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Abstract

NetMOD (Network Monitoring for Optimal Detection) is a Java-based software package for
conducting simulation of seismic networks. Specifically, NetMOD simulates the detection
capabilities of seismic monitoring networks. Network simulations have long been used to study
network resilience to station outages and to determine where additional stations are needed to
reduce monitoring thresholds. NetMOD makes use of geophysical models to determine the
source characteristics, signal attenuation along the path between the source and station, and the
performance and noise properties of the station. These geophysical models are combined to
simulate the relative amplitudes of signal and noise that are observed at each of the stations.
From these signal-to-noise ratios (SNR), the probability of detection can be computed given a
detection threshold. This manual describes how to configure and operate NetMOD to perform
seismic detection simulations. In addition, NetMOD is distributed with a simulation dataset for
the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) International Monitoring
System (IMS) seismic network for the purpose of demonstrating NetMOD’s capabilities and
providing user training. The tutorial sections of this manual use this dataset when describing
how to perform the steps involved when running a simulation.
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NOMENCLATURE

dB Decibel

CDF Cumulative Distribution Function

GUI Graphical User Interface

JVM Java Virtual Machine

NetMOD Network Monitoring for Optimal Detection
PDF Probability Density Function

PSD Power Spectral Density

SNR Signal to Noise Ratio






1 INTRODUCTION
1.1 Overview

Network simulations have long been used to study network resilience to station outages and to
determine where additional stations are needed to reduce monitoring thresholds. Since the early
1990s, the standard tool for such simulations has been the NetSim package (SAIC-09/3006,
SAIC-09/3007, and SAIC-09/3008). With correct parameters for the network, sources, and paths
through the Earth, such a modeling tool can produce high-quality event detection simulations.

SNL has developed NetMOD (Network Monitoring for Optimal Detection), a new Java based
open-release software package designed to assess the performance of ground-based waveform
sensor networks (Heck et al., 2012). As designed, NetMOD has several clear advantages:

e Coded in a modern object-oriented language that is inherently multi-platform.

e Takes advantage of modern computing capabilities (e.g. multi-core processors, an easy-
to-use graphical user interface).

e Modularity to easily allow incorporation of ground-based monitoring techniques other
than seismic.

e Includes a new, well documented and well-validated default parameter set including
information for all the IMS stations corresponding to technologies implemented in each
software release.

e Support for empirical site noise files that do not assume a normal-distribution and allow
for variations in time of day and day of year.

The NetMOD Graphical User Interface (GUI) is designed to give users the ability to easily set up
simulations, navigate the results and answer many “what-if”” questions in an easy manner.
Notable features of the GUI include:

e The ability to create and modify the simulation configuration — Setting up a simulation
run is by far the most difficult part and can take many days or even weeks due to the
large numbers of parameter files that must be created and reviewed. The NetMOD GUI
provides a display that guides the user through the various major portions of setting up a
simulation.

e An integrated map for displaying configuration and results — Simulation outputs are
fundamentally geographic in nature, as are many of the input parameters. Thus NetMOD
includes an integrated map for both parameter set up and simulation analysis.

e A differencing tool for quickly assessing the differences between two simulations — Often
simulations are calculated to ask specific questions about the effect of making a small
change in the network, e.g. leaving out a station or adding a station. The differences in
output between simulations, however, can be subtle. NetMOD provides a differencing
tool that calculates and displays the differences directly, making analysis much easier.

¢ An introspection tool to drill down into the results in order to track how the simulation
input affects the output — Network simulations are very complex calculations, involving
numerous intermediate calculations and hundreds of input parameters. Trying to
understand why a particular result was calculated is sometimes desirable, particularly



when there is any question about the validity of a simulation. NetMOD Introspection
provides an easy way to quickly find out why a particular result was obtained.

The need for a new simulation tool is driven primarily by the desire to improve upon the
implementation of simulation algorithms, not in the algorithms themselves. Thus the simulation
methods used in NetMOD will be taken from the well-vetted models from literature and/or
existing simulation tools. For example, for seismic detection NetMOD performs the same
calculations as NetSim (Sereno et al., 1990).

NetMOD is designed to be highly configurable by utilizing a modular plugin-based architecture.
This software design pattern provides flexibility by allowing for the addition or removal of new
software features via plugins without affecting other functionality. The initial version of the
software supports seismic detection simulations. Future versions are planned to include
infrasound and hydroacoustic simulations as well.
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1.2 License

Copyright 2013 Sandia Corporation. Under the terms of Contract
DE-AC04-94AL85000 with Sandia Corporation, the U.S. Government
retains certain rights in this software.

BSD Open Source License.
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of Sandia National Laboratories nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE
LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

The following notices are required for the third party libraries that
are provided with NetMOD.

World Wind:

Sandia provides you with the NASA World Wind software (version 1.5)
unmodified and in object code only. Your use of the NASA World

Wind software is subject to and governed by the NASA OPEN SOURCE
AGREEMENT, which is provided herewith and available at
http://worldwind.arc.nasa.gov/worldwind-nosa-1.3.html.

The source code for the NASA World Wind software may be obtained at
http://worldwind.arc.nasa.gov/java. NASA requests that each recipient
of World Wind software register with NASA at
http://opensource.arc.nasa.gov to cooperate with their effort to track
usage and maintain accurate records of usage of World Wind.

JFreeChart:

11



NetMOD utilizes JFreeChart (version 1.0.15), which is shipped herewith

and linked to NetMOD. NetMOD is a Combined Work under the LGPL version
3, and as such is not subject to the GPL or LGPL as a whole. However,
JFreeChart is subject to the LGPL version 3. As required by the LGPL,

the LGPL license and the GNU GPL are provided herewith. Nothing

included with NetMOD is subject to the terms of the GNU GPL.

The LGPL V3 is available at http://www.gnu.org/licenses/Igpl.html.
The GPL V2 is available at http://www.gnu.org/licenses/gpl-2.0.html.

NetCDF:

NetMOD utilizes NetCDF (version 4.3.0), which is shipped herewith
and linked to NetMOD. NetCDF is available at
http://www.unidata.ucar.edu/software/netcdf/.

HPPC:

NetMOD utilizes HPPC (version 0.5.2), which is shipped herewith

and linked to NetMOD. HPPC is available at
http://labs.carrotsearch.com/hppc.html.

HPPC is subject to the Apache 2.0 license. As required by the Apache
license, the Apache 2.0 license is provided herewith and available at
http://www.apache.org/licenses/LICENSE-2.0.html.

Colt:

NetMOD utilizes Colt (version 1.2.0), which is shipped herewith
and linked to NetMOD. Colt is available at
http://acs.Ibl.gov/software/colt/. As required by the Colt license,
the following statement is provided herewith.

Copyright (c) 1999 CERN - European Organization for Nuclear Research.

Permission to use, copy, modify, distribute and sell this software and

its documentation for any purpose is hereby granted without fee, provided

that the above copyright notice appear in all copies and that both that

copyright notice and this permission notice appear in supporting documentation.
CERN makes no representations about the suitability of this software for any
purpose. It is provided "as is" without expressed or implied warranty.

Oxygen:
NetMOD utilizes the Oxygen icon package, which is shipped herewith

and linked to NetMOD. Oxygen is available at http://www.oxygen-icons.org
under the Creative Common Attribution-ShareAlike 3.0 License.

12



1.3 Typographic Conventions

This manual uses the following typographical conventions:

Italics Book titles, names of sections in the manual, computer files and
directories.
Bold Key names, module names, menu names, button names, selectable items

When indicating an option of a pull down menu, we use the notation:

Menu — Option
If there is an option within a submenu you may see:

Menu — Submenu — Suboption
Selection commands for displayed objects assume that the user has a standard 3-button mouse.
“Left-click”, “Center-click”, or “Right-click” means a single click with the left, center, or right
button, respectively. “Double-click” means two clicks in rapid succession. “Two-single- clicks”

means two separate clicks, in moderate succession. If no left, center, or right is specified for a
click, assume left.
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2 NETMOD VERSION HISTORY

2.1 Version 1.0

NetMOD Version 1.0 is written to run seismic detection simulations. This version of NetMOD
implements the same basic simulation algorithms at NetSim. However, there are some
differences between the two implementations either due to new features available in NetMOD or
corrections of issues that were identified in NetSim:

Path Attenuation Standard Deviation

At teleseismic distances between a given source and receiver, NetSim evaluates the path
attenuation curves specified in the reference path media for the distance and frequency
that are being simulated. However, when obtaining the standard deviation for the
teleseismic path attenuation, instead of using the value specified in the reference path
media, NetSim obtains the standard deviation value from the path media type at the
source location.

NetMOD corrects this so that both the attenuation and standard deviation are consistently
obtained from the reference path media type when at teleseismic distances. If a project
file has a different path attenuation standard deviation value between the various media
types, then there will be a noticeable difference in the outputs of NetSim and NetMOD.

NetMOD has a parameter that may be specified at the command line to enable this
behavior, if desired, for performing validation:

NETSIM_PATH_SD=[true | false]

Unless specified otherwise, this option defaults to false. If this option is true, then
NetMOD will revert to being compatible with NetSim.

1-D Interpolation method

NetSim makes use of an interpolation algorithm to evaluate the one dimensional curves
that specify the receiver site noise, receiver array gain, and coda decay. The purpose of
this interpolation algorithm is to determine the desired value of these curves for the
simulated frequency or distance from the set of points that define the curve.

NetSim have been observed to make use of different interpolation algorithms, depending
upon the specific version, which can impact the results of the simulation. The original
versions of NetSim coded in Fortran use a quadratic interpolation algorithm (dquaint.f).
Later versions of NetSim, updated in the late 2000’s when portions of the code were
converted from Fortran to C, make use of a cubic spline algorithm for evaluating the site
noise and a linear interpolation algorithm for evaluating the receiver array gain and coda
decay.

15



NetMOD has a parameter that may be specified at the command line to enable this
behavior, if desired for performing validation:

NETSIM_C_INTERP=[true | false]

Unless specified otherwise, this option defaults to false. If this option is false, then
NetMOD will use the quadratic interpolation algorithm as implemented in the Fortran
version of NetSim. If this option is true, then NetMOD will use the interpolation
algorithms consistent with version 2.4.1 of NetSim in which portions of the code were
converted to C.

Note that all observed versions of NetSim make use of the original quadratic
interpolation method for the 2-D interpolation of values from the source spectra and path
attenuation. NetMOD uses the same algorithm for evaluating these quantities.

Monte Carlo

NetMOD adds the ability to perform Monte Carlo simulations. Monte Carlo simulations,
when performed using a sufficiently large number of iterations, provide for a more
accurate representation of the probability distributions without any assumption of
parameters having a Normal distribution.

Non-parametric site noise
NetMOD adds support for station site noise definitions that are stored within NetCDF

files and are defined as a cumulative distribution function that can vary with frequency,
time of day, and day of year.
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3 SYSTEM SETUP

3.1 Platform Requirements

NetMOD is supported on Windows, Mac OSX, Linux, and Solaris platforms. NetMOD was
written entirely in Java, a platform independent programming language, and should be able to
run on any platform that has Java installed. The only software needed is a copy of the Java
Virtual Machine version 6 or greater, which is freely available from Oracle.

The map that NetMOD uses is based upon WorldWind (http://worldwind.arc.nasa.gov/java/).
WorldWind, although primarily a Java library, does make use of native libraries that are
architecture specific for the purpose of utilizing OpenGL. NetMOD provides these libraries for
the Windows (x86 and x86-64), Mac OSX (PPC and x86-64), Linux (x86 and x86-64), and
Solaris (Sparc, Sparc v9, x86, and x86-64) systems. NetMOD is able to dynamically self-load
the required native library at runtime, eliminating any need for re-compilation or installation on
the system on which the executable is located.

3.2 Command Line Options

To run NetMOD, the user may simply execute the file NetMOD.jar, which contains all compiled
code needed for the application, by double clicking the file. Note that the operating system file
association must be configured appropriately for this to work. Alternatively, the following
command may be typed at the command line:

java [ JVM Parameters ] -jar NetMOD.jar [ Parameters ]

NetMOD may be started from any location, so long as the file reference to NetMOD..jar is
updated to reflect the installed location.

Because NetMOD is a Java application, any of the Java Virtual Machine (JVM) runtime
parameters may be specified prior to the “~jar NetMOD.jar” portion of the command. See the
relevant JVM documentation for a description of the available JVM parameters.

Note that Java by default only allocates 64 megabytes of memory for its applications. It may be
necessary to increase that amount depending upon the size of the simulation to be loaded within
NetMOD. The following virtual machine setting may be specified to increase the allocated
memory:

-Xmx???m

Where ??? is the amount of memory of megabytes. In typical use, an amount of 1000 megabytes
has worked well. This virtual machine setting may either be included in the command line, by
configuring the operating system’s file type association, or added to the runtime operations using
JVM Options within the Windows Control Panel.
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NetMOD command line parameters may also be specified at application startup to define the
tool’s initial state. Many of the options are geared towards preloading, and potentially running, a
simulation on NetMOD startup.

CONFIG=<file>

PAR=<file>

GUI=[ true | false ]

NetMOD
parameters

NetSIM
parameters

Specify a properties file that contains the configuration settings. The
NetMOD configuration file defaults to a file named “NetMOD.cfg” within
the startup directory.

Specify a project file that will be automatically loaded.

Specify whether or not to display the graphical user interface. If the user
interface is not displayed, then the simulation defined by the provided
parameter file will be run automatically and the application will then exit
upon completion. Defaults to ‘true’.

Any of the parameters defined within the NetMOD configuration settings
(5.6 Configuration File).

Any of the parameters defined within the NetSIM format (SAIC-09/3007).

The command-line output from NetMOD has one line for each source location specifying the
longitude, latitude, number of iterations to converge at a solution, the magnitude, and the
probability. An example of the output is shown below:

epilon

-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.
-180.

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

epilat iter epi_size net_prob
-80.00000 8 3.6381 0.9001
-76.00000 6 3.6999 0.9001
-72.00000 6 3.8309 0.9000
-68.00000 10 3.9492 0.8999
-64.00000 15 3.9940 0.9157
-60.00000 8 4.0684 0.9000
-56.00000 14 4.0832 0.8999
-52.00000 15 4.1611 0.9081
-48.00000 16 4.0892 0.8997
-44.00000 7 4.0651 0.9001
-40.00000 13 4.0292 0.8998
-36.00000 4 3.9845 0.9001
-32.00000 11 3.9641 0.9000
-28.00000 14 3.9489 0.9001
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4 USER INTERFACE

When the user starts the NetMOD application, they are presented with the main application
desktop shown below. The primary components that make up the application are the Menu,
Simulation Controls, and Map. The Menu provides the user with access to additional menu
items and controls for interacting with NetMOD. The Simulation Controls display a
hierarchical representation of the simulation parameters that are to be executed. The Map is
where the various geophysical parameters and simulation outputs may be visualized. Additional

information about each of these application components is provided in subsequent sections of
this manual.

