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1. INTRODUCTION

1.1 Project Objectives

The objective of this two-year study is to simulate detection and location capability of
seismic networks including regional stations and arrays in and around the Soviet
Union. Three specific research tasks are:

(1) Enhance and validate the extended version of the Seismic Network Assessment
Program for Detection [SNAP/D, Ciervo et al., 1985] called SNAP/DX [Bran et
al., 1987a] 10 accurately represent the treaty monitoring capability of seismic net-
works including regional stations and arrays.

(2) Normalize SNAP/DX to the observed performance of existing stations and
expected conditions in and around the Soviet Union.

(3) Apply the normalized simulation methods to assess the treaty monitoring capabil-
ity of existing and proposed seismic networks.

1.2 Current Status

The effort during the first year of this project was divided among SNAP/DX enhance-
ment and SNAP/DX normalization. The first semi-annual report described the normali-
zation results obtained during the firs: six months of the project [Sereno, 1989]. This
included two studies: (1) a theoretical study of the sensitivity of Pn geometric spread-
ing to the velocity gradient in the upper mantle, and (2) an empirical study of the
attenuation of Pn and Lg phases recorded in eastern Kazakhstan. We have continued
to work on the normalization since this first report, but the more recent work has been
primarily in assembling a data base of regional events recorded by the NORESS and
ARCESS arrays in Norway. We have processed data from nearly 100 events recorded
by the two arrays. This processing includes interactive picking of regional phases, cal-
culation of Fourier signal and noise spectra, and the determination of phase velocity,
azimuth, amplitude, and dominant frequency. These signal spectra will be inverted for
source and attenuation parameters near the beginning of the second year of the con-
tract, and these results (along with the rest of the nommalization results) will be
included in the third semi-annual report for this project.

This annual report describes our enhancements to the SNAP/DX cormputer program.
The most important of these enhancements is the introduction of frequency dependence
into the estimates for the source, station noise (for primary and secondary phases),
attenuation, and array gain. SNAP/D and SNAP/DX calculate detection and location
capability at fixed frequency. This is adequate to represent the capability of telese-
ismic networks because the dominant signal frequency is only weakly dependent on
distance. However, at regional distances the frequency of the maximum signal-to-
noise ratio (SNR) may be strongly distance-dependent. Therefore, the detection capa-
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bilities at individual stations in the network must be evaluated at a frequency that
depends on epicentral distance.

1.3 Outline of the Report

This report is divided into five sections including this introduction. Section 2 is an
overview of our new network simulation computer program, NetSim. We start with a
brief introduction that describes the reladonship between NetSim and other computer
programs that have previously been used to assess the capability of seiswuic networks
to monitor underground nuclear explosion testing. Next, we give functional descrip-
tions of the NetSim detection and location modules. Section 3 summarizes the NetSim
input and output data and graphics (Appendix A gives a detailed listing and description
of each input and output parameter). Section 4 gives sample NetSim runs for
frequency-dependent and frequency-independent input. Section 5 summarizes the main
conclusions.




v " 2. NETSIM OVERVIEW
¢ 2.1 Introduction

NetSim: is a computer program to simulate the detection and location capability of
seismic networks including regional stations and arrays. The main advantage of Net-
Sim compared to similar computer programs is the incorporation of frequency depen-
dence in the estimates for the source, station noise, attenuation, and array gain. Com-
puter programs that simulate network performance at fixed frequency include NET-
WORTH [Wirth, 1977], SNAP/D [Ciervo et al., 1985}, and an extended version of
SNAP/D called SNAP/DX [Bratt et al., 1987a]. SNAP/D allows specification of mul-
tiwave detection criteria; a feature that is not available in its predecessor, NETWORTH.
SNAP/DX uses the same detection module as SNAP/D, but it has a new location
module. This new module is based on the TTAZLOC location program of Bratr and
Bache [1988], and uses estimates of both arrival time and azimuth standard deviation
to estimate the Jocation uncertainty. SNAP/DX offers two approaches for approximat-
ing the effect of undetected phases on the location uncertainties; the probability-
weighted approach used in SNAP/D, and a Monte Carlo approach that mimics the way
location uncertainties vary in practice. ivetSim uses the enhanced SNAP/DX location
module combined with an enhanced detection module that incorporates frequency
dependence in the propagation and noise characteristics. It also includes a new
representation of noise levels for secondary phases that is based on the coda of previ-
ous arrivals.

2.2 Detection Module

The detection module calculates the signal and noise amplitudes for each wave, station,
and epicenter. These amplitudes are used to determine the probability of detection at
individual stations. The individual station probabilities are combined to determine the
probability of detection for the network. The NetSim detection algorithm is essentially
the same as that of SNAP/D and SNAP/DX. However, there are two main exceptions.
First, the signal and noise amplitudes at individual stations are calculated as a function
of frequency. Second, the noise for secondary phases depends on the amplitude spec-
trum of previous arrivals and the coda decay rate. Therefore, the noise for secondary
phases depends on event magnitude and epicentral distance.

The NetSim detection module has two options. It can calculate the detection threshold
of the network at a fixed confidence level (these thresholds are determined by varying
the event size until the detection probability of the network equals the desired
confidence level), or it can calculate the probability that the network will detect an
event of fixed size. In either case, the calculations are performed for each epicenter in
H a grid specified by the user. The results are displayed on a map, either as contours of

event size (for fixed confidence level), or as contours of detection probability (for fixed k
event size).




The first step in the detection module is to calculate the probability of detection at
individual stations. Assuming that both signal and noise are log normally distributed,
the probability that wave k will be detected at station i from an event at epicenter j is:

[tog Sy — log Ny —log SNR i

Py = R ¢ (2.2.1)
4 ‘_ (G35 + O
where,
17
= -r
) = = i e 72 gy (22.2)
and,
R; =  reliability of station i (the fraction of time that
station { is operational).
Siie =  signal amplitude for wave k at station i from
epicenter j.
N =  noise amplitude for wave k at station i from
epicenter j.
SNR; =  signal-to-noise ratio necessary for detection of
wave k at station i.
Osijk =  standard deviation of log signal amplitude for
wave k at station i from epicenter j.
Onijk =  standard deviation of log noise amplitude for

wave k at station i from epicenter j.

The signal and noise amplitudes at individual stations are calculated at frequencies
selected by the user. The individual station probabilities in (2.2.1) are evaluated at the
frequency that maximizes the signai-to-noise ratio, and this frequency is generally a
function of distance. The individual station probabilities are combined to determine
the probability of detection for the network. This calculation is the same as the
SNAP/D implementation which has already been described in detail by Ciervo et al.

[1985]). The calculation of the signal and noise amplitudes and standard deviations are
described in the following two sections.

2.2.1 Signal

The signal amplitudes at individual stations S;; are czlculated using one of two eqixa~
tions depending on whether the jih epicenter is at a regional or teleseismic distance

from the ith station (the crossover distance is selected by the user). For regional dis-
tances:

log () = log Cy+ sul) + BiAy ) + SRy{f) + stacory 2.2.3)

where Cj; is a constant that depends on the physical properties of the source and




receiver media, sp(f) is the log source specttum for the kth wave, By f) is the
attenuation of the ki wave as a function of epicentral distance A; and frequency f, and
SR, is a combination of the local site response and array gain as a function of fre-
quency for the kth wave observed at the ith station. Each of these terms are described
in more detail below. The last term in (2.2.3), stacory, is an amplitude station correc-
tion for the kth wave at the ith station.

The constant Cy; is expressed as [e.g., Aki and Richards, 1980}:

10°
4r (0; pi Vie VD"

(2.24)

Cijk =

where p; and p; are the densities of the source and receiver media, respectively. Simi-
larly, v and v are the seismic velocities of the kth wave at source and receiver,
respectively. The velocity and density at the jth epicenter are determined from a
source medium geographical grid, and the velocity and density of the ith station are
determined from a list of station parameters. The factor of 10° in (2.2.4) converts
amplitudes from meters to nanometers.

The source spectrum is represented as a product of a wave-independent moment spec-
trum My{) and a wave-dependent excitation factor, ;. Specifically, the log source
spectrum is expressed as:

5idf) = log x,+log My(f) (2.2.5)

Both x, and M; depend on the source medium (for example, different source spectra
are used for explosions in salt, granite, or tuff). The factor x, represents the relative

source excitetion of different wave types (e.g., typical values for explosions are 1.0 for
P phases and 0.3 for S phases).

The ByA;,f) arz frequency-dependent amplitude versus distance curves. Separate
curves are tabulated for each wave and for each propagation medium (e.g., stable or
tectonic). A propagation grid identifies the geographical locations of these different
propagation media. The effective attenuation for each wave used in (2.2.3) is a linear
combination of the separate B(A;, f) for each propagation medium between the jth epi-
center and the ith station. The path weights applied to the separate attenuation curves
are caiculated from the relative portion of the great circle path in each propagation
medium [Ciervo et al., 1985].

The local site response spectrum SRu(f) includes effects such as free surface
amplification, instrument response, and array gain. Since the signal-to-noise ratio is
used to determine detection probabilities at individual stations, the actual instrument
response spectrum is not needed. Instead, the instrument response portion of SRy(f) is
set to zero for frequencies included in the instrument passband, and it is set to a large
negative number for frequencies outside the instrument passband. This is useful for
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representing the capability of networks that include both broad band and narrow band
stations. It is also important to represent the capabiiity of networks that include both
single stations and regional arrays. For single stations, the array gain portion of SRy(f)
is set to zero for all frequencies. However, since beamforming can be very effective
in suppressing uncorrelated noise [e.g., Kvearna, 1989], the array gain portion of SRy(f)
will generally be greater than zero for array stations. For example, if beamforming
results in YN noise suppression, and if the signal is perfectly coherent across the array,
then SRy(p) = 1/2 log N. Since signal coherence (and the number of array elements
used in beamforming) generally decrease with increasing frequency, SRy{/) is expected
to decrease with frequency for array stations.

The signal amplitude at teleseismic distances has a slightly different representation
than the signal amplitude at regional distances (2.2.3). For teleseismic distances the
signal amplitude is expressed as:

log S,Jk(f) = log qu + s]k(f) + Bk REF(A,J,f) + SR‘k(f) + stacory + Scorjk + RCOF"k (2.2.6)

There are two main differences between this representation and the corresponding rela-
tion for regional distances. First, the path-weighted amplitude versus distance curve in
(2.2.3) is replaced with a reference amplitude versus distance curve B, REF(A,-,-, hH that is
used for al! source-receiver paths. This assumes that strong lateral variations in the
earth are confined to shallow structure, so that teleseismic waves (which propagate at
greater depth) travel primarily in a laterally homogeneous medium. The second
difference is that the teleseismic representation includes source and receiver amplitude
correction factors (Scor; and Rcory) that depend on the propagation medium of the jih
epicenter and irth station. These factors are used to model the effects of near-source

and near-receiver geology that can, for example, introduce a magnitude bias between
two receiver or source sites.

The variance of the log signal amplitude for each wave is the sum of the variance of
the amplitude versus distance relation c%‘(A‘.j) and the station-specific log amplitude vari-
ance o4, That is,

O3 = Ohyay + O 22.7)

For regional distances, the variance of the amplitude-distance relation is a linear com-
bination of the variances for the individual propagation media. The weights are deter-

mined from the portion of the great circle path between source and receiver in each
propagaticn medium.
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2.22 Noise - -

The noise spectrum for each wave and station is expressed as a sum of the ambient
noise spectrum and (for secondary phases) a signal-generated noise spectrum which
includes the coda of the previous arrival. ‘This signal-generated noise spectrum
depends both on event size and epicentral distance. The noise power spectral density
for each wave, station, and epicenter is expressed as:

PSDyff) = PSDaff) + PSDsy(f) (2.2.8)

where PSDayf) is the power spectral density of the ambient noise at the ith station, and

PSDs;(f) is the power spectral density of the signal-generated noise for the kth wave at
the ith station from the jth epicenter.

The frequency content of the signal-generated noise for secondary phases is expected
to be much different from the frequency content of the ambient noise, and similar to
the frequency content of the previous arrival. Also, the amplitude of the noise for
secondary phases depends on the amplitude of the previous arrival and on the coda
decay rate. The simplest assumption consistent with these dependencies is that the
signal-generated noise spectrum for secondary phases is equal to the signal spectrum of
the previous arrival multiplied by a scaling factor that depends on distance (or,
equivalently, on the time separation between the secondary phase and the previous
arrival). This is the assumption used by NetSim to determine noise levels for secon-
dary phases. The power spectral density of the signal-generated noise is calculated
from the amplitude spectrum of the previous arrival Sjz,-;) using:

Pl = Ty

229

where Y44;) is the coda decay rate, and Ty, is the time window length used to calcu-
late the signal spectrum of the previous arrival. This parameterization assumes that the
coda decay rate does not depend on frequency. A more complicated model that
includes frequency dependence in v, could also be adopted if it is found that this is
important for simulating the capability to detect regional secondary phases.

It is straight forward to calculate the noise amplitude spectrum from the noise power
spectral density. The relationship is:

NP = [T, PSDu(H1"? (2.2.10)

where PSD;;(f) is calculated using (2.2.8) and (2.2.9), and T is the time window length
used to calculate the signal spectrum for the kth wave. The noise spectrum in (2.2.10)
is used in (2.2.1) to calculate the probability of detection at individual stations.

The standard deviation of the log noise amplitude is a function of the standard devia-
tion of the log ambient noise at each station, and (for secondary phases) the standard
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deviation of the log signal amplitude of the previous wave. Assumingthat-signal and
noise are log normally distributed, the standard deviation of the log noise for the kzh
wave at the ith station from an event at the jth epicenter is:

. 17
[PSDa,{f)‘ Ohai + PSDsyff) 0%.'}(&-1)]
ONp = ~PSDaff) + PSDsyd)

(2.2.11)

where o,; is the standard deviation of the log ambient noise amplitude at the ith sta-
tion, and Oj;iy-1) is the standard deviation of the log signal amplitude of the previous
wave. Noie that as the signal-generated noise approaches zero, the standard deviation
of the log noise for the kth wave approaches the standard deviation of the log ambient
noise.

2.3 Location Module

NetSim estimates location capability by computing the dimensions of the hypocentral
confidence ellipsoid for each epicenter in the grid. The location uncertainty can be
calculated at fixed event size, or at the detection threshold of the network. In the latter
case, the detection module is used to calculate the detection threshold for each epi-
center before activating the location module. This section gives a brief description of
the calculations performed by the NetSim location module. More details are given by
Brant et al. [1987a] and Bratt and Bache [1988]. Section 2.3.1 describes the
probability-weighted location uncertainties (the method used by SNAP/D) and Section
2.3.2 describes the Monte Carlo approach for estimating location uncertainties.

The location confidence bounds depend on the distribution of the detecting stations, the
presumed earth structure, and a priori estimates of the data variance. Effects of net-
work geometry and earth structure are reflected in the matrix of partial derivatives of
the data with respect to the hypocentral coordinates and origin time [Brart et al.,
1987a). Traditionally, data have been phase arrival times. However, azimuth data
from arrays or three-component stations can also provide significant constraint on loca-
tion solutions. In fact, under conditions where few data are available they permit

"event locations not possible using arrival-time data alone.

