20000000 160000000 ey
 20000000  20000000 160000000 ex






To view our miniseed time-series in snuffler, open up a VDI terminal in our working directory and run:

$ module load snuffler
$ snuffler *.mseed





Now we have visualised and are happy with our time-series, let’s extract the birrpstring given in our netCDF file:


[16]:






birrpstring = TS.birrpstring







Now we can run BIRRP using our extracted birrpstring:


[17]:






from subprocess import Popen, PIPE

p = Popen('birrp-5.3.2', stdin=PIPE) #NOTE: no shell=True here
p.stdin.write(birrpstring)








Converting BIRRP outputs to an EDI file

Let’s extract and write the BIRRP config file from our netCDF file:


[18]:






birrp_cfg = TS.birrp_cfg








[19]:






# write the birrp.cfg file

with open('birrp.cfg','w') as text_file:
    text_file.write("%s" %birrp_cfg)







Now we can extract and write our survey config file:


[20]:






survey_cfg = TS.survey_cfg








[21]:






# write the survey.cfg file

with open('survey.cfg','w') as text_file:
    text_file.write("%s" %survey_cfg)







Let’s try and write an EDI file using MTpy:


[22]:






## change this to the directory where MTpy is installed
mtpy_directory = '/short/z00/nre900/MT/mtpy/'

os.chdir(mtpy_directory)

from mtpy.processing.birrp import convert2edi

os.chdir(working_dir)








[23]:






# convert BIRRP outputs to EDI files

stationname = 'c01'
survey_configfile = 'survey.cfg'
in_dir = '.'
birrp_configfile = 'birrp.cfg'
convert2edi(stationname, in_dir, survey_configfile, birrp_configfile, out_dir = None)





















[23]:







'/g/data3/my80/States_and_Territories/test/TS/example_TS_ascii_to_netcdf/C01.edi'








Plotting EDI using MTpy


[24]:






## import MTpy modules

os.chdir(mtpy_directory)

import mtpy.core.mt as mt

os.chdir(working_dir)







Let’s use the EDI provided from our netCDF file:


[25]:






edi_fn = TS.EDI








[26]:






with open('c01_netcdf.edi','w') as text_file:
    text_file.write("%s" %edi_fn)








[27]:






edi = '/g/data/my80/sandbox/ascii_to_netcdf_test/c01_netcdf.edi'








[28]:






mt_obj = mt.MT(edi)













 ...nulled all attributes of current MTedi.Edi instance.
reading in Edi file: /g/data3/my80/States_and_Territories/test/TS/example_TS_ascii_to_netcdf/c01_netcdf.edi
z
Could not read Tipper section: /g/data3/my80/States_and_Territories/test/TS/example_TS_ascii_to_netcdf/c01_netcdf.edi
Flipping arrays to be ordered from short period to long












mtpy/analysis/zinvariants.py:90: FutureWarning: comparison to `None` will result in an elementwise object comparison in the future.







[29]:






mt_plot = mt_obj.plot_mt_response()













 ...nulled all attributes of current MTedi.Edi instance.
reading in Edi file: /g/data3/my80/States_and_Territories/test/TS/example_TS_ascii_to_netcdf/c01_netcdf.edi
z
Could not read Tipper section: /g/data3/my80/States_and_Territories/test/TS/example_TS_ascii_to_netcdf/c01_netcdf.edi
Flipping arrays to be ordered from short period to long












mtpy/core/z.py:1304: FutureWarning: comparison to `None` will result in an elementwise object comparison in the future.
mtpy/core/z.py:1362: FutureWarning: comparison to `None` will result in an elementwise object comparison in the future.
mtpy/imaging/mtplottools.py:392: FutureWarning: comparison to `None` will result in an elementwise object comparison in the future.
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[30]:






mt_plot.plot_pt = 'y'
mt_plot.plot_strike = 'ytip'
mt_plot.plot_num = 2
mt_plot.redraw_plot()
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Requesting ASTER data subsets through NCI’s GSKY Data Server

NCI’s GSKY Data Server supports the Open Geospatial Consortium (OGC) Web Coverage Service (WCS), which is a standard protocol for serving geospatial data in common formats such as NetCDF and GeoTIFF.

Constructing WCS Requests

GSKY’s Web Coverage Service (WCS) allows users to request data or subsets of data in either NetCDF3 or GeoTIFF format. The request is made by constructing a GetCoverage URL, which is then used within a web browser to communicate to the GSKY Data Server.

For example, the GetCoverage request for the aster layer takes the following form:

http://gsky.nci.org.au/ows/aster? service = WCS &version = 1.0.0 &request = GetCoverage &coverage = value &format = value &bbox =value &time =value &crs =value

GetCoverage parameters:








	Parameter

	Required/Optional

	Input





	service

	Required

	WCS



	version

	Required

	1.0.0



	request

	Required

	GetCoverage



	coverage

	Required

	<variable>



	format

	Required

	GeoTIFF, GeoTIFF_Float, NetCDF3



	bbox*

	Required/Optional

	<xmin,ymin,xmax,ymax>



	time*

	Required/Optional

	<time_value>



	srs, or crs

	Optional

	<srs_value> or <crs_value>






*For large files and/or files with a time dimension, these might be necessary. If bbox is not defined the entire spatial domain will be returned (if server limits allow) and if time is not specified, either the first or sometimes last timestep is returned.

WCS GetCapabilities and DescribeCoverage

In order to construct the GetCoverage URL, a GetCapabilities request can be made to the server. This request returns an xml describing the available WCS parameters (metadata, services, and data) made available by NCI’s GSKY server. Additional metadata information can also be requested about a specific coverage layer by making a DescribeCoverage request.

GetCapabilities example:


http://gsky.nci.org.au/ows/aster?service=WCS&version=1.0.0&request=GetCapabilities




DescribeCoverage example:


http://gsky.nci.org.au/ows/aster?service=WCS&version=1.0.0&coverage=Ferric_Oxide_Content&request=DescribeCoverage




GetCoverage Request

Using the information returned from the GetCapabilities and DescribeCoverage requests, a GetMap URL can be constructed and then entered into the address bar of any web browser.

Example GetCoverage (NetCDF format):


http://gsky.nci.org.au/ows/aster? service=WCS& coverage=Ferrous_Iron_Index& service=WCS& crs=EPSG:4326& format=NetCDF& request=GetCoverage& height=256& width=256& version=1.0.0& bbox=148,-37,151,-34& time=2012-06-01T00:00:000Z [http://gsky.nci.org.au/ows/aster?SERVICE=WCS&service=WCS&crs=EPSG:4326&format=NetCDF&request=GetCoverage&height=256&width=256&version=1.0.0&bbox=148,-37,151,-34&coverage=Ferrous_Iron_Index&time=2012-06-01T00:00:00.000Z]




Example GetCoverage (GeoTIFF format):


http://gsky.nci.org.au/ows/aster? service=WCS& coverage=Ferrous_Iron_Index& service=WCS& crs=EPSG:4326& format=GeoTIFF& request=GetCoverage& height=256& width=256& version=1.0.0& bbox=148,-37,151,-34& time=2012-06-01T00:00:000Z [http://gsky.nci.org.au/ows/aster?SERVICE=WCS&service=WCS&crs=EPSG:4326&format=GeoTIFF&request=GetCoverage&height=256&width=256&version=1.0.0&bbox=148,-37,151,-34&coverage=Ferrous_Iron_Index&time=2012-06-01T00:00:000Z]





Using GSKY’s WCS in Python

Many tools are available to perform the above steps less manually. In particular, Python’s OWSLib library can be used with GSKY’s WCS.

The following libraries will need to be imported for the below example


[1]:






from owslib.wcs import WebCoverageService
from PIL import Image
%matplotlib inline







To start, we will need the base GSKY server URL:


[2]:






gsky_url = 'http://gsky.nci.org.au/ows/aster'







Now using OWSLib, you can begin by inspecting the service metadata:


[3]:






wcs = WebCoverageService(gsky_url)







Find out the available data layers that can be requested:


[4]:






for layer in list(wcs.contents):
    print("Layer Name:", layer)
    print("Title:", wcs[layer].title, '\n')













Layer Name: AlOH_Group_Composition
Title: ASTER Map AlOH Group Composition

Layer Name: AlOH_Group_Content
Title: ASTER Map AlOH Group Content

Layer Name: FeOH_Group_Content
Title: ASTER Map FeOH Group Content

Layer Name: Ferric_Oxide_Composition
Title: ASTER Map Ferric Oxide Composition

Layer Name: Ferric_Oxide_Content
Title: ASTER Map Ferric Oxide Content

Layer Name: Ferrous_Iron_in_MgOH
Title: ASTER Map Ferrous Iron Content in MgOH/carbonate

Layer Name: Ferrous_Iron_Index
Title: ASTER Map Ferrous Iron Index

Layer Name: Green_Vegetation_Content
Title: ASTER Map Green Vegetation Content

Layer Name: Kaolin_Group_Index
Title: ASTER Map Kaolin Group Index

Layer Name: MgOH_Group_Composition
Title: ASTER Map MgOH Group Composition

Layer Name: MgOH_Group_Content
Title: ASTER Map MgOH Group Content

Layer Name: Opaque_Index
Title: ASTER Map Opaque Index

Layer Name: Quartz_Index
Title: ASTER Map TIR Quartz Index

Layer Name: Silica_Index
Title: ASTER Map TIR Silica Index







We can also view metadata that is available about a selected layer. For example, you can view the abstract associated with that data layer


[5]:






layer = "Silica_Index"








[6]:






print(wcs[layer].abstract)













1. Band ratio: B13/B10 Blue is low silica content Red is high silica content (potentially includes Si-rich minerals, such as quartz, feldspars, Al-clays)

Geoscience Applications: Broadly equates to the silica content though the intensity (depth) of this reststrahlen feature is also affected by particle size less than 250 micron. Useful product for mapping: (1) colluvial/alluvial materials; (2) silica-rich (quartz) sediments (e.g. quartzites); (3) silification and silcretes; and (4) quartz veins. Use in combination with quartz index, which is often correlated with the Silica index.

NCI Data Catalogue: http://dx.doi.org/10.25914/5f224f299e246






Or view the CRS options, bounding box, and time positions available (these details will be needed to construct the GetMap request)


[7]:






print("CRS Options: ")
crs = wcs[layer].supportedCRS
print('\t', crs, '\n')

print("Bounding Box: ")
bbox = wcs[layer].boundingBoxWGS84
print('\t', bbox, '\n')

print("Time Positions: ")
time = wcs[layer].timepositions
print('\t', time[:10], '\n')













CRS Options:
         [urn:ogc:def:crs:EPSG::4326]

Bounding Box:
         (-180.0, -90.0, 180.0, 90.0)

Time Positions:
         ['2012-06-01T00:00:00.000Z']







Now let’s use the information above to construct and make GetCoverage requests

The below sections will demonstrate both a request in GeoTIFF and NetCDF formats.