Simulation
Controls

/

Menu Map

[Proect @ 4+ %

x

Alitude 50,000 km Off Giobe.
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4.1 Menu

The Menu controls within NetMOD provide some basic user interface controls. The menu items
are divided into File and Help sub-menus.

4.1.1 File
= NetMOD
eb @
/- Properties
Exit
File — Properties View and edit the NetMOD configuration
properties. See 5 Configuration Properties.
File — Exit Exit the application.
4.1.2 Help
= NetMOD

File 1)

Proje Garbage Collect
About

Help — Garbage Collect Perform a Java “Garbage Collection” and
display usage information about the allocated
Java memory space.

Help — About Display a dialog containing version
information and relevant copyright and
licensing disclaimers.

4.1.3 6 User’s Manual

6 Display this manual.
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4.2 Simulation Controls

The Simulation Controls pane contains user interfaces for visualizing and modifying the input
parameters and outputs for any simulation that has been loaded into NetMOD. The specifics of
the user interfaces are dependent upon the type of simulation. However, they all follow some
common conventions that should make interaction with the interfaces consistent across the
application.

The controls are laid out in a hierarchical structure that can be expanded or collapsed with a click
of a button. The button to expand or collapse the sub-pane of the control is located in the upper
left corner of the sub-pane. Clicking the button will toggle between the expanded or collapsed
state.

W Control sub-pane is expanded, clicking will collapse.

b Control sub-pane is collapsed, clicking will expand.

A common button appearance and behavior is used throughout the controls:
'L Create a new entity within the control pane. A dialog will be
W presented to the user to enter a name.

=
% Remove an existing entity within the control pane.
@ Toggle button to control visibility within the map.

/ Toggle button to enable selection within the map.

Browse for a file to open. The file dialog that appears will default to
the last location that was previously accessed. If the file dialog is
accompanied by a text field, then the location will default to the same
path as is defined within the text field.

Browse for a file to save. The file dialog that appears will default to
the last location that was previously accessed. If the file dialog is
accompanied by a text field, then the location will default to the same
path as is defined within the text field.

H Visualize a quantity, such as source spectra, path attenuation, sensor
ml response, site noise, etc, within a Chart Viewer.

ﬂ:
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At the top of the Simulation Controls pane are buttons to open a project file containing a
simulation, create a new simulation, or remove an existing simulation:
Project &5 == &
Browse for a simulation file to open.

'L Create a new simulation chosen from a dialog listing the available
dﬂ‘ simulation types.

ﬁ Remove an existing simulation.

22



4.3 Map

The Map is where the various geophysical parameters and simulation outputs may be visualized.
The map within NetMOD is implemented using WorldWind by default.

Visualization

Controls World

Map

Map Layer List

+HO BN
>
=) ©) () &=

Altitude 49,168 km Lat -2 5526° Lon -26.2035° Elev -5418 meters

View -
Controls Map Position Scalebar

Details
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The Visualization Controls in the upper-left corner of the map provide the following actions

for the user:

3

Take a screenshot of the map and save to a file on disk. A file dialog
will be presented that will allow the user to select the file to be saved
to, the image type, and the resolution of the image.

Change the map projection to one of the following options:

H]
L \___‘

Spherical

Equidistant Cylindrical
Mercator

L ]

Sinusoidal
Modified Sinusoidal

The World Map in the upper-left corner highlights the region of the globe that the map display

is located at. The Layer List in the upper-right corner displays the layers of data within the map

and allows the user to rearrange the layers by dragging the layer name or to toggle the layer
visibility by clicking on the checkbox to the left of the layer name. The View Controls in the
lower-left corner provide the ability to navigate on the map, in addition to the mouse controls
native to World Wind. From the World Wind documentation, the map mouse controls are:

Mouse with scroll wheel:

Pan Left mouse button click & drag - all directions
Zoom Use the scroll wheel on the mouse or
Left & Right mouse (both buttons) click & drag - up and down
Tilt Right mouse button click & drag - up and down
or use "Page Up" and "Page Down" on the keyboard.
Rotate Right mouse button click & drag - left and right
Note: Crossing the top and bottom half of the screen while rotating will
change direction.
Stop Spacebar
Reset Heading | N
Reset all R

24




Single button mouse:

Pan Left mouse button click & drag - all directions
L left mouse button click once to center view.
Zoom Hold "Ctrl" on the keyboard and
Left mouse button click & drag - up and down
Tilt Hold "Shift" on the keyboard and
Left mouse button click & drag - up and down
or use "Page Up" and "Page Down" on the keyboard.
Rotate Hold "Shift" on the keyboard and
Left mouse button click & drag - left and right
Stop Spacebar

The Map Position Details at the bottom describe the elevation of the view point and the latitude,
longitude, and ground elevation at the location of the mouse cursor. The Scalebar in the lower-
right corner provides a distance scale for the current zoom level of the map.
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5 CONFIGURATION PROPERTIES

NetMOD contains a set of configuration parameters that control some of the appearance and
behavior of the GUI. These parameters are loaded at application startup from a configuration file
and may be modified by the user from within the GUI.

NetMOD will automatically create a file called netmod.cfg within the user’s current working
directory upon startup. Any configuration changes made to NetMOD will be automatically
stored in this file and used whenever the application is run the next time.

To access the dialog controlling the properties, select the File — Properties menu item.

= NetMOD

Help &9

/4 Properties &

The Properties Editor dialog will be displayed with the five tabs appearing as in the examples
shown below. Changes to the properties may be made effective and saved to the configuration
file by clicking on the “Save” button. The dialog may be closed by clicking on the “Close
button.

Euxit

| Apply || Save As || Load || Close |

Apply Save the current properties to the NetMOD.cfg file within the
user’s current working directory and update the user interface.

Save As  Save the current properties to a user selected file. Note that the
selected file will be an export of the active properties. NetMOD
will continue to maintain the NetMOD.cfg for the current active
settings

Load Load a user selected file as the current properties. Note that the
selected file will be used to import the active properties.
NetMOD will continue to maintain the NetMOD.cfg for the
current active settings

Close Close the Properties Editor dialog without retaining any changes
to the properties.

27



5.1 General

The General tab contains parameters that apply throughout NetMOD.

-

[£:| Properties Editor |E”E”El
General | Chart Viewer | Media Grid | Map | Algorithms

Default Directory: &5 deling\NetMOD'\projects\Official

Background Color * |
Divider Location: g 3
Number of Threads: 3

* Application must be restarted for changes to take effect

Font Size ™ 14
Icon Size * | medium .|

| Apply || Save As || Load || Close |

Default Directory

Font Size

Icon Size

Background Color

The directory that the file selection dialog defaults to when
opened. This parameter is updated dynamically to always be the
most recent directory that the user was browsing in.

Font size of the text.

Size of the icons within the GUI, select from small, medium, or
large.

Background color of the GUI
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Divider Location

Number of Threads

Location of the divider between the Table of Contents and the
Map. The value is a fraction between 0 and 1 of the application

width.

The number of threads used in the execution of simulations. If set
to 0, then the number of simulation threads will be equal to the
number of available processors. Otherwise, the number of threads
will be limited to be no more than the number of available

processors.
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5.2 Chart Viewer

The Chart Viewer tab contains parameters that apply to the charts and graphs that are used to
represent quantities defined in the simulations, such as source spectra, path attenuation, sensor
response, site noise, etc.

-

[£:| Properties Editor EI@
General| Chart Viewer | Media Grid | Map | Algorithms

Chart Height: 500
Chart Width: app
Line Width: 3 p
Gridline Width:
Label Font Size: 42
Line Smoothing: false -
Background Color: [ ]
Gridline Color: | |
Line Colors: 13

EEENEN
E--DD-

| Apply || Save As || Load || Close |

Chart Height The height of the chart in pixels.
Chart Width The width of the chart in pixels.
Line Width The width of the data lines in points.

Gridline Width The width of the gridlines in points.

Label Font Size ~ The font size of the chart labels in points.
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Line Smoothing

Background
Color

Gridline Color

Line Colors

Enable anti-alias smoothing of the data lines.

The background color of the chart. Click on the color swatch to
select a color.

The color of the gridlines. Click on the color swatch to select a
color.

The palette of colors available to plot data lines. The data lines
cycle through the available colors in the order in which they are
defined. Enter the desired number of colors in the text box.
Click on the corresponding color swatch to select the color for
each of the palette entries.
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5.3 Media Grid

The Media Grid tab contains parameters that apply to the display of the source and path media
grids within the map.

| £ Properties Editor E'@
General | Chart Viewer | Media Grid: Map | Algorithms

Media Colors: 10

1 1] Nim
) e

| Apply || Save As || Load || Close |

Media Colors The palette of colors available to plot the media grid
regions. The regions cycle through the available colors
in the order in which they are defined. Enter the
desired number of colors in the text box. Click on the
corresponding color swatch to select the color for each
of the palette entries.
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5.4 Map

The Map tab contains parameters that apply to the display of the map.

| £:| Properties Editor EI@
General | Chart Viewer | Media Grid : Map: Algorithms
Map Component: WorldWind -
Map Background Color: | ]
Panel Type: light -

Topography: &= 1 200408 .3x5400x2700.jpg
Boundaries: == data/polbnd15m.shp

Boundaries Lines: trye -

Boundaries Line Width: '2 |

Boundaries Line Color: [ ]
Boundaries Fill false -

Boundaries Fill Color: | ]

Output Shading: | pilinear .|

| Apply || Save As || Load || Close |

Map Component Select the desired map component from the available
map plugins. Defaults to WorldWind.

Map The background color of the map. Click on the color
Background swatch to select a color.

Color

Panel Type The “type” of Java Panel that the map uses: light

weight or heavy weight. This setting should only be
modified if there are operating system incompatibilities
present. Defaults to light.
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Topography

Boundaries

Boundaries
Lines

Boundaries Line
Width

Boundaries Line
Color

Boundaries Fill

Boundaries Fill
Color

Output Shading

The image file used for topography, relative to the
NetMOD installation directory. Note that if the image
is too high of a resolution for the ability of the
computer graphics, then the topography may not
appear. Selecting a lower resolution image should
resolve this issue.

The shape file used for political boundaries, relative to
the NetMOD installation directory.

Enable display of the political boundaries.

The line width of the political boundaries in points.
The line color of the political boundaries. Click on the
color swatch to select a color.

Enable display of the political boundaries fill.

The fill color of the political boundaries. Click on the
color swatch to select a color.

Select the visualization interpolation method for the
output surfaces: flat or bilinear.
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5.5 Algorithms

The Algorithms tab contains parameters that control some of the algorithms used within
NetMOD. These parameters are primarily intended for enabling compatibility with various
versions of NetSim.

| £:| Properties Editor EI@
General | Chart Viewer | Media Grid | Map ' Algorithms:
NetSim Path SD: false -
NetSim C Interpolate: fajse -

| Apply || Save As || Load || Close |
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NetSim Path SD

NetSim C
Interpolate

If true, enable compatibility with the method by which
NetSim obtains the teleseismic path attenuation
standard deviation from the media type at the source
location. If false, obtain the attenuation standard
deviation from the reference media type, which is
where the mean attenuation is obtained.

If true, use a spline interpolation for evaluating the site
noise and a linear interpolation for evaluating the site
response and coda decay rate. These methods are
compatible with version 2.4.1 of NetSim in which
portions of the code were migrated to C. If false,
maintain compatibility with the original Fortran
versions of NetSim which uses a quadratic hermitian
for the evaluation all parameter curves.
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5.6 Configuration File

The NetMOD configuration file is an ASCII text file with the general format:

<parameter> = <value>

The parameters accessible through the GUI dialog are stored within their respective parameter
names below. Note that the parameter definitions may be subject to change in future versions of
NetMOD. See 5 Configuration Properties for a description of the behavior of each of the

parameters.

Parameter Name

Parameter Value

BACKGROUND_ COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, i.e. “255,255,255,255°

CHART VIEWER ANTI ALTASING

‘true’ or ‘false’

CHART VIEWER BACKGROUND COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, i.e. ‘255,255,255,255°

CHART VIEWER GRIDLINE COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, 1.e. “255,255,255,255°

CHART VIEWER GRIDLINE WIDTH

Integer value, i.e. ‘1’

CHART VIEWER HEIGHT

Integer value, i.e. ‘300’

CHART VIEWER LABEL FONT SIZE

Integer value, i.e. ‘10’

CHART VIEWER LINE COLOR PALETTE

Multiple color values, each separated by semi-colons, i.e.
¢128,0,0,255;0,0,128,255;0,128,0,255’

CHART VIEWER LINE WIDTH

Integer value, i.e. ‘1’

CHART VIEWER WIDTH

Integer value, i.e. ‘700’

DIVIDER LOCATION

Floating point value between 0 and 1, i.e. ‘0.3’

FILE CHOOSER DIRECTORY

Directory location

FONT SIZE Integer value, i.e. ‘14’
ICON SIZE ‘small’, ‘medium’, or ‘large’
MAP String identifying the map plugin, i.e. ‘WorldWind’

MAP BACKGROUND COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, i.e. ©255,255,255,255’

MAP BOUNDARIES

File location of the political boundary file, relative to the
NetMOD installation directory.

MAP BOUNDARIES FILL

‘true’ or ‘false’

MAP BOUNDARIES FILL COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, 1.e. 255,255,255,255°

MAP BOUNDARIES LINE

‘true’ or ‘false’

MAP BOUNDARIES LINE COLOR

Comma separated red, green, blue, and alpha color components.
Each color component can have integer values ranging from 0 to
255, i.e. ‘255,255,255,255°

MAP BOUNDARIES LINE WIDTH

Integer value, i.e. 2’

MAP TOPOGRAPHY

File location of the topography file, relative to the NetMOD
installation directory.

MAP WEIGHT

‘light’ or ‘heavy’

MEDIA GRID COLOR PALETTE

Multiple color values, each separated by semi-colons, i.e.
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‘64,64,64,255;0,255,0,255;0,0,255,255;255,0,0,255°

NETSIM PATH SD

‘true’ or ‘false’

NETSIM C INTERP

‘true’ or ‘false’

NUMBER THREADS

Integer value specifying the number of threads that are used to
execute the simulation, i.e. <0’

OUTPUT SHADING

‘flat’ or ‘bilinear’
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6 CHART VIEWER

A Chart Viewer is a component within NetMOD to represent the quantities defined in the
simulations, such as source spectra, path attenuation, sensor response, or site noise within a plot.
As an example, a Chart Viewer representing source spectra is shown below. All Chart
Viewers possess common elements that may be used in a consistent manner.

