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1. Introduction

An essential part of monitoring a comprehensive test ban treaty is the
evaluation of the performance of the monitoring network. Previous
programs have focused on the ability of networks to detect seismic sources but
have not been able to evaluate the identification performance of the network.
The computer program Xnice, for Network Identification Capability
Evaluation running under an X-windows interface, has been for this purpose.
The program simulates the detection, location and identification of
populations of events recorded on regional and teleseismic networks using a
Monte Carlo approach. This approach allows one to isolate the effects of
source type, propagation path, and‘ choice of discriminants on the
discrimination process. In addition, discriminant performance and network
thresholds of detection, location and identification are assessed.

Xnice generates the parameters of a sequence of events and computes the
ground motions from the events at the stations of the network. The features
of the ground motions used for discrimination are then measured, and
discrimination scores are assigned to each event. From a suite of events, the
performance of the network and the discriminants can be assessed. The
program has the capability to compute signals from earthquakes, quarry blasts
and both overburied and normally buried explosions.

Development of Xnice began with the program Nice described in Barker
and Rodi (1986). Although the core routines for telesesmic analysis remain in
Xnice, the current programs are far more capable and user-friendly. Among
the enhancments to Xnice are the following:

1. A theoretical and practical means for modeling regional ground motions
that include, in a simple way with few parmeters, the effects of source type,
source emplacement materials, source depth, and of propagation on all
regional phases.

2. A means for modeling regional identification performance, including the
Lg spectral slope, Pn and Pg spectral slopes, Lg/P ratio, and Mo:ML, and a
means for forming scores of identification performance.

3. A means for interactively calibrating a network and source/propagation
parameters used in a netowrk simulation.



4. Establishment of a database of station (noise, down time, etc.) and
propagation parameters that have formats compatible with the detection
program NetSim.

5. Development of an extensive set of interactive methods for setting up
simulations and for examining the results as 2D plots or contour map
plots.

6. The incorporation of a modular design that easily allows inclusion of
additional source types, seismic phases and non-seismic signals (infrasonic
and hydroacoustic).We give an overview of the program in the main body
of the report, referring the reader to appendices in which details of
computational methods and program usage are included as Unix-style
“man” pages for programs and files. Following the overview, we describe
simulations in three geographic areas: (1) California-Nevada, (2) central
Europe and (3) the Middle East.

In the study of the California-Nevada region, we simulate earthquakes
and explosions used in Woods, et al. (1993) in their investigations of the
efficacy of the M1:My discriminant in that region. Using propagation and
source excitation parameters used by Barker, et al. (1994) for the western U.S,,
the simulations show that this discriminant is effective, as did Woods, et al.
Central Europe was chosen for study because there are numerous
investigations into the propagation properties of regional phases there. We
investigate the Lg/P ratio, Lg spectral ratio, M :Mp and depth by travel times
discriminants. In the simulations, the Lg/P discriminant is effective,
consistent with observations by Bennett, et al. (1992) and Wuster (1993). Lg
spectral slope appears less effective. Investigation of populations of M1 :My for
the different source types indicate that this would be a good discriminant, but
this is difficult to quantify without good long-period noise estimates (which
are currently unavailable). Using preliminary estimates of parameters for the
Middle East, we simulated events there and find the Lg/P discriminant to be
less effective than in central Europe, due both to earth structure and
earthquake stress drop differences between the two regions.



2. Description of Xnice
21  Introduction

Xnice is comprised of four modules. The user communicates with the
modules through the X interface, which also coordinates the modules. A flow
chart of the program is shown in Figure 1. The modular design allows one to
examine independently the effects of the seismic source, the wave
propagation, the seismic network operation (location and detection) and
discrimination rules on identification of events. The parameters of each
module can be verified by direct comparison with observations.

Xnice plots allows the user to examine a realization of the seismic events
and details of the discrimination results. In addition, a link to the plotter
package GMT provides map drawings. The appendices of this report describe
the methods, files and programs in detail. Further details on regional
propagation modeling can be found in Barker, ef al. (1994).

2.2 Events Module

The events module computes the source properties of a sequence of
events which are realizations of probability distributions derived from
observations of the source region. The distributions of earthquakes describe
the epicenter, depth, moment, focal plane orientation and recurrence interval
of the events. The program computes source parameters for earthquakes,
overburied and normally buried explosions and quarry blasts. The parameters
are chosen to be consistent with standard testing and quarrying practices (see
Barker, et al., 1994). Nuclear explosions are specified by their yield, and in the
case of overburied explosions, also by their depth of burial (a standard value
of scaled depth of burial is assumed for normally buried explosions). Quarry
blasts are specified by their total yield. The results of the events module are
written to a catalogue of events. Seismicity (natural and artificial) levels,
depth and epicenter distributions are specified by files, which the user chooses
with the X interface. The results of the events run can be viewed with a
plotting module, which plots cumulative and incremental seismicity, event
locations, depths and source sizes. The program can be run in two modes of
operation: (1) a sequence of events with the random distributions discussed
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above, or (2) a fixed event occurring on a uniform grid of latitude and
longitude. The second mode is used to generate contour maps of network
detection and identification performance. The events bulletin can also be
examined in lists of the bulletin which appear on the screen on demand