We’ll need to define a bounding box for our request:


[8]:






subset_bbox = (113, -44, 153, -11)







OWSLib’s library can now be used to make the GetCoverage request:


[9]:






output = wcs.getCoverage(identifier=layer,
                         time=[wcs[layer].timepositions[0]],
                         bbox=subset_bbox,format='GeoTIFF',
                         crs='EPSG:4326', width=256, height=256)







To view the above constructed URL:


[10]:






print(output.geturl())













http://gsky.nci.org.au/ows/aster?version=1.0.0&request=GetCoverage&service=WCS&Coverage=Silica_Index&BBox=113%2C-44%2C153%2C-11&time=2012-06-01T00%3A00%3A00.000Z&crs=EPSG%3A4326&format=GeoTIFF&width=256&height=256






Write the result to a file:


[11]:






filename = './gsky_wcs.tiff'
with open(filename, 'wb') as f:
    f.write(output.read())







And if we’d like to confirm the result, we can open and view the GeoTIFF with the Python GDAL library for example:


[12]:






import gdal
import matplotlib.pyplot as plt
import numpy as np
%matplotlib inline








[13]:






ds = gdal.Open(filename)
band = ds.GetRasterBand(1).ReadAsArray()

fig = plt.figure(figsize=(10,10))
plt.imshow(band, cmap='gnuplot',vmax=1.3, vmin=1)








[13]:







<matplotlib.image.AxesImage at 0x11c759208>
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To request a coverage returned as in the NetCDF format, a similar GetCoverage request is constructed with the format parameter now specifying the NetCDF option.


[14]:






output = wcs.getCoverage(identifier=layer,
                         time=[wcs[layer].timepositions[0]],
                         bbox=subset_bbox,format='NetCDF',
                         crs='EPSG:4326', width=256, height=256)








[15]:






print(output.geturl())













http://gsky.nci.org.au/ows/aster?version=1.0.0&request=GetCoverage&service=WCS&Coverage=Silica_Index&BBox=113%2C-44%2C153%2C-11&time=2012-06-01T00%3A00%3A00.000Z&crs=EPSG%3A4326&format=NetCDF&width=256&height=256






Again, write the output to a file to save:


[16]:






filename = './gsky_wcs.nc'
with open(filename, 'wb') as f:
    f.write(output.read())







To confirm or inspect the contents of the NetCDF file, libraries such as NetCDF4 Python can be used.


[17]:






from netCDF4 import Dataset








[18]:






with Dataset(filename) as ds:
    print(ds.variables.keys())

    #band = ds['Band1']
    band = ds['Band1']

    fig = plt.figure(figsize=(10,10))
    plt.imshow(band[::-1],cmap='gist_earth',vmax=1.3, vmin=1)













odict_keys(['Band1', 'crs', 'lat', 'lon'])
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For more information on the OGC WCS standard specifications and the Python OWSLib package: http://www.opengeospatial.org/standards/wcs

https://geopython.github.io/OWSLib/#wms
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Requesting ASTER map images through NCI’s GSKY Data Server

NCI’s GSKY Data Server supports the Open Geospatial Consortium (OGC) Web Map Service (WMS), which is a standard protocol for serving geospatial data as images (e.g., PNG).

Constructing WMS Requests

To request a spatial subset of data through GSKY using WMS, a GetMap URL defining the subset has to be constructed. This URL can be used within a web browser to communicate to the GSKY Data Server, which will return the requested map image of the subset.

http://gsky.nci.org.au/ows/aster? service = WMS &version = 1.3.0 &request = GetMap &layers = value &crs = value &styles =value &format =value &bbox =value &width =value &height =value &colourscalerange =value &transparent =value &time =value

GetMap parameters:








	Parameter

	Required/Optional

	Input





	service

	Required

	WMS



	version

	Required

	1.1.1**, 1.3.0 (default)



	request

	Required

	GetMap



	layers

	Required

	<variable>



	crs

	Required

	<crs_value>



	styles

	Required

	<style_name>



	format

	Required

	image/png, image/png;mode=32bit, image/gif, image/jpeg



	bbox

	Required

	<ymin,xmin,ymax,xmax>



	width

	Required

	Image width in pixels



	height

	Required

	Image height in pixels



	colorscalerange

	Optional

	<min,max>



	transparent

	Optional

	True, False



	time

	Optional

	<time_value>






**Syntax differences for v1.1.1 GetMap requests: - Use srs in place of crs - The order of bbox values is: <xmin,ymin,xmax,ymax>

WMS GetCapabilities Request

In order to contruct the GetMap URL, a GetCapabilities request can be made to the server. This requests returns an xml describing the available WMS parameters (metadata, services, and data) made available by NCI’s GSKY server.

GetCapabilities example:


http://gsky.nci.org.au/ows/aster?service=WMS&version=1.3.0&request=GetCapabilities




GetMap Request

Using the information returned from a GetCapabilities request, a GetMap URL can be constructed and then entered into the address bar of any web browser.

Example GetMap request:


http://gsky.nci.org.au/ows/aster? service=WMS& layers=Ferrous_Iron_Index& service=WMS& crs=EPSG:4326& format=image/png& request=GetMap& height=512& width=512& version=1.3.0& bbox=-47,113,-11,153& time=2012-06-01T00:00:00.000Z&
transparent=FALSE [http://gsky.nci.org.au/ows/aster?SERVICE=WMS&&layers=Ferrous_Iron_Index&styles=aster&service=WMS&crs=EPSG%3A4326&format=image%2Fpng&request=GetMap&bgcolor=0xFFFFFF&height=512&width=512&version=1.3.0&bbox=-47,113,-11,153&time=2012-06-01T00:00:00.000Z]





Using GSKY’s WMS in Python

Many tools are available to perform the above steps less manually. In particular, Python’s OWSLib library can be used with GSKY’s WMS.

The following libraries will need to be imported for the below example.


[1]:






from owslib.wms import WebMapService
from PIL import Image
import matplotlib.pyplot as plt
%matplotlib inline







To start, we will need the base GSKY server URL:


[2]:






gsky_url = 'http://gsky.nci.org.au/ows/aster'







Now using OWSLib, you can begin by inspecting the service metadata:


[3]:






wms = WebMapService(gsky_url, version='1.3.0')







Find out the available data layers that can be requested:


[4]:






for layer in list(wms.contents):
    print("Layer Name:", wms[layer].name)
    print("Title:", wms[layer].title, '\n')













Layer Name: AlOH_Group_Composition
Title: ASTER Map AlOH Group Composition

Layer Name: AlOH_Group_Content
Title: ASTER Map AlOH Group Content

Layer Name: FeOH_Group_Content
Title: ASTER Map FeOH Group Content

Layer Name: Ferric_Oxide_Composition
Title: ASTER Map Ferric Oxide Composition

Layer Name: Ferric_Oxide_Content
Title: ASTER Map Ferric Oxide Content

Layer Name: Ferrous_Iron_in_MgOH
Title: ASTER Map Ferrous Iron Content in MgOH/carbonate

Layer Name: Ferrous_Iron_Index
Title: ASTER Map Ferrous Iron Index

Layer Name: Green_Vegetation_Content
Title: ASTER Map Green Vegetation Content

Layer Name: Kaolin_Group_Index
Title: ASTER Map Kaolin Group Index

Layer Name: MgOH_Group_Composition
Title: ASTER Map MgOH Group Composition

Layer Name: MgOH_Group_Content
Title: ASTER Map MgOH Group Content

Layer Name: Opaque_Index
Title: ASTER Map Opaque Index

Layer Name: Quartz_Index
Title: ASTER Map TIR Quartz Index

Layer Name: Silica_Index
Title: ASTER Map TIR Silica Index







We can also view metadata that is available about a selected layer. For example, you can view the abstract associated with that data layer.


[5]:






layer = "Silica_Index"








[6]:






print(wms[layer].abstract)













1. Band ratio: B13/B10 Blue is low silica content Red is high silica content (potentially includes Si-rich minerals, such as quartz, feldspars, Al-clays)

Geoscience Applications: Broadly equates to the silica content though the intensity (depth) of this reststrahlen feature is also affected by particle size less than 250 micron. Useful product for mapping: (1) colluvial/alluvial materials; (2) silica-rich (quartz) sediments (e.g. quartzites); (3) silification and silcretes; and (4) quartz veins. Use in combination with quartz index, which is often correlated with the Silica index.

NCI Data Catalogue: http://dx.doi.org/10.25914/5f224f299e246






Or view the CRS options, bounding box, and time positions available (these details will be needed to construct the GetMap request).


[7]:






print("CRS Options: ")
crs = wms[layer].crsOptions
print('\t', crs, '\n')

print("Bounding Box: ")
bbox = wms[layer].boundingBox
print('\t', bbox, '\n')

print("Time Positions: ")
time = wms[layer].timepositions
print('\t', time[:10], '\n')













CRS Options:
         ['EPSG:3857', 'EPSG:4326']

Bounding Box:
         (-180.0, -90.0, 180.0, 90.0, 'EPSG:4326')

Time Positions:
         ['2012-06-01T00:00:00.000Z']







Now let’s use the information above to construct and make the GetMap request

We’ll need to define a bounding box for our request:


[8]:






subset_bbox = (113, -44, 153, -11)







OWSLib’s library can now be used to make the GetMap request:


[9]:






output = wms.getmap(layers=[layer],
                        srs='EPSG:4326',
                        bbox=(subset_bbox[0], subset_bbox[1], subset_bbox[2], subset_bbox[3]),
                        size=(256, 256),
                        format='image/png',
                        time=time[0]
                        )







To view the above constructed URL:


[10]:






print(output.geturl())













http://gsky.nci.org.au/ows/aster?SERVICE=WMS&service=WMS&version=1.3.0&request=GetMap&layers=Silica_Index&styles=&width=256&height=256&crs=EPSG%3A4326&bbox=-44%2C113%2C-11%2C153&format=image%2Fpng&transparent=FALSE&bgcolor=0xFFFFFF&exceptions=XML&time=2012-06-01T00%3A00%3A00.000Z






Lastly, we need to write the GetMap result to a file:


[11]:






pngfile = './gsky_getMap.png'
with open(pngfile, 'wb') as out:
    out.write(output.read())







And if we’d like to confirm the result:


[12]:






im = Image.open(pngfile)
plt.figure(figsize=(10, 10))
plt.imshow(im)








[12]:







<matplotlib.image.AxesImage at 0x11b3f5b00>











[image: ../../_images/_MT_MT_notebooks_Notebook_GSKY_ASTER_WMS_32_1.png]






For more information on the OGC WMS standard specifications and the Python OWSLib package: http://www.opengeospatial.org/standards/wms

https://geopython.github.io/OWSLib/#wms
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Requesting National Geophysical Compilations data subsets through NCI’s GSKY Data Server

NCI’s GSKY Data Server supports the Open Geospatial Consortium (OGC) Web Coverage Service (WCS), which is a standard protocol for serving geospatial data in common formats such as NetCDF and GeoTIFF.