Divider
Tool Bar Plot Legend \ Data Table
| 2| Source Spectra -‘\o&mn Source: Mueller Murphy granite at normal ,ca\ed depth \ \ / o] =
(1] ogo | AE * J
Soyrce Spectra Text File

Frequency 11.839 12598 13356 141
e (Hz) log (nt-m) log (nt-m) log (nt-m) log (

170 0.01 .839 2.598 3.356 A .
.05 .839 2.5 356 NN
186 1 .839 2.5 356 17
2 839 25 356 1]
. 3 839 [125 357 1
4 839 250 357 1]
1 6 839 |12508 357 1

3 —log Mo = 11.839 ntm 8 .839 2598 3.358 Al =
£ 150 —0g Mo =12 598 ntm 0 .839 298 .359 A
£ —|0g Mo = 13356 nt-m g - 33 %;gg 61 =4
£ 120 —log Mo= 14115 ntm >0 0 %6 65 4
= —log Mo = 14874 ntm 25 84 2602 363 SE
& e == l0g Mo = 15633 nt-m 30 841 2603 373 14
135 — 09 Mo = 16.392 ntm 4.0 .842 2607 3.378 e
—log o = 17151 nm %8 . ig 5 3 g;g 9
2o [70 847 [ 323 8
8.0 .848 2603 269 37
28 \ 90 849 [1259 202 [136
10.0 .848 2569 129 36

120 12.0 841 2.503 2.982 3.4 -
e T~ ar [ T ST v

0.01 04 1 10
Frequency (Hz)

[ Close H SaweA H Reset J

.

Buttons

The Plot displays the individual datasets being represented along with an appropriately labeled
X-axis, Y-axis, and title. Each dataset is display as a line with a marker at the location of the
defined data point. The line between the data points is drawn consistent with the method of
interpolation that is being used. As the mouse passes over a dataset, a tooltip is shown that
displays the X and Y values of the dataset at that mouse location.

The Legend identifies the colors assigned to each of the datasets. The color assignments are
driven by the settings within the Configuration Parameters.
The Tool Bar at the top of the Chart Viewer contains the following button controls:

Copy a screenshot of the plot into the clipboard so that it may be
pasted elsewhere.

Save a screenshot to an image file on disk.

% e

O
\%

Button to toggle panning on the plot.

<

Button to toggle zooming on the plot.

/_%
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\},;; Open a dialog to configure the plot axes bounds:
N

Configure plot axes @

(Set upper limit = lower limit for auto-scaling)
Y Axis
Lower limit] 14 595 Upper limit: 17 568
min = Mi&

max = NiA

Log scale
X Axis
Lower limit] g_p1 Upper limit: 20 g

min = NiA

max = NiA

Y| Log scale

¥ Turn on axes auto-scaling

P OK | | Cancel ‘

‘.~ Toggle the visibility of the individual dataset on the plot.

The Divider location can be dragged with the mouse to allocate more or less space to the Plot
and the Data Table. The Data Table displays the numeric values that are displayed within the
Plot. Depending upon the supported data file format, the Chart Viewer may allow users to edit
values within the table and save the updated values back to the data file.

Some subset of the following Buttons may be available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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7 PROJECT FILES

NetMOD project files store all of the input parameters, parameter tables, and formatted data files
in a libpar-type format. This format is compatible with the format used for the existing NetSim
libpar format (SAIC-09/3007). Note that it was necessary, in places, to extend the parameter set
to include capabilities in NetMOD that were not provided for in the format specification. These
format extensions are documented within this manual in 7.3 Extensions.

7.1 Reading
NetMOD is capable of reading in a simulation project file by two different mechanisms:
e Application Startup

A project file may be specified at the command-line when NetMOD is started. The
project file will then be loaded automatically. See 3.2 Command Line Options for a more
detailed description.

e Read Button

A project file may be loaded using the file browse button at the top of the simulation
controls pane.

Once the project file is read, a new entry within the simulation controls pane will appear
representing the simulation loaded from the project file.

The NetSim libpar-type format allows for the use of hierarchical references to other parameter
files to allow for an arbitrary structural organization of the parameters. NetMOD can read
project files that have been organized in this manner. NetMOD must be directed to the top most
parameter file within such a hierarchy.

Also, the NetSim libpar-type format assumes that there is an external definition of a
NS_CONFIG variable that contains the top level directory for all input files. Unless this
parameter is defined by the user, NetMOD makes the assumption that the top level project file
resides in this top level directory. Prior to reading in a project file, NetMOD assigns the
NS_CONFIG variable to be equal to the directory in which the project file is located if the
NS_CONFIG variable is undefined.
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7.2 Writing

The user may make modifications to a simulation that is loaded within NetMOD. However,
none of these changes are stored to a project file until the user explicitly saves the simulation to a
project file. At the top of the simulation controls for a given simulation, there is a button that
may be clicked to save the project file:

=

Clicking this button will open a file dialog to select the desired file and path to save the
simulation project to. The file dialog also contains a checkbox indicating whether the formatted
data files are to be exported as well. If the checkbox is unselected, then the project file will
contain references to the existing formatted data files. However, no changes will be written out
to those files. If the checkbox is selected, then the contents of the existing formatted data files
will be written out to new files in a hierarchy along-side the indicated project file.

An example directory structure is shown below:

project
codadecay
noise
output
path
response

source

The formatted data files are stored within directories that are consistent with the type of data file.
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7.3 Extensions

Custom extensions had to be made to the NetSim parameter (SAIC-09/3007) set in order to
expand the functionality to include new features. These additional parameters are:

Regular Column name within the “EpiSource” parameter table. Boolean flag to
specify whether the source grid is regularly space or evenly spaced so that
the polar regions are not over sampled. The column can have the values
of “true” or “false” in which “true” is interpreted to mean that the points
should follow a regular latitude and longitude spacing and “false” is
interpreted to mean that the points should follow an equal distance
spacing. If the column is not included within the EpiSource table, then
“true” is assumed by default.

Freq-Type Specify the method by which SNR values at multiple frequencies are
combined to compute a single SNR for a given station and phase.
Supported values are ‘HIGH” and ‘AVERAGE"’.

Signal-Amplitude | Specify the method used to compute signal amplitudes. The only option
at this time is ‘NetSim’.

Noise-Amplitude Specify the method used to compute noise amplitudes. The only option at
this time is ‘NetSim’.

Response NetSim provides the ability for a station to have a response associated
Association with it. This response is associated based on the type of the station (single
station versus array) and the number of channels (i.e. elements of an
array). All stations with the same station type and number of channels are
forced to have the same response.

NetMOD supports this method of associating a station with a response.
However, it also allows for a unique response to be defined for each
station. This is done for each response by setting the “RspModel”
column within the “RspSpec” parameter table for a given row to the
station name.
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8 SEISMIC DETECTION SIMULATION

The following sections detail NetMOD’s seismic detection module and contain information on
the underlying algorithms and a description of all GUI components. For a general description of
the algorithms, see the reference (SAIC-09/3006). Any deviations from these algorithms will be
documented within the descriptions to follow.

8.1 Simulation Parameters
The top level controls for a Seismic Detection Simulation are shown below:
Project &5 5= &

W Seismic = N £

Name: Seismic

Simulation Type: Threshold 7
Probability: p g
Magnitude: |2 g 9.0 mb ~
Signal Amplitude: NetSim Signal Amplitude -

Regional Distance Threshold (deg): 200

Noise Amplitude’ NetSim Moise Amplitude -
Network Detection” | Probapbility Metwork Detection v
Event Detection Criteria: & workModeling/NetMOD/projects/Project/Seismic.edc
Phase Detection Rule: g |3p ~ (P+Pg)/3
Frequencies (Hz). |0.05,0.5,1.0,2.0,4.0,5.0,6.0
Frequency Type: HIGH =
Low Probability Cutoff: g 2
P Sources
P Paths
P Receivers
B Outputs

The buttons at the top of the simulation provide the following functionality:
| I Save the simulation to a project file.
| |
\ Execute the simulation

= Execute the simulation with Introspection enabled. See section 9
Introspection for additional descriptions.
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8.1.1 Simulation Type

Seismic Detection Simulations support two different types of simulations: Probability and
Threshold.

A Probability simulation computes the probability of a network to detect events of a fixed
magnitude.

Simulation Type: Probability M
Magnitude: 3 mb -

The user can enter the magnitude value and the value’s corresponding unit from within the GUI
controls.

A Threshold simulation computes minimum magnitude for which the network can detect events
at a fixed probability.

Simulation Type: Threshold T
Probability: |0 g
Magnitude: |_2 g 9.0 mb ~

The user can enter the probability (between 0 and 1), minimum magnitude, maximum
magnitude, and corresponding unit. NetMOD will then perform a search across the range of
magnitudes to determine the magnitude at each source location that results in the desired
probability of detection for the network.

8.1.2 Signal Amplitude Estimation

NetMOD provides support for different methods of estimating signal amplitude at the receiver.
Currently, only the NetSim method of computing bodywave signal amplitude is supported.

Signal Amplitude: NetSim Signal Amplitude v
Regional Distance Threshold (deg): |20.0

The user can enter a regional distance threshold in degrees that is used in determining which
method of path attenuation is used between the source and receiver.

If the distance is greater than or equal to the threshold, then the path attenuation is looked up
from the reference path media type. If the distance is less than the threshold, then the total path
attenuation is computed from a weight combination of the path media types that the great circle
path between the source and receiver passes through.
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8.1.3 Noise Amplitude Estimation

NetMOD provides support for different methods of estimating noise amplitude at the receiver.
Currently, only the NetSim method of computing bodywave noise amplitude is supported. The
noise at the receiver is equal to the ambient site noise plus any residual signal from an earlier
phase.

Noise Amplitude: NetSim Noise Amplitude v

8.1.4 Network Detection Method

Seismic Detection Simulations support two different types of network detection methods:
Probability and Monte Carlo.

A Probability simulation assumes that all of the quantities being simulated are log-normal
random variables and then estimates the mean and standard deviation of the signal to noise ratio
from all of the components of the signal and noise amplitude distributions. The probability that
the station detection occurred is simply the probability that the log-normal distributed SNR at the
station and phase is greater than the detection threshold. The probability of a network detection
is then determined from the probabilistic rule-set that combines the individual station detection
probabilities.

Network Detection: Probability Network Detection -
Event Detection Criteria- &5 workModeling/NetMOD/projects/Official/Seismic.edc
Phase Detection Rule: 3§ 3p - (P+Pg)i3
Frequencies (Hz): 0.05,05,1.02040506.0
Frequency Type: HIGH =

Low Probability Cutoff: g 2

The user can enter the following parameters:

Event Detection File containing the set of labels and phase detection rules that are
Criteria displayed below.

Phase Detection Rule User readable labels and NetSim style phase detection rule that
are used to combine the detections at individual stations to a
probability of detection for the entire network. The user may
select from a list of pre-defined detection rules from the pull
down list or type in their own detection rule in the text field to the
right. Clicking the delete button will remove the current detection
rule from the list.

Frequencies (Hz) Individual frequencies at which signal to noise ratios are
computed.
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Frequency Type

Low Probability
Cutoff

Method by which signal to noise ratios at the individual
frequencies are combined. High uses the SNR distribution from
the frequency whose distribution of SNR values has the highest
probability of detection for the chosen threshold. Average
computes the statistical average of the SNR values at the
frequencies and then computes a probability of detection for that
average.

Probability below which station detection are set to 0.

A Monte Carlo simulation makes no assumption about the distributions of signal or noise.
Instead, multiple iterations are performed in which random values are drawn from the underlying
random distributions. These random values are combined to compute signal to noise ratios and
then a binomial quantity of whether the event was detected or not. For each Monte Carlo
iteration the network is determined to have detected or not based upon whether a sufficient
number of stations detected the required set of phases. The probability of detection for the
network is then computed as the ratio of the number of detections divided by the number of
Monte Carlo iterations. Note that because Monte Carlo simulations are probabilistic in nature,
the output of the simulation can vary from one execution to the next even if no parameters were

modified.

Network Detection: Monte Carlo Network Detection -

Event Detection Criteria’ &5 workModeling/NetMOD/projects/Official/Seismic.edc
Phase Detection Rule: 3§ 3P - |(P+Pg)i3

Frequencies (Hz): 0.05,05,1.0,2.0,4.05.0,6.0
Frequency Type: HIGH -

MC lterations: | 100
Random Seed: |_1

The user can enter the following parameters:

Event Detection
Criteria

Phase Detection Rule

Frequencies (Hz)

File containing the set of labels and phase detection rules that are
displayed below.

User readable labels and NetSim style phase detection rule that
are used to combine the detections at individual stations to a
probability of detection for the entire network. The user may
select from a list of pre-defined detection rules from the pull
down list or type in their own detection rule in the text field to the
right. Clicking the delete button will remove the current detection
rule from the list.

Frequencies at which signal to noise ratios are computed.
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Frequency Type

MC lterations

Random Seed

Method by which signal to noise ratios at the individual
frequencies are combined. High uses the set of Monte Carlo
iterations from the frequency whose distribution of SNR values
had the highest probability of detection for the chosen threshold.
Average computes the statistical average of the SNR iteration
values across the frequencies.

Number of Monte Carlo iterations to perform. Larger numbers of
iterations provide results that are statistically more stable and
have greater precision.

The seed value used in the random number generator. If the seed
value is less than 0, then the current epoch time in milliseconds is
used as the seed. The random number generator is reset with the
specified seed for each combination of source location, station,
and magnitude being simulated
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8.2 Sources

The Sources portion of the simulation provide for the definition of the characteristics of the
sources that are to be simulated.

W Sources
Epicenter Grid: 5= 3§ @ /7 Global

Name: Global

7| Regular Grid

Min Max Delta
Latitude: _gp 0 300 40
Longitude: _1800 1800 40

Time: 1970/01/01 00:00:00

Source Media File: & vorkModeling\NetMOD\projects\Official\source\granite-mm-js_water600m.smd

Source Grid File: &5 mentsiNetworkModeling\NetMOD\projects\Official\sourcelland_water600m.sar
B Source Media @ 1/

8.2.1 Epicenter Grid

The Epicenter Grid defines the locations of the sources that are to be simulated. Multiple
epicenter grids may be defined within a simulation. Each epicenter grid may be defined
independently to focus on specific regions or specify varying epicenter densities.

Epicenter Grid: = 3§ @ /7| Global

Name: Global

41 Regular Grid

Min Max Delta
Latitude: | a0 0 80.0 4.0
Longitude: _180.0 180.0 4.0

Time: 1970/01/01 00:00:00

The buttons at the top of the Epicenter Grid controls support the following actions:

Ll

L. Create a new epicenter grid. A dialog will be presented to the user to
enter a name.

Remove the existing epicenter grid. Note that if there is only one
epicenter grid remaining, it cannot be removed

Toggle button to control visibility of the epicenter grid within the
map.

& X
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Toggle button to enable selection within the map. If enabled, the
: Min & Max range of the Latitude and Longitude will be dynamically
updated based upon the user’s selection of a region on the map.

The user can enter the following parameters:
Name Name of the epicenter grid

Regular Grid Check box to control whether the epicenter grid is regularly
spaced in latitude and longitude or evenly spaced in distance to
prevent over sampling at the poles.

Regular:

Even:

Latitude Enter the minimum, maximum, and delta spacing between
latitude epicenters

Longitude Enter the minimum, maximum, and delta spacing between
longitude epicenters.