("pop_ups").
2.3  Synwav Module

The synwav module is a synthetic seismogram package. It reads the events
catalogue generated by the events module and station locations and detection
level parameters from a station file and computes synthetic teleseismic body
wave (P, pP and S phases) and fundamental-mode surface wave seismograms
for the network, and amplitudes of regional phases (Pn, Pg, Sn, Sg, Lg) at a set
of prescribed frequencies. Discrimination methods use measurements of peak
amplitude, spectral amplitude, period and travel time, which the program
models by incorporating the most important physical effects. The signals
depend upon the source spectrum (which depends on the moment),
instrument response, source depth, anelastic attenuation, and, for surface
waves, dispersion. The amplitude depends upon on source strength,
radiation pattern, geometric spreading and anelastic attenuation. The signals
are measured for amplitude, period and travel time after which random
noise is added to the measurements. Signals which do not meet a specified
signal-to-noise ratio are classified as non-detections. An arrival bulletin is
then written to a file. The parameters of wave propagation can be
regionalized and verified by comparison with observations. The user specifies
the bulletin names and propagation files through the X interface. The arrival
bulletins can be examined in pop-up lists.

24. Analyst Module

The analyst module reads the arrival bulletin made by the synwav
module and does calculations based upon network analysis. The calculations
include assignment of discrimination scores, network averaged my, Mg and
regional magnitudes, such as mp(Lg). The analyst module computes the
scores for these teleseismic discriminants: epicentral location, depth by pP,
depth by travel times and ratio of my, to Ms. We have now included regional




discriminants based on spectral amplitudes and slopes used in discriminants
such as the ratio of high to low frequency Lg. The program uses teleseismic
rules similar to those of AFTAC for censoring bad data (rejection of signals
based on signal-to-noise ratios and number of quadrants reporting) and for
assigning discrimination scores, which indicate the degree of confidence to
which the event can be considered an earthquake. The results of the
calculations by the analyst module are written to a discrimination bulletin
file.

2.5. Examine Module

The examine module makes lists and plots which allow the user to
examine interactively the discrimination bulletin and the identification
performance of the network. An X interface allows the user to view not only
the overall performance, but also features of the process which contributed to
the performance. For example, one may determine the identification rate as a
function of mp. In addition, discrimination bulletins can be compared with
this module. Thus, the results of a Monte Carlo simulation can be compared
with a bulletin derived directly from observations so that the program can be
calibrated for a particular seismic area and network. An extensive menu of
plots and lists are available to the user through the X interface.

2.6. Evswan Module

The evswan combines the events, synwav and analyst modules into one
module. This combination eliminates considerable overhead and duplication
and greatly reduces input/output operations. It thus requires much less
computer time than running the three modules separately.



3. Simulations

In this section, we describe simulations for three areas: the western U.S.,
central Europe and the Middle East. In addition, we have compared the
detection thresholds of earthquakes for mp(Lg) and M with those from
simulations we have done with program NetSim. Due to differences in the
way regional phases and surface waves are modeled in the programs, the
results are not precisely the same, but are close enough to conclude that they
are giving the same answers. We examine the detection thresholds for the
three areas and show results that Xnice gives that cannot be obtained by
NetSim. These results include the effects of source type and depth on
detection and the identification performance of the recording networks.

3.1 Simulation of Mj: My for Earthquakes and Explosions

Woods, et al. (1993) have compiled local magnitudes (Mp) and moments
(Mp) for earthquakes in southern California and Nevada and nuclear
explosions at NTS. Their data, which came from a variety of studies, show
that the ratio Mr:log(Mp) is an effective discriminant for events spanning a
wide range of magnitudes (from 2 to above 6), as can be seen on Figure 2. This
figure was made by us from data transmitted to us by B. Woods. The two
straight lines in the figure are linear fits to the earthquake and explosion
populations. The lines have the formulas:

M =—6+ -g—log(Mo) for earthquakes and (1)

Mp =-5.2+ %log(Mo) for explosions. )

As a check on the modeling capabilities of Xnice, we gathered the pertinent
data for the region and made simulations for the network in the study by
Woods, et al. (1993). The network is listed in Table 1:
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Table 1
Station Locations

Station Latitude Longitude

BKS 36.50 -122.30
STAN 36.31 -122.21
SBC 34.72 -119.76
ISA 35.66 -118.47
PAS 34.56 -118.22
GOL 39.70 -105.37
SVD 34.54 -117.13
PFCA 33.61 -116.46

The majority of earthquakes in the study were the main shock and
aftershocks of the My, = 4.9 event in Pasadena (12/3/88), the My, = 4.6 event at
Joshua Tree (4/23/92) and aftershocks of the Mj, = 7.1 Landers earthquake
(6/28/92). In addition, events at Lee Vining (mp = 5.0, 10/24/90) and Little
Skull Mountain (mp = 5.7, 6/29/92) were part of the data set. In the
simulation, a set of earthquakes in the vicinity of each of these five events
were included. Values of log(Mg) were uniformly distributed between 13 and
18 N-m. In addition, we included both overburied (dob = 500m) and normally
buried events with yields ranging from 0.01 to 1000 KT located on NTS. We
used the regional propagation path properties derived for the western U.S. by
Barker, et al. (1994). The results of the simulation are shown in Figure 3, on
which My, is plotted versus log(Mg) The events of the three source types are
indicated by symbols on the figure and dashed lines show the linear fits to the
data (equations 1 and 2, above). We see that the simulations follow the data
well, and that in particular the population of earthquakes separate from the
explosions. The data trends, scatter and absolute value follow the data. An
exception is that the values of My, are smaller for the earthquake simulations
than for the data for large events. The slope of magnitudes versus moment
curve decreases for larger moments for the simulated earthquakes primarily
because the source corner frequency shifts to below the My bandwidth
(around 1 Hz). The 'saturation” of Mj with moment has been widely

observed, and it is not clear why it is not observed for this data compilation.
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3.2. Simulations for Central Europe