Constructing WCS Requests

GSKY’s Web Coverage Service (WCS) allows users to request data or subsets of data in either NetCDF3 or GeoTIFF format. The request is made by constructing a GetCoverage URL, which is then used within a web browser to communicate to the GSKY Data Server.

For example, the GetCoverage request for the aster layer takes the following form:

http://gsky.nci.org.au/ows/national_geophysical_compilations? service = WCS &version = 1.0.0 &request = GetCoverage &coverage = value &format = value &bbox =value &time =value &crs =value

GetCoverage parameters:








	Parameter

	Required/Optional

	Input





	service

	Required

	WCS



	version

	Required

	1.0.0



	request

	Required

	GetCoverage



	coverage

	Required

	<variable>



	format

	Required

	GeoTIFF, GeoTIFF_Float, NetCDF3



	bbox*

	Required/Optional

	<xmin,ymin,xmax,ymax>



	time*

	Required/Optional

	<time_value>



	srs, or crs

	Optional

	<srs_value> or <crs_value>






*For large files and/or files with a time dimension, these might be necessary. If bbox is not defined the entire spatial domain will be returned (if server limits allow) and if time is not specified, either the first or sometimes last timestep is returned.

WCS GetCapabilities and DescribeCoverage

In order to contruct the GetCoverage URL, a GetCapabilities request can be made to the server. This requests returns a xml describing the available WCS parameters (metadata, services, and data) made available by NCI’s GSKY server. Additional metadata information can also be requested about a specific coverage layer by making a DescribeCoverage request.

GetCapabilities example:


http://gsky.nci.org.au/ows/national_geophysical_compilations?service=WCS&version=1.0.0&request=GetCapabilities




DescribeCoverage example: > http://gsky.nci.org.au/ows/national_geophysical_compilations?service=WCS&version=1.0.0&coverage=magmap2019_grid_tmi_awags_mag_2019&request=DescribeCoverage

GetCoverage Request Using the information returned from the GetCapabilities and DescribeCoverage requests, a GetMap URL can be constructed and then entered into the address bar of any web browser.

Example GetCoverage (NetCDF format):


http://gsky.nci.org.au/ows/national_geophysical_compilations? service=WCS& coverage=magmap2019_grid_tmi_awags_mag_2019& service=WCS& crs=EPSG:4326& format=NetCDF& request=GetCoverage& height=256& width=256& version=1.0.0& bbox=140.7,-27.9,153.8,-37&
time=2019-08-29T00:00:00.000Z [http://gsky.nci.org.au/ows/national_geophysical_compilations?SERVICE=WCS&service=WCS&crs=EPSG:4326&format=NetCDF&request=GetCoverage&height=256&width=256&version=1.0.0&bbox=140.7,-27.9,153.8,-37&coverage=magmap2019_grid_tmi_awags_mag_2019&time=2019-08-29T00:00:00.000Z]




Example GetCoverage (GeoTIFF format):


http://gsky.nci.org.au/ows/national_geophysical_compilations? service=WCS& coverage=magmap2019_grid_tmi_awags_mag_2019& service=WCS& crs=EPSG:4326& format=GeoTIFF& request=GetCoverage& height=256& width=256& version=1.0.0& bbox=140.7,-27.9,153.8,-37&
time=2019-08-29T00:00:00.000Z [http://gsky.nci.org.au/ows/national_geophysical_compilations?SERVICE=WCS&service=WCS&crs=EPSG:4326&format=GeoTIFF&request=GetCoverage&height=256&width=256&version=1.0.0&bbox=140.7,-27.9,153.8,-37.6&coverage=magmap2019_grid_tmi_awags_mag_2019&time=2019-08-29T00:00:00.000Z]





Using GSKY’s WCS in Python

Many tools are available to perform the above steps less manually. In particular, Python’s OWSLib library can be used with GSKY’s WCS.

The following libraries will need to be imported for the below example


[1]:






from owslib.wcs import WebCoverageService
from PIL import Image
%matplotlib inline







To start, we will need the base GSKY server URL:


[2]:






gsky_url = 'http://gsky.nci.org.au/ows/national_geophysical_compilations?service=WCS&version=1.0.0&request=GetCapabilities'







Now using OWSLib, you can begin by inspecting the service metadata:


[3]:






wcs = WebCoverageService(gsky_url)







Find out the available data layers that can be requested:


[4]:






for layer in list(wcs.contents):
    print("Layer Name:", layer)
    print("Title:", wcs[layer].title, '\n')













Layer Name: gravmap2016_grid_grv_cscba
Title: Australia gravity grid 2016 (complete spherical cap Bouguer anomaly)

Layer Name: gravmap2016_grid_grv_ir
Title: Australia gravity grid 2016 (isostatic residual anomaly)

Layer Name: gravmap2016_grid_grv_scba
Title: Australia gravity grid 2016 (spherical cap Bouguer anomaly)

Layer Name: magmap2019_grid_tmi_1vd_awags_mag_2019
Title: Total Magnetic Intensity Grid of Australia 2019 - First Vertical Derivative (1VD)

Layer Name: magmap2019_grid_tmi_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia 2019 - seventh edition - 80 m cell size

Layer Name: magmap2019_grid_tmi_cellsize40m_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia 2019 - seventh edition - 40 m cell size

Layer Name: magmap2019_grid_tmi_rtp_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia with Variable Reduction to Pole (VRTP) 2019 - seventh edition

Layer Name: radmap2019_grid_dose_terr_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered terrestrial dose rate

Layer Name: radmap2019_grid_dose_terr_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered terrestrial dose rate

Layer Name: radmap2019_grid_k_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered pct potassium

Layer Name: radmap2019_grid_k_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered pct potassium grid

Layer Name: radmap2019_grid_th_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered ppm thorium

Layer Name: radmap2019_grid_th_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered ppm thorium

Layer Name: radmap2019_grid_thk_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio thorium over potassium

Layer Name: radmap2019_grid_u2th_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium squared over thorium

Layer Name: radmap2019_grid_u_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered ppm uranium

Layer Name: radmap2019_grid_u_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered ppm uranium

Layer Name: radmap2019_grid_uk_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium over potassium

Layer Name: radmap2019_grid_uth_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium over thorium







We can also view metadata that is available about a selected layer. For example, you can view the abstract associated with that data layer.


[5]:






layer = "magmap2019_grid_tmi_1vd_awags_mag_2019"








[6]:






print(wcs[layer].abstract)













Total magnetic intensity (TMI) data measures variations in the intensity of the Earth magnetic field caused by the contrasting content of rock-forming minerals in the Earth crust. Magnetic anomalies can be either positive (field stronger than normal) or negative (field weaker) depending on the susceptibility of the rock.The first vertical derivative (1VD) grid is derived from the 2019 Total magnetic Intensity (TMI) grid of Australia which has a grid cell size of ~3 seconds of arc (approximately 80 m). As the vertical derivative filter is essentially a high-pass filter, longer wavelengths are suppressed, and shorter wavelengths emphasized. The magnetic units of the data are in nT per metre.

NCI Data Catalogue: https://dx.doi.org/10.25914/5f75640aae140






Or view the CRS options, bounding box, and time positions available (these details will be needed to construct the GetMap request).


[7]:






print("CRS Options: ")
crs = wcs[layer].supportedCRS
print('\t', crs, '\n')

print("Bounding Box: ")
bbox = wcs[layer].boundingBoxWGS84
print('\t', bbox, '\n')

print("Time Positions: ")
time = wcs[layer].timepositions
print('\t', time[:10], '\n')













CRS Options:
         [urn:ogc:def:crs:EPSG::4326]

Bounding Box:
         (-180.0, -90.0, 180.0, 90.0)

Time Positions:
         ['2019-08-29T00:00:00.000Z']







Now let’s use the information above to construct and make GetCoverage requests The below sections will demonstrate both a request in GeoTIFF and NetCDF formats.

We’ll need to define a bounding box for our request:


[8]:






subset_bbox = (112, -44, 154, -10)







OWSLib’s library can now be used to make the GetCoverage request:


[9]:






output = wcs.getCoverage(identifier=layer,
                         time=[wcs[layer].timepositions[0]],
                         bbox=subset_bbox,format='GeoTIFF',
                         crs='EPSG:4326', width=256, height=256)







To view the above constructed URL:


[10]:






print(output.geturl())













http://gsky.nci.org.au/ows/national_geophysical_compilations?version=1.0.0&request=GetCoverage&service=WCS&Coverage=magmap2019_grid_tmi_1vd_awags_mag_2019&BBox=112%2C-44%2C154%2C-10&time=2019-08-29T00%3A00%3A00.000Z&crs=EPSG%3A4326&format=GeoTIFF&width=256&height=256






Write the result to a file:


[11]:






filename = './gsky_wcs.tiff'
with open(filename, 'wb') as f:
    f.write(output.read())







And if we’d like to confirm the result, we can open and view the GeoTIFF with the Python GDAL library for example:


[12]:






import gdal
import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline








[13]:






ds = gdal.Open(filename)
band = ds.GetRasterBand(1).ReadAsArray()

fig = plt.figure(figsize=(15,15))
plt.imshow(band, cmap='binary')
plt.clim(-0.03,0.1)












[image: ../../_images/_MT_MT_notebooks_Notebook_GSKY_National_Geophysical_Compilations_WCS_34_0.png]




To request a coverage returned as in the NetCDF format, a similar GetCoverage request is constructed with the format parameter now specifying the NetCDF option.


[14]:






layer = "gravmap2016_grid_grv_ir"








[15]:






output = wcs.getCoverage(identifier=layer,
                         time=[wcs[layer].timepositions[0]],
                         bbox=subset_bbox,format='NetCDF',
                         crs='EPSG:4326', width=256, height=256)








[16]:






print(output.geturl())













http://gsky.nci.org.au/ows/national_geophysical_compilations?version=1.0.0&request=GetCoverage&service=WCS&Coverage=gravmap2016_grid_grv_ir&BBox=112%2C-44%2C154%2C-10&time=2019-08-29T00%3A00%3A00.000Z&crs=EPSG%3A4326&format=NetCDF&width=256&height=256






Again, write the output to a file to save:


[17]:






filename = './gsky_wcs.nc'
with open(filename, 'wb') as f:
    f.write(output.read())







To confirm or inspect the contents of the NetCDF file, libraries such as NetCDF4 Python or GDAL can be used.