Time Enter the date and time (GMT) in the format yyyy/MM/dd
hh:mm:ss when the events are to be simulated to have happened.
The time of the event can impact the simulation if any of the
geophysical parameters, such as site noise, vary with time.
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8.2.2 Source Media

The Source Media defines the characteristics of the sources that depend upon their geophysical
locations.

Source Media File” L_L ments\NetworkModeling\NetMOD\builds\project\source'granite-mm-js_waterg00m.smd
Source Grid File? L1 | erch\Documents\NetworkModeling\NetMOD\builds\projectisourcelland_water600m.sgr

The source media file and source grid file jointly define the source media. The format of these
files is consistent with the NetSim file definitions (SAIC-09/3007). The user may type in the
location of these files or browse for them using the file browse button. If either of files are
changed, NetMOD will automatically reload the contents of the files into the source media
controls described below.

8.2.2.1 Media Grid

The Media Grid divides the globe into regularly spaced latitude and longitude bins. Each bin is
assigned a media type.

W Source Media =.QJ' /'

Media Grid: Min Max Delta [ reference
Latitude: _gp o 90.0 2.0 [ granite
Longitude: _180.0 180.0 5.0 B water600

The buttons at the top of the Source Media controls allow the user to toggle on and off the
display of the media grid on the map or use the map to select the regions for each media type.
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Clicking on the map selection button displays a popup containing the available media types:

W Source Media /1

Media Grid: reference
Latitu granite
Longitu  Vatersoo

Selecting a media type from the popup list enables map selection for that media type. Clicking
on the map will set the selected bin to the chosen media type. Dragging a selection box on the
map will set all of the bins within that selection box to the chosen media type. Clicking on the
map selection button a second time will disable map selection.

The Media Grid also displays a legend showing the color used to represent each of the media
types on the map. These color assignments may be modified using the Chart Viewer
Configuration Properties .

The user can enter the following parameters:

Latitude Enter the minimum, maximum, and delta spacing between
latitude bins
Longitude Enter the minimum, maximum, and delta spacing between

longitude bins.

Changing the latitude and longitude parameters for a previously defined media grid will cause
the assigned media types to be spatially resampled as best as is possible.

Any region that is not assigned a media type will default to the reference media type.
8.2.2.2 Media Types
NetMOD can contain multiple Media Types for sources.

Media Types: CIWL’ ¥& granite _

Name: franite
Density: | 2550 0

Source Spectra: L _ |l JetMOD\builds\project\source\expl-mm-granite-norm-depth.sor
b Event Size Conversion

b' Phase parameters
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The buttons at the top of the Media Types controls allow the user to add a new media type or
remove the existing media type.

The user can enter the following parameters:

Name Identifying name of the media type.
Density Density of the source media in kg / m°.
Source Spectra The location of the formatted data file containing the source

spectra. Click on the file browse button to select a file or the
visualize button to view the source spectra.

8.2.2.2.1 Source Spectra

The Source Spectra file defines the relationship between the simulated magnitude of the event,
the simulated frequency, and the resulting log-Moment.

| 4] Source Spectra - Explosion Source: Mueller Murphy granite at normal scaled depth o] o)==
Dia <& XE
Source Spectra Text File

Frequency 11.839 12598 13.356  14.1__

e (Hz) log (nt-m) log (nt-m) log (nt-m) log { ¥

170 0.01 839 2598 3356 41 .
0.05 .839 2.598 3.356 4.1
186 0.1 .83 2.598 3.356 4.1
0.2 .839 2.598 3.356 417
. 03 83 2508 [13.357 _14.1]
04 83 2.598 3357 4.1
s 06 830 [12508 [13357 (1417

g — log Mo=11.839 ntm .8 839 2.598 3.358 4 =
£ 150 — log Mo = 12,598 nt-m g 333 gggg gggQ 4.1.
E . panez s 5 830 (12500 (13381 141
s == |0g Mo=14115nt-m 20 "84 26 3365 A1
=) — log Mo = 14,874 ntm 25 84 2.602 3.369 418
£ —l0g Mo = 15.633 nt-m 30 841 2603 3.373 418
135 — log Mo = 16.392 ntm gg gji gg 7 gg;g j E
il LLESTREIR ) I ) 845 [12611 [13.350  [13.9¢
=0 7.0 .847 2. 3.323 3.8¢
8.0 .848 2603 3.269 3.7
128 \ 9.0 849|125 3202 136¢
10.0 .848 2.569 3.129 3.6(

=2 12.0 841 2.503 2982 34~
T - T 7 - o

115
001 01 i 10
Frequency (Hz)

[ Close H Save H Reset ]

The user may use this viewer to simply visualize the source spectra curves or to also modify the
values within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.2.2.2.2 Event Size Conversion

The Event Size Conversion table provides the slope and y-intercepts necessary to perform the
linear conversions necessary between the defined magnitude unit and a log-Moment:

W Event Size Conversion

log(Mo)

Vs Slope Y-intercept
KT: 076 14.874
mb: 0 09 10.51
MsZ 1.0 12.53
mig: 1.0 10.214
ML 0.0 0.0

8.2.2.2.3 Phase Parameters

The Phase parameters allow the user to define parameters that are specific to each media type.

W Phase parameters

Source excitation factor Source media velocity (m/s)
P0.74 2000.0
pP- 0.0 0.0
Pg: 0.93 0000.0
31041 31750
Lo 1.06 3175.0
LR: 0.19 31750
H: 0.0 0.0
T-00 0.0

0.0 0.0

O 00 0.0

The user can enter the following parameters for each of the phases:

Source excitation A percentage, expressed between 0 and 1, of the source energy
factor that gets transmitted to the surrounding source media.

Source media velocity ~ Source media velocity, in km/sec.
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8.3 Path

The Paths portion of the simulation provide for the definition of the characteristics of the path
that are to be simulated.

W Paths
B Phase parameters

Path Media File: L sers\pjmerch\Documents\NetworkModeling\NetMOD\builds\projectipathiocean_land.pmd
Path Grid File: Ll ' sers\bjmerch\Documents\NetworkModeling\NethMOD\builds\project\path\ocean_land.pgr
B Path Media & 171

8.3.1 Phase Parameters
The general path related phase parameters determine how long of a time window to use when

converting amplitude quantities between units of Power Spectral Densities and Spectral
Amplitudes.

W Phase parameters

Time Window (sec) Low Group Velocity (km/sec)  High Group Velocity (km/sec)

P110.0 1.0 1.0
pPPI0.0 1.0 1.0
Pag: 100 1.0 1.0
5110.0 1.0 1.0
Lgi-1.0 30 36
LRI0.2 1.0 1.0
H10.0 1.0 1.0
1200 1.0 1.0
0.0 1.0 1.0
000 1.0 1.0

The user can enter the following parameters for each of the phases:

Time Window Time window length in seconds for each of the phases. A value
less than O will enable controlling the window length in terms of
the group velocity.

Low Group Velocity Low group velocity, in km/sec. The difference in propagation
time between the low and the high velocity, for a given source to
receiver distance, will determine the window length.

High Group Velocity High group velocity, in km/sec.
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8.3.2 Path Media

The Path Media defines the characteristics of the paths that depend upon their geophysical
locations.

Path Media File: Ll sers\bjmerch\Documents\NetworkModeling\NetMOD\builds\project\path\ocean_land pmd
Path Grid File: Ll | jsers\bjmerch\Documents\NetworkModeling\NetMOD\builds\project\path\ocean_land pgr

The path media file and path grid file jointly define the path media. The format of these files is
consistent with the NetSim file definitions (SAIC-09/3007). The user may type in the location of
these files or browse for them using the file browse button. If either of them are changed,
NetMOD will automatically reload the contents of the files into the path media controls
described below.

8.3.2.1 Media Grid

The Media Grid divides the globe into regularly spaced latitude and longitude bins. Each bin is
assigned a media type.

W Path Media @ [/

Media Grid: Min Max Delta [ reference
Latitude: g0 0 90.0 9.0 []stable_deepwater
Longitude: |_180.0 180.0 2.0 B stable_land

[l tectonic_deepwater
[ ]tectonic_land

The buttons at the top of the Path Media controls allow the user to toggle on and off the display
of the media grid on the map or use the map to select the regions for each media type.
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Clicking on the map selection button displays a popup containing the available media types:

W Path Media 7

Media Grid: reference
La stable_deepwater

stable_land
tectonic_deepwater
tectonic_land

Long

Selecting a media type from the popup list enables map selection for that media type. Clicking
on the map will set the selected bin to the chosen media type. Dragging a selection box on the
map will set all of the bins within that selection box to the chosen media type. Clicking on the
map selection button a second time will disable map selection.

The Media Grid also displays a legend showing the color used to represent each of the media
types on the map.

The user can enter the following parameters:

Latitude Enter the minimum, maximum, and delta spacing between
latitude bins.
Longitude Enter the minimum, maximum, and delta spacing between

longitude bins.

Changing the latitude and longitude parameters for a previously defined media grid will cause
the assigned media types to be spatially resampled as best as is possible.

Any location that is not assigned a media type will default to the reference media type.
8.3.2.2 Media Types

NetMOD can contain multiple Media Types for paths.

Media Types: CIIIL' ¥ reference

MName: reference

D' Phase parameters

The buttons at the top of the Media Types controls allow the user to add a new media type or
remove the existing media type.
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The user can enter the following parameters:

Name Identifying name of the media type.

8.3.2.2.1 Phase Parameters

The Phase specific parameters define general parameters related to the paths that vary with phase
but are specific to a particular path media type.

W Phase parameters
Teleseismic Source Teleseismic Receiver  Attenuation Standard

Correction Correction Deviation
P10.0 0.0 0.3
pP:0.0 0.0 0.0
Pg 0.0 0.0 05
S51-1.0 0.0 05
Lgi0.0 0.0 0.32
LR:0.0 0.0 0.3
H10.0 0.0 02
T20.0 0.0 0.1
0.0 0.0 0.0
0:0.0 0.0 0.0

Amplitude Attenuation Files:
P. &5 L0l uments\NetworkModeling\NetMOD'projects\Official\pathiptele_atn
PP: &5 il
Pa: &5 .ull bcuments\NetworkModeling\NetMOD \projects\Official\path\pg.atn
S. 5 o0l uments\NetworkModeling\NetMOD'\projects\Officialipath\stele_atn
Lg: = <0l umentsiNetworkModeling\NetMOD'\projects\Official\pathilgtec.atn
LR: &5 0l uments\NetworkModelingiNetMOD'\projects\Official\pathiirrpg.atn

|

H: &5 .0l DocumentsiNetworkModeling\NetMOD\projects\Official\patht.atn
T- &5 .0l C:WUsers\bjmerch\Documents\NetworkModelingiNetMOD'\project
I & ol

0

& Wl
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The user can enter the following parameters for each of the phases:

Teleseismic Source
Correction

Teleseismic Receiver
Correction

Attenuation
Standard Deviation

Amplitude Attenuation
Files

Teleseismic source correction term, in log10 spectral amplitude
units.

Teleseismic receiver correction term, in log10 spectral amplitude
units.

Standard deviation of the amplitude attenuation, in log10 spectral
amplitude units.

Location of the formatted data file containing the amplitude
attenuation may be specified for each phases. Click on the file
browse button to select a file or the visualize button to view the
amplitude attenuation.
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8.3.2.2.2 Amplitude Attenuation

The Amplitude Attenuation file defines the relationship between the source to receiver
distance, the frequency, and the amount of amplitude attenuation due to the path.

|2 Amplitude Attenuation - Veith-Clawson with PKP (H Israelsson 85/07/19) =8 =R )
ry =
e @ KX

Veith-Clawson with PKP (H Israelsson 85/07/19)
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[ Close H Save H Reset ]

The user may use this viewer to simply visualize the amplitude attenuation curves or to also
modify the values within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.4 Receivers

The Receivers portion of the simulation provide for the definition of the characteristics of the
stations that are to be simulated.

W Receivers

P Phase parameters

Elevation: |0 0

Reliability: g

98

Media Density: | 2500 0

Site Response: & || =ntsiNetworkModelingiNetMOD'projects\Officialiresponse/ss_40samp.BB srs

Network: 5= 3¢ @ 17/ CUR_PRI -
Name: CUR_PRI
Excluded Included
AAK i AKASG i
ABKT ARCES 3
AFI g ASAR
AKTO & BOSA
ANMO BRTR
APG CMAR
ARU i CPUP il

g

P Stations =

R

The user can enter the following parameters:

Elevation

Reliability

Media Density

Site Response

Default elevation for any station that does not have a specified
elevation, defined as being a value less than or equal to 0.

Default station reliability, expressed as a probability between 0
and 1, for any station that does not have a specified reliability,
defined as being a value less than or equal to 0.

Default media density, expressed in kg/m?®, for any station that
does not have a specified media density, defined as being a value
less than or equal to 0.

Default site response file for stations that do not have one defined.
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8.4.1 Network

The stations defined within a simulation may be organized into networks. Version 1.0 of
NetMOD comes with a data package of the International Monitoring System station locations
that is used as a default and training set. Each station may be included in any number of
networks. The selected network is then used to determine which stations should be used in the
execution of the simulation.

Network: ‘EIIIE % @ /1 IMS_PRI

Name: |\S PR
Excluded Included

AKASG
ARCES
ASAR
BDFB
BGCA
BOSA
BRTR
CMAR -

m| s

& ¥

Create a new network. A dialog box will appear to prompt the user
to enter a name for the network.

Remove the currently selected network.

Toggle button to control visibility of the stations on the map.
Stations included in the network are colored green. Stations
excluded from the network are colored red.

® X+

/ Toggle button for selecting stations for a network on the map.
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Network: Clﬂl-: % gi 71 IMS_PRI

Name: s _ All
Excluded None
Map Select

Map Unselect

Clicking on All will include all of the stations within the network.
Clicking on None will exclude all of the stations from the network.

Clicking on Map Select or Map Unselect will allow the user to use
the mouse to interactively select or unselect stations on the map.
Clicking on a station on the map will either select or unselect that
station, depending on the chosen action. Dragging a selection box on
the map will select or unselect all of the stations that are within that
box, depending on the chosen action. Clicking on the map selection
button a second time will disable map selection.

q; Move stations selected within the Excluded list into the Included list

<:] Move stations selected within the Included list into the Excluded list

8.4.1.1 Phase Parameters

The Phase specific parameters define general parameters related to the receivers that vary with
phase but are not specific to a particular station.