The NetSim location algorithm computes location uncertainties using both arrival time
and azimuth partial derivatives for any seismic phase [Bratt et al., 1987a]. If the data
variances are assumed to be known a priori (an assumption required for network simu-
lation), then the points x, on the p percent confidence ellipsoid for the solution x are
obtained from

(xe - x)T V;l (xe - x) = Xg [M] (23.1)
where x% [M] is the p percent chi-squared statistic with M degrees of freedom (M is the

number of hypocentral parameters) and V, is an estimate for the parameter covariance
matrix [e.g., Jordan and Sverdrup, 1981; Bratt and Bache, 1988). The arrival time

riart




3%

" and azimuth variances for each wave are a sum of the station-specific variances and

the variances that depend on the propagation media between the source and receiver.
The path weights are determined from the relative fraction of the great circle path in
each medium.

In the simulations the individual stations have some probability (<100%) of detecting
an event, but in practice a phase is either detected and used in the location solution or
it is not detected and cannot be used to constrain location. NetSim offers two ways in
which the probability of detecting a given phase can be used to estimate location
uncertainties. One of these ways is by weighting the standard deviation of each datum
by the square root of the probability of detection [Ciervo et al., 1985]. Another way is
to compute a large number of confidence ellipses at each epicenter, using subsets of all
detections selected in a random or Monte Carlo fashion based on the probability of
detection [Bratt et al., 1987a). These two methods are described in more detail in the
following subsections.

2.3.1 Probability Weighting

In the probability-weighied approach, the effect of undetected phases is approximated
by assuming that every phase is detected and produces data whose standard error is
increased by a factor that depends on the probability of detection [Ciervo et al., 1985].
The standard deviation of each datum ¢ is divided by the square root of the probability
Py, that the station in question will detect that phase. The effective standard deviations
(0P are increased for phases with low probability of detection, and therefore these
phases do not contribute much to constraining the event hypocenter.

The probability-weighted approach for computing average confidence bounds is most
accurate when the parameters of the error ellipse are not very sensitive to the exclusion
of an individual datum [Ciervo et al., 1985]. However, when few data are available to
locate an event (e.g., for most events near the detection threshold), each datum is very
important. Thus, the accuracy of the probability-weighted location uncertainties
degrades with decreasing event size. Bratt et al. [1987a] show that the probability-
weighted approach increasingly underestimates the Monte Carlo uncertainties as the
event size decreases, which suggests that this method does not adequately degrade the
contribution of data with low detection probabilities.

2.3.2 Monte Carlo

The Monte Carlo approach does not-assume tha* every phase is detected. Instead, a
large number of confidence ellipses are calculated at each epicenter, and each realiza-
tion includes data from a subset of all phases. The subset is determined by comparing
the probability of detection at each station to a uniformly distributed random number
between O and 1. If the probability of detection is greater than the random number,
then the phase is included in the locaticn confidence calculation. Otherwise, the phase
is not detected and cannot be used tv constrain location. From these realizations,

|
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" statistics such as the median and 90th percentile confidence bourds can be determined.

3 This approach mimics the process by which average confidence ellipses would be

! obtained from many located events in a region, but it is more computationally inten-
sive than the probability-weighted approach.
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3. NETSIM INPUT/OUTPUT

'I‘}ns section gives a brief description of the NetSim input and output data, and the
graphics capabilities. Appendix A lists the contents of each input and output data file
and gives a more detailed description of each of the parameters.

Figure 3.1 is a schematic top-level data flow diagram for NetSim. The input data are
organized into five categories:

(1) Control Data
(2) Source Data

(3) Propagation Data
(4) Site/Station Data
(5) Noise Data

The data in each of these categories are described in Section 3.1. In general, each
category includes several input files (indicated by the smallest boxes in Figure 3.1).
There are a total of 13 different types of input files. Some of these files are indices
(or pointers) and others are one-dimensional or two-dimensional data tables. Section 4
of this report gives examples of the input files for a few sample runs.

The output of the NetSim detection module is -either detection thresholds for a fixed
confidence level, or detection probability for a fixed event size. The location module
outputs the parameters of the hypocentral confidence ellipsoid for a fixed confidence
level. The NetSim output data are described in Section 3.2. A graphics package called
SnapCon is used to contour the NetSim output on regional or world maps [Bratt et al.,
1987b). The SnapCon graphics package is described in Section 3.3.

3.1 Input Data
(1) Control Data

The control data determine what type of calculations are to be performed. There is
only one input data file in this category (the control file, Figure 3.1). NetSim prompts
for the name of the control file at the start of each run. The user is given an opportun-
ity to view and/or modify the contents of this file, write any changes to disk, and to
proceed by reading the rest of the input data files.

The control data include the NetSim run type which is either detection, location, or
detloc (detection and location). If the run type is set to detection, then the location
module is not activated. However, if the run type is set to location, the detection
module must calculate the individual station probabilities. since these are needed to
= estimate location uncertainty. If the run“type-is set to detloc then both modules are
activated, and the location uncertaintics for each epicenter are calculated at the
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detection threshold for the network. The run subtype is also included in the control
input. This is either threshold (to calculate the detection threshold at fixed confidence
level), or probability (to calculate the probability of detection for fixed event size).
Note that event size can be represented in terms of explosion yield, seismic moment,
m,, M, or MLg. The conversions between these measures are included in the input
data for each source medium. Other control data include the detection criteria (e.g.,
the wave types and number of stations required for detection), probability of detection
for the network (for a threshold run), event size (for a probability or location run),
location confidence level, number of Monte Carlo realizations (=1 for probability-
weighting), frequencies to inc™de in the calculation, and the names of the input data
files.

(2) Source Data

The source data are used to calculate the excitation of each wave as a function of fre-
quency and source medium, s;{f). There are four input file types in this category: epi-
center grid file, source medium file, source medium grid file, and the source spectra
files.

The epicenter grid file specifies the event epicenters at which to calculate the detection
thresholds, probability of detection, or location uncertainties. The source medium file
specifies source scaling and excitation factors for each source medium. This includes
the medium name (e.g., granite, tuff, salt), the file name for the source spectrum, the
density and velocity of the source medium, the scaling relations between log moment
and other measures of event size (yield, m,, M,, and MLg), and the excitation factors
for each wave, x,. The source grid file identifies the geographic locations of each
source medium. The source spectra for each source medium are stored in two-
dimensional data files that tabulate My(f) as a function of scalar seismic moment and

frequency.

(3) Propagation Data

The propagation data are used to determine the frequency-dependent attenuation By(A)
and travel times (and their standard deviations) for each wave as a function of path
medium. There are four input file types in this category: path medium file, path
medium grid file, attenuation files, and travel time files.

The path medium file specifies attenuation and travel time parameters for eacii path
medium. This includes the medium name (e.g., tectonic or stable), file names for
attenuation and travel times for each wave, the standard deviation of the attenuation
curves for each wave, the travel time and azimuth standard deviations, and the source
and receiver amplitude correction factors for teleseismic distances. The path grid file
identifies the geographic locations of each path medium. The atteruation 34A;) for
each wave and path medium is tabulated in two-dimensional data files as a functicn of




distance and frequency. The travel times are tabulated as a function of depth and dis-
tance.

(4) Site/Station Data

The site/station data include the local site response for each station SR; (which
includes the free surface amplification, instrument response, and the frequency-
dependent beam gain for array stations), and individual station parameters. There are
two input files in this category: station file and site response file.

The station file includes the names and geographical coordinates of each station, file
names for ambient noise spectra, the standard deviation of log noise, station reliability,
amplitude station corrections, signal-to-noise ratio required for detection of each wave,
station-specific standard deviations (travel time, azimuth, and log amplitude), file
names for coda decay rates, and file names for the site response for each wave and sta-
tion. The site response is tabulated in a one-dimersional data file as a function of fre-
quency.

(5) Noise Data

The noise data define the ambient station noise spectra and the coda decay rates used
to calculate noise spectra for secondary phases. There are two input files in this
category: the ambient noise file «: * the noise factor file for secondary phases. Both of
these files are indexed in the satics: file.

There is a separate ambient noise file for each station. These files tabulate ambient
noise power spectral density as a function of frequency. The noise factor file for
secondary phases tabulates the coda decay rate of the previous arrival as a function of
distance, Y(4;).

3.2 Output Data

NetSim writes two types of output files; a graphics file used by SrapCon to display the
results as contours on a map (Section 3.3), and a list file that contains detailed infor-
mation about the detection and location parameters for each epicenter and for each sta-
tion. The graphics file is called prefix.gra and the list file is called prefix.Ist, where
prefix is specified in the control input.

The graphics file includes a table that lists event size, probability of detection for the
network, and location uncertainties for each epicenter in the grid. For threshold runs,
the event size is equal to the detection threshold for the network. Otherwise, it is
equal to the fixed value specified in the control input (e.g., for probability or location
runs). The location uncertainties are reported as the length of the semi-major and
‘semi-minor axés of the epicenter location error ellipse, the strike of the semi-major




axis, and the depth uncertainty. For Monte Carlo simulations, the fraction of simula-
tions with enough data to locate the event is also reported in the graphics file.

The list file includes all of the information contained in the graphics file and informa-
tion about the detection and location capabilities of individual stations in the network.
The list file includes the following information for each station, wave and epicenter:
detection probability Py, epicentral distance and event azimuth, frequency of the max-
imum signal-to-noise ratio, standard deviaticn of log amplitude, azimuth and arrival
time standard dzviation, ar.d depth and epicenter importances [Ciervo et al., 1985).

3.3 Graphics

SnapCon is a graphics package developed by 3rarr et al. [1987b) to plot SNAP/D
results as contours on regional and world maps. Normally, SnapCon is used to con-
tour detection thresholds or location uncertainties. However, it can also be used to
contour the difference or percentage change between two simulation runs. Using these
options, it is possible to estimate the change in detection capability due to changes in
input parameters such as network geometry, detection criteria, or attenuation curves.
SnapCon uses the NCAR (National Center for Atmospheric Research) graphics library
with enhancements by MINEsoft, Ltd. SnapCon can be used to generate one or more
plots during a single run, and these plots are stored in a metacode graphics output file.
These metacodes can be plotted on seclected output devices (e.g., SunView or
PostScript) using metacode translation programs.

The NetSim output graphics file has a slightly different format than the SNAP/D output
graphics file, so we made minor modifications to SnapCon so that we could use it to
contour NetSim results. This new version of SnapCon has the same functionality as
the version described in the SnapCon user’s and programmer’s guide written by Bratt
et al. [1987b). Examples of SrapCon graphics are given in Section 4 of this report.

Brant et al. [1987c] describe a graphics package (also based on the NCAR graphics
library) to plot SNAP/D results stored in the list file. This package, called PRIMP,
plots the probability of detecting each wave at individual stations for a given epicenter
(P;»), and location importances which measure the relative contribution of a particular
datum to event location. These plots are useful for determining detection and location
capabilities of individual stations in the network. However, we have not yet modified
the PRIMP graphics package to read the list file generated by NetSim.
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4. SAMPLE RUNS

| This section presents sample NetSim and SnapCon runs for frequency-independent and
frequency-dependent input. The simulations presented in this section are only illustra-
tive examples of the NetSim computer program. These simulations are not intended to
represent accurate estimates of the detection and location capability of seismic net-
works in the Soviet Union. Instead, the examples in this section illustrate the main
functionality of NetSim, the importance of frequency dependence for simulating capa-
bility at regional distances, and the inability of the pirobability-weighted (SNAP/D)
approach to properly account for the effect of undetected phases on location uncertain-
ties for events near the detection threshold of the network.

o Section 4.1 presents sample NerSim runs at fixed frequency. The results for two
separate calculations (1 Hz and 10 Hz) are compared. Included in that section are list-
ings of the input and output data files, and a complete transcription of an interactive
NerSim session. Section 4.2 presents simulations for frequency-dependent input, and
compares them to the simulations for fixed frequency presented in Section 4.1. Sec-
tion 4.3 compares location uncertainties computed using the probability-weighted
approach to those computed using the Monte Carlo approach.

4.1 Frequency-Independent Input

b ' This section describes sample NetSim calculations for fixed frequency. These calcula-
tions have been compared to SNAP/D calculations to verify that these programs give
the same output when they are given identical (frequency-independent) input. The
main purpose of this section is to give examples of the input and output files for Net-
Sim, and to illustrate the NetSim data handling and user-interface modules.

INPUT DATA

The input parameters described here are frequency-dependent. However, the simula-
tions presented in this section are calculated for a single frequency, so they are the
same as simulations for frequency-independent input (e.g., like SNAP/D simulations).
The advantage of using frequency-dependent input data files is that they can be used
without modification to simulate broad band detection capability (as demonstrated in
the next section) or detection capability at any fixed frequency. The sample input data
files in each of the five categories (control, source, propagation, site/station, and noise)
are described below. None of the sample runs include secondary phases, so the only
wave-dependent parameters included in the sample input files are for P phases. These
sample data files are based on our experience with the NORESS array in Norway
[Sereno et al., 1988]. However, we have extrapolated our NORESS results to much
larger distances and somewhat higher frequencies. Therefore, the simulations have
large uncertainty (particularly for events near the periphery of the network) and should
not be interpreted as accurate estimates of detection capability in the Soviet Union.

17
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" Control Data. Table 4.1 lists the contents of the sample control file. This file
specifies that the 90% MLg thresholds for detecting 3 P phases at 1.0 Hz will be calcu-

lated. Magnitude search bounds are 1.0 and 8.0. The names of other input files are
listed at the bottom of the control file.

Scurce Data. Table 4.2 lists the contents of the four source data files (epicenter grid,
source media, source grid, and source spectra). These files specify:

e A 15°x 1S5 ° epicenter grid for Eurasia
e  Homogeneous granite source medium grid
e  Source medium properties (granite)
—  Density = 2500 kg/m®
—~  Compressional wave velocity = 5000 m/s
¢  Source scaling relations (granite)
-  log My=1.08 MLg + 10.6
-~  P-wave excitation factor, x = 1.0
—  Source spectra as a function of log M, (Figure 4.1)

Propagation Data. Table 4.3 lists the contents of the four propagation data files (path
media, path grid, P-wave attenuation, and P-wave travel times). These files specify:

e  Homogeneous propagation characteristics (stable)
e  Window length for P wave spectra =5.0 s
e  Standard deviations for P phases

- Log amplitude standard deviation = 0.3

—  Arrival time standard deviation = 1.5 s

—  Azimuth standard deviation = 8.0°

e  P-wave attenuation versus frequency (Figure 4.2)
e  P-wave travel times

Site/Station Data. Table 4.4 lists the contents of the two site/station data files (sta-
tion, site response). These specify:

e A network of 20 intemnal and 13 external arrays (Figure 4.3)

e  The same ambient noise spectra and standard deviation for all stations
e A P-wave SNR for detection = 4.0 for all stations
e  Receiver medium properties for all stations

~  Density = 2500 kg/m’

—  Compressional wave velocity = 5000 m/s

18




CONTROL DATA

CONTROL FILE: ./firunl.ent

Frequency-Independent Detection Thresholds
Flrunl

./results

-/

detection

threshold

(P/3)

P

alg
3.000 1.000 8.000 0.9%00 0.000
0.800 100 0.500 0.900
fixed 0.000
1
l1.000
euras.epi
granite.smd
granite.sgr
stable.pmd
stable.pgr
a20x13.sta

20.000

Table 4.1. Sample control data.
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SOURCR DATA

RPICENTER FILE: ./eurss.epi

Eurasia Epicenters
7 13
0.000 0.000
15.000 15.000

SOURCE MEDIA FILE: ./granite.smd

Granite Scurce Media

./sxctadb
1
granite
expl.sor
2500.000
0.000 0.000
1.000 0.000
0.000 0.000
5000.000 0.000
0.000 0.000

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

SOURCE GRID FILE: ./granite.sgr

Granite Source Madia Grid (5x5 dagree)

36
-90.000000
5.000000
granite
granite
granite

granite
granite
granite

72

-180.000000

5.000000
-%0.000000
-%0.000000
~90.000000

85.£.00000
85.000000
85.000000

~180.000000
-175.000000
~170.000000

165.000000
170.000000
175.000000

SOURCE SPECTRA FILE: ./srctalk/expl.sor

Explosion Source
20
1.000 2.000
9.000 10.000
17.000 1s8.000
6
11.000 12.000

11.000 12.000

11.000 12.000

. .