[18]:






from netCDF4 import Dataset








[19]:






with Dataset(filename) as ds:

    band = ds['Band1'][::-1]

    fig = plt.figure(figsize=(10,10))
    plt.imshow(band, cmap='afmhot')












[image: ../../_images/_MT_MT_notebooks_Notebook_GSKY_National_Geophysical_Compilations_WCS_43_0.png]






For more information on the OGC WCS standard specifications and the Python OWSLib package: http://www.opengeospatial.org/standards/wcs

https://geopython.github.io/OWSLib/#wms
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Requesting National Geophysical Compilations map images through NCI’s GSKY Data Server

NCI’s GSKY Data Server supports the Open Geospatial Consortium (OGC) Web Map Service (WMS), which is a standard protocol for serving geospatial data as images (e.g., PNG).

Constructing WMS Requests

To request a spatial subset of data through GSKY using WMS, a GetMap URL defining the subset has to be constructed. Then this URL can be used within a web browser to communicate to the GSKY Data Server, which will return the requested map image of the subset.

For example, the GetMap request takes the following form:

http://gsky.nci.org.au/ows/national_geophysical_compilations? service = WCS &version = 1.0.0 &request = GetCoverage &coverage = value &format = value &bbox =value &time =value &crs =value


GetMap parameters:








	Parameter

	Required/Optional

	Input





	service

	Required

	WMS



	version

	Required

	1.1.1**, 1.3.0 (default)



	request

	Required

	GetMap



	layers

	Required

	<variable>



	crs

	Required

	<crs_value>



	styles

	Required

	<style_name>



	format

	Required

	image/png, image/png;mode=32bit, image/gif, image/jpeg



	bbox

	Required

	<ymin,xmin,ymax,xmax>



	width

	Required

	Image width in pixels



	height

	Required

	Image height in pixels



	colorscalerange

	Optional

	<min,max>



	transparent

	Optional

	True, False



	time

	Optional

	<time_value>






**Syntax differences for v1.1.1 GetMap requests: - Use srs in place of crs - The order of bbox values is: <xmin,ymin,xmax,ymax>

WMS GetCapabilities Request

In order to contruct the GetMap URL, a GetCapabilities request can be made to the server. This requests returns a xml describing the available WMS parameters (metadata, services, and data) made available by NCI’s GSKY server.

GetCapabilities example:


http://gsky.nci.org.au/ows/national_geophysical_compilations?service=WMS&version=1.3.0&request=GetCapabilities




GetMap Request Using the information returned from a GetCapabilities request, a GetMap URL can be constructed and then entered into the address bar of any web browser.

Example GetMap request:


http://gsky.nci.org.au/ows/national_geophysical_compilations? service=WMS& layers=gravmap2016_grid_grv_cscba& service=WMS& crs=EPSG:4326& format=image/png& request=GetMap& height=512& width=512& version=1.3.0& bbox=-47,113,-11,153& time=2019-08-29T00:00:00.000Z&
transparent=FALSE [http://gsky.nci.org.au/ows/national_geophysical_compilations?SERVICE=WMS&&layers=gravmap2016_grid_grv_cscba&styles=&service=WMS&crs=EPSG%3A4326&format=image%2Fpng&request=GetMap&bgcolor=0xFFFFFF&height=512&width=512&version=1.3.0&bbox=-47,113,-11,153&time=2019-08-29T00:00:00.000Z]





Using GSKY’s WMS in Python

Many tools are available to perform the above steps less manually. In particular, Python’s OWSLib library can be used with GSKY’s WMS.

The following libraries will need to be imported for the below example.


[1]:






from owslib.wms import WebMapService
from PIL import Image
import matplotlib.pyplot as plt
%matplotlib inline







To start, we will need the base GSKY server URL:


[2]:






gsky_url = 'http://gsky.nci.org.au/ows/national_geophysical_compilations'







Now using OWSLib, you can begin by inspecting the service metadata:


[3]:






wms = WebMapService(gsky_url, version='1.3.0')







Find out the available data layers that can be requested:


[4]:






for layer in list(wms.contents):
    print("Layer Name:", wms[layer].name)
    print("Title:", wms[layer].title, '\n')













Layer Name: gravmap2016_grid_grv_cscba
Title: Australia gravity grid 2016 (complete spherical cap Bouguer anomaly)

Layer Name: gravmap2016_grid_grv_ir
Title: Australia gravity grid 2016 (isostatic residual anomaly)

Layer Name: gravmap2016_grid_grv_scba
Title: Australia gravity grid 2016 (spherical cap Bouguer anomaly)

Layer Name: magmap2019_grid_tmi_1vd_awags_mag_2019
Title: Total Magnetic Intensity Grid of Australia 2019 - First Vertical Derivative (1VD)

Layer Name: magmap2019_grid_tmi_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia 2019 - seventh edition - 80 m cell size

Layer Name: magmap2019_grid_tmi_cellsize40m_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia 2019 - seventh edition - 40 m cell size

Layer Name: magmap2019_grid_tmi_rtp_awags_mag_2019
Title: Total Magnetic Intensity (TMI) Grid of Australia with Variable Reduction to Pole (VRTP) 2019 - seventh edition

Layer Name: radmap2019_grid_dose_terr_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered terrestrial dose rate

Layer Name: radmap2019_grid_dose_terr_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered terrestrial dose rate

Layer Name: radmap2019_grid_k_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered pct potassium

Layer Name: radmap2019_grid_k_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered pct potassium grid

Layer Name: radmap2019_grid_th_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered ppm thorium

Layer Name: radmap2019_grid_th_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered ppm thorium

Layer Name: radmap2019_grid_thk_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio thorium over potassium

Layer Name: radmap2019_grid_u2th_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium squared over thorium

Layer Name: radmap2019_grid_u_conc_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 unfiltered ppm uranium

Layer Name: radmap2019_grid_u_conc_filtered_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 filtered ppm uranium

Layer Name: radmap2019_grid_uk_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium over potassium

Layer Name: radmap2019_grid_uth_ratio_awags_rad_2019
Title: Radiometric Grid of Australia (Radmap) v4 2019 ratio uranium over thorium







We can also view metadata that is available about a selected layer. For example, you can view the abstract associated with that data layer.


[5]:






layer = "gravmap2016_grid_grv_scba"








[6]:






print(wms[layer].abstract)













Gravity data measure small changes in gravity due to changes in the density of rocks beneath the Earth\'s surface. The data collected are processed via standard methods to ensure the response recorded is that due only to the rocks in the ground. The results produce datasets that can be interpreted to reveal the geological structure of the sub-surface. The processed data is checked for quality by GA geophysicists to ensure that the final data released by GA are fit-for-purpose.

This Australia gravity grid 2016 (spherical cap Bouguer anomaly) is a complete Bouguer anomaly grid for the National Gravity Grids, 2016 survey. This gravity survey was acquired under the project No. 4107 for the geological survey of None. The grid has a cell size of 0.00833 degrees (approximately 878m). The data are given in units of um/s^2, also known as \'gravity units\', or gu. A total of None gravity stations were acquired to produce this grid.

NCI Data Catalogue: https://dx.doi.org/10.25914/5f7567c199dc8






Or view the CRS options, bounding box, and time positions available (these details will be needed to construct the GetMap request).


[7]:






print("CRS Options: ")
crs = wms[layer].crsOptions
print('\t', crs, '\n')

print("Bounding Box: ")
bbox = wms[layer].boundingBox
print('\t', bbox, '\n')

print("Time Positions: ")
time = wms[layer].timepositions
print('\t', time[:10], '\n')













CRS Options:
         ['EPSG:3857', 'EPSG:4326']

Bounding Box:
         (-180.0, -90.0, 180.0, 90.0, 'EPSG:4326')

Time Positions:
         ['2019-08-29T00:00:00.000Z']







Now let’s use the information above to construct and make the GetMap request

We’ll need to define a bounding box for our request:


[8]:






subset_bbox = (112, -44, 154, -10)







OWSLib’s library can now be used to make the GetMap request:


[9]:






output = wms.getmap(layers=[layer],
                        srs='EPSG:4326',
                        bbox=(subset_bbox[0], subset_bbox[1], subset_bbox[2], subset_bbox[3]),
                        size=(512, 512),
                        format='image/png',
                        time=time[0]
                        )







To view the above constructed URL:


[10]:






print(output.geturl())













http://gsky.nci.org.au/ows/national_geophysical_compilations?SERVICE=WMS&service=WMS&version=1.3.0&request=GetMap&layers=gravmap2016_grid_grv_scba&styles=&width=512&height=512&crs=EPSG%3A4326&bbox=-44%2C112%2C-10%2C154&format=image%2Fpng&transparent=FALSE&bgcolor=0xFFFFFF&exceptions=XML&time=2019-08-29T00%3A00%3A00.000Z






Lastly, we need to write the GetMap result to a file:


[11]:






pngfile = './gsky_getMap.png'
with open(pngfile, 'wb') as out:
    out.write(output.read())







And if we’d like to confirm the result:


[12]:






im = Image.open(pngfile)
plt.figure(figsize=(10, 10))
plt.imshow(im)








[12]:







<matplotlib.image.AxesImage at 0x11c2bc160>
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For more information on the OGC WMS standard specifications and the Python OWSLib package: http://www.opengeospatial.org/standards/wms

https://geopython.github.io/OWSLib/#wms






          

      

      

    

  

    
      
          
            
  


Accessing MT time series data from the NCI THREDDS Data Server using OPeNDAP


Requirements

The following tutorial shows how to access magnetotelluric (MT) time series data stored as NetCDF4 files from the National Computational Infrastructure (NCI) THREDDS data server [http://dapds00.nci.org.au/thredds/catalogs/my80/catalog.html].

This tutorial makes use of the IOOS THREDDS crawler [https://github.com/ioos/thredds_crawler] as well as the Python3 library urllib.request [https://docs.python.org/3/library/urllib.request.html].

Additionally, the following Python3 libraries are required to run this tutorial: netcdf4-python [https://unidata.github.io/netcdf4-python/netCDF4/index.html] matplotlib.pyplot [https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.html] numpy [https://numpy.org/] os [https://docs.python.org/3/library/os.html]


Import libraries


[1]:






from thredds_crawler.crawl import Crawl
import urllib.request
import urllib
from netCDF4 import Dataset
import matplotlib.pyplot as plt
import numpy as np
import os
%matplotlib inline









Run a crawl on the NCI THREDDS Data Server AusLAMP Musgraves MT time series endpoint xml.