W Phase parameters

Amplitude Correction Amplitude Correction  Media Velocity Detection SNR
Standard Deviation

P00 0.4 5000.0 32
pP:0.0 0.0 0.0 0.0
Pg 00 0.0 5000.0 3.2
S:00 0.0 3000.0 2.0
Lg: 0.0 0.0 30000 15
LR:0.0 0.0 30000 15
H:0.0 0.0 0.0 0.0
T:0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0:0.0 0.0 0.0 0.0
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Prior
Phase
P: h ':| IIIJ

PP v & el

Coda Decay Files

Palp ~ & .l Jocuments\NetworkModelingiNetMOD \projects\Officialicodadecay\gpnpg.nfc

SSp ~ 5l JocumentsiMetworkModeling'NetMOD\projects\Official\codadecay\gpnsn.nfc

Lals ~ & .l Documents\NetworkiMaodeling\NetMOD'\projects\Official\codadecay\gsnlg.nfc

LR: ~ &= il
H: - & ol
T: - & ol

|: i ':| IIIJ

O i ': Illd

The user can enter the following parameters for each of the phases:

Amplitude Correction

Amplitude Correction
Standard Deviation

Media Velocity

Detection SNR

Prior Phase

Coda Decay Files

Default mean value of the receiver amplitude correction, in log10
spectral amplitude units, for any station that does not have a
specified amplitude correction, defined as being a value less than
or equal to 0.

Default standard deviation of the receiver amplitude correction, in
log10 spectral amplitude units, for any station that does not have a
specified amplitude correction standard deviation, defined as
being a value less than or equal to 0.

Default receiver media velocity, in m/s, for any station that does
not have a specified media velocity, defined as being a value less
than or equal to 0.

Default detection SNR, in log10 spectral amplitude units, for any
station that does not have a specified media velocity, defined as
being a value less than or equal to 0.

A phase that is defined as arriving at the station prior to this
phase. The prior phase is used in determining the amount of
noise present at the time the current phase arrives at the station. If
no prior phase is defined, then the noise at the station is due to
just site noise.

Location of the formatted data file containing the coda decay may
be specified for each phase. Click on the file browse button to
select a file or the visualize button to view the coda decay.
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8.4.1.1.1 Coda Decay

The Coday Decay file defines the relationship between the source to receiver distance and the
rate by which the signal coda has decayed from one phase to the next.

) Cods Decay Rste - Pn to Sn noise factor oo s

Dia <& X &

Coda Decay Text File
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o
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[ Close H Save H Reset ]

The user may use this viewer to simply visualize the coda decay rates or to also modify the
values within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.4.2 Stations

W Stations C';,L— %

W ARCES

Name
Latitude
Longitude
Elevation

Site Noise SD

- ARCES

Station Type: gr

Technology: |5

Channels: 25
Media Density: 25000

Reliability: p gs

Site Noise: & |l »deling\NetMODbuilds'projectinoise\ARCES.nc
Site Response: & || \NetMOD'builds\projectiresponse\Qelem_array.2

B Phase parameters

The user can enter the following parameters:

Name
Latitude
Longitude

Elevation

Station Type

Technology

Channels

Media Density

Reliability

Site Noise SD

Name of the station.
Latitude of the station in decimal degrees.
Longitude of the station in decimal degrees.

Elevation of the station in meters. If the elevation is less than or
equal to 0, then the default receiver elevation will be used.

Station type: ‘ss’ for single station or ‘ar’ for array.

Technology: ‘S’ for Seismic, ‘H’ for Hydroacoustic, or ‘I’ for
Infrasound

The number of channels (or elements) of the array

The media density in kg/m®. If the media density is less than or
equal to 0, then the default receiver media density will be used.

Station reliability as a probability between 0 and 1. If the reliability
is less than or equal to 0, then the default station reliability will be
used.

The default standard deviation of the site noise, in log10 spectral
amplitude units. This value is only used if the site noise file does
not have a valid standard deviation defined, less than or equal to 0.
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Site Noise Location of the formatted data file containing the site noise may be
specified for each station. Click on the file browse button to select
a file or the visualize button to view the coda decay.

Site Response Location of the formatted data file containing the site response may
be specified for each station. Click on the file browse button to
select a file or the visualize button to view the coda decay

8.4.2.1 Site Noise

The Site Noise file defines the characteristics of the background noise present at a station.
NetMOD supports several different noise file formats. Each of them is discussed in a section
below.

8.4.2.1.1 Ambient Noise File

The standard Ambient Noise File, which ends with a “.noi”, contains static measurements of the
mean and standard deviation of the site noise in units of log10 power spectral density (SAIC-
09/3007). For seismic, the values are relative to nm?/Hz. For hydroacoustic, the values are
relative to uPa’/Hz. For infrasound, the values are relative to ubar’/Hz.

. Noise Spectra - log-median ambient0.00 [E=8ER 5

2
e < @ X[Z

log-median ambient 0.00

Frequency ( Mean (log10) S.D. (log10)

— Noise Spectra i
NLNM 0

— NHNM 0 06
1]

Log10 Power Specira Density (nm"2/Hz)

|
By S S S S S S S S S S S S S N =)

0.001 0.01 01 1 10

Fraquency (Hz)
Close Save Reset

The user may use this viewer to simply visualize the noise values or to also modify the values
within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.4.2.1.2 Non-Gaussian Noise File

The Non-Gaussian Noise File, which ends with a “.ng”, contains measurements of the PDF for a
number of non-overlapping frequency bands at a single station (SAIC-09/3007). The advantage
of this format is that it does not assume that the site noise conforms to a Gaussian probability
distribution.

The user may use this viewer to simply visualize the noise values or to also modify the values
within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.4.2.1.3 NetCDF Noise File

The NetCDF Noise File, which ends with “.nc”, contains measurements of the Cumulative
Distribution Function (CDF) of the noise for a range of frequencies. The noise values are
expressed in dB relative to the power spectral density of acceleration. The noise file contains
multiple CDF’s for each station. There are CDF’s for four times of day for each month of the
year. The advantage of this format is that it does not assume that the site noise conforms to a
Gaussian probability distribution and it does not assume that the site noise is constant throughout
the day or the year.

Note that the CDF curves contained within the NetCDF Noise File are only able to be used when
a Monte-Carlo simulation is being performed. The CDF curves are not used when a traditional
NetSim style simulation is being performed. This is due to an assumption in the algorithms that
the signal and noise amplitudes are log-normal random variables (SAIC-09/3006). When
performing the traditional NetSim amplitude estimates, the mean and standard deviation values
within the NetCDF files are used instead.
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l Close H Save H Reset ]
The user may use this viewer to simply visualize the noise values.
The following buttons are available at the bottom of the dialog:
Close Close the dialog without modifying the file.
Save NetMOD does not support the modification or saving of NetCDF

files at this time.

Reset Reload the quantities from the file.
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84.2.1.3.1 NetCDF Format

NetCDF is an open standard that consists of a set of interfaces, libraries, and platform-
independent formats for representing scientific data. Additional information about NetCDF may

be obtained from:

http://www.unidata.ucar.edu/software/netcdf/

NetMOD supports the use of site noise contained within the NetCDF format, provided the data is

organized with the following structure:

Global Attributes

Value

station_name

String containing the station name.

data_type

String containing the type of data: ‘seis’.

station_latitude

Double value containing the station latitude in
degrees.

station_longitude

Double value containing the station longitude
in degrees.

units

String containing the unit of the data:
'db re (m"2/s"4)/Hz'

spectral_window_type

String containing the type of spectral window
used

spectral_ window_equivalent_noise bandwidth

Double value containing the noise bandwidth

spectral_window_relative_ovelap_value

Double value containing the fractional overlap
of the windows

spectral_main_window _length

Double value containing the spectral window
length in seconds

smoothing

String containing a description of the
smoothing algorithm

code_version

Version of the CTBTO/IDC code used to
generate the noise.

An example of the global attributes is shown below:

Global Attributes:
station name
data type
station latitude
station longitude
units
spectral window_ type

spectral window equivalent noise bandwidth

spectral window relative ovelap value
spectral main window length
smoothing
6order'
code version

'ASAR'

'seis'

-23.7

134

'db re (m*2/s”4)/Hz'
'nutalléda’

2.13

0.68

3.6e+003
'Savitzky-Golay filter:

llpt

'1.0.0"7
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Dimensions

Value

STRLEN

Integer length limit of string, 0 is unlimited.

number_of_sensors

Number of sensors elements contained within
this NetCDF file

number_of percentiles

Number of percentiles that make up each
Cumulative Distribution Function (CDF).

samples

Number of frequency samples that make up
each of the noise definitions

An example of the dimensions is shown below:

Dimensions:
STRLEN =0 (UNLIMITED)
number of sensors = 22
number of percentiles = 21
samples = 100

Global Variables Value

percentiles

A NetCDF variable containing an array of the
percentile values that define each CDF. These
values typically range from 0 to 100 in 5%
incremeents.

frequencies

A NetCDF variable containing an array of the
frequency values that define each CDF.

SENSors

A NetCDF variable containing an array of the
identifiers for the sensors contained within this
NetCDF file.

An example of the global variables is shown below:

Variables:

percentiles
Size: 21x1
Dimensions: number of percentiles
Datatype: double

frequencies
Size: 100x1
Dimensions: samples
Datatype: double

sensors
Size: 22x1
Dimensions: number of sensors
Datatype: UNSUPPORTED DATATYPE

There is a specific hierarchy of group definitions within the NetCDF noise file format that must
be adhered to. The top level group has the same station name as is defined in the corresponding

global attribute:

/<station name>/

72




Below the top level group, there can be any number of arbitrarily named groups that represent
the site noise at different time spans:

/<station name>/<Time Span 1>/

/<station name>/<Time Span 2>/

Each of the time spans contains a “time_attributes” variable that specifies the time span for
which this group applies:

/<station name>/<Time Span 1>/

Variables:
time attributes
Size: [
Dimensions: STRLEN
Datatype: int32
Attributes:

'2010001 02:34:22"
'2010031 03:34:22"
'January'

begin time
end time
month

The “begin_time” and “end_time” attributes each contain two parts: A concatenated year, day of
year, and time representing a GMT hour:minutes:second time. The begin day of year and end
day of year define the range of days of the year that this noise file spans. The begin time and end
time represents the range of times of the day that this noise file spans. In this way, the NetCDF
file can contain multiple noise definitions for different times of day that each span a larger
number of days, such as a month.

Within each time span group, there can be any number of arbitrarily named groups for each
sensor element of the station. However, NetMOD only makes use of the first group that is
present. There are four variables that are present in each of the sensor element groups:

Variables Value

log PSD A NetCDF variable containing an array of the
average log PSD value in units of logo (
(nm/s®)?/Hz ) at each of the defined
frequencies.

log PSD_std A NetCDF variable containing an array of the
standard deviation log PSD value in units of
logso ( (nm/s?)*/Hz ) at each of the defined
frequencies.

PDF A NetCDF variable containing an array of the
PSD values in units of dB ( (m/s?)*/Hz ) of
acceleration at each frequency and CDF level.

sensor_attributes A number of attributes about the sensor. See
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| the example below.

/<station name>/<Time Span 1>/<Sensor element 1>

Variables:
log PSD
Size: 100x1
Dimensions: samples
Datatype: double
log PSD std
Size: 100x1
Dimensions: samples
Datatype: double
PDF
Size: 100x21
Dimensions: samples,number of percentiles
Datatype: double
sensor_ attributes
Size: [
Dimensions: STRLEN
Datatype: int32
Attributes:
sensor_name = 'ASQO1"
channel name = 'SHZ'
decon file = 'filename'
recon file = 'none'
calib = 0.00925
calper =1
spectral sub window_length = 500
number in average = 28

Example NetCDF noise files are provided with the distribution of NetMOD and may be used as a
template for generating additional NetCDF noise files.
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8.4.2.2 Site Response

The Site Response file, which ends with a “.srs”, contains the gain factor of the array in log10
units versus frequency (SAIC-09/3007).

| £/ Site Response - 25 Element Regional Array oo =
e <% @ AE
Site Response Text File
700 Frequency (.. Mean(log10) S.D.(log10)
ners 025 0.248 0.0 -
05 0.399 0.0
0.850 .75 0.487 0.0
0626 0 0.55 0.0
.25 0.598 0.0
o008 5 0638 00
_ 0578 75 0671 0.0
2 asm0 2.0 0.7 0.0
B 2.25 0.7 0.0
3 0o 25 0.7 0.0
£ 0500 275 0.7 0.0
2 0478 3.0 0.7 0.0
o] | 325 07 50
2 vaas 75 07 00
2 .00 40 0.7 0.0
g 425 07 0.0
4.5 0.7 0.0
Bak 475 0.7 0.0
0326 5.0 0.7 0.0
5.25 0.7 0.0
o200 55 07 0.0
0.275 5.75 0.7 0.0
0.250 6.0 0.7 0.0 il
A 25 n7 nn
1 10
Frequency (Hz)
[ Close ] [ Save ] [ Reset ]

The user may use this viewer to simply visualize the response values or to also modify the values
within the table and save them back to the file.

The following buttons are available at the bottom of the dialog:

Close Close the dialog without modifying the file.
Save Save the quantities to the file.
Reset Reload the quantities from the file.
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8.4.2.3 Phase Parameters

The Phase Parameters define parameters that vary with phase are specific to each station.

Amplitude Correction Standard Deviation  Detection SNR. Media Velocity

P:0.306 0.29 0.0 0.0
pPl0.0 0.0 0.0 0.0
Pgi0.0 0.0 0.0 0.0
SI00 0.0 0.0 0.0
Lai0.0 0.0 0.0 0.0
LR:0.0 0.0 0.0 0.0
H:0.0 0.0 0.0 00
100 0.0 0.0 0.0
0.0 0.0 0.0 0.0
Ol00 0.0 0.0 00

The user can enter the following parameters for each of the phases:

Amplitude Correction

Standard Deviation

Detection SNR

Media Velocity

Mean value of the receiver amplitude correction, in log10 spectral
amplitude units. If the value is less than or equal to 0, then the
default receiver amplitude correction will be used.

Standard deviation of the receiver amplitude correction, in log10
spectral amplitude units. If the value is less than or equal to 0,
then the default receiver amplitude correction will be used.

Detection SNR, in log10 spectral amplitude units. If the value is
less than or equal to O, then the default receiver amplitude
correction will be used.

Receiver media velocity, in m/s. If the value is less than or equal
to 0, then the default receiver amplitude correction will be used.

76



8.5 Output

The Output from the simulation runs are stored within sets of files contained within an output
directory (SAIC-09/3007). NetMOD displays an entry in the control pane for each of the output
file sets within the output directory.

W Outputs
= €
Output Directory: & C:\Users\bjmerch\Documents'NetworkModeling\NetMOD\projects\Officialloutput
b @ Seismic 20131204 1111 &

The user may enter a different output directory within the text field or use the file browser to
select a directory. The set of displayed outputs will automatically update to reflect the contents
of the updated directory.

E Compute the difference between two outputs.

e Refresh the set of outputs from the files on disk

8.5.1 Output Controls

Each output contains a set of individual output controls.

w @ Seismic_20131204 1111 &

Name: Seismic_ 20131204 1111 4.250

Parameter: Magnitude - 4.000

_ 3.750

Data Range: 2 547 4277 - 500
Color Model: JgT = '

. _ 0 3.250

ransparency: S

0% 25% 50% 75% 100% 2750

A color bar is displayed on the right hand size of the output controls. Within the map, as the
mouse hovers over portions of the output surface, a tooltip will be displayed with the output
value at that position.

The user can enter the following parameters for each of the phases:
Toggle button to control the visibility of the output on the map.