The purpose of the calculations described in this section is to exercise

Xnice in Europe where there are regional propagation data and
discrimination results. We have synthesized the results of the following
studies: Bouchon, et al. (1990), Isrealsson and Carter (1991), Schulte-Pelkum
(1993), Shih, et al. (1994), Zielhaus and Nolet (1994), Kramme, et al. (1995) and
Campillo, et al. (1985). The regional propagation parameters are in the
following table (see file descriptions for regional parameters in Appendix C

for the meaning of the symbols):

Table 2
Regional Propagation and Exicitation Parameters for Central Europe
Phase Qo n n S chP Cclexp CBI f Cr f
Lg 500. 0.45 0833 |-205 |-04 -1.1 2.6 -1.1
Pg 750. 0.68 0.833 |-21.2 (0.8 -0.1 4.0 -1.5
Pn 1000. {0.80 0833 |-21.2 |22 -1.0 4.0 -1.5

The values of Lg attenuation were found in several of the papers
referenced above. The explosion and vertical force excitation levels were
found from synthetic seismogram calculations as described in Barker, et al.
(1994) using the earth structure from Lomax and Sneider (1994) (Figure 4).
The above parameters were used throughout the region except along the
Teisseyre-Tornquist Zone (TTZ), which has been observed to block regional
phases (Schweitzer, 1995). This is modeled by a zone 100 km wide in which
the values of Qg are reduced to 10% of the values in the table. For teleseismic
phases (P, pP and S), we use travel time and amplitude curves which are
taken from tables in Veith and Claussen (1972). The tables are in the same
format as those used by NetSim, but include values for a sequence of source
depths so that depth can be determined from travel times.

The stations used were the Conference on Disarmament WP224 primary
(Alpha) and secondary (Beta) networks (shown on Figure 5). Also shown on
the figure is the TTZ. Station parameters (noise spectra, location, down times)
were taken from the NetSim/Xnice database (McLaughlin, et al., 1995),
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Figure 5.

wp224: Alpha + Beta Stations

Map of central Europe showing the Conference on Disarmament
WP224 primary (Alpha) and secondary (Beta) networks. Also
shown is the Teisseyre-Tornquist Zone (TTZ).

13



where available. When noise estimates were unavailable at a station, the
parameters of the nearest available station or the station judged to be most
like it (with regard to distance from the ocean, etc.) was used. The fraction of
down time was set to a value of 0.10 for all stations. Using the parameters in
the above table, we generated a suite of events with four source types
(earthquakes, overburied explosions, normally buried explosions and quarry
blasts). The events used the standard source parameters described in
Appendix A. In keeping with the results of Kvamme, et al., 1995, the average
earthquake stress drop was set to the relatively low value of 2 Mpa (20 bars).
Earthquake depths were in the range 10 to 20 km while normally overburied
explosions were set at 500 m. Figures 6 and 7 show contour plots of the mp(Lg)
detection threshold in the region for earthquakes and overburied explosions,
respectively, using Alpha stations alone. The detection criteria are those used
by GSETT (see Appendix B). These plots were made by choosing the
Discrimination Plot and Contour Plot entries from the Plots menu, selecting
mp(Lg) threshold as the Plot Variable from the Discrimination Plot popup
window with the A condition set to GSE detection and the B condition set to
All Events Occurring. The plots shown in this report were made by pushing
the GMT plot "Yes" button, which spawns the GMT plot program (done
because this package makes postscript files which can be incorporated into
reports). A comparable plot also appears in the Xnice canvas. Note that the
detection threshold is higher for earthquakes than overburied explosions.
This is because (1) the GSE detection criteria are criteria for location using
regional or teleseismic P waves (Appendix B) and (2) the ratio of Lg to P
energy is higher for earthquakes. Thus, at a given myp(Lg), the P waves are
smaller for earthquakes or, put another way, the inferred threshold is higher.

Another way to view detection threshold is using the distribution of
events at particular source locations. We consider two source regions: 50N by
10E and 50N by 30E (also shown on Figure 5). The first source region is near
European Alpha stations as well as a large group of Beta stations. The second
source region is not near any stations.

In Figure 8, we show the incremental fraction of events at 50N by 10E
detected by the Alpha stations as a function of mp(Lg). Quarry blasts and

normally buried explosions are also included in these populations. These
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mb(L.g) detection thresholds (GSE criteria)
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Figure 6.  Contour plot of the mp(Lg) detection threshold for earthquakes
using Alpha stations alone.
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mb(Lg) detection thresholds (GSE criteria)

overburied explosions
wp224 network

cntrl__eur.obex.mblg_det_thresl':s .
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Figure 7. Contour plot of the mp(Lg) detection threshold for overburied
explosions, using Alpha stations alone.
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Alpha stations as a function of mp(Lg).
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plots were made by choosing the Discrimination Plot and XY Plot entries
from the Plots menu, choosing Incremental Fraction as the Y Variable and
mp(Lg) as the X Variable with the A condition set to GSE detection and the B
condition set to All Events Occurring. There are several things to note from
this figure. First, as seen in the contour maps, the detection threshold (the mp
at which the incremental fraction is 0.9) is higher for earthquakes than
overburied explosions and the other sources. In Figure 9, the detections are
shown as a function of moment. In this case, the quarry blasts have the
highest threshold since the finite duration of the source has the effect of
lowpass filtering the source spectrum (Barker, et al., 1994), reducing the mp
(amplitude near 1 Hz) relative to the moment. The detection curves at 50N by
30E, shown in Figure 10, illustrate the increase in threshold due to being
farther from most of the stations in the network.