[2]:






### For this example, we are looking at the Level 1 time series data

c = Crawl('http://dapds00.nci.org.au/thredds/catalog/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/catalog.xml', select=['.*nc'])









Using OPeNDAP to view MT time series metadata and data


[3]:






### define all OPeNDAP URLs
urls_opendap = [s.get("url") for d in c.datasets for s in d.services if s.get("service").lower() == "opendap"]








[4]:






## look at the first 3 OPeNDAP endpoints
print(urls_opendap[:3])













['http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA225-2_138_173.nc', 'http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA227_130_133.nc', 'http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA242_304_322.nc']
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## print the number of OPeNDAP endpoints from the crawl
print(len(urls_opendap))













47







[6]:






### let's look at 2 example Level 1 Musgraves MT Time Series NetCDF files (stations SA271 and SA272)
SA271 = [i for i in urls_opendap if i.split('/')[-1].startswith('SA271')]
SA272 = [i for i in urls_opendap if i.split('/')[-1].startswith('SA272')]
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## print OPeNDAP endpoints for SA271 and SA272
print(SA271)
print(SA272)













['http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA271_134_172.nc']
['http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA272_134_172.nc']
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### let's browse some of the metadata from the 2 example Level 1 Musgraves MT Time Series NetCDF files

for opendap_example in SA271:
    print(opendap_example)
    f = Dataset(opendap_example, 'r')
    print(f.dimensions.keys())
    print('site name is:', f.site_name)
    print('field recorded latitude is:', f.field_GPS_latitude_dec_deg)
    print('field recorded longitude is:', f.field_GPS_longitude_dec_deg)
    print('MT box case number is:', f.MT_box_case_number)
    print('magnetometer_type_model is',f.magnetometer_type_model)
    print('power_source_type is',f.power_source_type_or_model)
    print('')

for opendap_example in SA272:
    print(opendap_example)
    f = Dataset(opendap_example, 'r')
    print(f.dimensions.keys())
    print('site name is:', f.site_name)
    print('field recorded latitude is:', f.field_GPS_latitude_dec_deg)
    print('field recorded longitude is:', f.field_GPS_longitude_dec_deg)
    print('MT box case number is:', f.MT_box_case_number)
    print('magnetometer_type_model is',f.magnetometer_type_model)
    print('power_source_type is',f.power_source_type_or_model)
    print('')













http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA271_134_172.nc
odict_keys(['bx', 'by', 'bz', 'ex', 'ey', 'time'])
site name is: GVD
field recorded latitude is: -27.49422
field recorded longitude is: 132.00921
MT box case number is: 18
magnetometer_type_model is Bartington, Model - Mag03MS70  (70 nano Tesla), Type - Fluxgate, 3 Component, Frequency response: 0 - 1kHz, Bandwidth: 0 - 3kHz
power_source_type is 12Volt 72 Amp/Hr Battery, Power Supply Charging - Solar Panel, 60Watt

http://dapds00.nci.org.au/thredds/dodsC/my80/AusLAMP/SA_AusLAMP_MT_Survey_Musgraves_APY_2016_to_2018/SA/Level_1_Concatenated_Resampled_Rotated_Time_Series_NetCDF/SA272_134_172.nc
odict_keys(['bx', 'by', 'bz', 'ex', 'ey', 'time'])
site name is: South of Illllinna
field recorded latitude is: -27.49907
field recorded longitude is: 131.50538
MT box case number is: 5
magnetometer_type_model is Bartington, Model - Mag03MS70  (70 nano Tesla), Type - Fluxgate, 3 Component, Frequency response: 0 - 1kHz, Bandwidth: 0 - 3kHz
power_source_type is 12Volt 72 Amp/Hr Battery, Power Supply Charging - Solar Panel, 60Watt
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### Checking that variables in SA271 have the same shape

f = Dataset(SA271[0],'r')
vars = f.variables.keys()
for item in vars:
    print('Variable: \t', item)
    print('Dimensions: \t', f[item].dimensions)
    print('Shape:    \t', f[item].shape, '\n')













Variable:        ex
Dimensions:      ('ex',)
Shape:           (3369600,)

Variable:        ey
Dimensions:      ('ey',)
Shape:           (3369600,)

Variable:        bx
Dimensions:      ('bx',)
Shape:           (3369600,)

Variable:        by
Dimensions:      ('by',)
Shape:           (3369600,)

Variable:        bz
Dimensions:      ('bz',)
Shape:           (3369600,)

Variable:        time
Dimensions:      ('time',)
Shape:           (3369600,)








[10]:






### Checking variables in SA272 have the same shape

g = Dataset(SA272[0],'r')
vars = g.variables.keys()
for item in vars:
    print('Variable: \t', item)
    print('Dimensions: \t', g[item].dimensions)
    print('Shape:    \t', g[item].shape, '\n')













Variable:        ex
Dimensions:      ('ex',)
Shape:           (3369600,)

Variable:        ey
Dimensions:      ('ey',)
Shape:           (3369600,)

Variable:        bx
Dimensions:      ('bx',)
Shape:           (3369600,)

Variable:        by
Dimensions:      ('by',)
Shape:           (3369600,)

Variable:        bz
Dimensions:      ('bz',)
Shape:           (3369600,)

Variable:        time
Dimensions:      ('time',)
Shape:           (3369600,)
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### let's start looking at some of the time series data from SA271 and SA272

ex_271 = f['ex']
ey_271 = f['ey']
bx_271 = f['bx']
by_271 = f['by']
time_271 = f['time']

ex_272 = g['ex']
ey_272 = g['ey']
bx_272 = g['bx']
by_272 = g['by']
time_272 = g['time']

### checking 50000 points for ex and ey to see if the time series data looks reasonable
plt.figure(figsize=(12,12))
plt.title("ex,ey time series for SA271", fontsize=18)
plt.plot(time_271[100000:150000],ex_271[100000:150000]-np.mean(ex_271[100000:150000]),label = ex_271.long_name)
plt.plot(time_271[100000:150000],ey_271[100000:150000]-np.mean(ey_271[100000:150000]),label = ey_271.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_271.long_name+' ('+ time_271.units +') ', fontsize=16)
plt.ylabel(ex_271.units, fontsize=16)

plt.figure(figsize=(12,12))
plt.title("ex,ey time series for SA272", fontsize=18)
plt.plot(time_272[100000:150000],ex_272[100000:150000]-np.mean(ex_272[100000:150000]),label = ex_272.long_name)
plt.plot(time_272[100000:150000],ey_272[100000:150000]-np.mean(ey_272[100000:150000]),label = ey_272.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_272.long_name+' ('+ time_272.units +') ', fontsize=16)
plt.ylabel(ex_272.units, fontsize=16)
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Text(0, 0.5, 'mV/m')
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### checking 50000 points of bx and by to see if data looks reasonable
plt.figure(figsize=(12,12))
plt.title("bx,by time series SA271", fontsize=18)
plt.plot(time_271[100000:150000],bx_271[100000:150000]-np.mean(bx_271[100000:150000]),label = bx_271.long_name)
plt.plot(time_271[100000:150000],by_271[100000:150000]-np.mean(by_271[100000:150000]),label = by_271.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_271.long_name+' ('+ time_271.units +') ', fontsize=16)
plt.ylabel(bx_271.units, fontsize=16)

plt.figure(figsize=(12,12))
plt.title("bx,by time series SA272", fontsize=18)
plt.plot(time_272[100000:150000],bx_272[100000:150000]-np.mean(bx_272[100000:150000]),label = bx_272.long_name)
plt.plot(time_272[100000:150000],by_272[100000:150000]-np.mean(by_272[100000:150000]),label = by_272.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_272.long_name+' ('+ time_272.units +') ', fontsize=16)
plt.ylabel(bx_272.units, fontsize=16)
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Text(0, 0.5, 'nT')
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### checking 1000 points of ex and ey from SA271 and SA272
plt.figure(figsize=(12,12))
plt.title("ex,ey time series SA271", fontsize=18)
plt.plot(time_271[150000:151000],ex_271[150000:151000]-np.mean(ex_271[150000:151000]),label = ex_271.long_name)
plt.plot(time_271[150000:151000],ey_271[150000:151000]-np.mean(ey_271[150000:151000]),label = ey_271.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_271.long_name+' ('+ time_271.units +') ', fontsize=16)
plt.ylabel(ex_271.units, fontsize=16)

plt.figure(figsize=(12,12))
plt.title("ex,ey time series SA272", fontsize=18)
plt.plot(time_272[150000:151000],ex_272[150000:151000]-np.mean(ex_272[150000:151000]),label = ex_272.long_name)
plt.plot(time_272[150000:151000],ey_272[150000:151000]-np.mean(ey_272[150000:151000]),label = ey_272.long_name)
plt.legend(loc = 'upper right',prop={'size': 16})
plt.xlabel(time_272.long_name+' ('+ time_272.units +') ', fontsize=16)
plt.ylabel(ex_272.units, fontsize=16)
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Text(0, 0.5, 'mV/m')
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### Compare ex,ey,bx,by from stations SA271 and SA272

fig, axs = plt.subplots(2, 2,figsize=(15,15))
axs[0, 0].plot(time_271[150000:160000], ex_271[150000:160000]-np.mean(ex_271[150000:160000]),'tab:orange')
axs[0, 0].plot(time_272[150000:160000], ex_272[150000:160000]-np.mean(ex_272[150000:160000]),'tab:blue')
axs[0, 0].set_title('ex time series SA271(orange) vs SA272(blue)')
axs[0, 1].plot(time_271[150000:160000], ey_271[150000:160000]-np.mean(ey_271[150000:160000]), 'tab:orange')
axs[0, 1].plot(time_272[150000:160000], ey_272[150000:160000]-np.mean(ey_272[150000:160000]),'tab:blue')
axs[0, 1].set_title('ey time series SA271(orange) vs SA272(blue)')
axs[1, 0].plot(time_271[150000:160000], bx_271[150000:160000]-np.mean(bx_271[150000:160000]), 'tab:orange')
axs[1, 0].plot(time_272[150000:160000], bx_272[150000:160000]-np.mean(bx_272[150000:160000]), 'tab:blue')
axs[1, 0].set_title('bx time series SA271(orange) vs SA272(blue)')
axs[1, 1].plot(time_271[150000:160000], by_271[150000:160000]-np.mean(by_271[150000:160000]), 'tab:orange')
axs[1, 1].plot(time_272[150000:160000], by_272[150000:160000]-np.mean(by_272[150000:160000]), 'tab:blue')
axs[1, 1].set_title('by time series SA271(orange) vs SA272(blue)')

for ax in axs.flat:
    ax.set(xlabel='time', ylabel='counts')

# Hide x labels and tick labels for top plots and y ticks for right plots.
for ax in axs.flat:
    ax.label_outer()
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### close plots

plt.close('all')








Let’s try and process some time series in the frequency domain using the Bounded Influence, Remote Reference Processing (BIRRP) code [https://www.whoi.edu/science/AOPE/people/achave/Site/Next1.html].