3.000 4.000 5.000
11.000 12.000 13.000
19.000 20.000

13.000 14.000 15.000
Source amplitudes for frequency =

1.00000

13.000 14.001 15.003
Source amplitudes for frequency =

Source amplitudes for frequency =

11.002 12.003
11.002 12.002

11.002 12.002

18.0000

2.00000

13.001 14.002 15.002

l12.%10 13.401 13.737
Source amplitudes for frequency =

19.0000

12.890 13.356 13.690
Source amplitudes for frequency =

20.0000

12.867 13.312 13.645

0.000
0.000

0.000

6.000
14.000
20.000
17.912

17.310

15.401
15.354

15.310

Table 4.2. Sample source data.
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Source Spectra
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Figure 4.1. Input source spectra as a function of scalar seismic moment, M,. Each
curve is labeled by log My The corner frequency scales inversely with the cube root
of the long-period level. The source scaling is from Sereno et al. [1988]. These
spectra are stored in a two-dimensional data table called expl.sor (Table 4.2).
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PROPAGATION DATA

PATH MEDIA FILE: ./stable.pad

Stable Path Madia
./pathtab

5.000 -1.000 ~1.000

0.000 -1.000 -1.000

0.000 -1.000 -1.000

0.000 -1.000 -1.000

0.000 ~1.000 -1.000

0.000 -1.000 -1.000

0.000 -1.000 -1.000

0.000 -1.000 -1.000

0.000 ~1.000 -1.000

0.600 ~1.000 ~1.000

2
reference
pstable.atn pstable.tinm

0.300 0.000 0.000 1.500 8.000
-  0.000 0.000 0.000  0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
=  0.000 0.000 0.000  0.000 0.000
- 0.000 0.000 0.000  0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
~  0.000 0.000 0.000°  0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
stable
pstable.atn patable.tim

0.300 0.000 0.000 1.500 8.000
~  0.000 0.000 0.000 0.000 0.000
~  0.000 0.000 0.000 0.000 0.000
- 0.000 0.000 0.000 0.000 0.000
~  0.000 0.000 0.000  0.000 0.000
~  0.000 0.000 0.000  0.000 0.000
= 0.000 0.000 0.000  0.000 0.000
=  0.000 0.000 0.000  0.000 0.000
~  0.000 0.006 0.000  0.000 0.000
=~ 0.000 0.000 0.000  0.000 0.000

PATR GRID FILE: ./stable.pgr

Stable Path Medium Grid

36 72

-90.000000 ~180.000000

5.000000 5.000000
stable ~90.000000 -180.000000
stable -90.000000 -175.000000
stable -90.000000 -170.000000
stable 85.000000 165.000000
stable $5.000000 170.000000
stable 85.000000 175.000000

Table 4.3. Sample propagation data.
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4.500
12.500

8.000
24.000
40.000
56.000
72.000
©8.000

-7.182
-8.499
~-9.484
-10.3M1
~11.209%
-12.019

-9.206
~14.569
-19.601
-24.535
-29.420
-34.277

. ATTENUATION FILE: ./pathtab/pstable.atn
stable - p
20
: 0.500 1.500 2.500 3.300
- 8.500 9.500 10.500 11.500
16.500 17.500 18.500 20.000
50
0.000 2.000 4.000 6.000
) 16.000 18.000 20.000 22.000
) 32.000 34.000 36.000 38.000
48.000 50.000 52.000 54.000
64.000 66.000 68.000 70.000
80.000 82.000 84.000 86.000
96.000 98.000
! Attenuation for frequency 0.500000
i 0.€00 -6.138 -6.617 ~6.933
-7.922 ~8.076 -8.222 -8.363
-9.010 -9.131 -9.251 ~9.368
-9.936 -10.046 -10.155 -10.263
-10.795 -10.899 ~11.003 ~11.106
~11.617 -11.718 -11.819 -11.919
- ~12.417 -12.516
Attenuation for frequency 20.0000
0.000 ~6.644 -7.628 -8.450
-11.969 -12.628 -13.281 -13,927
-17.104 -17.731 -18.356 -18.979
-22.076¢ -22.692 -23.307 -23.921
-26.982 -27.592 -28.202 -28.811
-31.851 -32.458 ~33.065 ~33.671
-36.698 -37.302

5.500
13.500

10.000
26.000
42.000
58.000
74.000
90.000

~7.395
~8.631
-9.599
~10.478
-11.312
-12.119

s o

-9.925
-15.208
-20.222
~25.147
-30.028
~34.882

TRAVEL TIME TABLE: ./pathtab/pstable.tim

Travel-time vs distance and depth - Pn stable

2
) 0.000  15.000
181
0.000 1.000 2.000
8.000 9.000 10.000
168.000 165.000 170.000
176.060 177.000 178.000
Travel-time for source depth
0.000 21.134 34.863

116.978

130.5%7

I

144.189

1206.987 1207.651 1208.261
1210.736 1210.946 1211.158
Travel-time for source depth

2.500
115.286

1204.488
! 1208.238

,— e

17.585
128.902

1205.153
1208.448

Table 4.3. Sample propagation data (continued).

33.185
142.490

1205.762
1208.621

3.0C0
11.000

171.000
178.000
0.
48.582
157.752

.

1208.815
1211.253
15.0000
46.902
156.048

1206.317
1208.713

4.000
12.000

172.000
180.000

62.291
171.289

1209.314
1211.288

€0.610
169.579

1206.815
1208.745
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5.000
13.000

173.000

75.988
184.775

1209.755

74.305
183.058

1207.257

6.500
14.500

12.000
28.000
44.000
60.000
76.000
92.000

~7.585
-8.760
-9.712
~10.584
-11.414
~12.219

.
.

-10.620
~15.842
-20.841
-25.760
-30.636
-35.488

6.000
14.000

.

174.000

89.670
198.199

1210.140

87.985
196.466

1207.642

7.500
15.500

14.000
306.000
46.000
62.000
78.000
94.000

-7.759
-8.886
-9.824
~10.650
-11.516
-12.318

-11.300
-16.474
-21.459
-26.311
-31.244
~-36.093

7.000
15.000

175.000

103.335
211.480

1210:467

101.646
209.722

.

1207.969

o At
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P—-wave Attenuation Curves
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Figure 4.2. Input P-weove attenuation curves as a function of frequency. These curves
are based on attenuation along paths to the NORESS array [Sereno et al., 1988].
These B(A, /) are stored in a two-dimensional data table called pstable.atn (Table 4.3).




13 X AR, 20 IN AR

./station
T 33
HOR ambient .noi
60.735 11.542
2569.000
0.000 0.000
0.600 0.000
9.000 0.000
0.000 0.000
0.4000 0.000
0.0030 0.000
0.000 0.000
0.000 0.000
0.000 0.000
G.000 0.000
SHIiO anbient.noi
25.567 91.883
2500.000
0.000 0.000
0.000 0.000
0.000 0.0C¢
0.000 0.000
0.000 0.000
0.000 0.00%
0.000 0.000
0.000 0.000
0.000 0.000
0.000 6.000
521 ambient .noi
77.500 105,100
2500,000
0.000 0.000
G.000 0.000
0.000 0.000
G.000 9.000
0.000 6.000
0.000 0.000
0.000 0.000
3.009 9.000
&.000 0.000
9.000 9.000

Site Respense,
1
1.080
3.000
%.000
1.090
%.000
11.0%0
13.000
15.090
17.000
13.000
20.000

SITE/STATION DATA

0.100
1.000

4.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.100
1.000

4.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.Q00

0.100
1.000

4.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
Q.000
0.000
0.000
0.0c0
0.000
0.000
0.000
0.000
0.000

STATION FILE: ./a20x13.sta

0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

5000.000
G¢.000
0.000
0.000
0.000
0.c00
0.000
0.000
0.000
0..00

5000.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

5000.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

SITZ RESPONSE FILR: ./station/array.srs

array station

0.699
0.661
0.619
0.573
0.521
0.462
0.39%4
0.314
0.215
0.086
0.004

array.srs

array.srs

array. srs

Table 4.4. Sample site/station data.
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Figure 4.3. Location of seismic stations comprising the hypothetical network used in

our detection and location capability simulations. The station coordinates are stored in
the station file, a20x13.s1q (Table 4.4).




¢  Site response spectrum for all stations (Figure 4.4)

Noise Data. Table 4.5 lists the contents of one of the two noise data files (ambient
noise). The other noise input file (noise factor for secondary phases) is not needed for
this sample calculation since the ‘detection criteria only include P waves. The ambient
noise file is the power spectral density for all stations in the network (Figure 4.5).

NETSIM TRANSCRIPTION

A complete transcription of an interactive NetSim session that uses the input data files
described above starts on page 31 of this report. Comments are separated from the
transcription by a vertical line on each page. This transcription is included as exam-
ples of the NetSim data handling and user-interface modules.
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Local Site Response (Array Stations)

0.4

0.3

Log Site Response

0.2

0.1F

4 8 12 16 20
Frequency (Hz)

Figure 4.4. Input local site response for array stations. Only the array gain portion of
the site response is included. We assume a linear decrease in beam gain from VN at 1
Hz 10 1.0 at 20 Hz [Sereno et al., 1988]. The site response 2s a function of frequency
is stored in a one-dimensional data table called array.srs (Table 4.4),
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:
AMBIENT NOISE FILE: ./station/ambient.noi
L Ambient Noise, Noress t
3 253
0.234 5.530
: 0.312 4.410
: 0.391 3.620
19.766  -5.550
, . 19.844  -5.520
19.922  -5.460
]
)
|
' "~
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!
|
]
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13
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Table 4.5. Sample noise data. :
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Figure 4.5. Input ambient noise power spectral density. The same ambient noise
spectrum is assumed for all stations in the network. This is the average single-channel
noise spectrum at NORESS [Suteau-Fenson and Bache, 1988]. The ambient noise is
stored in a one-dimensional data table called ambient.noi (Table 4.5).

30




‘nusw snotaexd 9Y3 03 SUINIPSI WISION

-suoFjwoTATPow Auw
aNOYITA SNUTIUCD 03 UININT SHETIAED = < (UD)> sI9UL Zesn WYL

sureu Jejouweied 9Yy3z Fo 3IFOT eyl 03 IN3IFOT Y3
bugioetes Jq peyIvPou oq uwd 9seul jo Auy ‘senIwa JueIIND
xTeus pue sxejeuwexed OYT3 [oI3uU0D 8Y3 3o 3ISTT ® saath wysjen

~e3ep
®T33 TOIUCO UTTW BY3 AFTPOW/MSTARI O3 ,¥, $IDOTIF ISR OYL

‘gesodand
Xe1detp 303 w3ep 9113 TOIFUOD ujew eyl woxy pejevdes axe
SOTT3 e3P I94J0 03 sewwu 81y pue sentea Aouenbeay eyl

“¥3Wp STTI TOIUOD AFTPOW/MITASI 03 ,.q. $IOBTes Iswn eyl

‘ST ¥ITP IOY3J0 Y3 Huipwex
SNUTL 100 I0 ‘OTFF TOIJUCO MBU ® BIFIM ‘OTT3 [O0I3U0D
oY3 JO SUARU0D Iyl AZTPOW IO MBTARX aou Aww Jesn eyl

' MK, Butzejue Aq 3TRVISP SYJ SOPTIISAC Ie¥n

syl ‘sessyjuszwd UT PIJEITPUT ,OU, O3 SIINEIRP WISIBN
‘o772 Isyy andano egj SurjzesIo I03 ueayb sy uoyzdo uy
©,3UD° TUNX T3, SIVYUS IesN BYL “OTT¥ TOIFUOD

ey3 3o owvu wyz 03 jduoad v sy Aeydsip eIy eyl

SINAWHOD

v ——— - —————— — ——— — — — ——— g — —————— ——-———— — — — —— ] — —— ———————— ————_ —— —

seoweN OITd

‘9

ssupep Lousnbexi 9
wivq ®IF3 T03juU0d °¥Y

sedfy w3wg ®Td ToIUOD

{(ZNANIINOD ©3 <uD>) X0 ebuwgd 03 WelF IVETeS

T :  bazyunawnu

"0 : gadepiueae

pexty @ xt3uldep
000006 °0 : Ty3oad
00000€°0 : or3oad
001 H oTIvoumu
000006°0 : ootqoad
0000° 02 : ysepbex
0 3 oT3no
000006 °0 : jepqoxd
00000°8 : xTwae
00000°T : uTmA®
00060°€ : Lzl
brw : odijezye

d: SARADOY

(/8 : 3pI03ep
pIoYsexy3y edizqus
uogzoe3Np edijunx
/" IFPRUR
s3Inses /" @ I3IpINe
TunIIy eoxdano

‘a
1
'8
R
)
*d
"0
‘N
‘N
i
‘x
sy
i S
‘H

sxejeueIey OTTd TOIIUOD

® (X) :WaXZ ZDETdS

ONFH NIVYW 0L JIXYE

ssweN oTII
senyep Xousnbaxy
vIeg 9113 (o230

X
"
‘8
B

sedXy wieq ®TI3 1OIJUOD

q (Q) ‘RALX IOFIAS

HNIONEd 3ZIXX
snetasy wawg Xuy INOJYITM SNUTILOD
SOTTd v3eg Ieyyo Burpewey snuyjued

STTA TOIFUOD KON ®ITIM
wyeq ®[Td 10I3u0) LFTPOR/Metaey
STTE TOIJUOD MG IOJUE

‘X

LHTIZ TOMINOD AZIAOW/MATATY

uo° TUnNIYIF ¢ TIId TOYINOD ONIAVAR
¥8d (ou) (RATIZ IS5T' FHI ZIVAED OL INVM 00X OQ

JUSCTURIEE CEWNYN FALA TOUINOD HAINI

WISION

NOIIAIHOSNYYHL HISLAN

31




/ (UuoFIBOTFTPOW Je3ze ‘‘H°'w) sOTFZ wIEp gudut ey3 3o Auw e3TIN ®TTd TOIZUO0D MGN Iejul ‘Y
'seTt3 w3wp anduj eyz jo Aue jo sjusjucd Iyl A3 tpow/negaex
HALI ONAW IDATES