Thresholds are traditionally deduced from data by fitting (using maximum
likelihood or other means) the observed cumulative distribution of events to
a Gaussian distribution. The target Gaussian joint distribution is the product
of conditional distributions, one of which is the distribution of events with
magnitudes. For earthquakes, this is usually based on a Poisson process (the
standard "b-value" model). For the populations shown in Figures 5 and 6, we
have instead used a uniform distribution of source sizes (yields for
explosions, moments for earthquakes) for ease of comparison between
sources. In addition, we compare incremental, rather than cumulative,
distributions because the distributions give the pleasing result of a constant
value of one above a certain magnitude, indicating complete detection or
identification above that magnitude. Figures 11 and 12 shows the effect of
including the Beta stations on contours of detection threshold for earthquakes
and overburied explosions. The thresholds are reduced significantly.

We have thus far focused on detection levels. In the following, we change

focus to identification levels and examine the identification performance of
three regional discriminants: Lg/P ratio, Lg spectral slope and M[:Mp and the

teleseismic discriminant based on depth by travel time. We have not
investigated the performance of the Mg:myp discriminant because reliable long

period noise estimates are currently not available except at a few stations.
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Figure 9.  The incremental fraction of events at 50N by 10E detected by the

Alpha stations as a function of moment.
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Discrimination bulletin:
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Figure 10.  The incremental fraction of events at 50N by 30E detected by the

Alpha stations as a function of mp(Lg).
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Contour plot of the mp(Lg) detection threshold for earthquakes

Figure 11.
using Alpha and Beta stations.
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overburied explosions
wp224 Alpha + proposed Beta stations

cntrl_eur.beta.obex.mblg_det_thresh
° 15° 30°

Figure 12.  Contour plot of the my(Lg) detection threshold for overburied
explosions, using Alpha and Beta stations.
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Long-period noise levels are quite variable and the results for Mg detection
and therefore Mg:myp, are very sensitive to these levels.

Figure 13 shows values of Lg/P versus my, for events at 50N by 10E. P
amplitudes are the larger of Pn and Pg. (The data points for the different are
much easier to distinguish on the original color plots generated by Xnice since
they are color coded). All values are corrected for propagation. It can be seen
in the figure that log(Lg/P) exceeds a value of about 0.2 for earthquakes and is
less than -0.2 for the other sources. The separation improves at higher
magnitudes, due primarily to better resolution of signal amplitudes. Figure 14
shows the incremental fraction of events which have been assigned a score of
1, the most earthquake-like score (see Appendix A) according to the Lg/P
discriminant. No explosion sources have a score of 1 while all earthquakes
above my, ~ 3.5 have a score of 1. Figure 15 shows the incremental fraction of
events with a score of 2 or higher (a score of 2 is less earthquake-like than a
score of 1, and scores of 3 and 4 are explosion-like). All the explosion sources
have a score of 2 or more above an myp(Lg) of about 2.5, with quarry blasts
having the lowest threshold and normally buried explosions the highest.

About 15% of the earthquakes have some explosion-like Lg/P ratios near
mp=>5, but none above that magnitude.

Contours of the identification threshold for the Lg/P discriminant are
shown for earthquakes in Figure 16. As with the discrimination thresholds,
distributions of the incremental fraction of events that were classified as
earthquakes were generated and fit to a Gaussian distributions. The contour
variable is the mp(Lg) at which the Gaussian distribution equals 0.9. For the
Alpha stations alone, the thresholds vary between 3.3 and 3.6. The inclusion
of the Beta stations (Figure 17) reduces the threshold by about 0.7 magnitude
units, particularly where the Beta stations are concentrated. Figure 18 shows
contours of the percentage of earthquakes identified as such by the Lg/P
discriminant. In continental Europe, the percentages are 95% or more, while
the values are around 75% in the Mediterranean Sea. Contours of the
percentage of overburied explosions identified as explosion-like by the Alpha
stations are shown in Figure 19. The percentages are greater than 95% in most
of the study area except in the Mediterranean Sea.



Discrimination bulletin: eur.50x10.2.unf
network: wp224

A conditions:

Class ¢16: occurring

areas: eur.50x10.2

mb range: 0.05to 6.22

Ms range: 0.00to 3.89
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Figure 13.  Values of Lg/P versus mpfor events at 50N by 10E. P amplitudes
are the larger of Pn and Pg.
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Lg/Pg at one Hz
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Discrimination bulletin: eur.50x10.2.unf
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Figure 15. The incremental fraction of events at 50N by 10E with a score of
2 or higher (a score of 2 is less earthquake-like than a score of 1,
and scores of 3 and 4 are explosion-like).
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Figure 16. Contours of the identification threshold for the Lg/P
discriminant are shown for earthquakes (Alpha stations alone).
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mb(Lg) identification thresholds for Lg/P
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Figure 17. Contours of the identification threshold for the Lg/P
discriminant are shown for earthquakes (Alpha and Beta
stations).
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Figure 18.  Contours of the percentage of earthquakes identified as such by
the Lg/P discriminant (Alpha stations alone).
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Percentage of explosion-like events by Lg/P at mb(Lg)=3.5

overburied explosions
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Figure 19. Contours of the percentage of overburied explosions identified
as explosion-like by the Alpha stations are shown.
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Values of Lg spectral slope versus mp(Lg) for events at 50N by 10E recorded
by the Alpha stations alone are shown in Figure 20. Spectral slope is
computed from the ratio of the average spectral amplitude between 1 and
2 Hz to the average spectral amplitude between 6 and 8 Hz. Except for quarry
blasts, there is considerable overlap of the populations on the plot. Using Beta
stations does not improve the separation of populations, as can be seen in
Figure 21. These results indicate that the Lg spectral slope discriminant is
effective for distinguishing earthquakes from quarry blasts in Europe, albeit
with some overlap (as found by Baumgardt, et al., 1991, and Pulli and Dysart,
1992), but would not be effective at identifying a localized shallow explosion.