@ Only one output may be displayed at a time. Selecting to display
an output will automatically un-display all of the other outputs.
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&

Name

Parameter
Data Range

Color Model

Transparency

Delete an output. This button will delete of the files on disk
associated with this output and remove this output entry from the
control pane.

Name of the output. Changing the name will result in the files on
disk being renamed.

The parameter from the output that is to be displayed. The
parameter selection defaults to the first non-constant output
parameter.

The minimum and maximum data values that the color model is
to span. Note that when the parameter is changed, the data range
is automatically reset to the range of available data.

Select the desired color model from the pull down list.

Select the desired surface transparency from 0 %, completely
opaque, to 100 %, completely transparent.
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8.5.2 Differencing Outputs

An important feature with NetMOD is the ability to determine the difference between two
different simulation outputs. A user may perform this action by clicking on the difference
button:

The user will be prompted to select the two outputs from selection dialogs that will appear. The
only restriction is that the two simulation outputs must have been performed on the same set of
source locations.

Once the difference is performed, a new output will be generated that has the name:

<first output name> - <second output name>
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First output:

Second output:

Difference:
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9 INTROSPECTION

Validating the results of a network simulation can be challenging given the number of input
parameters and calculations that must be performed. Fortunately, NetMOD has a feature called
Introspection that allows a user to examine in depth how all of the results are obtained.

Introspection is based in part on how NetMOD has modularized the components that make up a
simulation. The modular hierarchy of the components is reflected in the organization of the
simulation controls within the GUI. Each of the components is able to log the details of the
computation that it is performing. All that is necessary for the user to do is to click on the
Execute Introspection button at the top of the simulation control pane:

i
The simulation will then begin running with the Introspection details appears in a dialog similar
to the one shown below. The Introspection dialog has a number of color coded flags that may be
displayed for each node to allow for the user to determine where any problems might occur. The
color of each node represents the highest criticality of the results of that node’s computation and
that of the nodes below it.

r, Good: everything appeared to be fine with the simulation
F_ Warning: Some of the parameters may be out of range or missing, but the defaults
should be sufficient. Examples could be a missing site response file (using a

default array gain of 0), a missing site noise file (using a low noise model instead),
or a non-critical out of range value (such as evaluating a path attenuation curve at a
frequency outside the definition).

P: Error: Parameters are out of range or missing and the simulation results are
suspect. An example of an error would be a missing path attenuation file.

When the user has collected as much Introspection detail as they desire, they may cancel the
execution of the simulation.

Note that executing the simulation with introspection again will bring up a new Introspection
dialog and begin logging details to that new dialog. This allows for multiple Introspection
dialogs to be open simultaneously for the purpose of comparing differences in simulations.

The results of Introspection are represented in a tree hierarchy that is verbose and fairly self-
representative. At the top level, each source location is contained within a separate tree node:
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“* Introspection - @

[

F- Seismic Detection Simulation
Seismic Detection Simulation

&

(-180.0, -80.0). 3.74667
(-180.0, -76.0). 3.82989
(-180.0,-72.0). 397598
(-160.0,-68.0). 403771
(-160.0, -64 0). 404201
(-180.0, -60.0). 410255
Seismic Detection Simulation (-180.0, -56.0): 4 14342
Seismic Detection Simulation (-180.0, -52.0). 4 22177

(-

(-

(-

(-

(-

(-

(-

&

Seismic Detection Simulation

&

Seismic Detection Simulation

&

Seismic Detection Simulation

&

Seismic Detection Simulation

m

&

Seismic Detection Simulation

&

&

Seismic Detection Simulation (-180.0, -48.0): 4 17038
180.0,-44.0). 416134
180.0,-40.0): 4.05747
180.0,-36.0): 407034
180.0,-32.0): 4.08493
180.0,-26.0): 4.06844

180.0,-24.0): 4.08192 v

&

Seismic Detection Simulation

&

Seismic Detection Simulation

&

Seismic Detection Simulation

&

=
|- |. |. |. |. |. |. |. |. |. |. |. |. |. |.

Seismic Detection Simulation

&

Seismic Detection Simulation

&

Seismic Detection Simulation

Expanding down into each of the source locations, it is possible to examine how the simulation
iterates over the magnitudes, stations, phases, and frequencies to be simulated:
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7 Introspection -

o

=} Magnitude: 3.74667

Probability: 0.8599

""" F' Converting Magnitude: 3.74667

Magnitude Type: mb
Slope: 0.99

Intercept: 10.51

Log Moment: 14.2192

E‘F Metwork Detection Probability of Moment (log): 14.2192
=} Stations
-} Station AKASG

Distance (deg): 142.10158

=} Station ARCES

Distance {deg): 167.50898

'-:-*F Phase P
Low Probability Cuteff: 0.2
Probability: 0.0

E‘F Station Detection Probability: ARCES, Phase P

SMR Thresheld: 3.2

SNR Threshold {leg10): 0.50515

SNR HIGH {log10): Mormal{ -0.85737, 0.42302 )
Probability: 0.003

Station Reliability: 0.598

Final Probability: 0.00224

E}F Frequenw {HZ}: 0.05

SNF {log10): Normal{-984. 79612, 0.50016

#-= Frequency (Hz): 0.5

SHR (log10): Mormal{ -1.42889, 0.42853 )

== Frequency (Hz): 1.0

SR (log10): Mormal{ -0.81231, 0.43126 )

#-= Frequency (Hz): 2.0

SMR (log10): Normal{ -0 85737, 0.42302

== Frequency (Hz): 4.0

SNR {log10): Normal{ -2.54843, 0.45846 )

#-= Frequency (Hz): 5.0

SNR {log10): Normal{ -2.86565, 0.44505

E}"F' Frequency (Hz): 6.0

SNR {log10): Mormal{ -5.17411, 0.44140 )

-} Phase Pg

Low Probability Cuteff: 0.2
Probability: 0.0

7B Station ASAR
Distance {deg): 59.520088

I:-'I---h_ P T [ T )

(|

m

83




Below each frequency, the Introspection results contain the details on how each specific signal
amplitude, noise amplitude, and SNR is computed:

#7 Introspection -

&=H

“F Frequency (Hz): 0.05

SNR {log10): Normal{-394 79812, 0.50016

= Frequency (Hz): 0.5

SNR (log10) Normal( -1.42882, 0.42852 )
Y o Frequency (Hz): 1.0
I =H4R (log 10): Normal( -0.81331, 0.43126 |

E‘JP" Signal Amplitude (log10). Normal( 0.31767, 0.41725 )

Distance (degrees): 167.80888
Distance Threshold [degrees): 20.0

é‘"P‘ Teleseismic Bodywave Amplitude (log10): Normal{ 0.31767, 0.41723)
""" P‘ Media Constant (log10). -6.70184

Source Media Type: granite

Source Media Density: 2550.0
Source Phase Velocity: 5500.0
Station Media Density: 25800.0
Station Phase Velocity: 5000.0

HF. Source Spectra (log10). 14.09853

Source Medis Type: granite

Moment Spectra {log10): 14.2253
Source Excitation Factor: 0.74

F’ Source Spectra from file: 'C:/Users/bjmerch/Documents/MetwarkModeling/M
at moment: 14.2152
at frequency: 1.0
Spectral Amplitude: 14,2283

""" P" Path Attenuation (log10): Normal( -7.93502, 0.30000 )

Fath Media Type: reference
E‘JF' Site Response (log10): Normal({ 0.55000, 0.00000)
F’ Site Response from file: 'C:/Users/bjmerch/Documents/MetworkModeling/Mi

at frequency: 1.0
Response {log10): Mormal{ 0.55000, 0.00000 )

""" P= Station Correction (log10)- Normal( 0.30600, 0.29000 )
""" P" Teleseismic Source Correction (log10). 0.0

Fath Media Type: tectonic_land

""" P Teleseismic Station Correction (log10): 0.0

Fath Media Type: tectonic_land

BF' Total Naise Amplitude (log10 SA): Normal({ 1.13098, 0.10903 )

Time Window length {sec): 10.0

P‘ Ambient Site Noise (log10 PSD):
CODF: [ 000.00000 00008000 00010000 O0OO00.15000 000.20000 00025000 000.20000 000.25000
PDF: [ 000.11891 00048508 000.82785 000.208286 001.02860 001.1912% 001.41935 001.41935
WAL: [ 000.45728 00087777 00097017 001.04207 001.09270 001.12990 001.17225 001.21448
Mesan: 1.28158
Std: 0.218058

| Prior Phase noise:
Mo Prior Phase

== Frequency (Hz): 2.0

SNR {log10): Normal -0.85727, 0.42202 )

m | 3

m
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9.1 Reading and Writing

The Introspection log may be saved to a file on disk and then read back in at a later date. The
intended purpose of being able to export and import the introspection logs is to allow users to

document problems that they may come across when executing simulations and assist in
communicating those problems to others.

The following buttons at the top of the Introspection dialog may be used for reading and writing:

[ un Browse for an introspection log file to open from.

| I Browse for an introspection log file to save to.

The format of the Introspection log file is an ASCII XML file.

-

]l introspectionxml - Notepad ===

File Edit Format View Help

<node status="WARNING"> -
<note=Seismic Detection simulation</note>

<node status="WARNING">
<note>Running Detection Simulation at: (-80.0, -180.0)</note>

<note=Computed result: 0.72438</note>
<node status="WARNING">
<note=Magnitude: 3.00000</note>
<note=Source Media: granite</notes
<note=Probability: 0.72438</note>
<node status="GOOD">
<notex=Converting Magnitude: 3. 00000</note>
<note>Magnitude Type: mb</note>
<note>5lope: 0.99000</note>
<note=Intercept: 10. 51000</note>
<notexLog Moment: 13.48000</note>
</node>
<node status="WARNING">
<notes>Network Detection Probability of Moment (log): 13.48000</notes>

<node status="WARNING">
<notesStations</note>
<node status="GOOD">
<note>station ARCES</note>
<note>Distance (deg): 167.80896</note>
<node status="GOOD >
<notexPhase P</note>
<notexprobability: 0.00024</note>
<notexLow Probability cutoff: 0.20000</note=
<node status="GOOD">
<notex5tation Detection Probability: ARCES, Phase P</note>
<note=SNR Threshold: 3. 20000</note>
<notex=SNR Threshold (logl0): 0.50515=/note>
<notex>5NR HIGH (logl0): Normal(-1.0131297, 0.4350046)</note>

<n0te>Pr0babi1it¥: 0.00024</note>
<notex5tation Reliability: 0.98000</note>
<notexFinal Probability: 0.00024</note>
<node status="GOOD">

<note=Frequency (Hz): 0.05000</note>

<note=SNR (1ogl0): Normal(-1.0131297, 0.4350046)</note>
<node status="GOOD">
<note=5ignal amplitude (logl0): Normal(0.44137034, 0.41725293)</notex
<note=Distance (degrees): 167.80896</note>
<note=Distance Threshold (degrees): 20.00000</note>
<node status="GOOD">
<note>Teleseismic Bodywave Aamplitude (logl0): Normal(0.44137034, 0.41725293)
<node sTatus="GOOD">
<note=Media Constant (logl0): -6.70184</note>
<note>Source Media Type: granite</notes
<note>Source Media Density: 2550.00000</notex
<note>5ource Phase velocity: 5300.00000</note>
<note>Station Media Density: 2500.00000</note>
<note=Station Phase velocity: 5000.00000</note>

</node>
<node status="GOOD">
<note>Source spectra (logl0d): 13.34923</note>
<note>5ource Media Type: granite</notes -
4 1 3
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10 TUTORIALS

NetMOD is distributed with an example project file that includes the primary seismic stations for
the CTBTO’s IMS network. This project file is intended to serve as a starting point for users to
begin using NetMOD. The tutorial sections below cover several common tasks that a user may
wish to perform. Note that tutorials are written with the intent of progressing through some of
the functionality in NetMOD with each tutorial building upon the features demonstrated in the
prior tutorials.

There are two versions of the project file that are included. The first version (Seismic.par)
references the standard site noise files that contain mean and standard deviation values that vary
across frequency and are static across time. This version is included to provide a common
project file with referenced data files that both NetSim and NetMOD can access for easy
comparisons between the two programs. The second version (Seismic_NetCDF.par) references
the updated site noise files that contain cumulative distribution functions that vary across
frequency, time-of-day, and month-of-year. These files provide a more accurate estimate of the
background noise present at each of the stations.

For all of these tutorial sections, the necessary initial step is to start NetMOD. Within the
NetMOD application folder, there are startup scripts for Windows (run_NetMOD.bat) and Linux
/ MacOSX / Solaris (run_NetMOD.sh). NetMOD may be started by executing the appropriate
startup script for the operating system being used. Alternatively, the user may modify and/or
extract the contents of the startup script into a separate executable script.
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10.10pen a project file

Load the provided project file by clicking on the Open Simulation button

F;IE‘ Help 6/

Project &5/ ¥ Ll

Open a simulation file

)
L

A file selection dialog will then appear:

“* Open simulation project file @
Lookin: | | Project n &2 *EE
= - codadecay NS Config variable:
Recent / noise lodeling\NetMOD\projects\Project
ltems . output
! . path
| response

Desktop | source
b =] Seismic.edc

L‘ - -
w

Documents |2 Seismic_NetCDF par

A

-

Computer

N::irk File name: Seismic_par
Files of type: | Al Files -

Use the dialog to navigate to the location of the project file and then select one of the provided
project files, either Seismic.par or Seismic_NetCDF.par. The NS Config variable identifies the
top-level folder of the project file structure. The content of the variable will automatically
update to reflect the parent folder of the selected file, which is appropriate for the included
project files. If the top-level folder for a project file is something different, update the variable
definition to reflect that folder name.
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Click Open to read in the project file. Once the read has completed, there will now be an entry
in the Simulation Controls for the project file:

“= NetMOD
File Help €9

Project &5 9= & re @
b seismic = N &

Click on the green Show Viewer button to expand the viewer:

/

% NetMOD
File Help

Proje fl,'i ® e @
P Seismic = K £

Additional details of the simulation are now visible:

“* NetMOD

File Help €

Project &5 9= & s ©
¥ Seismic = N L

Name: | Seismic

Simulation Type: | Threshold v
Probability p.g
Magnitude: 2.0 9.0 mb 2|
Signal Amplitude: | NetSim e

Regional Distance Threshold (deg): 200
Noise Amplitude: | NetSim -
Network Detection: :Plobabiiity Network Detection b

Event Detection Criteria &5 workModeling/NetMOD/projects/Project/Seismic.edc

Phase Defection Rule: 3§ 3p ~ |(P+Pg)i3
Frequencies (Hz): 0.05,0.5,1.0,2.0,4.0,5.06.0
Frequency Type: HIGH N
Low Prabability Cutoff- .0_2 .
P Sources
P Paths
P Receivers
P Outputs
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10.2Run a probability simulation

A probability simulation is one in which the probability of an event with a specific magnitude is
computed at each of the source locations. The result is a map of the probabilities across some
geographic region. The user may specify the magnitude of the event and the source locations
that define the region.