‘@TT3 TOIFUCD MSU T YITA Iea0 33w3s aou Kww zosn eyg

‘89133 wyep aInduy ey3z Fo sureu
oq3 puw LIOJ0SITP OTTF TOIJUOD UIIND 843 sjutaxd wysaeN

‘SSTT3 wIwp
anduy zeg3o ey3 HUTPEIT BNUTIUCD OF ,Pu FIOSTON I8N WY

‘nuew STTF TOIJUOD UTEYE 8Y3 O3 FUINIBT WISIOK

"wXu ‘3T0ezep 9y3 3decow 03 <(Y¥D)> sINuUI Iesn eyl

‘nuew snojaead ey3 03 SUINILI WESION

*UOTAEOTITOOW FNOYITA WNUFFUCD 03 <(YD)> SI9jue sIesn YL

‘sowwu o173 IndUT JUSIIND VY3 SISTT WISION

-397¥3 anduy jo seunwu ®TT3 AFITPOW/AWTA®I 03 ,D, SIOIes 29N WY

‘nues snojaexd 9Y3 O3 FUINFX WESION

‘UOTILOTFITPOW JNOYITH SNUTIVOD 03 < (YD) > $INJUS sIOSIN OY

‘{(zg 1t ‘pe3senbex sy Aouenbsay suo Afuo eswo

#IYI UT) UOTIXINOTED eyg3 UT esn o3 sejouenbexy eyl SISTT WISION

‘senTea Aouenbexz AFTpow/awjaex 03 .4, SIVNTIS I8sN WYY

——— e i - —— ———— — - — — . ———— " —— A Gt i ——— — —— - —— " — —— ——————— — —— — —

38 EIX0TY : eT¥d uotjvys Surpeey

abd-e1qess : 134 PTID q3ied Sutpwey

pod-orqeys ®TTd TIP®H Q3va Bujpeey

268 ®3quess : ®1I3 PIIH eoxnog DBuipeey
pus-e3juwab : eT7I wIPeH eoanos Burpeey
jde-swane : o34 Iejuenidy Buipeey

/° ¢ XdOIDEYIA STIIA NOWINOD
(G) :WIII IDXTIES

AD0da TIXR X

sueTARY w3eq AUY INOYITH SNUTIUOD ‘T
serTd w3jeq Iey3zo Buypwey snujzued g
OTTA TOI3UOD MSN ®3TIN D

w3eq ST ToX3u0) AFTpoH/aetasy ‘g
STTd TOIUOD MBK IBUZ ‘Y

¢TI TOHINOD XIIUOR/MATARY
(X} :WaII IOTTES

ON3ZH NIVK Ol IIXd °X

sewey SITL O

senwp Louenbeaz ‘g

viwg OTTd TOIJUOD 'Y
sedLy w3eq ®TTI TOTIUOD

(ANNIINOD ©3 <YD>) 30 sHuwys 03 We3T IONIeS

w3® CIX0Ze : €IS BT ‘I
abd-etqeas : abd-er¥F ‘3
pud-erqe3e : pud-er¥3 °q
abs-e3Tuwab : z6s-®TIF "D
pus-e3yueab : pws-e1T3 ‘g
3de-seane : yde-e133 °V

sowsu ®II3 TOIJUOD
o (X) :WALI IDTIAS
aNER HIWW O IIXZ °X
soweN ®TT4 "D
sentes Aouenbezz °g
3] oYTd 1022U0) Y
sediy w3eqg ®TFE TOI3TV0D
(FANIINOD ©3 <¥D>) 0 sbueyd o3 wel} Joeyes
00000°T : (T )bajunz ‘v
sentea Aousnbexag
q (X) :HILI IOTTIAS

ONAR NIYH O3 IIXE ‘X

- .




*(§86T ’"T® 3@ OATSTD) ¥EINFTIO UOTIDNISP OYI ¥SITIULII WISIN

‘geTqe] wiwp
sY3 PYeI Puw SNUTIUCD 03 ,P. ITAVFEP VY3 IOGTOs sIeSn BUL

‘nuem FOSTEY UTEYW 8|3 03 SUINIDT WISIAN

*uXn ‘aTnezep ey3z 3decow 03 <(UD)> sIRjUS TSN WYY

(g/d)ad
{{g/d))ad

VINALTHD NOIIDFLIT ONILVISNVUL

(@) :W2ir IOATES

HI90Ya IIXd

¥STTZ PIAPL PESY PUT SQUFIUCD
SOTTI ¥IRQ AGN @JITIM

soTT3 wieqd X3TpoH/netany
STTd TOIFUOD MON ISJUE

‘X
‘a
'
‘q
‘¥

N4iI ONEN LOTTES

(X) :Wail IOATES

ORTR NIVH O IIXZ

w3eq ®ITd UOTIeIS AJTROH/AeTASY
w3eg ST PFID Y3Iegd AZTPoH/aetaey
w3eg STT3 STPOR qIvd ATpoR/setasy
w3eq OTTd P39 eoanos AFTpou/metasy
w3ng ®ITd CIPOH ®danos AFYPo/aeTasy
w3eq o773 I93usdtdy AFTPOH/AeTARY
w3eq OTT3 T033u0D AFFPoH/setasy

‘X
-]
‘4
‘%
‘q
°
-
‘Y

‘nuaw snofaexd 943 O3 SUINIST WISION

RIIAOWN/MEIADY O SATIA WIVA IOATAS

*UOTIVOTITPOW JINOYITA SNUTIUOD 03 < (HD)> $I9jue Iesn Yl

‘senTeA JULIAND ITOY]
puU® 91T xejuedide Y3 ul sIejeweIed oy3 sAerdsyp WISION

‘@773 Iwjuedtde syy AITPOW/ASTARI 03 ,q, S3OeTer 88N SYL

‘pPeTITPOW/PONSTARI
oq uUeD 3eY3 #e1}F wiwp ndul JO POFOYD ¥ FUINISI WISINN

‘#9713 wawp andug ey3 LZIPOW/MASTARI 03 ., SIOVTSE Iesn YL

‘SeTqe] ¥IWP PEST 03 SNUTIUCD IO

-
.

v - - amn. -

—— e i ———— — — — —— —— v ——— —— . a— -—
—— - -— S A — A A A . T - S — . — v S i A AR A D e Cmm S G - e g o —

{(ZAKRIINOD ©3 <uUd>) 3o sbuwyo o3

0000°ST
0000°ST
‘0
‘0
€1
L

s 05 se se ee

we3§ 308TeS

tepuoTide 3
Tep3eryde g
TuoTide Q@
T3eT¥de >
uotydeumnu ‘g
3erydeumu ‘y

sxejeweIed ®TF3 Iejuedtdy

q (X) WAII IOTTIAS

ANTA NIVA O3 IIXH
w3eq ®TT UoTIIS AFTPoR/metAny
w3g O(TA PIXD Yvg AFypon/awiasy
v3eq OTTX ®IPOH q3Ied LFTpoH/aetasy
w3wq OTTd PTIH eoanog LFTpoH/astasy
w3eq (T2 CIPOK eaanos AFFPoR/aetasy
w3eq o113 Iejuedtdy AFTpoR/aetasy
w3eq o113 [ox3uod AFFpoR/Aetasy

ZATAOR/MATATY O STIIA YIVQ LOF13S

q (Q) :NaII I0%TES

HIO0¥E LIXE

SeT3 SIqUl Pesy puv snuFjuUod
SOTTI €3IVQ MON BITIN

o133 wyeq A3¥pon/awiasy

‘X
‘aQ
‘9
i :

33

' {uogawoTFIPOR IW3Fe ‘'H'e) seITZ wWIEP aaduy sy3 yo Auw 837Ia |

®TTd TOIAUON ASN I82u=




*XI0M38U BYJ UT SUCTILIS IVYJ0 Y3 303
i w3wp ey3 sejdoo puw eouo ATuo ,s1¢°Kexxw, 9113 SY3 speaxr WISION
! ‘sz0zezeql -wsuodsel ®3Fs oures oy3 SAwY suojijwls [T¢ ‘9sED STY3 UL
f ‘uof3was Yoes 103 seiqel esucdsel @3S Oy SPEST WISISN

“}IoM3PL BY3 UT FUOTIEIE IWYIO ¥Y3 03

e3¥p 9y3 seydoo puw @douo A{uo ,FoUu-JuITqWe, STTF 9UY3 SPYST WISION
‘sr0Fe30Yyl ‘unzjoeds esToU SWESs OY3 VLYY sUOTILIS [[¢ ‘es¥d sTY3 UI
‘ucf3e3s yows o3 X3psusp rex3zoeds Tosod esTou JUSTqUE SYJ IPYET WISION

‘seseyd A1wpucoes epnIOUT 30U FEOP TIISITIO
UOTIOeJeP SY3J SOUTS PEIU 30U OIe (rejex Aeoep ¥pod) sI03DEF eLTON

“PeJTINO[ED B3¢
SPTOYSPIY] UOTION PP ATUOC SIUTS UnNI ITYJ I0F POPesU J0U OI® SMUTY [OARIL

*9TqE] UOTITNUSIJE SPESIT WFSION

‘SOTqe] WOINOY SPeeI WTSION

"O3® ‘UOTIEI YOTY 103 eIPWW yjvd eyl
‘aojuedyde Yove IGJ ETPAW IOINCE Y] ‘UOCTIEPDOT U C¥N OF SVATA U3
‘RTISATIO UOTIONOP VWG UOC Peaseq ST STUL ~PYOI ¥ 03 pesu SETQR
w3ep 3nduy YoTYM autwzensy 03 Learns wiwp ¥ suzozaesd wmiglex

f
.

- ——— A A W S A i e G — - T . A= TS S T e T M Gmt e — A ——— — —— — —— —— —— — —— T G —— —— ———— —

sxw - Kvaae
sxe - Kexaw
839 " Kexze
sxe - Lexxe
sa9 - Kexzxe

J0U° JuSTQUE
Jou* JueTqwe
Fou " JueTque
jou - ueTque
jou* queTque
Fou " JUSTAWE
Fou " JueFquIe
Jou° JUeTqWE
Jou’ JueTqwe
Fou” JusTqEe
Tou* Jue Qe
Jou" JUSTqWe
Jou- juetque
Jou - JueTqwe
Jou - JueTqure
FOU° JUSTqWE
Tou" JueTquWe
Tou* JUS T
Jou " JueTque
Fou - JueFque
Jou” JueTqWe
Fou * JuUS WY
FOU " JUS T UL
Fou" Judyqure
Jou" JuLTque
Jou * JudTque
JOU° JUITqWE
Jou* JusTqwe
Jou " JueTquUe
Fou - JueTqWe
Jou - JueTqwe
Jou- JusTowe
Tou - JusTqwe
uog3ele/”

uogjIeIs /" ¢
qeagyed/-

uze-erqeaed
Fegyaed/: :

z08 * {dxe
qe3oaw/ -

$0 60 40 G4 00 9% G0 G4 Gr G0 G e UL ST SE SC 0T GO B B¢ S0 44 S 45 68 40 ee S 40 e ee ¢s we

.

o174 woxx peey wawd Adop
o173 woxx peey v3jeq Adod
o174 wox3 pesy vawg Adod
o174 woxx pwey w3eg Adod
:eTf3 esuodsey ®3¥s burpesy
uoy3Ie3/° : RHOIDAYIA STTHVL ISNOISAY AIIS

o173 woxg pwey
STT3 woxy peey
o773 woxg peey
®T¥qd woxg pewesy
oITX WoxX peey
oTTX Woxy pesy
o773 Wozx peey
oY1y woxxy peey
o113 woxy pesy
oTTE woxj pesy
oTTd wozg peey
113 wox] peey
o173 wox3y pvey
oTTd moxx p¥sy
®TTa Wwoxl pwey
SI¥e woxy p¥ey
o773 woxd peey
o1ty wox3 peey
o713 wox3 peesy
ST¥y woxl pwey
8173 Wox3y peey
o173 wox3 pesy
®T13 wozi peey
oTTd woxy pweyd
o113 woxd peey
o773 woxg pesy
oTTd woxg peey
®T¥4 woag pesy
o713 wozy peey
o713 woxy peey
oTTd woxy pesy
8174 Woxg peey

wyeq
v3eq
3wq
w3eq
v3eq
wawq
w3ng
w3vq
w3eq
waeq
w3jeq
3eq
*3vq
weq
*3vq
wyeq
v3eq
e3eq
w3eq
w3wq
L T8 T
w3eq
v3eq
w3vq
w3eq
wv3eq
u3eq
v3eqg
w3eq
w3eq
w3eq
.3vq

Xdop
Kdop
Adop
Kdop
Xdop
Kdop
Xdop
Kdop
Kdop
&dop
Xdop
Adop
Kdop
Kdo)
Kdop
Kdop
Kdop
&dop
&dop
&dop
£dop
Kdop
Adop
Kdop
Adop
Adop
Kdop
Adop
&Kdop
&Kdop
Kdop
&dop

oTT3 ®Iqel ®STON Buypwey
APOIOAIIQ SATGWL ASION

XMOLOAYIQ SETHVL YOXOVYE ASION

AYOIOANIQ SATAVI FWIT TIAVUL

17 woxd pwsy wieq &dop
uje-erqeasd : 8ITZ uorIEnUS3JY LHuypwey

XYOIOTIIQ STIEVYI NOILVANILIVY

oTTd 9Iqel eoanog Suppeey
XHOIDRYIG SATEVI TOUNOS

suoj3eys 103 umypew yszed Hugpuld

peez aq TTTH #O1T3 ®Iqel unjpsu yjed yoyys Buzputd

sasjuedtde 203 umipew edanos Hulputd
sxs3udotde 203 vmypew yyevd Hurpurly
A3AMAS YIVA ONIWHOAMAd

ROILYINWIS SIHL Y04 SASYHA FAVYM ONIANIA
QI¥O YAINADIJd ONIIWIEANAD

34




*{6°0 '®T¥3 TOoIJUOD WYy3 uf

petsvoede enyea ey3 uvyy S$SOT ST WOIUM) 9820°0 Ktuo #¥ {0°ST ‘0°0) 3I®
®ZTS STHI JO JUGA® U 3J0839p TTTM AIOMILSU O3 Iyl A31tIqeqoad

oq3 pue (°'g HIN 8T unx ardues sIYI I0F BZTS JUSAS WNWIXER 8YY
‘pyduex® 303 -z9wn WYy Aq petrzyoeds spunoq 943 UTYITA TTISJI[I0
uoT3oeIep 93 LFET3Es 30U PINOD WISION ueyz ‘,u, = punoqino 3T
*INFESEOONS FEA YOITSS Y3 30U IO ISYJSUA $8JEDTPUT PUNOqIng

‘sun3y PIOYSeIYF 103 OIS JUSAP UO SI® SUCTIVISIT oYL

qoxd 3eu : uoyjoejep 3o A3jrTqeqosd

; ozysyde : 238 JUSAR
' . ou = LU, I0 ‘sl = K, : Seyz punoqine
IejFunu : SUOT3RINJT FO Jequnu

uoryde : spngtbuor xejuedide

geryde : spn3yaey 3ejusctde

w38 WESION ‘Iejusojde yove
207 yUesIOs B3 O3 UCTIRTNOTED VY3 JO SITNIST SYJ SBITIA WISIWN