Note that for this example, we are using an NCI modified parallelised version of BIRRP that allows for electromagnetic field inputs from a NetCDF4 file.


[16]:






### set this to the location of the NetCDF/mpi modified version of the BIRRP code
birrp_location = '/g/data/my80/test/BIRRP_dev/birrp_NR_test/gadi_2020/birrp_mpi'

### set this to a working directory where you would like to run BIRRP example
working_directory = '/g/data/uc0/nre900/MT/MT_jupyter_notebook/birrp_processing_example'

### let's change into our working directory
os.chdir(working_directory)
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### Let's run BIRRP on 2 million data points for this example. First we can define SA271 as the local site and SA272 as the remote reference

start_point = 10
end_point = 2000010

EX = ex_271[start_point:end_point]
EY = ey_271[start_point:end_point]
BX = bx_271[start_point:end_point]
BY = by_271[start_point:end_point]
BXRR = bx_272[start_point:end_point]
BYRR = by_272[start_point:end_point]
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### Let's create a netCDF file with the BIRRP variable inputs

dataset_P = Dataset('SA271_rr_SA272.nc','w',format='NETCDF4')

### define netCDF dimensions
ex = dataset_P.createDimension('ex', len(EX))
ey = dataset_P.createDimension('ey', len(EY))
bx = dataset_P.createDimension('bx', len(BX))
by = dataset_P.createDimension('by', len(BY))
bxrr = dataset_P.createDimension('bxrr', len(BXRR))
byrr = dataset_P.createDimension('byrr', len(BYRR))

### define netCDF variables
ex = dataset_P.createVariable('ex',np.float32,('ex',))
ex[:] = EX

ey = dataset_P.createVariable('ey',np.float32,('ey',))
ey[:] = EY

bx = dataset_P.createVariable('bx',np.float32,('bx',))
bx[:] = BX

by = dataset_P.createVariable('by',np.float32,('by',))
by[:] = BY

bxrr = dataset_P.createVariable('bxrr',np.float32,('bxrr',))
bxrr[:] = BXRR

byrr = dataset_P.createVariable('byrr',np.float32,('byrr',))
byrr[:] = BYRR

dataset_P.close()
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### Let's define our BIRRP processing parameters

birrp_processing_parameters = """1
2
2
2
1
3
1
32768,2,9
3,1,3
y
2
0,0.0003,0.9999
0.7
0.0
0.003,1
SA271_rrSA272
0
0
1
10
0
0
2000000
0
ex@SA271_rr_SA272.nc
0
0
ey@SA271_rr_SA272.nc
0
0
bx@SA271_rr_SA272.nc
0
0
by@SA271_rr_SA272.nc
0
0
bxrr@SA271_rr_SA272.nc
0
0
byrr@SA271_rr_SA272.nc
0
180,90,180
0,90,0
0,90,0
"""
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### let's write the birrp processing parameters input file for BIRRP
birrp_input = open("birrp_processing_parameters","wt")
n = birrp_input.write(birrp_processing_parameters)
birrp_input.close()
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### next we need to make a Gadi PBS job script to run BIRRP on our example file

runjob = """
#!/bin/bash
#PBS -q express
#PBS -P z00
#PBS -l walltime=00:01:00
#PBS -l ncpus=8
#PBS -l mem=2GB
#PBS -l jobfs=1GB
#PBS -l wd
#PBS -N birrp_271_272
#PBS -l storage=gdata/uc0+gdata/z00+gdata/my80

module load openmpi/3.1.4

mpirun -np 8 --mca pml ob1 /g/data/my80/test/BIRRP_dev/birrp_NR_test/gadi_2020/birrp_mpi  < birrp_processing_parameters
"""
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### write PBS job script file

runjob_input = open("runjob.ob1.sh", "wt")
runjob_input.write(runjob)
runjob_input.close()
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### Let's submit our PBS job

!qsub runjob.ob1.sh













5843475.gadi-pbs







[24]:






### We can monitor our PBS job

!qstat













Job id                 Name             User              Time Use S Queue
---------------------  ---------------- ----------------  -------- - -----
5843475.gadi-pbs       birrp_271_272    nre900                   0 Q express-exec
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### Let's check that our BIRRP output files have been created

!ls













birrp_271_272.e5843475       SA271_rrSA272.1r.2c2  SA271_rrSA272.2r.2c2
birrp_271_272.o5843475       SA271_rrSA272.1r2.rf  SA271_rrSA272.2r2.rf
birrp_processing_parameters  SA271_rrSA272.1r2.rp  SA271_rrSA272.2r2.rp
runjob.ob1.sh                SA271_rrSA272.1r2.tf  SA271_rrSA272.2r2.tf
SA271_rrSA272.1n.1c2         SA271_rrSA272.2n.1c2  SA271_rrSA272.diag.000
SA271_rrSA272.1n1.rf         SA271_rrSA272.2n1.rf  SA271_rrSA272.diag.001
SA271_rrSA272.1n1.rp         SA271_rrSA272.2n1.rp  SA271_rrSA272.diag.002
SA271_rrSA272.1n1.tf         SA271_rrSA272.2n1.tf  SA271_rrSA272.diag.003
SA271_rrSA272.1n.2c2         SA271_rrSA272.2n.2c2  SA271_rrSA272.diag.004
SA271_rrSA272.1n2.rf         SA271_rrSA272.2n2.rf  SA271_rrSA272.diag.005
SA271_rrSA272.1n2.rp         SA271_rrSA272.2n2.rp  SA271_rrSA272.diag.006
SA271_rrSA272.1n2.tf         SA271_rrSA272.2n2.tf  SA271_rrSA272.diag.007
SA271_rrSA272.1r.1c2         SA271_rrSA272.2r.1c2  SA271_rrSA272.j
SA271_rrSA272.1r1.rf         SA271_rrSA272.2r1.rf  SA271_rr_SA272.nc
SA271_rrSA272.1r1.rp         SA271_rrSA272.2r1.rp  SA271_rrSA272.r.cov
SA271_rrSA272.1r1.tf         SA271_rrSA272.2r1.tf







[ ]:
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Convert MT time-series to netCDF example

In this notebook, we will create netCDF files with rich metadata from our MT time-series.

Clear notebook memory


[13]:






%reset -f

#%whos







Import python modules


[1]:






import os
import matplotlib.pyplot as plt
import numpy as np
from netCDF4 import Dataset
from netCDF4 import num2date, date2num
from datetime import datetime, timedelta
%matplotlib inline








[2]:






working_dir = '/g/data/my80/sandbox/ascii_to_netcdf_test/'
os.chdir(working_dir)







Open TS ascii files and create variables to input into netCDF file


[3]:






LEX = sorted([f for f in os.listdir(working_dir) if f.startswith('cp1') and f.endswith('.ex')])
LEY = sorted([f for f in os.listdir(working_dir) if f.startswith('cp1') and f.endswith('.ey')])
LBX = sorted([f for f in os.listdir(working_dir) if f.startswith('cp1') and f.endswith('.bx')])
LBY = sorted([f for f in os.listdir(working_dir) if f.startswith('cp1') and f.endswith('.by')])
EX1 = []
EY1 = []
BX1 = []
BY1 = []

types = [LEX]








[4]:






def array_for_netcdf(ty):
    for i in ty:
        for a in i:
            if a.endswith('ex'):
                print a
                df = open(a)
                for line in df:
                    EX1.append(line)
            elif a.endswith('ey'):
                print a
                df = open(a)
                for line in df:
                    EY1.append(line)
            elif a.endswith('bx'):
                print a
                df = open(a)
                for line in df:
                    BX1.append(line)
            elif a.endswith('by'):
                print a
                df = open(a)
                for line in df:
                    BY1.append(line)
            else:
                print 'something went horribly wrong'

if __name__ == '__main__':
    ty = [LEX, LEY, LBX, LBY]
    array_for_netcdf(ty)













cp1b01_296.ex
cp1b01_296.ey
cp1b01_296.bx
cp1b01_296.by






Check that variables are the correct length


[5]:






print len(EX1)
print len(EY1)
print len(BX1)
print len(BY1)













82800000
82800000
82800000
82800000






Create a time variable


[7]:






t1 = float(1287756000)
t2 = float(1287838799)

time1 = np.linspace(t1,t2,num = len(EX1))








Check start-time and end-time are correct


[9]:






print datetime.fromtimestamp(t1)
print datetime.fromtimestamp(t2)













2010-10-23 01:00:00
2010-10-23 23:59:59






Check TS variables look reasonable


[140]:






plt.plot(time1[:100],EX1[:100],color='r')








[140]:







[<matplotlib.lines.Line2D at 0x7fcfa92c8690>]
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Create netCDF file and add time-series dimensions and variables (including local attributes)
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dataset_P = Dataset('netCDF_test.nc','w',format='NETCDF4')

ex = dataset_P.createDimension('ex', len(EX1))
ey = dataset_P.createDimension('ey', len(EY1))
bx = dataset_P.createDimension('bx', len(BX1))
by = dataset_P.createDimension('by', len(BY1))
time = dataset_P.createDimension('time', len(time1))

lon1 = [134.5]

LON = dataset_P.createDimension('longitude', len(lon1))
lons = dataset_P.createVariable('longitude',np.float32,('longitude',))
lons.units = 'degrees_east'
lons.long_name = 'longitude'
lons.standard_name = 'longitude'
lons[:] = lon1

lat1 = [-27.1]

LAT = dataset_P.createDimension('latitude', len(lat1))
lats = dataset_P.createVariable('latitude',np.float32,('latitude',))
lats.units = 'degrees_north'
lats.long_name = 'latitude'
lats.standard_name = 'latitude'
lats[:] = lat1

ex = dataset_P.createVariable('ex',np.float32,('ex',))
ex.units = 'microV/m'
ex.long_name = 'electric field in x direction'
ex.standard_name = 'electric field'
ex.sampling_rate = '1000 Hz'
ex.dipole_length = '46 m'
ex.logger_gain = '1'
ex.interface_box_gain = '10'
ex.instrument_type = 'Ag-AgCl electrodes'
ex.logger_type = 'zen'
ex.azimuth = '0'
ex[:] = EX1


ey = dataset_P.createVariable('ey',np.float32,('ey',))
ey.units = 'microV/m'
ey.long_name = 'electric field in y direction'
ey.standard_name = 'electric field'
ey.sampling_rate = '1000 Hz'
ey.dipole_length = '49 m'
ey.logger_gain = '1'
ey.interface_box_gain = '10'
ey.instrument_type = 'Ag-AgCl electrodes'
ey.logger_type = 'zen'
ey.azimuth = '90'
ey[:] = EY1

bx = dataset_P.createVariable('bx',np.float32,('bx',))
bx.units = 'microV/nT'
bx.long_name = 'Long period magnetic field in x direction'
bx.standard_name = 'magnetic field'
bx.sampling_rate = '1000 Hz'
bx.magnetic_declination = '0'
bx.azimuth = '0'
bx.logger_gain = '1'
bx.interface_box_gain = '10'
bx[:] = BX1

by = dataset_P.createVariable('by',np.float32,('by',))
by.units = 'microV/nT'
by.long_name = 'Long period magnetic field in y direction'
by.standard_name = 'magnetic field'
by.sampling_rate = '1000 Hz'
by.magnetic_declination = '0'
by.azimuth = '90'
by.logger_gain = '1'
by.interface_box_gain = '10'
by[:] = BY1


time = dataset_P.createVariable('time',np.float64,('time',))
time.units = 'seconds'
time.long_name = 'time'
time.standard_name = 'time'
time.sampling_rate = '1000 Hz'
time[:] = time1