We now consider the M :My discriminant. At 50N by 10E, the populations
of single explosions separate from earthquakes and quarry blasts in Mp, space,
as can be seen in Figure 22. The separation improves at larger magnitudes.
The figure shows “saturation” of earthquakes magnitudes with moment, a
commonly observed phenomenon, due to the effect of corner frequency. In
fact, the separation of earthquakes from single explosions is due primarily to
change in corner frequency, which is in turn a consequence of the low stress
drop used in these simulations. Numerical experiments done with values
near 10 Mpa (100 bars) show that the separation of the earthquakes does not
occur. For this discriminant, the Beta stations do not improve the
identification performance since the overlap of the populations is due to the
earthquake corner frequencies. The performance is slightly worse for the
sources at 50N by 30E, where there is considerable overlap due to increased
scatter caused by longer propagation distances. There are no observations of
the performance of My:Mp for central Europe, but these simulations indicate
that it would be an effective discriminant. Note that the values of moment
that are used in these figures are those in the Events bulletin. That is, the
values are not obtained by modeling the process of propagating surface waves
or long period body waves and deriving the moment from them but are the
true moments. This would be a simple matter using the methods for
extracting Mg in Stevens (1986), since the criteria for making a time domain
M; measurement are roughly equivalent to those for taking a spectrum and
making the path and attenuation corrections. However, this is currently not
implemented in Xnice. More importantly, we need good estimates of long-
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Figure 20.
recorded by the Alpha stations alone.
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Discrimination bulletin: eur.beta.50x10.2.unf
network: wp224+beta.europe

A conditions:
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Figure 21.  Values of Lg spectral slope versus my, for events at 50N by 10E
recorded by the Alpha and Beta stations.
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Figure 22.
recorded by the Alpha stations alone.
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period noise, which are not available at this time. For these reasons, we have
not computed threshold values for the M[:Mp discriminant, showing only

that it should be a valuable measure.

Figure 23 shows the incremental fraction of events at 50N by 10E which
have a score of one using the AFTAC discriminant based on depth computed
by travel times (see Appendix B). At mp(Lg) of 5.0, approximately 50% of the
earthquakes are identified by this discriminant. About 15% of the normally
buried explosions are determined to be earthquake-like, as are about 5% of
quarry blasts and overburied explosions. These misidentifications go to zero
above a magnitude of about 3.6. This is primarily due to a reduction in error
estimates with larger myp, as seen in Figure 24, which shows the vertical error
ellipse axis (at 90% confidence) as a function of mp(Lg) for this population of
events. Including Beta stations for events at this location raises the fraction of
earthquakes identified as such to around 70% and reduces the number of
explosions in this category to zero, as can be seen in Figure 25.

3.3. Simulations for the Middle East

In this section, we describe simulations for the Middle East. Since
knowledge of the propagation parameters for this region is limited, and
current studies in this area are in their initial stages, we have used estimates.
Therefore, the results should be considered preliminary. The area is assumed
to be divided into two propagation and source excitation parameter regions:
the African and Arabian Shields, and the Red Sea. For the shields, the
parameters were taken from those used by Barker, et al. (1994) for the eastern
U.S. For the Red Sea, we used propagation parameters which would cause
blockage of regional phases and taken source excitation parameters from
Barker, et al. (1994) for the western U.S.

Table 3
African/Arabian Shield Parameters
Phase Qo n n S Cot '’ c,’ c,’
Lg 600. 0.39 |0.833 -21.0 ]-0.28 -1.5 3.3 -1.6
Pg 500. 0.39 | 0.833 220 1}-0.16 -0.5 3.3 -1.3
Pn 1000. 0.60 | 0.833 -22.0 -0.16 -0.5 3.3 -1.3
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Discrimination bulletin: eur.50x10.2.unf
network: wp224

A conditions:

Class c8: 1’s by spec’d discriminant

Discriminants B conditions:
Depth from P travel times Class c16: occurring
areas: eur.50x10.2 areas: eur.50x10.2
mb range: 0.45to 6.24 mb range: 0.45to0 6.24
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Figure 23. The incremental fraction of events at 50N by 10E which have a
score of one using the AFTAC discriminant based on depth
computed by travel times (Alpha stations only).
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Discrimination bulletin: eur.50x10.2.unf
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Discrimination bulletin: eur.beta.50x10.2.unf
network: wp224+beta.europe

A conditions:

Class c8: 1’s by spec’d discriminant

Discriminants B conditions:
Depth from P travel times Class ¢16: occurring
areas: eur.beta.50x10.2 areas: eur.beta.50x10.2
mb range: 0.00 to 6.17 mb range: 0.00to 6.17
Ms range: 0.00 to 3.87 Ms range: 0.00 to 3.87
depth range: -280.19 to 257.02 depth range: -280.19 to 257.02
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Figure 25. The incremental fraction of events at 50N by 10E which have a
score of one using the AFTAC discriminant based on depth
computed by travel times (Alpha plus Beta stations).
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Table 4