‘uoyzeTnoTeD Y3 urbeq o3 .o, ITNEISP Y FIDOTES Iesn WYL

‘uojIVINOTED eyy uibeq I0 ‘SOTIZ
anduy oy3 30 JSue AZTPOW/MSTARI ‘®TTI TOIJUOD ABU ¥ YITA IVAC WIS
Kew z98n gl -uUOTIRINOTED ay3 ufbeq o3 wawp ybnoue swy wmISION

¥

———— - ——— —— - ——— — - —
—— — i e  nn — —— — —— ——— — —— - D P G —— — —— A —— - — ———0 i " > e w— G m— s

qoad jeu

6668°0
0006°0
€668°0
8668°0
¥668°0
Le6s°0
9820°0

qoad 3eu

T006°0
S006°0
6668°0
6668°0
§668°0C
S9%Y°0
0000:°0

qoxcl jJeu

- - P N A e

ozjs1de ze3pumu  uoyde quride

65S8°Y u g 0000°ST 0000° 06
6TISr'Yy LI 4 0000°ST 0000°SL
TIY8° Y u s 0000°SY 0000°09
TOPG 'Y u L 0000°ST 0000°SY
680E°9 u 9 0000°ST 0000°0€
6E69°L L ] 0000°ST 0000°ST
0000°8 X 91 0000°ST 0000°0

oz7stde Ioyjunu  uotyde qeride

T968°Y u 9 0000°0 0000 ° 06
LIS9 'Y L A 0000°0 0000°SL
§992°§ u g 0000°0 0000°09
LIE6°S u L 0000°0 0000°SY
€800°L U g 0000°0 0000°0€
0000°8 LA 0000°0 0000°ST
0000°8 £ 1t 0000°0 0000°0

oz7sjde ze3junu  uoryde FeTide

60:ET 06-T0~-E0 NOIIVINWIS LOIIVOOT/NOIZIDAIAA NIODIH
(D) RAIX LOTTES
Wgooda 1IxXa X

uogaeTnOTEd ugbeg D

wing ATpoR/aezasy ‘g

aTTd TOIFVOD MeN IWuF Y

SROTIIVINDTYO NIDAA 9

sxs-Kexxe : o113 woxz peey wieq Adod
sxs-Kexze : o773 woxi pesy vywg Adod
sas-Kexaw : o773 woz3 peey wiwg Adod
sxs-Kexze : 774 wox3 pesy wawq Adod
saw-Aezze : o713 wozy peey wawa Adop
saw-Kexze : o773 woxd peey wiwqg Xdod
sas-Lezae : o713 wox3 peey w3eq Ldod
sas-Luxze : O1Id 233 peey w3eq Kdod
sxs-Lexze : ®173 woxg peey wieq Adod
sxs-Kexae : OTFL wozg peey wawg Adod
sxs-Lwazw : ©134 wozg peey wiwq Adod
saw-Avizv : o173 woxz peey wawq &dod
sxs-Sexav : oTIZ woxl pevey wieq Adod
sas-Kezxw : ®o7}q woxy peey wawg Adop
sxs-Lexae : OTTE woxg pesy w3wg Adod
sxs-Keaxze : OTIA ™24 peey wyeq Adod
sxs-Lezaw : o133 woxg peey waeg Adod
sxs - Kezze : o713 wozg peey evyeq Adod
sas-Kezaw : o1TL woxX pesy e3eg Adod
sx9-Avize : oTTd woxg peey wv3yeq Adod
sxe-Lexze : o114 woxl peey ejwa Ldod
san-Kexxw : ®o1¥g woxl peey e3eqg Adod
ox9-Aexave : o773 woxy peey w3iwg Adod
sas-Kezaw : o172 woxg pesy wieq Ldod
szs-Kex3e : @713 woxl pesy w3eq Adod
sxs-fezze : o713 woxg peey evywa &dod
919 -Aexze : o713 woxl pevey wiwg Adod
sx9-Xexave : e77d woxg peey wiwg Adod

sxs Lexxw

. erra maxz pwaw mawa Kdan




— et e T ——— ——— — — — A —— G —— e . Vm— e — . S U P G S e — T G G D i . ——— — i — . — —— — — " — —— ———

z228°0

qoad geu

2006°0
6668°0
0006°0
6668°0
2668°0
8668°0
¢615°0

qoad jeu

T006°0
0006°0
€668°0
8668°0
0006°0
¥668°0
6668°0

qoxd 3su

2006°0
T006°0
0006°0
€668°0
€668°0
9668°0
8668°0

qoad jeu

6668°0
€006 0
2006°0
10060
6006°0
0006°0
00V6°0

qoad 3eu

1006°0
8668°0
¢006°0
1006°0
T006°0
L006°0
0168°0

qoad 3eu

9668°0
60060
€668°0
0006 "0
00060
16680
88LEO

0000°8

ezejde

€968y
0616°€
9zTL".
LYY 'Y
0TES’S
6286°9
0000°8

oz s jde

19687V
0€98°€E
BOEL'E
€LYy
86LE’S
¥28S°9
-14 77 A

ozt gde

29§87V
Z8S8°€E
€869°€
9966°€
¥ST9°Y
¥ECT9
SLLL’L

ozjsyde

8558’y
€8L8°E
990L"<
z%08°€
6995 ¥
0zee9
8LZ8 L

ezystde

19688°Y
E6¥6°¢€
SLL6°E
0Z68°€
§TLYY
EETE"9
0000°8

oz ystde

€G58°Y
ST6T"Y
6SY0°Y
€0S9°Y
60EL"S
60T0°L
0000°8

Y-SR 4

2w Funu

meEReCeeER
Rl adl ol ol

[~ - - ]
N~ TOr~

N
L]
§
4]

‘.6 (-3 - - A~ - -
»

~H~OVO
3 A
(4

o
(o]

hooegea
* WO rr
-t (]

“
[ ]
g
[

hEeERCERC
~

0000°02T

uoyide

0000°S0T
0000°S0T
0000°S0T
0000° 50T
0000°S0T
0000°S0T
0000°S0T

uvoyyde

0000°06
0000°06
0000°06
000006
000006
0000°06
0000°06

uottde

000C "SL
0000°SL
0000°SL
0000°SL
0000 °SL
0000°SL
0000°SL

uottde

0000°09
0000 °09
0000°09
0000°09
0000°09
0000°09
0000°09

uottde

0000°S¥
0000°S¥
0000°SY
0000°SY¥
0000°S¥
0000°S¥
0000 °SY

uortde

0000°0€
0000°0€
0000 °0€
0000 °0€E
0000°0€
0000°0€
0000°0¢€

0000°0
eyide

0000°06
0000°SL
0000°09
0000°5V
0000°0¢
0000°ST
000070

eiyde

000006
0000°SL
0000°09
0000°S¥
0000°0€
0000°ST
0000°0

eryde

000006
0000°SL
0000°09
0000°S¥
0000°0€
0000°ST
0000°0

jerrde

0000°96
0000°SL
0000°09
0000°SY
0000°0€
8000°ST
0000°0

eyyde

0000°Q6
0000 °SL
0000°09
0000 °SY
0000°Q€
0000°ST
000070

Jeyyde

000006
0000°SL
0000°09
0000°SY
0000 °0€
0000°ST
0000°0

ph v ANwmwlhe ame s

36




AR I M mew A Tan o e

e
1
H

oo %

e

)
&

< {4} > v Bujasjus

Aq .ou, FINEFOP 9|3 $IOSTes Iesn 9Y] °UNI ISGIOUE $I8IJO WISION |

U QRIS

— m -t —— i, o o B S

—— . — — —— — ST o —— — —— ———— —— . f——— - — o —— ———— — ————— ——— t——

- -

6668°0
0006°0
T006°0
0668°0
L668°0Q
0
0000°0

qoxd jeu

§668°0
2006°0
6006°0
6668°0
0006°0
0006°0
1300°0

qoad jsu

1668°0
20060
6€68°0
L0060
00060
666870
Y060°0

qoad zeu

€006°0
Z006°0
€006°0
1006°0
0T06°0
0006°0
1E¥2°0

qoxd 3su

6006°0
866870
6668°0
6668°0
0006 °0
6668°0

2z28°0

86S8°¥
PEIT'Y
0S90° ¥
0§SS°S
y¥90°L
0000°8
0000°8

oz3e7de

1688
9TIT Y
TIEC Y
S08T°S
1444 28]
yIP6°L
0000°8

oz7etde

141 2
LYOT Y
806L"E
sozy'y
§901°9
yzeeL
0000°8

szpetde

¥958°Y
LsLoO"Y
§TL8 "€
CLET Y
€EBS"S
6TV L
0000°8

ez3sjde

ELSS"Y
T800°Y
EEL9E
z892Z° b
§98€°S
8999°9

(ou) ¢NAY YFHIONY YK OI INVM 00X OQ

Sy ey wey
H

e il

e e,

0000°8

u g 0000°08T 0000°06
v L 0000°08T 0000°SL
U yT 0000°08T 0000°09
u L 0000°087T 0000°S¥
u 9 0000°08T 0000 °0¢
X 91 0000°08T 0000°ST
£ 11 0000° 08T 0000°0
Je3umiu co.n.w&-. Ul.ﬂdm.
u g 0000°59T 0000°06
u 9 0000°S9T 0000°SL
u 9 0000°59T 0000° 09
v L 0000°59T 0000°S¥
u ¢ 0000°S9T 0000°0¢€
u 6 0000°S9T 0000°ST
£ 971 0000°$9T 0000°0 nu
I3 FuUnG uoTide Jeryde
u g 0000°0ST 0000° 06 !
u 9 0000°0ST 0000°SL H
L) 0000°0ST 0000°09 !
L 4 ¢ 0000°0ST 0000°SY :
u 9 0000°0ST 0000 "0€¢ :
v oL 0000°0ST 0000°ST .
X 91 0000°0ST 0000°0 ,
ae3funu  uoyide eride )
u 9 0000°SET 0000°06
u 6 0000°SET 0000°SL
u oy 0000°S€T 000009
u ¢ 0000°SET 0000°S¥
u 9 0000°SET 0000 °0€
u ¢ 0000°S€T 0000°ST
LA & 0000°SET 0000°0
o3 FRnNU uoryde seTrde
u L 0000°02T 000006
u oy 0000°02% 0000°SL
u oL 0000°02T 000009
u L 0000° 02T 0000°S¥
u oL 0000°02T 0000°0€
u g 0000°02T 0000°ST
£ 1 0000021 0000°0




— e y——— -

o g e

OUTPUT DATA

NetSim writes two output data files; the graphics file (.gra) and the list file (.Isz). The
formats of these files are described in detail in Appendix A. The graphics file from
the sample NerSim run is given in Table 4.6. This includes the data in the control file
and the data needed to make contour plots (station names and coordinates, detection
thresholds, probabilities, and location uncertainties). The last nine columns of the
matrix in Table 4.6 are zero because these are location uncertainties and the sample
NetSim run only calculated detection thresholds. Table 4.7 lists the first three pages of

the list file, and one page for epicenter 33 (there is one page of detection parameters
for each epicenter).

SNAPCON TRANSCRIPTION

A complete transcription of an interactive SnapCon session to generate a contour map
of the detection thresholds calculated in the sample NetSim run starts on page 46 of
this report. Comments are separated from the transcription by a vertical line on each
page. This transcription is included as an example of the SnapCon user-interface.
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DETECTION THRESHOLDS

Figure 4.5a plots contours of the detection thresholds calculated for the NetSim sample
run at 1.0 Hz (this is the result of the SnapCon session described above). The detec-
tion threshold is MLg 3.7-4.2 for epicenters in the Soviet Union. Figure 4.6b plots the
detection thresholds at 10 Hz. These results were obtained by changing the frequency
in the control file (Table 4.1) to 10 Hz, and repeating the NetSim calculations
described for the first sample run. The 90% MLg threshold for detecting 3 P waves at
10 Hz is 2.8-5.3 for epicenters in the Soviet Union. The threshold at 10 Hz is lower
than the threshold at 1 Hz for epicenters in areas with dense station coverage, but the
threshold is much higher at 10 Hz than at 1 Hz for epicenters in areas with sparse sta-
tion coverage. This is because the frequency of the maximum signal-to-noise ratio
(SNR) decreases with increasing epicentral distance. It is clear from these examples
that frequency dependent input parameters are required to obtain accurate estimates of
detection capability at regional distances.

4.2 Frequency-Dependent Input

This section presents the results of a sample NetSim run that includes frequency depen-
dence in the source, attenuation, station noise, and beam gain. We use the same input
data files that were described in Section 4.1, except that we have modified the control
file to include 11 frequencies between 1.0 and 20.0 Hz (Table 4.R). The results of the
calculation are plotted in Figure 4.7. The frequency-dependent 90% MLg threshold for
detecting 3 P waves is 2.6-3.4 for epicenters in the Soviet Union. These thresholds
are less than the thresholds for either 1 Hz or 10 Hz (Figure 4.6). This is because the
frequency of the maximum SNR is greater than 1 Hz and less than 10 Hz for epicen-
tral distances important for determining the detection threshold for the network. For
example, Figure 4.8 plots the frequency of the maximum SNR as function of epicentral
distance for an epicenter in western USSR (60° N, 60° E). Table 4.9 lists the detec-
tion parameters for this epicenter. The frequency of the maximum SNR is 4-7 Hz for
all stations that have a probability of detection greater than zero.

4.3 Probabiiity-Weighted and Monte Carlo Location

There are two ways that NetSim can accouut for the effect of undetected phases on
location uncertainties; the probability-weighted approach (used in SNAF/D) and the
Monte Carlo approach described in Section 2.3.2 In this section we compare the loca-
tion uncertainties computed using these two methods for events near the 3 P detection
threshold of the network. We also compare the two approaches for one epicenter in
western USSR as a function of event size.

We use the same input data files for our location uncertainty simulations that we used
for our detection threshold simulations (Section 4.3). The only difference is the runtyp
parameter in the control file in Table 4.8 was changed to detloc to compute the median
and 90th percentile Monte Carlo location uncertainties. The probability-weighted
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(8 FREQ-INDEP DETECTION THRESHOLDS (1 HZ)
0.0° 30.0° 60.0° 90.0° 120.0° 150.0°

o
(o]

e § e
30.0° o 2 i L]

30NLINIEA -

a4 INe

RUN DATE 3/ 171990 AT 13.28.19

CONTOUR FROM 3.6000 10 6.0000 CONTBUR INTERVAL BF  0.20000

() FREQ-INDEP DETECTION THRESHOLDS (10 HZ)

0.0° 30.0° 60.0° 90.0° 120.0° 150.0° 180.0
90.6° =
3
Z
c
&
75.0%-
60.0%  _.:
} o«
45.0% . 1%,
B B et 1
P ha
o ) e e
30.0 RUN DATE 3/ 171990 AT 16. 6.32

CONTQUR FRM 2.8000 10 6.0000 CONTBUR INTERVAL BF  0.20000

Figure 4.6. Contours of the 90% MLg thresholds for detecting 3 P phases at (a) 1 Hz,
and (b) 10 Hz.




. CONTROL DATA

¢
3
4
H

CONTROL FILE: ./fdrunl.ent

Frequency-Dependent Detection Thresholds
FDrunl

./results
1 o/
S detection
threshold
(P/3)
P

mlg

3.000 1.000 8.000 0.900 0.500 20.000
0.900 100 0.590 0.900
fixed 0.000
11
1. 2. 3. 4. s,
6. 7. 8. 10. 15. 20.
i suras.epi
' granite.smd
' Tranite.sgr
| able.pmd
L sble.pgr
!