Add global attributes to netCDF file
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# Global Attributes

dataset_P.title = 'Capricorn Orogen magnetotelluric (MT) surveys 2010'
dataset_P.summary = 'This survey was conducted across the southern Pilbara and Gascoyne regions from April to early July 2010. The addition of this survey to the existing set improves the understanding of the crustal structure of Western Australia.This survey was conducted across the southern Pilbara and Gascoyne regions from April to early July 2010. The addition of this survey to the existing set improves the understanding of the crustal structure of Western Australia. The Capricorn Orogen deep seismic reflection and MT surveys were funded through the Exploration Incentive Scheme (EIS) and through the Australia Federal Governments National Earth Science Infrastructure Program (AuScope). Acquisition and interpretation was managed by Geoscience Australia (GA) and the Australian National Seismic Imaging Resource (ANSIR) through the National Geoscience Agreement. The main objectives for the Capricorn survey were to image the: 1) overall structure and dip of the suture between the Yilgarn Craton and Gascoyne Province (Errabiddy Shear Zone), and the suture between the Pilbara Craton and the Gascoyne Province 2) depth and shape of the Minnie Creek batholith and other Proterozoic granite intrusions 3) nature of reactivated Fortescue Group growth faults in the southern Pilbara 4) dip of major faults that mark the boundary between the Pilbara Craton and the Ashburton Basin 5) deep crustal structure of the Ashburton Basin 6) deep crustal structure of the Edmund and Collier Basins and nature of major growth faults, such as the Talga Fault '
dataset_P.source = 'The University of Adelaide'
dataset_P.date_created = '20180501T113000'
dataset_P.Conventions = 'ACDD-1.3'
dataset_P.metadata_link = ' https://geoenetwork.nci.org.au/geonetwork/srv/eng/catalog.search#/metadata/fxxxxx'
dataset_P.license = 'Creative Commons Attribution 4.0 International (CC BY 4.0)'
dataset_P.processing_level = 'MT broad band time-series'
dataset_P.institution = 'The University of Adelaide'
dataset_P.project = 'Caprocprn Orogen deep seismic reflection and magnetotelluric surveys 2010'
dataset_P.instrument = 'Auscope long-period MT instruments'
dataset_P.boxnumber = '26'
dataset_P.surveydate = '2010/10/23'
dataset_P.elevation = '2113.2'
dataset_P.hx = '2274'
dataset_P.hy = '2284'
dataset_P.hz = '2254'
dataset_P.location = 'Earth'
dataset_P.station = 'c01'
dataset_P.station_type = 'mt'
dataset_P.sampling_interval = 'all'
dataset_P.time_start = '2010-10-23T01:00:00Z'
dataset_P.time_end = '2010-10-23T23:59:59Z'
#dataset_P.references = 'https://doi.org/10.1071/ASEG2015ab277'
dataset_P.keywords = 'Magnetotellurics, electrical resistivity, Long Period, WA Capricorn, Broad Band'
dataset_P.birrpstring = birrpstring = """0
2
2
2
-10
65536,10
y
0,0.999
0.4
c01
0
1
3
0
0
20000000
0
{0}
0
0
{1}
0
0
{2}
0
0
{3}
0
0
{4}
0
0
{5}
0
0,90,0
0,90,0
0,90,0
""".format('ex','ey','bx','by','bx','by')

dataset_P.birrp_cfg = """[DEFAULT]
ainuin = 0.999
coherence_threshold = 0.4
ilev = 0
imode = 2
jmode = 0
max_window_length = 12936
n_bisections = 10
n_output_channels = 2
n_samples = 20000000
nar = 3
nfil = 0
ninp = 2
nlev = 0
nout = 2
npcs = 1
nskip = 0
phi = 0
rr_station = c01
sampling_rate = 10.0
station = c01
tbw = 2
theta1 = 0
theta2 = 90
uin = 0
"""
dataset_P.survey_cfg = """[c01]
b_instrument_amplification = 10
b_instrument_type = coil
b_logger_gain = 1
b_logger_type = zen
b_xaxis_azimuth = 0
b_yaxis_azimuth = 90
box = 26
date = 2010/10/23
e_instrument_amplification = 10
e_instrument_type = Ag-AgCl electrodes
e_logger_gain = 1
e_logger_type = Ag-AgCl electrodes
e_xaxis_azimuth = 0
e_xaxis_length = 46 m
e_yaxis_azimuth = 90
e_yaxis_length = 49 m
elevation = 2113.2
hx = 2274
hy = 2284
hz = 2254
lat = -27.1000003815
location = Earth
lon = 134.5
station = c01
station_type = mt
sampling_interval = all
"""

dataset_P.EDI = """ >HEAD

   DATAID="CP1B01"
   ACQBY="Adelaide University"
   ACQDATE=23/10/2010 01:00
   FILEDATE=17/02/11
   PROSPECT="Capricorn"
   LOC="CP1B01"
   LAT=-22.48308
   LONG=117.74262
   ELEV=639

 >INFO   MAXLINES=1000

 >=DEFINEMEAS

   MAXCHAN=6
   MAXRUN=999
   MAXMEAS=99999
   UNITS=M
   REFTYPE=CART
   REFLAT=-22.48308
   REFLONG=117.74262
   REFELEV=639

 >HMEAS ID= 1001.001 CHTYPE=HX X = 0.  Y = 0.  AZM = 0.
 >HMEAS ID= 1002.001 CHTYPE=HY X = 0.  Y = 0.  AZM= 90.
 >EMEAS ID= 1003.001 CHTYPE=EX X = 0.  Y = 0. X2 = 46.  Y2 = 0.
 >EMEAS ID= 1004.001 CHTYPE=EY X = 0.  Y = 0. X2 = 0.  Y2 = 49.
 >HMEAS ID= 1005.001 CHTYPE=HX X = 0.  Y = 0.  AZM= 0.
 >HMEAS ID= 1006.001 CHTYPE=HY X = 0.  Y = 0.  AZM= 90.

 >=MTSECT
   SECTID=c01
   NFREQ=   26
   HX = 1001.001
   HY = 1002.001
   EX = 1003.001
   EY = 1004.001
   RX = 1005.001
   RY = 1006.001