Red Sea Parameters

Phase | Qo 1 n S Cy T c;® c)! c;’
Lg 40. 045 10.833 |[-20.5 -0.40 -1.1 3.6 -1.2
Pg 50. 068 |0.833 |-21.2 -0.16 -0.1 4.0 -1.5
Pn 80. 0.80 |0.833 |-21.2 2.2 -0.1 4.0 -1.5

We have examined the Middle East by focusing on the identification
performance of representative localized source regions. The stations, from the
Conference on Disarmament, August, 1995, consensus, and study area are
shown in Figure 26. As with the central Europe simulations (Section 3.2),
station parameters (noise spectra, location, down times) were taken from the
NetSim/Xnice database (McLaughlin, et al., 1995), where available. When
noise estimates were unavailable at a station, the parameters of the nearest
available station or the station judged to be most like it were used. The
average earthquake stress drop was set to 10 Mpa (100 bars). Earthquake depths
were in the range 10 to 20 km.

We begin with the detection levels. Figure 27 shows contours of mp(Lg)
detection threshold detected (using the GSE criteria). Values are low in the
northern part of the Arabian shield and increase rapidly towards the Indian
Ocean and central Africa, where station coverage becomes sparse. The
incremental fraction of events as a function of my(Lg) is shown in Figure 28
for four source types for sources at 30N by 40E. As with the central Europe
simulations (Section 3.2), earthquakes have the highest detection threshold,
which is approximately 2.8 at this location. This relation holds throughout
the region.

The performance of the Lg/P discriminant for events at this location (30N
by 40E) is shown in Figure 29. 100% of the earthquakes are identified as such
above a magnitude of about 3.6. However, between 30 and 60% are the
explosions are identified as earthquake-like.

In Figure 30, the incremental fraction of events determined to be
explosion-like by this discriminant is shown. Between 45 and 75% of the
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Figure 26.

Map of the Middle East showing the stations recommended by
the Conference on Disarmament, August, 1995, consensus.

40




mb(Lg) detection thresholds (GSE criteria)
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Figure 27.  Contour plot of the mp(Lg) detection threshold for earthquakes.
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Incremental Fraction

Figure 28.

Discrimination bulletin: mideast.30x40.unf
network: cdxaug95.alp.me

A conditions:

Class c14: GSE detection
areas: mideast.30x40

mb range: 0.00 to 7.01

Ms range: 0.00 to 4.98

depth range: -599.53 to 145.87

first year and number of years: 81 1

] L 1

B conditions:

Class ¢16: occurring

areas: mideast.30x40

mb range: 0.00 to 7.01

Ms range: 0.00 to 4.98

depth range: -599.53 to 145.87

first year and number of years:

0.0 0.5 1.0 1.5

2.0

[ |

25 3.0 3.5 4.0

mb( Lg)

function of mp(Lg).
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Discrimination bulletin: mideast.30x40.unf
network: cdxaug95.alp.me

A conditions:

Class ¢8: 1’s by spec’d discriminant

Discriminants
Lg/Pg at one Hz
areas: mideast.30x40
mb range: 0.00 to 7.01
Ms range: 0.00 to 4.98
depth range: -599.53 to 145.87

B conditions:

Class ¢16: occurring

areas: mideast.30x40

mb range: 0.00 to 7.01

Ms range: 0.00 to 4.98

depth range: -599.53 to 145.87

first year and number of years: 81 1 first year and number of years: 81 1
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Figure 29.  The incremental fraction of events at 30N by 40E identified as
earthquakes by the Lg/P discriminant a function of mp(Lg).



Discrimination bulletin: mideast.30x40.unf
network: cdxaug95.alp.me

A conditions:

Class c11: 2 or higher by spec’d discriminant

Discriminants B conditions:
Lg/Pg at one Hz Class ¢16: occurring
areas: mideast.30x40 areas: mideast.30x40
mb range: 0.00to 7.01 mb range: 0.00 to 7.01
Ms range: 0.00 to 4.98 Ms range: 0.00to 4.98
depth range: -599.53 to 145.87 depth range: -599.53 to 145.87
first year and number of years: 81 1 first year and number of years: 81 1
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Figure 30. The incremental fraction of events at 30N by 40E identified as
explosions by the Lg/P discriminant a function of mp(Lg).
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explosions are identified as such and less than 10% of the earthquakes are
explosion-like. This is because there is considerable overlap in the
populations, as shown in Figure 31. We also find that the populations for the
different sources overlap with respect to Lg spectral slope, except for quarry
blasts, as shown in Figure 32. Thus, this discriminant poorly discriminates
earthquakes from explosive tests.

These results are strongly dependent on the source excitation and
propagation path parameters, which are, again, quite preliminary. More
definitive results await calibration of the area.
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Discrimination bulletin: mideast.30x40.unf
network: cdxaug95.alp.me

A conditions:

Class c¢16: occurring

areas: mideast.30x40

mb range: 0.00 to 7.01

Ms range: 0.00 to 4.98

depth range: -599.53 to 145.87

first year and number of years: 81 1
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Figure 31.  Values of Lg/P versus mpfor events at 30N by 40E. P amplitudes

are the larger of Pn and Pg.
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Discrimination bulletin: mideast.30x40.unf
network: cdxaug95.aip.me

A conditions:

Class ¢16: occurring

areas: mideast.30x40

mb range: 0.00 to 7.01

Ms range: 0.00 to 4.98

depth range: -599.53 to 145.87

first year and number of years: 81 1

40E.