AT IL NI

4<0x312.gta

) Table 4.8. Sample control file (frequency-dependent input).
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FREQ-DEP DETECTION THRESHOLDS
" 000' g° 30.0° 60.0° 80.0°

e

Lol " o e !
RUN DATE 3/ 1/199p AT 16.18.34

30N4 INSUW

ERIER )

CONTBUR FRaM 2.6000

Figure 4.7, Contours of the 909, MLg thresholds for detecting 3 p Phases using broad
band (1-20 Hz) input.




Frequency of Maximum SNR (P Wave)
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Frequency (Hz)
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Epicentral Distance (Degrees)

Figure 4.8. Frequency of the maximum SNR as a function of epicentral distance for P

phases. This figure plots the values in Table 4.9 for an epicenter in the western USSR
(60° N, 60° E).
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VoS aeWwNn K

EPICENTER

STATION

NOR
SHIO
GUPO
GDH
RSTN
ANTO
MAN
MAJO
BRW
TOL
PMR
FCC
NR2
sl
82
83

LAT=

OUTRUT LIST FILX:

60.000 LONG=

RVENT s1zk

NUMBER OF ITRRATIONS
SEMI-MAJOR AXIS (LO)
SEMI-MINOR AXIS (LO)
STRIKE {(10)
DEPTH-INTERVAL (LO)

MONTE CARLO FRACTION

ANG.
DIST.

23.424
40.822
30.175
42.343
57.450
26.282
63.054
53.293
46.220
43.681
56.361
§9.520
16.995
30.040
49.182
45.365
25.076
15.000
17.408
17.500

7.765

6.515
15.069
24.486
33.605
48.806

5.503
11.081
22.221
32.829
42.002
16.675
22.797

AZM

293.015
133.209
167.990
331.168
357.039
232.411
108.215
78.814
15.405
272.471
16.152
344.754
321.538
86.255
26.213
63.710
185.806
180.273
142.862
217.777
234.812
136.684
97.557
81.393
69.290
48.811
337.414
54.042
56.415
48.787
38.251
5.690
23.309

STATION FREQ. OF

PROB.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
€.000
0.000
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.000
0.888
0.984
0.001
0.000
0.000
0.000
0.999
6.210
0.000
0.000
0.000
0.000
0.000

./results/FDrunl.lst

60.000
2.598 NETNORK PROBABILITY (8)

: 6 ITERATION BOUNDS EXCREDED
H 0.000 SENI-MAJOR AXIS (HI)
H 0.000 SEMI-MINOR AXIS (HI)
: 0.000 STRIKE (HI)
H 0.000 DEPTH-INTERVAL (HI)
: 0.000

P -WAVE

AMPL.

MAX. S/N ATTEN.SD
2.000 0.300
1.000 0.300
2.000 0.300
1.000 0.300
1.000 0.300
2.800 0.300
1.000 0.300
1.000 0.300
1.000 0.300
1.000 0.300
1.000 0.300
1.000 0.300
3.000 0.300
2.000 0.300
1.000 0.300
1.000 0.300
2.000 0.300
4.000 0.300
3.000 0.300
3.000 0.300
5.000 0.300
7.000 0.300
4.000 0.300
2.000 0.300
2.000 0.300
1.000 0.300
7.00C 0.300
4.000 0.300
2.000 0.300
2.000 0.300
1.000 0.300
4.000 0.300
2.000 0.300

Table 4.9. Sample list file (frequency-dependent input).
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location uncertainties were calculated by changing numcarlo in the control file to 1
(see Appendix A). Figure 4.9 plots the probability-weighted estimate of the semi-
major axis (SMA) of the epicentral error ellipse. The probability-weighted SMA is
between 14 and 40 km for epiceniers in the Soviet Union. The results for the median
and 90th percentile Monte Carlo realizations are plotted in Figure 4.10. The median
Monte Carlo SMA is between 13 and 45 km for events in the Soviet Union. This is
similar to the range produced by the probability-weighted approach (the average
difference between the median Monte Carlo SMA and the probability-weighted SMA
is 3.3 km for epicenters in the Soviet Union). The 90th percentile Monte Carlo reali-
zation SMA is between 20 and 235 km for events in the Soviet Union, which is
significantly larger than the median Monte Carlo SMA or the probability-weighted
SMA.

The results in Figures 4.9 and 4.10 are for events at the 90% MLg threshold for detect-
ing 3 P phases. Since azimuth and arrival time can be estimated for each P detection,
there should be more than enough data to constrain the event epicenter (assuming fixed
depth). We found that at least 95% of the Monte Carlo realizations had enough data
to constrain the event epicenters in the Soviet Union. However, we also found that the
probability-weighted approach increasingly underestimates the median Monte Carlo
SMA as the event magnitude decreases. For example, Figure 4.11 plots histograms of
the SMA computed using the Monte Carlo approach for three different event magni-
tudes at an epicenter in western USSR (60° N, 60° E). One hundred realizations were
generated for each magnitude. Figure 4.11a is for MLg 3.0, which is greater than the 3
P detection threshold at this epicenter. The probability-weighted SMA is nearly equal
to the median Monte Carlo SMA (19 km), and less than the 90th percentile Monte
Carlo SMA (27 km). Figure 4.11b is for MLg 2.58, which is equal to the 3 P detec-
tion threshold. Again the probability-weighted SMA (25 km) is close to the median
Monte Carlo SMA (27 km), but it is substantially less than the 90th percentile Monte
Carlo SMA (140 km). Figure 4.11c is for MLg 2.23, which is equal to the 2 P detec-
tion threshold. In this case, only 79% of the Monte Carlo realizations had enough data
to constrain the location. The probability-weighted SMA is 34.6 km, while the median
and 90th percentile Monte Carlo estimates are both 140 km. It is clear from Figure
4.11 that a decrease in the event magnitude results in an increase in the discrepancy
between the probability-weighted and Monte Carlo approaches.

The probability-weighted approach is most accurate when an individual datum is not
very important for constraining the location [Ciervo et al., 1985]. Obviously, when
few data are available to locate an event (e.g., for most events near the detection thres-
hold), each datum is very important. It is likely that the probability-weighted approach
underestimates location uncertainties for small events because data with low probabil-
ity of detection provide unique information that is important to constraining location.
It appears that the probability-weighted approach does not adequately reduce the con-
tribution of these data to the location uncertainty.
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Figure 4.11. Histogram of location unceriainties (SMA) determined from 100 Monte
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" 5, SUMMARY

This report describes a computer program called NerSim that simulates the detection
and location capability of seismic networks that include regional stations and arrays.
The main advantage of NetSim over othe: simulations programs is the incorporation of
frequency dependence in the estimates for the source, attenuation, station noise, and
array gain. This Is very important for re_onal networks, as is demonstrated by the
comparison of frequency-dependent and frequency-independent detection thresholds for
a network of 23 statioas in and around the Soviet Union. The results are shown in
Table 5.1.

Table 5.1 The 90% MLg thresholds for a network of 33 stations.

center expand tab () ; ¢ ¢ c¢ c _ Figure:Detection: :90% MLg
Number:Criterion:Frequency:Thresheld _

4.5a:3 P:1 Hz (fixed):3.7-4.2 4.5b:3 P:10 Hz (fixed):2.8~5.3 4.6:3 P:1-20 Hz (vary-
ing):2.6-3.4

These simulations are based on regional wave attenuation and noise conditions at
NORESS, where the frequency of the maximum SNR decreases with increasing epi-
central distance. The frequency-dependent detection thresholds are lower than the
thresholds at either 1 Hz or 10 Hz because the frequency of the maximum SNR at
ranges that control the detection threshold is typically between 3 and 7 Hz. It is clear
from this example that the detection capability of regional networks cannot be simu-
lated accurately unless frequency-dependent factors are included.

Other important advantages of NesSim over similar computer piograms are: (1) noise
levels for secondary phases are based on the coda of previous arrivals (and depend on
event magnitude and epiceutral distance), (2) arrival time and azimuth standard devia-
tions are used to estimate location uncertaintics, and (3) the effect of undetected phases
on location uncertainties can be estimated using a Monte Carlo approach that mimics
the way location uncertainties vary in practice. The probability-weighted approach
(used in SNAP/D) assumes that all data contribute to the location, but the standard
deviations are divided by the square root of the probability of deteciion. Thus, arrival
times and azimutks fiom phases with low probability of detection will not contribute
much to the location solution since their effective standard deviations are large. How-
ever, comparisen to results from a more realistic Monte Carlo approach suggasts that
the probabiiity-weighted uncectainties underestimate the true location uncertainties for
small events. This implies that the probability-weighted approach doe-, not adequately
degrade the contribution of data with low probability of detection.
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" APPENDIX A: INPUT/QOUTPUT DATA

This appendix describes the NetSim input and output data and file formats. The input
to NetSim is read from standard ASCH files. These input files can be updated interac-
tively, and new files can be written using the NetSim data handling module. NetSim
output is also written to standard ASCII files. One of these output files is read by
SnapCon, which plots the results (detection thresholds, probabilities for fixed event
size, or location uncertainties) as contours on regional or world maps.

There are five categories of input data: control, source, propagation, site/station, and
noise (see Section 3). Each category has one or more types of input data files. We
identify these different data files by a three-letter suffix appended to the data file name
(these suffixes are included in tables in this appendix for each input data file). The
NetSim computer program does not impose this file naming convention, but we have
found it to be convenient. Tables A.1-A.1S list the format of the input and output
data files. Indented lines indicate a continuation from the previous line. Sample files
are given in Section 4.

NetSim includes provisions for up to ten seismic waves (or phases). The wave input is
ordered such that:

Wave(1) = P (or Pn)
Wave(2) = pP
Wave(3) = Pg
Wave(4) = S (or Sn)
Wave(5) = Lg
Wave(6) = LR
Wave(7) = Ol
Wave(8) = 0?
Wave(9) = 03
Wave(10) = 04

where the last four are slots for additional seismic phases.

INPUT DATA

Control Data. The control data define the nature of the NetSim run (detection or loca-
tion or both, network detection probability, detection criteria, etc). There is only one
input file in this category; the control file. Table A.1 shows the format of the control
file. The following list defines each input parameter.
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Table A.1. Control File

CONTROL FILE
Suffix: _.cnt

title

outpre

outdir

dir

runtype

subtype

detcrit

locwavs

sizerype

evsize evmin evmax probdet cutlo regdist
probloc numcarlo prctlo prcthi
depthfix evenidepth

numrunfrq

runfrq(1) ... runfrq(numrunfrq)
file.epi

file.smd

file.sgr

file.pmd

file.pgr

file.sta




10.

11.

12.
13.

14.
15.
16.

17.

18.

Control File (.cnt)

titie — Title of the NetSim run.

outpre — Prefix for NetSim output files. The output files are namcd onpre.gra
and ouipre.lst (these are described below).

outdir — Directory for NetSim output files.
dir - Directory for the NetSim input files.

runtype — NetSim mun type. Acceptable values are "detection," "location,” or

"detloc" (detection and location).

subtyp — NetSim run subtype. Acceptable values are "threshold” and "probabil-

ity."

detcrit — Detection criteria. The format is the same as that described in the

SNAP/D user’s manual (Ciervo et al., 1985). Two examples are:

a. P/3; P-wave detection by at least three stations.

b. (®/3 + (P2 * Lg/1) + (P/1 * Lg/2) + Lg/3); at least three P or Lg waves
detected by the network. Literal translation: P-wave detection at three sta-
tions, or P-wave detection at two stations and Lg-wave detection at one sta-
tion, or P-wave detection at one station and Lg-wave detection at two sta-
tions, or Lg-wave detection at three stations.

locwavs — Waves to use in location simulation (these may be different from the
waves used for detection).

sizetype ~ Event size type. Acceptable values are "moment,” "yield," "m,," "M,,"
or "my,." If "moment" is specified, then evsize, evmin, and evmax are specified as
log moment (nt-m). If "yield" is specified, then evsize, evmin, and evmax are
specified as log yield (kilotons).

evsize ~ Event size to use in a probability run or in a location run with fixed
event size. The units of evsize are determined by sizerype.

evmin and evmax — Minimum and maximum event size to use in a detection
threshold run. The units are detcrmined by sizetype.

probdet — Probability of detection for the network.

cutlo — Low-probability cut off. If detection probability is less than cutlo for any
wave at any station, then this probability is set to zero.

regdist — Division between regional and teleseismic distances (in degrees).
probloc — Confidence level for location uncertainty.

numcarlo — Number of Monte Carlo location iterations (=1 for probability-
weighted location uncertainties).

prctlo — Percentage of Monte Carlo location runs with uncertainty less than the
lowest of the two uncertainties rcported in the output file (e.g., the median Monte
Carlo realization has prctlo = 0.50).

prethi— Percentage of Monte Carlo location runs with uncerainty less than the
largest of the two uncertainties reported in the output file (e.g., the 90th percentile

"o

67




19.

20.
21.
22.
23.
24.
25.
26.
27.
28.

Monte Carlo realization has prcthi = 0.90).

depthfix — Event depth constraint for location uncertainties. Acceptable values are
"ﬁxed" arld "flte."

eventdepth —Event depth in kilometers.

numrunfreq — Number of frequencies to use in the simulation.

runfrq(i), i = 1, numrunfreq — Frequencies to use in the simulation (Hz).
file.epi — File name for epicenter input.

file.smd - File name for source media input.

file.sgr — File name for source grid input.

file.pmd — File name for path media input.

file.pgr — File name for path grid input.

file.sta — File name for station data input.

Source Data. The source data define source spectral amplitude and scaling relations
as a function of source medium (e.g., granite, salt, tuff). There are four input file
types in this category: epicenter grid file, source medium file, source medium grid file,
and the source spectra files. The first three of these are indexed in the control file.
The source spectra files are indexed in the source medium file. There is a separate
source spectra file for each source medium. Tables A.2—A.5 show the format of the
four source input files. The following list defines each input parameter.

NS sAE LD -

Epicenter Grid File (.epi)

title — Title of the epicenter grid file.

numepilat numepilon — Number of latitudes and number of longitudes in the epi-
center grid.

epilatl epilonl — Initial latitude and initiai longitude.
epilatdel epilondel — Latitude increment and longitude increment.

Source Medium File (.smd)

title — Title of the source medium file.

dir — Directory for source spectra files (.sor).

numsormed — Number of different source media.

sormed(i), i = 1, numsormed — Source media names (e.g., granite, tuff, salt).
thl.sor(i), i = 1, numsormed — File name of the source spectra file.
smdrho(i), i = 1, numsormed —~ Density of the source medium (kg/m?).

ayield(i) and byield(i), i = 1, numsormed -- Slope and intercept of log moment
versus log yield: log moment = ayield x log yield + byield. Moment is in nt-m
and yield is in kilotons.