Specify a “Probability” simulation type and magnitude. The included project file defaults to a
“Threshold” simulation. It is necessary to switch to a “Probability” simulation.

The Simulation Type can be changed by selecting “Probability” from the pull-down selection:

“= NetMOD
File Help €9
=

Project = %5 % Lsf
W Seismic = N £

()

Name: Seisg\i
Simulation Type: ;Thleshold v;
Probability
Threshold
Signal Amplitude: :NetSim Signal Amplitude ':

Regional Distance Threshald (deg) |20.0

Noise Amplitude: :NetSim Noise Amplitude ':
Network Detection: :Probabiiity Network Detection v:
Event Detection Criteria: & workModeling/NetMOD/projects/Project/Seismic edc
Phase Detection Rule: 3§ 3p ~ (P+Pg)/3
Frequencies (Hz): 0.05,0.5,1.0,2.0,4.05.0,6.0
Frequency Type: HIGH -
Low Probability Cutoff: g 2 .
P Sources
P Paths
P Receivers
P Outputs
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The details of the Simulation Type will update to reflect the chosen selection. Enter the desired
Magnitude and Unit that are to be simulated in the provided controls:

** NethoD
File Helpk \
Project £ 9= &
W Seismic H ‘\
Name: Seismi

Simulation Type: | Probability

[ &
R

Magnitude: |3 o ;mb -
KT

Signal Amplitude: | NetSim Signal Amplitude
Regional Distance Threshold (deg): 20.0 Ms

Noise Amplitude: | NetSim Noise Amplitude mig
Network Detection” | Probability Network Detection ML

Event Detection Criteria: &5 \workModeling/NetMOD/projects/Project/Seismic edc

Phase Detection Rule: 3§ 3p - |(P+Pg)/3
Frequencies (Hz): |0.05,0.5,1.0,2.0,4.05.06.0
Frequency Type: HIGH v
Low Probability Cutoff: '0_2 '
P Sources
P Paths
P Receivers
P Outputs

Run the simulation by clicking on the Run Simulation button at the top of the controls:
/
= NetMOD
File Help €9
Project &5 9 RV
W Seismic k=l N &

Name: Seismic

The simulation will execute with a progress dialog. Clicking Cancel will abort the simulation
and discard any results that have been obtained thus far.

i

|£:| Progress @

Simulating Source: (-20.0, 68.0)
| |

Cancel
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Once the simulation has successfully completed, the results of the simulation will be saved to a

set of output files and automatically displayed on the map:

= Nethoo
File Help €@
[Project & 4= ¥
W seismic kA =
Name: Seismic
Simulation Type: Probabikty
Magnitude: 3.0 m '3

Signal Ampitude: Netsim Signal Amplitude
Regional Distance Threshold (deg) 20 0

Noise Ampiiude: NetSim Noise Ampiitude
Network Detection Probabilty Network Detection S
Event Detection Criteria: 8 workModeingNetMOD/projects/Project/Seismic edc
Phase Detection Ruie: 3§ 3p ~[P+Poya
Frequencies (Hz) 00505,1020405060
Frequency Type: HIGH

Low Probabilty Cutoff. 0.2
P Sources
» Pats
P Recenvers
¥ Ouputs

Output Directory. &8 C nDocuments; Diprojects|Projectioutput
w [@seismic_20131219_1109 ¥
Name: Seismic_20131219_1109
Parameter. Probabilty

Data Range: 00010 0997
Color Model REVERSE_JET
Transparency. }
0% 25% 50% 75%

Alitude 50,000 km

Off Globe

==
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10.3Run a threshold simulation

A threshold simulation is one in which the magnitude of an event with a specific probability is
computed at each of the source locations. The result is a map of magnitudes across some
geographic region. The user may specify the magnitude of the event and the source locations
that define the region.

The Simulation Type can be changed by selecting “Threshold” from the pull-down selection:

= NetMOD
File Help €

Project &5 4= & =@
¥ Seismic = \
Name: |Sdismic o
Simulation Type: ;Probability il b

Probability
] ] Threshold
Signal Amplltude:_et im Signal Amplitude I

Regional Distance Threshold (deg): 20.0

Noise Amplitude: NetSim Noise Amplitude °|
Network Detection: | Probability Network Detection v

Event Detection Criteria: &5 workModeling/NetMOD/projects/Project/Seismic.edc

Phase Detection Rule: ﬁ ap - (P+Pg)/3
Frequencies (Hz): 0.05,0.5,1.0,2.0,4.0,5.0,6.0
Frequency Type: HIGH =
Low Probability Cutoff: |9 2 .
P Sources
P Paths
P Receivers
B Outputs
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The details of the Simulation Type will update to reflect the chosen selection. Enter the desired
Probabilitwagnitude Ranges and Unit that are to be simulated in the provided controls:

AN
o~ N\

Project £ 9= 3%
W Seismic =l 'f\-

[ ]
-

Simulation Type: | Threshold

Probability: 0.9
Magnitude: |2 o 9.0 ;mb ';
Signal Amplitude: :NetSim Signal Amplitude KT
Regional Distance Threshold (deg): |20.0 Ms
Noise Amplitude: | NetSim Noise Amplitude mig
ML

Network Detection: :Probabiiity Network Detection

Event Detection Criteria: & workModeling/NetMOD/projects/Project/Seismic.edc
Phase Detection Rule: $§ |3p ~ | (P+Pg)i3

Frequencies (Hz):|0.05,0.5,1.0,2.0,4.0.5.0,6.0

Frequency Type: | HIGH -
Low Probability Cutoff- g 2
P Sources
P Paths

P Receivers
P Outputs

Run the simulation by clicking on the Run Simulation button at the top of the controls:

“* NetMoD
File Help €9
Project &5 o= & K

W Seismic k=l K&

Name: Seismic

The simulation will execute with a progress dialog. Clicking Cancel will abort the simulation
and discard any results that have been obtained thus far.

Note that a threshold simulation takes longer to compute than a probability simulation because

rather than simulating the probability of a single magnitude, a range of magnitudes are simulated
in order to narrow in on the magnitude that results in the desired probability.
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Progress

Simulating Source: (-20.0, 68.0)

Cancel

Once the simulation has successfully completed, the results of the simulation will be saved to a
set of output files and automatically displayed on the map:

B
File Help €@

Project & 4= R
W Seismic bl A &

Name: Seismic

Simulation Type: Trveshokd
Probabilty. 0.9
Magnitude: .20

[oo m

Signal Ampitude: NetSim Signal Ampitude
Regional Distance Threshold (deg) 20.0
Noise Ampitude: NetSim Noise Amplitude
Network Detection Probability Network Detection

0D/

-
Phase Detection Rule: 3§ 3p

-|P+pays
Frequencies (Hz): 0.0505,1020.405060
Frequency Type: HIGH
Low Probabity Cutoff: 0.2
» Sources
P Patns
P Receners
W Outputs
¢
O C ojectioutp!
w [@seismic_20131219_1111 &
Name: Seismic_20131219_1111 4250
Parameter. Magnitude: = g ?:g
e A1 a2 3500
Color Modet |JET =l el
i Y 3.000
0% 2% 50% 75% 100%

2750

‘L + 032N
<+ (=) (©) () &

Altitude 50,000 km

o Networt
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10.4Change the simulation region

The provided NetMOD project file defaults to a geographic region that spans the entire globe
with four degree source location spacing. If the user wishes, the project file may be expanded
upon to simulate more specific regions of the earth or to modify the spatial resolution. To begin,
expand the Sources viewer:

= NetMdD
File Help €
Project |&5 4 & e @
W sgismic = N &
Name: [Seismic
Simulation Type”  Threshold -
Probability: |0 9
Magnitude: _2 g 90 mb -
Signal Amplitude” | NetSim Signal Amplitude v
Regional Distance Threshold (deg): 20 0
Noise Amplitude: | NetSim Noise Amplitude ~
Nefwork Detection’| Probability Network Detection b
Event Detection Criteria & workMadeling/NetMOD/projects/Project/Seismic.edc
Phase Detection Rule: $§ 3p ~ (P+Pg)/3
Frequencies (Hz): |0.05,0.5,1.0,2.0,4.0,5.0,6.0
Frequency Type: | HIGH -
\l Low Probability Cutoff: | g 2
P [Sources
P Paths
P Receivers
P Outputs

Select the desired geographic region to simulate from the Epicenter Grid. The source locations
that make up the Epicenter Grid may be displayed on the map by click on the Map Display

toggle button.
v Sourc&

Epicenter Grid: == $§ @ 171 Global -
Name:Glabal
¥ Regular Grid
Min Max Delta
Latitude: _g0.0 20.0 40
Longitude: |-180.0 180.0 4.0

Time:|1970/01/01 00:00:00

Source Media File:
Source Grid File:
P source Media
P Paths

P Receivers
B Outputs

© 7

) liorkModelingiNetMOD'\projects\Projectisource\granite-mm-js_water600m.smd
= nents\NetworkModeling\NetMOD\projects\Projectisourcelland_water600m. sgr
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The Epicenter Grid may be specified using any combination of the methods below:

1. Create a new grid by clicking on the Create New button:

W Sources

/

Epicenter Grid: |=j=| $¢ @ 17/ Giobal

Name’|Global
Regular Grid
Min

Latitude: _g0.0
Longitude: _180.0

P Source Media & [/

Max Delta
80.0 40
180.0 40

Time: | 1970/01/01 00:00:00

Source Media File: & ;orkModelingiNetMOD!\projecis\Project\source'granite-mm-js_water600m.smd
Source Grid File: & ments\NetworkModeling\NetMOD\projects\Projectisourcelland_water600m.sgr

2. Select a pre-defined region from the pull-down selection:

W Sources

Epicenter Grid: <= ¢ @ [/ |Global

a

Name! Global P
[¥I Regular Gri ewer

\

-

Min
Latitude” | _gp.0
Longitude: _180.0

P source Media @ [/

97

Time: | 1970/01/01 00:00:00

Source Media File: &= |;orkModeling\NetMOD projects\Projectisourcelgranite-mm-js_water600m smd
Source Grid File: &5 nentsiNetworkModelingiNetMOD\projects\Project\sourcelland_water600m.sgr

Max Delta
80.0 40
180.0 40




3. Enter values in degrees for the desired range of Latitudes and Longitudes

W Sources

Epicenter Grid: <= ¢ @ 1/ Global

Name: Global
Regular Grid
Min Max Delta
Latitude: .80 0 800 40
Longitude: |_180.0 180.0 4.0

Time: 1970/01/01 00:00:00

Source Media File: & sorkModeling\NetMOD\projects\Projectisource\granite-mm-js_water600m.smd

Source Grid File: &5 nents\NetworkModeling\NetMOD projects\Projectisourcelland_water600m.sgr
B Source Media @ 1/

!
P Paths

P Receivers

P Outputs

Select a region on the on the map using the mouse. Click on the Map Select button to enable
map selection.

W Sources

Epicenter Grid: == ¢ @ 1/ Global

Name:Global
Regular Grid
Min Max Delta
Latitude: _gp 0 800 40
Longitude: |_180.0 180.0 40

Time: 1970/01/01 00:00:00

Source Media File” & LorkModeling\NetMOD'projects\Projectisource\granite-mm-js_water600m smd

Source Grid File: & nentsiNetworkModeling\NetMOD projects\Projectisourcelland_water600m.sgr
B Source Media @ 17

&
P Paths

P Receivers

P Outputs

Drag a rectangle on the map. The Latitude and Longitude ranges will update to reflect the

selected region. Update the Delta field to reflect the desired source location spacing in
degrees.
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10.5Add or remove stations from a network simulation

NetMOD performs simulations of the performance of an entire network. The results of any
simulation that is performed depend heavily upon the set of stations that are contained within the
network. NetMOD has the ability to define any number of “networks” and each station may
belong to multiple networks.

The network definitions in NetMOD are contained within the Receivers section. Click on the
green arrow to expand the Receivers viewer:

/

“= MetMOD
File Help €9
Project & == ¥

W seismic =l N £

Name: |Sejsmic

\( )

Simulation Type: THreshold b

Probability: g9
Magnitude: 2 o 90 mb »

Signal Amplitud¢” | NetSim Signal Amplitude -
Regional Distance Threshold (deg) 20.0

itide: | NetSim Noise Amplitude -

Network Detettion: | Probability Network Detection -
Event Detection Criteria: & \workModeling/NetMOD/projects/Project/Seismic edc
Phase Detection Rule: $§ |3p ~ (P+Pg)3
Frequencies (Hz):|0.05,0.5,1.0,2.0,4.0506.0
Frequency Type: HIGH -
Low Praobability Cutoff- g 2
P Sources
P\ Laths
P Receivers
P Outputs

Additional details related to receiver parameters, including the network definitions, are now
visible within the expanded viewer. All of the stations that have been defined for a given project
file are listed within either the Excluded or Included lists in the user interface:
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W Receivers
P Phase parameters

Elevation: g 0

Reliability: o og
Media Density: 2500.0

Site Response: &5 .| 2nts\NetworkModelingiNetMOD'projects\Projectiresponselss_40samp.BB srs

Network: <= 3¢ @ [//|CUR_PRI =
Name: CUR_PR
Excluded Included
AAK “ AKASG =
ABKT ARCES E
AFI i? ASAR
AKTO <a BOSA
ANMO BRTR
APG CMAR
ARU CPUP

b Stations =F &

The Network definitions may be specified using any combination of the methods below:

1. Add or remove networks. Click on the Add or Remove button to either add a new network
or remove the current network.

Network o= 3¢ @ [/t|CUR_PRI 3
Name:CUR_PR
Excluded Included
AAK |l AKASG ol
ABKT ARCES E
AFI &> ASAR
AKTO 4a BOSA
ANMO BRTR
APG CMAR
ARU il CPUP

2. Select a network from the pull-down selection. The lists of Excluded and Included stations
will update to reflect the network selection.

Network: 5= $¢ @ [/ iCURﬁPRL 'j
Name:CUR_P
Excluded CUR_SEIS

IMS_PRI

AAK IMS_SEIS
ABKT NULL
AFI BF AOAK
AKTO < BOSA
ANMO BRTR
APG CMAR
ARU CPUP
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3. Manually move stations between Excluded and Included lists. Stations shown in either of
the lists may be selected by clicking on their name. Clicking the Right-arrow button will
move selected stations from the Excluded list to the Included list. Clicking on the Left-
arrow button will move selected stations from the Included list to the Excluded list.

Network: o= 3¢ @ 17/|CUR PRI ':

Name: CUR_PRI

Excluded Included

AAK 1= AKASG -
- -
AFI g» ASAR

AKTO < BOSA

ANMO BRTR

ARU CPUP

4. Select stations using the Map. First, click on the Map Display toggle button to display the
stations with their selection status visible on the map. Next, click on the Map Select button
to enable map selection. A popup menu will appear.