47

4.0 ' : : l - “& : : 4.0

3.8 1 X - 3.8

3.6 - & = - 3.6
| @ obex i _
34 y nbex 34
93.2 - a4 ab - 3.2 -3)
3.0 1 - 3.0 T
D 2.8 A 28 O
S-26- -26 &
O 24 - 24 T
—_ 2.2 - 2.2 —
g 2.0 - 2.0 g
O 1.8+ -1.8 O
S 16- 16 3
D 1.4 - -1.4 O
1.2 1 - 1.2 8"
—1.01g - 1.0 —

0.8 - - 0.8

0.6 ® - 0.6

0.4 . . ; T T 1 | . 0.4

10 15 20 25 3.0 35 40 45 50 55
mb( Lg)

Figure 32.  Values of Lg spectral slope versus mp(Lg) for events at 30N by
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Appendix A
File Descriptions

This appendix describes the files used by XNICE. All XNICE data files,
source files, library files and executable files are assumed to be in a directory
specified by the environment variable XNICE. In this directory is a file, called
“Init”, for initiating XNICE. The file sets additional environment variables
that are used by the various programs in the XNICE system. Each man page
has a "DIRECTORY” entry, which is the environment variable associated
with the directory. The following is a sample Init file, with the directory tree
starting at /sirius/itch /XNICE.

#! v

# Initialize the user for XNICE

# #
# Variables to be set for each system this runs on #

# #
setenv XNICE /sirius/itch/XNICE

# #
# I Environment variables | #

# #

# Tell X where to find resource files
setenv XAPPLRESDIR $XNICE/Xresources

# Declare files readable, writable, executable by all
umask 0

# General use temporary
setenv XNICE_TEMP $XNICE/temp
setenv XNICE_DATA  $XNICE/data

# Path to help screens
setenv XNICE_HELP $XNICE/helpfiles

# The XNICE ORACLE tablespace name (not yet implemented)
setenv XNICE_ORA XNICE/XNICE

setenv XNICE_SCRIPTS $XNICE/scripts
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# Nice environment variables

setenv SEISDIR $XNICE_DATA /nice/seismicity

setenv EVGRIDDIR $XNICE_DATA /nice/event_grids
setenv EVENTSDIR $XNICE_DATA /nice/event_bulletins
setenv ARRDIR $XNICE_DATA /nice/arrival_bulletins
setenv STNDIR $XNICE_DATA /nice/stnfiles

setenv NTWRKDIR $XNICE_DATA /nice/networks

# setenv DISCDIR $XNICE_DATA /nice/discrim_bulletins
setenv DISCDIR /sirius/itch2 /barker/nice/discrim_bulletins
setenv BWTABLS $XNICE_DATA /nice/bwtables

setenv RGNLTABLS $XNICE_DATA /nice/regional_tables/regional_parms
setenv BWREFS $XNICE_DATA /nice/reftab

setenv EIGDIR $XNICE_DATA /nice/eigfiles

setenv INSTDIR $XNICE_DATA /nice/inst

setenv STRDIR $XNICE_DATA /nice/str

setenv SYNDFL $XNICE_DATA /nice/synwav_defaults
setenv ANALDFL $XNICE_DATA /nice/anlyst_defaults
setenv RUNPARDIR $XNICE_DATA /nice/run_parameters
setenv CONTOURDIR $XNICE_DATA /nice/contour_data
setenv XYDATADIR $XNICE_DATA /nice/xy_data

setenv NOISEDIR $XNICE_DATA /nice/noise_spectra
setenv SRSDIR $XNICE_DATA /nice/srs_spectra

setenv LATLONDIR $XNICE_DATA /nice/latlon_parms
setenv MAGDIR $XNICE_DATA /nice/magnitude_relations
setenv PMDDIR $XNICE_DATA /nice/path_files

setenv PGRDIR $XNICE_DATA /nice/path_files

setenv THRLOGDIR $XNICE_DATA /nice/thresh_logs

I set path and PATH | #

ETRIETETS

setenv PATH ".:$XNICE/scripts:$XNICE/bin:$PATH"
setenv path ". $XNICE/scripts $XNICE /bin $path”

52



File Descriptions

FILE TYPE

body wave reference amplitude file
USED BY

synwav, evswan
CREATED BY

user
DIRECTORY

BWREFS
DESCRIPTION

This an ASCII file containing three reference values for which the body
wave amplitude tables were computed. The files are read with FORTRAN
free format statements (* format). There is a file for each teleseismic phase
and are named to correspond to the phase name (e.g., P, pP ). The three
numbers are

1 The reference moment (N-m).
2 The reference value on the radiation pattern.
3 The reference receiver amplification function.

Here is an example file:
4e51.1.