Table A.2. Epicenter File

‘ t EPICENTER FILE
Suffix: .epi
|
| title
‘ numepilat numepilon
| epilatl epilonl
1 epilatdel epilondel
|
| R
|
;
}
|
{
{
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Table A.3. Source Media File

SOURCE MEDIA FILE
Szg_l:ﬁx: .smd

title

dir

numsormed

sormed(1)

thl.sor(1)

smdrho(1)

ayield(1) byield(1) amb(1) bmb(1)
ams(1) bms(1) amlg(1) bmig(1)

sorwavfac(l,1) ... sorwavfac(10,1)

smadvel(1,1) ... smadvel(10,1)

sormed(numsormed)

tbl.sor(numsormed)

smdrho(numsormed)

ayield(numsormed) byield(numsormed) amb(numsormed) bmb(numsormed)
ams(numsormed) bms(numsormed) amlg(numsormed) bmlg(numsormed)

sorwavfac(l,numsormed) ... sorwavfac(10,numsormed)

smavel(l,numsormed) ... smdvel(10,numsormed)

———— — ——
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Table A.4. Source Grid File

SOURCE GRID FILE

title

numsgrlat numsgrion

sgrlatl sgrionl

sgrlatdel sgriondel
sormedname(1) sgriat(1) sgrion(1)

sormedname(numsgrlat x numsgrlon) sgrlat(numsgrlat) sgrion(numsgrion)
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Table A.5. Source Spectra File

SOURCE SPECTRA FILE
Suffix: _.sor
title
numsorfrq
sorfrq(1) ... sorfrq(numsorfrq)
numsormom

sormom(1) ... sormom(numsormom)
Source amplitudes for frequency = sorfrg(l) ¢ comment line
soramp(1,1) ... soramp(numsormom,] )

Source amplitudes for frequency = sorfrq(numsorfrq) <= comment line
soramp(1,numsorfrq) ... soramp(numsormom,numsorfrq)
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10.

11.

12.

——
-

bl S

N von

amb(i) and bmb(i), i = 1, numsormed — Slope and intercept of log moment versus
my: log moment = ami: X m, + bmb. Moment is in nt-m.

ams(i) and bms(i), i = 1, numsormed — Slope and intercept of log moment versus
M,: log moment = ams » M, + bms. Moment is in nt-m.

amlg(i) and bmlg(i), i = 1, numsormea — Slope and intercept of log moment
versus my,: log moment = amlg x my, + bmlg. Moment is in nt-m.

sorwavfac(j,i), j = 1, 10 and i = 1. numsormed — Source excitation factor (x; in
Section 2.1).

smdvel(j,i), j = 1, 10 and { = 1, numsormed — Rource m- :in velocity (m/s).
Source Grid File (.sgr)

title — Title of the source grid file.

numsgrlat numsgrlon ~ Number of latitudes and aumber of longitudes in the
source medium grid.

sgrilatl sgrlon]l — Scuthernmost latitude and westernmost longitude in the source
medium grid.

sgrlatdel sgriondel — Latitude increment and longitude increment for the source
medium grid.

sormedname(l), | = 1, numsgrlat x numsgrlon — Source medium name (e.g., gran-
ite, tuff, salt) for each grid clement.

sgriat(ij and sgrion(j}, i = 1, numsgrlat and j = 1, numsgrion ~ Latitude and
longirude of the southwest comer of each grid element.

Source Spectra Kile (.sor)

title — Titie of the sowrce spectra file.

numsorfreq — Number of frequencies.

sorfrq(i), i = 1, numsorfre.; — Frequencies (Hz).

numsormom -- Numb.: of scalar seismic momenss.
sormom(j), j = 1, numsormom — Log seismic momert (nt-m).

soramp(j,i), j = 1, numsormom and i = I, numsorfreq — Log source spectral
amplitude (nt-m).

Propagation Data. The propagaiion data define tne attenuation and travel time as a
function of path medium (e.g., stabie or tectonic). Therc are four input file types in
this category: paih medium file, path medium grid file, attenuation files, and travel
tine files. The first two of these are indexed in the control file. The attenuation and
trav.: ._.oe files are indexed in the path mediuxa file. There are separate attenuation
and travel time Sles for each path medium. Tables A.6—-A.9 s“ow the format of the
four propagation irput files. The following list defines each input parameter.
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‘Table A.6. Path Media File

PATH MEDIA FILE
Slg_fﬁx: .pmd

title
dir
tlen(1) gvell(1) gvel2(1)

tlen(10) gvell(10) gvel2(10)

numpthmed

pthmed(; ,

thlain(1,1) tbi.tim(1,1)

anstd(1,1) sorcoer(1,1) reccor(1,1)
timsd(1,1) azsd(1,1)

thl.atn(10,1) tbl.tim(10,1)
ainsid(10,1) sorcor(10,1) reccor(10,1)
timsd(10,1) azsd(10,1;

pthmed(numpthmed)

thl.atn( 1 ,numpthmed) tbl.tim(1,numpthmed)

atnsid{1,numpthmed) sorcor(1,numpthmed) reccor{1,numpthmed)
timsd(1,numpthmed) azsd(1,numpthmed)

tbl.atn(10,numpthmed) tbl.tim(10,numpthmed)
atnstd(10,numpthmed) sorcor(10,numpthmed) reccor(10,numpthmed)
timsd{10,numpthmec) azsd{1G,numpthm=d)




Table A.7. Path Grid File

PATH GRID FILE
title
numpgriat numpgrion
pgriatl pgrionl
pgriatd.l pgriondel

pthmedname(1) pgriay(1) pgrion(1)

pthmedneme(numpgrlat x numpgrion) pgrlat(numpgrlat) pgrion(numpgrion)
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Table A.8. Attenuation File

ATTENUATION FILE
_ Suffix: _.atn
titie
numatnfrq
atnfrq(1) ... atnfrg(numatnfrq)
numatndst

atndsit(1) ... atndst(numatndst)
attenuation for frequency = atnfrq(/) < comment line
atnamp(1,1) ... atnamp(numatndst,l)

attenuation for frequency = atnfrq(nwmatnfrq) < comment line
atnamp(1,numatnfrq) ... atnamp(numatndst,numatnfrq)




Table A.9. Travel Time File

- TRAVEL TIME FILE
Suffix: _.tim
] title
numtimdph
timdph(1) ... timdph(numtimdph)
numtir.dst

timdst(1) ... timdst(numtimdst)
travel-time for depth = depth(l) <= comment line
- tratim(1,1) ... tratim(numtimdst,1)

.

travel-time for depth = depth(numtimdph) <= comment line
tratim(1,numtitndph) ... tratim(numtimdst,numtimdph)
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11.

12.
13.

Path Medium File (.pmd)

tizle ~ Title of the path medium file.
dir — Directory for the attenuation and travel time files.

tlen(j), j = 1, 10 — Time window length used for the spectral estimate for each
wave.

gvell(j) and gvel2(j), j = 1, 10 — Range of group velocities used for the spectral
estimate for cach wave (if tlen(j) is less than zero).

numpthmed — Number of different path media.

pthmed(i), i = 1, numpthmed ~ Path media names (e.g., stable and tectonic).
thl.atn(i), i = 1, numpthmed — File names for attenuation data tables.
tbl.tim{i), i = 1, numpthmed — File names for travel time data tables.

atnstd(j,i), j = 1, 10 and i = 1, numpthmed — Standard deviation of log attenua-
tion.

sorcor(ji), j = 1, 10 and i = 1, numpthmed — Log source correction factor for
teleseismic distances.

reccor(j,i), j = 1, 10 and i = 1, numpthmed — Log receiver correction factor for
teleseismic distances.

timsd(j,i), j = 1, 10 and i = 1, numpthmed — Travel time standard deviation (s).
azsd(j,i), j = 1, 10 and i = 1, numpthmed — Azimuth standard deviation (degrees).

Path Grid File (.pgr)

title — Title of the path grid file.

numpgrlat numpgrlon — Number of latitudes and longitudes in the path medium
grid.

pgrlatl pgrionl — Southernmost latitude and westernmost longitude in the path
medium grid.

pgriatdet pgriondel — Latitude increment and longitude increment for the path
medium grid.

pthmedname(l), | = 1, numpgrlat x numpgrion ~ Path medium name (e.g., stable
or tectonic) for each grid element.

pgrlai(i) and pgrion(j), i = 1, numpgrlat and j = 1, numpgrion — Latitude and
longitude of the southwest comner of each grid element.

Attenuation File (.atn)

tirle — Tide of the attenuation file.
rumatnfrq — Number of frequencies in tiie attenuation file.
atnfrq(i), i = 1, numatnfrq — Frequencies (Hz).
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4. numatndst — Number of distances in the attenuation file.

bt

atndst(j), j = 1, numatndst ~ Distances (degrees).

6. atnamp(ji), j = 1, numatndst and i = 1, numatnfrq — Attenuation amplitude (log
m™).

Travel Time File (.tim)

title ~ Title of the travel time file.

numtimdph — Number of depths in the travel time file.

timdph(i), i = 1, numtimdph — Depths (km).

numtimdst — Number of distances in the travel time file.

timdst(j), j = 1, numtimdst ~ Distances (degrees).

tratim(j,i), j = 1, numtimdst and i = I, numtimdph — Travel times (s).

AN O S o A

Site/Station Data. The site/station data define the station parameters (e.g., station
locations, station corrections, station reliability, signal-to-noise ratios required for
detection, etc.) and the local site response and array gain functions. There are two
input file types in this category: the station file and the site response file. The station
file is indexed in the control file. The site response file (for each station and wave) 1s
indexed in the station file. The station file also indexes the ambient noice and noise
factor files (next section). Tables A.10—A.11 show the format of the site/station input
files. The following list defines each input paramecter.

Station File (.sta)

title ~ Title of the station file.
dir — Directory for the site response, noise, and noise factor files.
thl.nfc(i), i = 1, 10 — File name for the noise factor (coda decay rate) file.

prewav(i), i = 1, 10 — Phase identification of the previous arrival (e.g., i = 5 for
Lg and prewav(5) = Sn).

5. numsta - Number of stations in the network.

6. swid(j), j = 1, numsta — Station identification (e.g., ANTO).

7. tbi.noi(j), j = 1, numsta — File name for the ambient noise power spectral density.
8

9
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noisd(j), j = 1, aumsta ~ Standard deviation of the log ambient noise amplitude.
stalat(j) staion(j), j = 1, numsta — Station latitude and longitude.

10. swarel(j), j = 1, numsta — Station reliability (< 1.0).

11. starho(j), j = 1, numsta - Density of the receiver medium (kg/m®).

12. stacor(ij), i = 1, 10 and j = 1, numsia — Station correction to log amplitude.

13. susigsd(ij), i = 1, 10 and j = 1, numsta — Station-specific standard deviation of
the log signal amplitude.
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Table A.10. Station File

STATION FILE
Stgjix: Sta
title
dir
thl.nfc(1) prewav(l)
tbl.nfe(10) prewav(10)
numsia

staid(1) tbl.noi(1) noisd(1)
stalai(1) stalon(1) starel(1)
starho(1)
stacor(1,1) stsigsd(1,1) snrth(1,1)
statimsd(1,1) staazsd(1,i) stavel(1,1) tbl.srs(1,1)

stacor(10,1) stsigsd(10,1) snrth(10,1)
statimsd(10,1) staazsd(10,1) stavel(10,1) tbl.srs(10,1)

staid(numsta) tbl.noi(numsta) noisd(numsta)
stalar(numsta) stalon(numstaj sturel(numsta)
starho(numsta)
stacor(1.numsta) stsigsd(1,numsta) snrth(1,numsta)
statimsd(l,numsta) staazsd(1,numsta) stavel(l,numsta) tbl.srs(1,numsta)

stacor(10,numsta) stsigsd(10,numsta) snrth(10,numsta)
statimsd(10,numsta) staazsd(10,numsta) stavel(10,numsta) tbl.srs(10,numsta)




Table A.11. Site Response File

SITE RESPONSE FILE
Suffix: .srs
title
numsrs

srsfrq(1) srsamp(1)

srsfrq(numsrs) srsamp(numsrs)
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15.

16

17.

18.
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snrth(ij), i = 1, 10 and j = 1, numsta - Signal-to-noise ratio threshold for detec-
tion.

statimsd(ij), i = 1, 10 and j = 1, numsta — Station-specific travel time standard
deviation (s).

staazsd(i,j), i = 1, 10 and j = 1, numsta — Station-specific azimuth standard devi-
ation (degrees)

stavel(ij), i = 1, 10 and j = 1, numsta — Velocity of the receiver medium (in
my/s).

thlsrs(ij), i = 1, 10 and j = 1, numsta — File name for the site response data file.

Site Response File (.srs)

title — Title of the site response file.

numsrs — Number of frequencies in the site response file.
srsfrq(i), i = 1, numsrs — Frequency (Hz).

srsamp(i), i = 1, numsrs — Log amplitude of the site response.

Noise Data. The noise data define the ambient station noise spectra and coda decay
rates that determine the noise levels for secondary phases (see Section 2). There are
two input file types in this category: the noise file and the noise factor file (coda decay
rate). Both of these files are indexed in the station file. There is a separate ambient
roise file for each station, and a separate noise factor file for each wave type. Tables
A.12-A.13 show the format of the noise input files. The following list defines each
input parameter.

Pl ol A

AW

Ambient Noise File (.noi)

title — Title of the ambient noise file.

numnoi — Number of frequencies in the ambient noise file.

noijrq(i), i = 1, numnoi — Frequency (Hz)

noiarap(i), i = 1, numnoi — Log noise power spectral densicy (nm?%/Hz.)

Noise Factor File for Secondary Phases (.nfc)
title — Title of the noise factor file.
numnfc — Number of distances in the noise factor file.

nfedsi(i), i = 1, numnfc — Distance (degrees)
nfefac(i), i = 1, numnfc — Noise factor (or coda decay rate).
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Table A.12. Ambient Noise File

AMBIENT NOISE FILE
Suffix:_noi

title
numnoi
noifrq(1) noiamp(1)

noifrg(numnoi) noiamp(numnoi)

83

o i et v = g




Table A.13. Noise Factor File

‘ NOISE FACTOR FILE
Suffix: _.nfc

%' title

; numnfc

nfcdsi(1) nfcfac(l)

- nfcdst(numnfc) nfcfac(numnfc)
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OUTPUT DATA

There are two NetSim output files: a graphics file (suffix = ".gra") and a list file (suffix
= "Ist"). These suffixes are appended to the output prefix specified in the control file.
The grapnics file is an ASCII file that is read by SnapCon to create contour maps of
the NetSim output (see Section 3). The list file is also an ASCII file and it includes
individual station probabilities, the frequency of the maximum signal-to-noise ratio,
and location importances for each wave, station and epicenter.

Graphics File. The graphics output file contains information from the control file to
identify the run parameters. More importantly, it contains epicenters, detection thres-
holds, probabilities, and location uncertainties that are used as input to SnapCon for
plotting contour maps. Tables A.14 shows the format of the graphics output file.
Most of the parameters in the ".gra" file were described above (control input). Only
parameters not described previcusly are identified in the following list.

Graphics File (.gra)

1. episize(i), i = 1, numepi — Event size in units specified by sizerype. These are
detection thresholds for a NetSim threshold run.

2. fnewprob(i), i = 1, numepi — Probability of detection for the network.

3. fracloc(i), i = 1, numepi — Fraction of Monte Carlo realizations with sufficient
data to constrain location.

4. smajl(i) and smaj2(i), i = 1, numepi — Length of the semi-major axis (km) for
prctlo and prcthi, respectively (smajl(i) = smaj2(i) for probability-weighted loca-
tion uncertainties).