 >!****FREQUENCIES****!
 >FREQ NFREQ= 26  ORDER=INC // 26
    0.38147E-01    0.61035E-01    0.76294E-01    0.12207E+00    0.15259E+00
    0.24414E+00    0.30518E+00    0.48828E+00    0.61035E+00    0.97656E+00
    0.12207E+01    0.19531E+01    0.24414E+01    0.39062E+01    0.48828E+01
    0.78125E+01    0.97656E+01    0.15625E+02    0.19531E+02    0.31250E+02
    0.39062E+02    0.62500E+02    0.78125E+02    0.12500E+03    0.15625E+03
    0.25000E+03
 >!****IMPEDANCES****!
 >ZXXR // 26
   -0.44327E+00   -0.26625E+01    0.46049E+00    0.56364E+00    0.57152E+00
    0.59396E+00    0.59081E+00    0.67098E+00    0.62623E+00    0.59566E+00
    0.62351E+00    0.79927E+00    0.95460E+00    0.16753E+01    0.23511E+01
    0.40092E+01    0.42265E+01    0.59329E+01    0.67558E+01    0.64058E+01
    0.11664E+02    0.86670E+01    0.44399E+01   -0.21714E+00   -0.29885E+01
   -0.48281E+01
 >ZXXI // 26
    0.46960E+00    0.39444E+00    0.37653E+00    0.35081E+00    0.37132E+00
    0.42697E+00    0.34787E+00    0.27211E+00    0.42564E+00    0.77741E+00
    0.10079E+01    0.15128E+01    0.17848E+01    0.26411E+01    0.29097E+01
    0.32121E+01    0.32062E+01    0.19400E+01    0.22719E+00   -0.20125E+01
    0.13069E+02    0.29387E+01   -0.19915E+01   -0.46283E+01   -0.42915E+01
   -0.32431E+01
 >ZXX.VAR // 26
    0.58392E+00    0.26810E+00    0.19542E-02    0.13228E-01    0.12507E-01
    0.89072E-02    0.14495E-02    0.68923E-03    0.61660E-03    0.19105E-02
    0.15167E-02    0.25468E-02    0.25983E-02    0.34299E-02    0.33525E-02
    0.70537E-03    0.18979E-02    0.12378E-02    0.11475E-02    0.63023E-03
    0.65161E-02    0.44747E-02    0.14962E-02    0.16737E-02    0.14638E-02
    0.29286E-02
 >ZXYR // 26
   -0.26648E-01    0.82435E+00    0.26319E+00    0.30035E+00    0.21084E+00
    0.34265E-01   -0.10687E+00   -0.22633E+00   -0.35426E+00   -0.61359E+00
   -0.70068E+00   -0.55762E+00   -0.22691E+00    0.20408E+01    0.51009E+01
    0.15103E+02    0.23824E+02    0.43505E+02    0.56366E+02    0.73560E+02
    0.69859E+02    0.78639E+02    0.82982E+02    0.87041E+02    0.82349E+02
    0.82687E+02
 >ZXYI // 26
   -0.95257E-01    0.56529E+00    0.16447E+00    0.12847E+00    0.22258E+00
    0.73989E+00    0.98822E+00    0.16986E+01    0.23092E+01    0.39944E+01
    0.53358E+01    0.91095E+01    0.11825E+02    0.20797E+02    0.26152E+02
    0.38278E+02    0.42795E+02    0.49434E+02    0.48433E+02    0.41547E+02
    0.22777E+02    0.19273E+02    0.22562E+02    0.23133E+02    0.24032E+02
    0.25246E+02
 >ZXY.VAR // 26
    0.42988E+00    0.43859E+00    0.20175E-02    0.13173E-01    0.13421E-01
    0.75201E-02    0.14977E-02    0.13319E-02    0.96171E-03    0.25464E-02
    0.15511E-02    0.38635E-02    0.38170E-02    0.46158E-02    0.60336E-02
    0.27778E-02    0.46100E-02    0.16453E-02    0.13369E-02    0.58955E-03
    0.53401E-02    0.48939E-02    0.19358E-02    0.23141E-02    0.24598E-02
    0.44945E-02
 >ZYXR // 26
   -0.22142E+01   -0.38310E+01   -0.40580E+01   -0.43981E+01   -0.46885E+01
   -0.57701E+01   -0.61378E+01   -0.72024E+01   -0.78769E+01   -0.99293E+01
   -0.11117E+02   -0.14394E+02   -0.16577E+02   -0.22670E+02   -0.27186E+02
   -0.36239E+02   -0.40302E+02   -0.53441E+02   -0.59981E+02   -0.68305E+02
   -0.79638E+02   -0.80522E+02   -0.78122E+02   -0.78447E+02   -0.73020E+02
   -0.73578E+02
 >ZYXI // 26
   -0.19394E+01    0.10589E-01   -0.24206E+01   -0.33747E+01   -0.37145E+01
   -0.41992E+01   -0.51341E+01   -0.69401E+01   -0.76256E+01   -0.10168E+02
   -0.11777E+02   -0.15617E+02   -0.17774E+02   -0.22825E+02   -0.25494E+02
   -0.30058E+02   -0.30961E+02   -0.31538E+02   -0.30021E+02   -0.26204E+02
   -0.21322E+02   -0.20073E+02   -0.22038E+02   -0.24485E+02   -0.25369E+02
   -0.28741E+02
 >ZYX.VAR // 26
    0.72531E+00    0.34810E+00    0.10581E-01    0.48191E-01    0.43113E-01
    0.23871E-01    0.43235E-02    0.18267E-02    0.17336E-02    0.36324E-02
    0.28214E-02    0.33997E-02    0.31387E-02    0.29680E-02    0.22117E-02
    0.52945E-03    0.10360E-02    0.53337E-03    0.37994E-03    0.33570E-03
    0.24485E-02    0.20074E-02    0.10057E-02    0.17054E-02    0.21290E-02
    0.39388E-02
 >ZYYR // 26
   -0.16580E+01    0.55103E-01   -0.29996E+01   -0.23860E+01   -0.21560E+01
   -0.27695E+01   -0.28269E+01   -0.24845E+01   -0.21830E+01   -0.14827E+01
   -0.11111E+01    0.35025E+00    0.11699E+01    0.40835E+01    0.60067E+01
    0.89569E+01    0.89933E+01    0.79566E+01    0.54601E+01    0.12250E+01
    0.74394E+01    0.16723E+01   -0.22411E+01   -0.41903E+01   -0.16425E+01
   -0.69623E+00
 >ZYYI // 26
   -0.90523E+00    0.25965E+00    0.11017E+00    0.41802E+00    0.62882E+00
    0.10750E+01    0.12414E+01    0.20023E+01    0.20172E+01    0.27763E+01
    0.32608E+01    0.41912E+01    0.47628E+01    0.54067E+01    0.46174E+01
    0.21269E+01    0.24797E+00   -0.49399E+01   -0.68641E+01   -0.74936E+01
   -0.12499E+02   -0.98253E+01   -0.57024E+01   -0.17552E+00    0.20136E+01
    0.34510E+01
 >ZYY.VAR // 26
    0.71284E+00    0.62434E+00    0.11302E-01    0.40725E-01    0.59773E-01
    0.19966E-01    0.47040E-02    0.34225E-02    0.24680E-02    0.44178E-02
    0.23959E-02    0.42534E-02    0.35118E-02    0.33370E-02    0.28465E-02
    0.16291E-02    0.18247E-02    0.57730E-03    0.32430E-03    0.25724E-03
    0.19862E-02    0.21254E-02    0.11422E-02    0.18330E-02    0.25298E-02
    0.39368E-02

 >END
"""









Close and save netCDF file
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dataset_P.close()
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Broadband and long-period MT survey acquired along the southern part of the GOMA (Gawler Craton, Officer Basin, Musgrave Province,

Amadeus Basin) deep seismic reflection transect (GA08-OM1) from Tarcoola to near Coober Pedy in South Australia (beside the Adelaide-
Darwin railway line), collected in December 2008

In December 2008, broadband and long-period magnetotelluric (MT) data were acquired by Geoscience Australia (GA) along the southern part of the GOMA (Gawler

Craton, Offcer Basin, Musgrave Province, Amadevs Basin)deep seismic reflecton transect (GA0S-OMT) fom Tarcoola to near Coober Pecy in South Australa (beside
catalogue.nci.org.

Broadband MT survey in the Renmark Trough, collected in 2009.
There have been numerous geophysical investigations into the Renmark Trough. Gravity data was collected in the 1960s and mid-1980s. A large seismic survey was
conducted in 1965 with other surveys collected in the 1980s. More recently, in 2009 a broadband MT survey was collected along a 1967 gravity line (Craven, 2009).

https://datacatalogue.nci.org.au/metadat 5_82

Crustal imaging of a mobile belt using magnetotellurics: An example of the Fowler Domain in South Australia
‘A long-period magnetotelluric data set was obtained in 2005 along a two-dimensionalprofile across the western part of the late Archaean early Proterozoic Gawler

Craton South Ausiralia. The study is aimed at delneating the electrical conductiity structure ofthe crust and upper manti underneath an east-west trending profie
acatalogue.nci.org.au/metadata/ o7

Crustal scale magnetotelluric data survey along the 08GA-C1 seismic line in the Curnamona Province in South Australia, collected in 2008.
in 2008, as part of its Onshore Energy Security Program, Geoscience Australia, in conjunction with Primary Industries and Resources South Australia (PIRSA), acquired

262 ki of vibroseissource deep seismic reflection data as a single traverse in the Cumamona Province in South Australia. This line, 08GA-C1, was oriented approximately
L aloguenci.org. i2 7998

Decompression melting driving intraplate volcanism in Australia: Evidence from magnetotelluric sounding
A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has identified melt within the thinned lithosphere of Pleistocene-Holocene

Newer Volcanics Province (NVP) insovtheast Australia, which has been variously attrbuted to mantle plume activty or edge-criven mantieconvection. Two-gimensional
catalogue.nciorg.2

Imaging the electrical lithosphere of South Australia - 2D profiles and preliminary results of AusLAMP SA
The Australian Lithospheric Architecture Magnetotelluric Project (AusLAMP) has the goal of mapping the electrical resistivity of the Australian lithosphere to constrain the

geodynamic ramework ofthe contine ust 2014 and May 2015, 125 long-period magnetotelluric (MT) data will be collected across the Gawler Craton and
Je.nci.om.2
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A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has identified melt within the thinned lithosphere of Pleistocene-Holocene Newer Volcanics Province (NVP)
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A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has identified melt within the thinned lithosphere of Pleistocene-Holocene Newer Volcanics Province (NVP)
insoutheast Australia, which has been variously attributed to mantle plume activity or edge-driven mantleconvection. Two-dimensional inversions from the MT array imaged a low-resistivity anomaly (10-
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hot spot. Theconductive zone is located within thin juvenile oceanic mantle lithosphere, which was accreted onto thicker Proterozoic continental mantle lithosphere. W propose that the NVP owes its
origin to decompressionmelting within the asthenosphere, promoted by lithospheric thickness variations in conjunction with rapidshear, where asthenospheric material is drawn by shear flow at a step at
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A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has identified melt within the thinned lithosphere
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content, metasomatism products or a hot spot. Theconductive zone is located within thin juvenile oceanic mantle lithosphere, which was
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Decompression melting driving intraplate volcanism in Australia: Evidence from magnetotelluric sounding

A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has identified melt within the thinned lithosphere of Pleistocene-Holocene Newer Volcanics Province (NVP)
insoutheast Australia, which has been variously attributed to mantle plume activity or edge-driven mantleconvection. Two-dimensional inversions from the MT array imaged a low-resistivity anomaly (10-
30 ohm.m)beneath the NVP at ~40-80 km depth, which is consistent with the presence of ~1.5-4% partial melt inthe lithosphere, but inconsistent with elevated iron content, metasomatism products or a

hot spot. Theconductive zone is located within thin juvenile oceanic mantle lithosphere, which was accreted onto thicker Proterozoic continental mantle lithosphere. W propose that the NVP owes its
origin to decompressionmelting within the asthenosphere, promoted by lithospheric thickness variations in conjunction with rapidshear, where asthenospheric material is drawn by shear flow at a step at
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Magnetotelluric surveys conducted in South Australia

Download and links

http download Open link

Associated resources

i‘:‘i Broadband and long-period MT survey acquired along the Child record
southern part of the GOMA (Gawler Craton, Officer Basin,
Musgrave Province, Amadeus Basin) deep seismic reflectio
n transect (GA08-OM1) from Tarcoola to near Coober Pedy
in South Australia (beside the Adelaide-Darwin railway lin
e), collected in December 2008

In December 2008, broadband and long-period magnetotelluric (MT) data were
acquired by Geoscience Australia (GA) along the southern part of the GOMA...

i‘:‘i Broadband MT survey in the Renmark Trough, collected in Child record
2009.

There have been numerous geophysical investigations into the Renmark
Trough. Gravity data was collected in the 1960s and mid-1980s. A large

© Temporal extent

seismic...
Period
Fri Aug 31 2018 10:00:00 GMT+1000 M Fri Aug 31 2018 10:00:00
f:'i Crustal scale magnetotelluric data survey along the 08GA- Child record GMT+1000

C1 seismic line in the Curnamona Province in South Austral
ia, collected in 2008.

In 2008, as part of its Onshore Energy Security Program, Geoscience Australia, £ Provided by
in conjunction with Primary Industries and Resources South Australia... B
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Crustal scale magnetotelluric data survey along the 08GA-
C1 seismic line in the Curnamona Province in South Austral
ia, collected in 2008.

In 2008, as part of its Onshore Energy Security Program, Geoscience Australia,
in conjunction with Primary Industries and Resources South Australia...

Decompression melting driving intraplate volcanism in Aust
ralia: Evidence from magnetotelluric sounding

Along-period magnetotelluric (M) survey, with 39 sites covering an area of
270 by 150 km, has identified melt within the thinned lithosphere of...

Imaging the electrical lithosphere of South Australia - 2D pr
ofiles and preliminary results of AusLAMP SA

The Australian Lithospheric Architecture Magnetotelluric Project (AusLAMP)
has the goal of mapping the electrical resistivity of the Australian...

Insights into the formation of the Stuart Shelf iron-oxide-co
pper-gold (uranium) system from magnetotellurics

The Gawiler Graton, South Australia, is host to many economic ore resources.
Of which, iron oxide copper-gold deposits, such as Olympic Dam,...
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