Network: = 3§ @ [ cuR_PR -
Namelcy Al
Excluded LT Included
AAK Map Select - AKASG -
ABKT Map Unselect Il ARCES El
AFI g» ASAR
AKTO <58 BOSA
ANMO BRTR
APG CMAR
ARU CPUP

The popup menu options are
= All - All stations will be transferred to the Included list
= None - All stations will be transferred to the Excluded list
= Map Select — Users may drag a rectangle on the map to identify stations
to add to the Included list.
= Map Unselect — Users may drag a rectangle on the map to identify
stations to add to the Excluded list.

For the purpose of this tutorial, use one of the methods described above to exclude stations
ARCES, FINES, and NOA from network CUR_PRI.
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= oo

File Help @

Project @9 4 % + ©
W seismic d A

Name: Seismic

Simutation Type: Threshold
Probabilty. 0.9
Magnitude: 20

Signal Ampitude: NetSim Signal Amplitude

Regional Distance Threshold (deg)” 20,0
Noise Ampétude:
Network Detection:

NetSim Noise Ampiitude
Probability Network Detection
Event Detection Criteria

8 workModelngNetMODIprojects ProjectSeismic edc
Phase Detection Rule: 3§ 3P

- P+Pay3
Frequencies (Hz): 0.05,05,10,20.405060
Frequency Type: HIGH -
Low Probabilty Cutoff 0 2
» Sources
P Patns
¥ Receers
P Phase parameters
Elevation 0.0
Relabiy: 098
Media Density: 25000
Site Response: 5% 4l 0D progects Projectiesponselss_40samp BB srs
Network: <= 3¢ (@)1 'cur_PRI =
Name: CUR_PRI
Exchded Included
AAK © AKASG
ABKT ARCES
ARl @ ASAR
AKTO @ BOSA
ANMO BRTR
APG CMAR
ARU it cpup I
P stations = %
P Outpus
A
N (30 (E) &
Alitude 50,000 km Off Giobe
= Nawoo
File Hep €
Project &% 4 & :
W Seismic e A\

Name: Seismic
Simulation Type: Trreshold
Probability. 09
Magnitude' 20
Signal Ampitude  NetSim Signal Amplitude
Regional Distance Threshoid (deg) 200
Norse Ampitude: NetSim Noise Amplitude
Network Detection Probabilty Network Detection

Event Delection Criteria. 8 workModeingNetMODIprojectsProjectSeismic edc

Phase Detection Rule:
Frequencies (Hz)
Frequency Type
Low Probabilty Cutoft
» Sources
P Patns
¥ Recevers
P Phase parameters
Elevation 0.0
Relabilty. 098
Media Densiy
Site Response: &%

Network: o= 3¢ (O] cur PRI
Name: CUR_PRI
Excluded

b Stations
» Outputs

INetworkModelingNetMOD projects\Project/responselss_40samp BB srs.

Ror -|P+Py3
00505,102040508
HIGH

02

Included

LR 4
@
E

Altitude 50,000 km

Off Globe.
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Run the simulation by clicking on the Run Simulation button at the top of the controls:

File Help €

Project &5 9 & K
¥ Seismic k=l AL

Name: ‘Seismic |

Once the simulation has successfully completed, the results of the simulation will be saved to a
set of output files and automatically displayed on the map:

File Hep ©
Project @ 4= R s Q
W Seismic bl A £

Name: Seismic e
Simulation Type: Trveshold % 5
Probabilty. 0.9
Magnitude: 20 loo mb. 2

‘Signal Ampitude  NetSim Signal Amplitude
Regional Distance Threshold (deg) 20.0
Noise Ampitude: NetSim Noise Amplitude
Network Detecton Probabiity Network Detection

- 0D
Phase Detection Rule: 3§ 3P ~|P+Pay3
Frequencies (Hz): 0.05,0.5,1020405060
Frequency Type: HIGH
Low Probabity Cutoft. 0.2

» Sources
» Patns
W Recewers
P Phase parameters
Elevation 0.0

Relabily: 0.9
Media Density: 2500.0
Site Response: &% wul
Network: <= 3¢ [B7]cur_pri

Name: CUR_PRI

Excided Included

K = AKasG

ABKT ASAR 4

AR & BOSA

AKTO @ BRIR

ANMO cMAR

APG CPUP
ARCES . DBIC

P stations 4+ ¥
¥ Ouputs e
e e e —_— ot 3 S

c olectioutp i
w [@seismic_20131219_1150 &
Name: Seismic_20131219_1150 4250

Parameter. Magnitude ~ Maooo
Data Range 2894 4217 3.750
Color Modet JET . = M50

Transparency: 0 g

0% 25% 50% 75% 100% 5000

+0 &N
e
ISIGIOE

Alitude 50,000 km Off Globe No Network
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10.6 Add a new station

In addition to adding or removing existing stations from a given network to simulate, as was

performed in the previous tutorial, a user may also wish to create a new station. The user may

wish to do this if they would like to evaluate the possible improvement to the network

performance if a new station were to be installed.The network definitions in NetMOD are

contained within the Receivers section. Click on the green arrow to expand the Receivers

viewer: /

“7 MetMOD

File Help € /

Project £ o= ¥

W Seismic ko K\ £

Name: Seismic

Simulation Type. Threshaold

Probability: |09
Magnitude: |2 | 9.0 mb -
Signal Amplitude: | NetSim SignajAmplitude T

Regional Pistance Threshold (deg): 200

Noise Amplitude: | NetSim/Moise Amplitude o
Network Detection: | Probability Network Detection M

vent Detection Criteria: &5 workModeling/NetMOD/projects/Project/Seismic.edc

Phase Detection Rule: $§ 3p ~ | (P+Pgy3
Frequencies (Hz): 0.05,05,1.02.04.0506.0
Frequency Type: | HIGH -
Low Probability Cutoff: g 2
P Soyfces
4
P Receivers

P Outputs

Next, click on the Add Station button to create a new station.

W Receivérs
P Phasg parameters
Elevation: 0.0
Reliability: |0.08
Media Dertsity: | 2500.0
Site Respofse: & (il ants\NetworkModeling\NetMOD'\projects\Project/response/ss_40samp BB srs

Netwirk: <= $¢ @ 7] cur_PRI M
Name!CUR_PRI

Excluded Included

AAK o AKASG o
ABKT ASAR 5
AFI g» BOSA

AKTO & BRTR

ANMO CMAR

APG CPUP

ARCES DBIC

P Stations %F b
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The user will be present with a dialog to enter the name of the desired station. For this example,
the station is named “ABC”.

Add a new station @
@R Name:

| OK | | Cancel

Next, the user will need to expand the Stations viewer and the ABC viewer by clicking on their
respective green arrows:

W Receivers
P Phase parameters

Elevation: g0

Reliability: |0 ag
Media Density: 2500.0

Site Response: &5 l/2ntsiNetworkModelingfletMOD\projects\Projectiresponse/ss_40samp.BB <

Network: ==

-

meCUR_PRI

Excluded Included
AAK - AKASG -
ABKT ASAR 5
g» BOSA
& BRTR
CMAR
CPUP
il DBIC i
W Sta
| 2
W ABC
Name: ABC Station Type:
Latitude: g o Technology:
Longitude: g o Channels: |
Elevation: g0 Media Density: 0.0
Site Noise SD: g0 Reliability: g0

Site Noise: &= |l
Site Response: == |l
P Phase parameters
b ABKT

b AFI

P AKASG
b AKTO

It is now necessary to populate the metadata for that station. Enter the desired values for the
Latitude (degrees), Longitude (degrees), Elevation (meters), Site Noise SD (log10 Spectral
Amplitude , Station Type (“S”: Seismic), Technology (“S”: Seismic), Channels (integer count),
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Media Density (m/s, values <=0 will use the default), and reliability (values <= 0 will use the
default).

It is also necessary to populate the site noise and site response file references. The user must
either generate new noise and response files or select appropriate files from the existing files
bundled with the project (see SAIC-09/3007 for a description of the file formats).

The phase specific values for this station may also be populated by expanding the Phase
parameters viewer for this station:

W Phase parameters

Amplitude Correction Standard Dewiation  Detection SNR Media Velocity
P00 0.0 0.0 0.0
pPi0.0 0.0 0.0 0.0
Pgi0.0 0.0 0.0 0.0
800 0.0 0.0 0.0
Lg0.0 0.0 0.0 0.0
LR10.0 0.0 0.0 0.0
H0.0 0.0 0.0 0.0
T0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
Olno 00 00 00

Once the station data has been fully entered, the station is now available for inclusion in any of
the networks within the NetMOD project file. See section 10.5 Add or remove stations from a
network simulation for a description of how to include this new station in a simulation.
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10.7Compare results from two different simulation runs

Changes to the input parameters to a simulation have a definite impact on the results of the
simulation. Gauging the scope of the change in the output is an important part of interpreting the
results.

For the purpose of this tutorial, it is necessary to have the outputs from two different simulations.
Before proceeding any further, generate output files as described in the following tutorial
sections:

e 10.3 Run a threshold simulation

e 10.5 Add or remove stations from a network simulation

The two outputs should appear as shown below:

W Outputs
SE
Output Directory: & C-\Users\bjmerchiDocuments\NetworkModeling\NetMOD\projects\Projectioutput

¥ [@seismic_20131216_1552 &
Name: Seismic_20131216_1552 4.250

Parameter: Magnitude Lo
Data Range: 2 547 2222
Color Model: | JET 3:250

Transparency: U 3.000
0% 25% 2.750

¥ @ seismic_20131216_1553 3%
Name: Seismic_20131216_1553 4.250

Parameter: Magnitude 4.000
Data Range: |2 894 3.750
Color Model: | JET 2500

Transparency U 3.250
0% 25% 3.000

For the clarity, rename each of the outputs by typing a new name in the name fields for each
output:

e Seismic_20131216_1552 => IMS_Primary_Full
e Seismic_20131216 1553 => IMS_Primary_Less3
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The outputs should now appear as shown below:

W Qutputs
(SN o
Output Directory: &5 C:\Users\bjmerchiDocuments\NetworkModelingiNetMOD'\projects\Projectioutput

¥ [©Ms_Primary_Ful 3¢

Name: IMS_Primary_Ful s
Parameter: pMagni 4.000
- Magnitude h
. 3.750
Data Range: 2 547 4277 3500
Color Model: | JET - ’
- ) 0 3.250
ransparency: 3000
0% 25% 50% 75% 100% 2750
k4 \(_.' IMS_Primary_Less3 ﬁ
Name: |\MS_Primary_Less3 A28
Parameter: Magnitude T 4000
Data Range: |2 go4 4277 3.750
Color Model: | JgT ™ 3 500
Transparency:
parency U 3.250
0% 25% 50% 75% 100%
3.000

Each of the outputs has a data range that controls how the data values are mapped to the selected
color model. The default data range for each of the outputs corresponds to the minimum and
maximum values present in that output set.

If a user wishes to toggle the map display between two outputs, it is important to set the two data
ranges to a common scale. Set the minimum data ranges to 2.5 and leave the maximum data
ranges set to the common value of 4.277. The user can now toggle between displaying each of
the outputs on the map by clicking on Map Display button on each of the respective outputs.
The two outputs should be visible as shown below on a common color scale.
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IMS_Primary_Full:

FURIP

BGCA

BswE . MBREVBC

LSz
' mATP
LBTB
BOSA
SUR

TSUR

oPO

AL
TSUM viaTP
LBTB
BOSA
SUR
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Alternatively, NetMOD can compute the difference between two outputs by clicking on the
Difference button

W Outputs
SN o
Output Directory: & C:\Users\bjmerch\DocumentsiNetworkModelingiNetMOD\projects\Projectioutput
v [©)ms_Primary_Ful 3¢

Name: IMS_Primary_Ful 4250
Parameter: | Magni ' 4.000
- Magnitude -

. 3.750
Data Range: 2 547 4277 - o0

Color Model: | JET .| :
. L y I | la250
ransparency: 5000
0% 25% 50% 75% 100% [ 5 720

¥ @ IMS_Primary_Less3 3¢

Name: MS_Primary_Less3 420

Parameter: | Magnitude - 4.000

Data Range: |2 894 4.277 3.750

Color Model: WJET ) 3 500

T i

ransparency U e
0% 25% 50% 75% 100%

3.000

The user will then be prompted with two selection dialogs to select the first (reference):

o )

Outputs [5m]
Select the first (reference) Gutput
IMS Primary Full il

| OK || Cancel |

and second (difference) outputs to use:

P =

Outputs [5m]

Select the second (differenced) output

IMS Primary Less3 év_

OK || Cancel |
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The result of the differencing is then saved as an output file as shown below:

W Qutputs
8¢
Output Directory: & C:\Users\bjmerch\Documents\NetworkModelingiNetMOD\projects\Projectioutput
P © ms_Primary_Ful 38
L 4 IMS_Primary_FuII -IMS_Primary_Less3 %

Name: IMS_Primary_Full - IMS_Primary_l ess3 0.000
Parameter: | Magnitude T -0.250
Data Range: -1 038 0.0020
Color Model: | JET m 0200
Transparency: () -0.750
0% 25% 50% 75% 100%
-1.000

B ©vs_Primary_Less3 3¢

MRE T lopr
fEBRTR  GNI

BIEMB

It can now be easily seen the impact of removing the three stations from the simulated network.
As expected, the contribution of those stations is greatest in the immediate vicinity of the stations
that were removed and returns to baseline beyond approximately 20 degrees.
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10.8Running NetMOD from the command line
NetMOD provides a graphical user interface (GUI) to allow users to easily configure and
validate simulations. However, once a user has setup a project file, they may wish to execute
multiple variations of the project file in a batch mode from the command line.
NetMOD supports the use of command line parameters to support the automatic execution of the
simulation files without any GUI. See section 3.2 Command Line Options for a more in-depth
explanation of the available command line parameters. This tutorial provides some simple
examples of how a command line execution of NetMOD might appear.
A simple case of executing a simulation exactly as defined within the project file:

java —jar NetMOD.jar GUI=false PAR=c:\NetworkModeling\project\Seismic.par

A case in which the name of the output files is overwritten:

java —jar NetMOD.jar GUI=false PAR=c:\NetworkModeling\project\Seismic.par
title=Seismic_run_ABC

A case in which the geographic region is over-ridden for a different area:

java —jar NetMOD .jar GUl=false PAR=c:\NetworkModeling\project\Seismic.par
Epi-Model=Regionl

A case in which a different set of frequencies are simulated than are specified in the project file:

java —jar NetMOD.jar GUI=false PAR=c:\NetworkModeling\project\Seismic.par
Freg-Sampling=0.5,1.0,2.0,5.0

A case in which the network is over-ridden:

java —jar NetMOD.jar GUI=false PAR=c:\NetworkModeling\project\Seismic.par
net=Network_ABC

A case in which in which a custom list of station is used for the network:

java —jar NetMOD.jar GUI=false PAR=c:\NetworkModeling\project\Seismic.par
list-of-network-stations=ASAR,ARCES,ILAR,MKAR, TXAR

In all of these cases, any number of the NetSIM parameters may be used to override the
parameters contained within the specified project file.
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