5. sminl(i) and smin2(i), i = 1, numeni ~ Length of the semi-minor axis (km) for
prctlo and prcthi, respectively (sminl(i) = smin2(i) for probability-weighted loca-
tion uncertainties).

6. strkl(i) and strk2(i), i = 1, numepi — Strike of the semi-piinor axis for prctlo and
prcthi, respectively (strkl(i) = strk2(i) for probability-weighted location uncertain-
ties).

7. depthl(i) and deptt2(i), i = 1, numepi ~ Depth uncertainty (km) for prctlo and
prethi, respectively (depthl(i) = depth2(i) for probability-weighted location uncer-
tainties).

List File. The list output file contains detailed information about the detection and
location parameters at each station and for each epicenter. Tables A.15 shows the for-
mat of the list output file. The first page lists the control data for the run. The second
page lists the wave-independent station data, and this is followed by one page of sta-
tion data for each wave used in the NetSim run. After that, there are two pages for
each epicenter. The first of these lists for each wave at the individual stations the pro-
bability of detection, the frequency of the maximum signal-to-noise ratio, and the
amplitide standard deviation. The second page for each epicenter fists for each wave
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Table A.14. Graphics File

GRAPHICS FILE
Suffix: _gra
Title of Run s bitle
Date and Time of Run : idate, itime
Control File Name : fllecnt
Epicenter File Name : fileepi
Source Media File Name : filesmd
Source Grid File Name : filesgr
Path Media File Name : file pmd
Path Grid File Name : flepgr
Sution File Name : flesta
Output Prefix : oulpre
Output Directory : outdir
Input Directory : dir
Run Type : runtype
Sub-run Type : subtype
Detection Criteria : deterit
Waves to Use in Location < locwaves
Event Size Type : Sizetype
Event Size : evsize
Minimum Event Size : evmin
Maximum Event Siz» : evmax
Probability of Detection : probdet
Low Probability Cutoff : cutlo
Regional Distance : regdist
Location Confidence Level : probloc
Number of Monte Carlo Simulations : numearlo
Low % Monte Carlo : pretle
High % Monte Caro : prethi
Fixed or Free Depth : depthfix
eventdepth : eventdepth
Number of Frequencies : numrunfrq
Run Frequencies : runfrq(1)
runfrg(numrunfrq)

numsta
staid(l) stalal(1) stalon(l)

Staid(numsta) sialai(numsta) stalon(numsta)

numepi

epilai(1) epilon(1) episize(1) fnetprob(?) fracloc(1)
smajl(l) sminl(1) strk}{1) depthl(l)
smaj2(1) smin2(1) .tri2(1) depih2(1)

epilal(nm;;i) epilon(numepi) episize(numepi) fuetprob(numepi) fracloc(numepi)
smajl(numepi) sminl(numepi) strkl (numepi) depthl(numepi)
smaj2(numepi) smun2(numepi) strk2(numepi) depth2(numepi)
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Table A.15. List File

LIST FILE (Page 1)
- Suffix: Ist —
Title of Run s title
Date and Time of Run : iate, itime
Contro] File Name : file.omt
Epicenter File Name : file.epi
Source Media File Name : filesmd
Source Grid File Name : file.sgr
Path Media File Name : file.pmd
Path Grid File Name : fle.pgr
Station File Name :flesta
Output Prefix : outpre
Output Directory : osidir
Input Directory s dir
Run Type : runtype
Sub-run Type : subtype
Detection Criteria : deterit
Waves to Use in Location : locwaves
Event Size Type : sizetype
Event Size : evsize
Minimum Event Size : evmin
Maximum Event Size : evmax
Probability of Detection : probdet
Low Probability Cutoff : cutlo
Regional Distance : regdist
Location Confidence Level : probloc
Number of Monte Carlo Simulations : numcarlo
Low % Monte Carlo : pretlo
High % Monte Carlo : prethi
Fixed or Free Depth : depthfix
eventdepth : eventdepth
Number of Frequencies : numrunfrq
Run Frequencies : runfrg(1)
runfrg(numrunfrq)
LIST FILE (Page 2)
Sufix: st
STATION DATA
STATION FILE DIRECTORY: stadir
NOISE AMBIENT-NOISE
I ILENT LAT. RELIAB. DENSITY SD TABLE
ista staid stalat starel starho i oisd tblnoi

TN R PN LIS O
SR BIRLENY L
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LIST FILE (Pages 3-X)
Suffix: st

STATION TABLE (wavemame -WAVE)

STATION S/N WAVE SIGNAL TIME AZIMUTH SITE RESPONSE
I IDENT CORRECTION RATIO VELOCITY SD SD SD TABLE
ista staid stacor sarth stavel stsigsd Statimsd staazsd tbl.srs
LIST FILE (Page X+1)
_ Suffix: st
EPICENTER iepi LAT=epilat LONG= epilon
EVENT SIZE : episize NETWORK PROBABILITY (%) : fuetprob
NUM. OF ITERATIONS : mwniter  ITER. BOUNDS EXCEEDED : outbound
SEMI-MAJOR AXIS (LO) : smajlo SEMI-MAJOR AXIS (HI) : smajhi
SEMI-MINOR AXIS (LO) 1 sminlo SEMI-MINOR AXIS (HI) : Sminhi
STRIKE (LO) : strklo STRIKE (HI) : strkhi
DEPTH-INTERVAL (LO) : depthlo DEPTH-INTERVAL (HI) : depthhi
MONTE CARLO FRACTION : fracloc
wavename -WAVE
ANG. STATION FREQ. OF AMPL
STATION DIST AZM PROB. MAX. SN ATTENSD
ista  siaid stadist staazm staprob Jrgmax ampsd
LIST FILE (Page X+2)
Suffix: st
EPICENTER iepi LAT= epilat LONG= epilon
wavename -WAVE
ANG. EPICENTER DEPTH
STATION DIST AZM ATD AZSD IMPORT. IMPORT.
ista  swid stadist staarm timsd azxsd

epii

depthis




at each station the arrival time and azimuth standard deviations, and the epicenter and
depth importances (see Ciervo et al., 1985).

]

1

}
‘
{
' 89 !




(THIS PAGE INTENTIONALLY LEFT BLANK)




DISTRIBUTION LIST i
FOR UNCLASSIFIED REPORTS :
DARPA-FUNDED PROJECTS
(Last Revised: 26 Sep 89)

RECIPIENT ‘ NUMBER OF COPIFS

\ DEPARTMENT OF DEFENSE

DARPA/NMRO 2
~ ATTN: Dr. R. Alewine and Dr. R. Blandford

! 1400 Wilson Boulevard

Arlington, VA 22209-2308

| Defense Intelligence Agency 1
' Directorate for Scientific and

Technical Intelligence
Washington, D.C. 20340-6158

Defense Nuclear Agency 1
Shock Physics Directorate/SD
Washington, D.C. 20305-1000

Defense Technical Information Center 2
Cameron Station
Alexandria, VA 22314

' ‘ DEPARTMENT COF THE AIR FORCE
AFOSR/NP 1
Bldg 410, Room C222

! Bolling AFB, Washington, D.C. 20332-6448

i AFTAC/STINFO 1
Patrick AFB, FL. 32925-6001

AFTAC/TT 3
- Patrick AFB, FL. 32925-6001

AFWL/NTESG 1
Kirkland AFB, NM 87171-6008

i
| R b
| : 91 :
| !

T et SRR A g et n et R i o R ] e - - - - |




GL/LWH 1
ATTN: Mr. J. Lewkowicz

Terrestrial Sciences Division

Hanscom AFB, MA. 01731-5000

BEPARTMENT OF THE NAVY

|

! NOKDA 1
ATIN Dr. J. A. Ballard

Code 543

NSTL Station, MS 39529

DEPARTMENT OF ENERGY

i Department of Energy 1
ATTN: Mr. Max A. Koontz (DP-331)

International Security Affairs

1600 Independence Avenue

Washington, D.C. 20585

; Lawrence Liveimore National Laboratory 3
: ATTN: Dr. J. Hannon, Dr. S. Taylor, and Dr. K. Nakanishi
‘ University of California
' P.O. Box 808
Livermore, CA 94550

Los Alamos Scientific Laboratory 2
ATTIN: Dr. C. Newton
. P.O. Box 1663
? Los Alamos, NM 87544

Sandia Laboratories 1
ATTN: Mr. P. Stokes, Dept. 9110

P.O. Box 5800

Albuquerque, NM 87185

- s e - -

OTHER GOVERNMENT AGENCIES

Central Intelligence Agency 1
ATTN: Dr. L. Turnbull

OSI/NED, Room 5G48

Washington, D.C. 20505




* U.S. Arms Control and Disarmament Agency

ATTN: Dr. M. Eimer
Verification and Intelligence Bureau, Room 4953
Washington, D.C. 20451

U.S. Arms Control and Disarmament Agency
ATTN: Mr. R. J. Momrow

Multilateral Affairs Bureau, Rm 5499
Washington, D.C. 20451

U.S. Geological Survey

ATTN: Dr. T. Hanks

National Earthquake Research Center
345 Middlefield Road

Menlo Park, CA 94025

U.S. Geological Survey MS-913
ATTIN: Dr. R. Masse

Global Seismology Branch

Box 25046, Siop 967

Denver Federal Center

Denver, CO 80225

UNIVERSITIES

Boston College
ATTN: Dr. A. Kafka
Western Observatory
381 Concord Road
Weston, MA 02193

California Institute of Technology
ATTN: Dr. D. Harkrider
Seismological Laboratory
Pasadena, CA 91125

Columbia University

ATTN: Dr. L. Sykes

Lamont-Doherty Geological Observatory
Palisades, NY 10964

Cornell University
ATTN: Dr. M. Barazangi
INSTOC

Snee Hall

Ithaca, NY 14853

"~
3
3
I
X
i
£
1
:
{
%




" Barvard University 1
ATTN: Dr. J. Woodhouse
Hoffman Laboratory
20 Oxford Street
Cambridge, MA 02138

Massachusetts Institute of Technology 3
ATTN: Dr. S. Soloman, Dr. N. Toksoz, and Dr. T. Jordon

Department of Earth and Planetary Sciences

Cambridge, MA 02139

Southern Methodist University 2
ATTN: Dr. E. Herrin and Dr. B. Stump
N Geophysical Laboratory
Dallas, TX 75275
State University of New York at Binghamton 1

ATTN: Dr. F. Wu
Department of Geological Sciences
Vestal, NY 13901

St. Louis University 2
ATTN: Dr. B. Mitchell and Dr. R. Herrmann

Department of Earth and Atmospheric Sciences

4 3507 Laclede

St. Louis, MO 63156

The Pernsylvania State University 1
ATTN: Dr. S. Alexander

Geosciences Department

403 Deike Building

University Park, PA 16802

University of Arizona 1
ATIN: Dr. T. Wallace

Department of Geosciences

Tucson, AZ 85721

University of California, Berkeley 1
ATIN: Dr. T. McEvilly

Department of Geology and Geophysics

Berkeley, CA 94720

University of California, Los Angeles 1
ATIN: Dr. L. Knopoff

405 Hilgard Avenue

Los Angeles, CA 90024




University of California, San Dicgo
ATIN: Dr. J. Orcutt

Scripps Institate of Oceanography
La Jolla, CA 92093

University of Colorado
ATIN: Dr. C. Archambean
CIRES

Boulder, CO 80309

University of Illinois
ATTN: Dr. S. Grand
Department of Geology
1301 West Green Street
Urbana, IL. 61801

University of Michigan

ATTN: Dr. T. Lay

Department of Geological Sciences
Ann Arbor, MI 48109-1063

University of Nevada
ATIN: Dr. K. Priestley
Mackay School of Mines
Reno, NV 89557

University of Southern California
ATIN: Dr. K. Aki

Center for Earth Sciences
University Park

Los Angeles, CA 90089-0741

DEPARTMENT OF DEFENSE CONTRACTORS

Analytical Sciences Corporation, The
Dr. Richard Sailor

ATTN: Document Contro]

S5 Walkers Brook Drive

Reading, MA 01867

Applied Theory, Inc.
ATTN: Dr. J. Trulio

930 South La Brea Avenue
Suite 2

Los Angeles, CA 90036

95

T e e e e e o e e g s

PR L | S SO




—————

g

Center for Seismic Studies

ATTN: Dr. C. Romney and Mr. R, Perez
1300 N. 17th Street, Suite 1450
Arlington, VA 22209

ENSCO, Inc.

ATTN: Mr. John R. Stevenson
P.O. Box 1346

Springfield, VA 2215]

ENSCO, Inc.

ATTIN: Dr. R. Kemerait
445 Pineda Court
Melboumne, FL. 32940-7508

Gould Inc.

ATTN: Mr. R. J. Woodard
Chesapeake Instrument Division
6711 Baymeado Drive

Glen Burnie, MD 21061

Maxwell Laboratories, Inc.
S-CUBED Reston Geophysics Office
ATTN: Mr. J. Murphy, Suite 1112
11800 Sunrise Valley Drive

Reston, VA 22091

Pacific Sierra Research Corp.
ATTN: Mr. F. Thomas

12340 Santa Monica Boulevard
Los Angeles, CA 90025

Rockwell International
ATTN: B. Tittmann

1049 Camino Dos Rios
Thousand Oaks, CA 91360

Rondout Associates, Inc.
ATTN: Dr. P. Pomeroy
P.O. Box 224

Stone Ridge, NY 12484

Science Applications International Corporation
ATTN: Document Control (Dr. T. Bache, Jr.)
10260 Campus Point Drive

San Diego, CA 92121




Science Horizons

ATTN: Dr. T. Cherry and Dr. J. Minster
710 Encinitas Blvd.

Suite 101

Encinitas, CA 92024

S-CUBED, A Division of Maxwell
Laboratories, Inc.

ATTN: Dr. Keith L. McLaughlin

P.O. Box 1620

La Jolla, CA 92038-1620

Sierra Geophysics, Inc.

ATTN: Dr. R. Hart and Dr. G. Mellman
11255 Kirkland Way

Kirkland, WA 98033

SRI International

ATTN: Dr. A. Florence
333 Ravenswood Avenue
Menlo Park, CA 94025

Teledyne Industries, Inc.

Teledyne Geotech Alexandria Laboratorie:
ATTN: Mr. W. Rivers

314 Montgomery Street

Alexandria, VA 223514-1581

Woodward-Clyde Consultants
ATTN: Dr. L. Burdick

P.O. Box 93254

Pasadena, CA 91109-3254

NON-US RECIPIENTS

Blacknest Seismological Center

ATTN: Mr. Peter Marshall

Atomic Weapons Research Establishment
UK Ministry of Defense

Brimpton, Reading RG7-4RS

United Kingdom

National Defense Research Institute

ATTN: Dr. Ola Dahiman
Stockholm 80, Sweden

97

g o« A o T TR AR e St T T

oo i 0 Kl T 0 eSS TR




b
H
&
¥
i
4
M
S
i
4
3
i
i
i

——— = -~

' NTNF NORSAR

1
ATTN: Dr. Frode Ringdal
P.O. Box 51
N-2007 Kjeller
Norway

OTHER DISTRIBUTION

To be determined by the project office

TOTAL 81

98

T T s G a Rt R s min o5 e e e