Values of the amplitude in the corresponding amplitude tables are scaled by
the product of these three num bers.
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FILE TYPE
body wave travel time and amplitude tables
USED BY
synwav, evswan
CREATED BY
user
DIRECTORY
BWTABLS
DESCRIPTION

This an ASCII file containing tables of travel time and amplitude versus
distance for a sequence of focal depths. The files are read with FORTRAN free
format statements (* format). There is a file for each teleseismic phase and are
named to correspond to the phase name (e.g., P, pP ). The data are stored in
the following order:

record number contents description
1 n number of depth samples
2 2122 ...2n focal depths
3 m number of distance samples
4 A1Ap. A distances
5 T11 A11 ... Tn1Apn1  travel times and amplitudes for first depth
6 T12 A1z ... Tno An2 travel times and amplitudes for second
depth
4+m Tim Aim - Tnm Anm  travel times and amplitudes for mth depth

Depths z are in km, distances A are in degrees, travel times in seconds and

amplitudes have units m-1. The amplitude curves are scaled by the reference
amplitudes in the body wave reference files to match observed source
strength-magnitude relations.
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FILE TYPE

path: surface wave source and propagation functions
USED BY
CREATED BY

S-subed utility program
DIRECTORY

EIGDIR
DESCRIPTION

This file is a binary filke containing surface wave dispersion curves and
eigenfunctions for a sequence of depths. The file is formed by using the S-
subed utility program eigcom to combine files at individual source depths.
These files are created by another S-subed utility program synsrf which
computes surface waves according to the formalism in Appendix A. The
binary files are written with the following FORTRAN statements:

write (luout) pathid
write (luout) nf
write (luout) (fr(i), i=1,nf), (pv(i), i=1,nf), (gv(i), i=1,nf),
(ar(i), i=1,nf), (el(i), i=1,nf), (gm(i), i=1,nf)
- do over depths:
write (luout) zsrc, alpha, beta, rho, mu, lambda, sigma write (luout)
((elg(lll)/ i=1,nf), ]’—'114)

The variables have the following meaning (symbols in parentheses
correspond to those in Appendix B):

name description
pathid 80-character identifier
nf the number of frequencies
fr frequency array
pv phase velocity array (c)
gv group velocity array
ar structure excitation function array (AR)
el ellipiticity array (e)
gm the distance attenuation parameter y array (y)
‘ Zsrc source depth (n)
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~alpha
beta
rho
mu
lambda

o
eig

P wave velocity at the source (o)

S wave velocity at the source ()
density at the source (p)

rigidity at the source (p)

Lame' paramaeter A at the source (A)

Poisson's ratio at the source (o)
source excitation function arrays array (Ejj=1,4)

56



FILE TYPE

Event grid parameters
USED BY

events, evswan
CREATED BY

user
DIRECTORY

EVGRIDDIR
DESCRIPTION

As described in the events module manual page, the seismic event
generator operates in one of two modes (specified by the grid flag in the run
parameters file). Events can be located on a grid for making map views of
identification properties or can be located in an area. The properties of the
seismicity in the area described in the seismicity parameter file, described
below. See the file description page for the seismicity parameter files for a
description of events located in an area.

The event grid parameter file is an ASCII file that is used to describe
attributes of the different source types. The keyword "type", followed by a
source type string indicates that records to follow apply to that source type.
The end of data for that source type is signaled by the keyword "end" (or the
end-of-file). The entries are as follows:

type eqk (earthquakes)
keyword fields description
moment  minMo maxMo incMo moment distribution (N-m)
depth depth source depth
latitude minlat maxlat inclat latitude bounds and increment (degrees)
longitude minlon maxlon inclon longitude bounds and increment
(degrees)
fault strike dip rake fault orientation (degrees)
sdrop stress_drop stress drop (Pa)
nrealize nrealize number of realizations
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Moments are distributed between minMo and maxMo at uniform intervals
incMo. The grid spans "minlat" to "maxlat" latitudes at "inclat" intervals,
and similarly for longitude. For each location, fault orientation and stress
drop, "nrealize” realizations of the event are generated. This is done to
compute thresholds in the examine module.

type nbex (normally buried explosions)

keyword fields description
yield minY maxY incY log yield bounds and increment
material  material_string emplacement material
latitude minlat maxlat inclat latitude bounds and increment (degrees)
longitude minlon maxlon longitude bounds and increment
inclon (degrees)
nrealize nrealize number of realizations

The material types are those programmed for the Mueller-Murphy source.

Permissible values are tuff, granite, shale and salt. Epicenters are specified as

with earthquakes (above). Depths of burial are assumed to occur at depths
d=125Y1/3,

type obex (overburied explosions)

keyword fields description
yield minY maxY incY log yield bounds and increment
material material_string emplacement material
latitude minlat maxlat inclat latitude bounds and increment (degrees)
longitude minlon maxlon inclon longitude bounds and increment (degrees)
dob dob depth of burial

The material types are those programmed for the Mueller-Murphy source.
Permissible values are tuff, granite, shale and salt. Epicenters are specified as
with earthquakes (above).

type gb (quarry blasts)
keyword fields description
yield minY maxY incY log yield bounds and increment
material =~ material_string emplacement material
latitude minlat maxlat inclat latitude bounds and increment (degrees)

longitude minlon maxlon inclon longitude bounds and increment (degrees)
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Yield here refers to the total yield (as opposed to individual charges). The
material types are those programmed for the Mueller-Murphy source.
Permissible values are tuff, granite, shale and salt. Epicenters are specified as
with earthquakes (above). Depths of burial are computed according to
standard blasting practices (see section of text describing source models).

A sample file follows:

type obex

latitude 10.0 40.0 15.0
longitude 25.0 70.0 15.0
yield .05 5. 20

dob 0.5

material granite
nrealize 10

end

type egk

latitude 10.0 40.0 15.0
longitude 25.0 70.0 15.0
depth 10.0

moment 13.5 15.5 0.1
fault 90.00 60.00 -90.0
sdrop 1.00e+07
nrealize 10

end
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FILE TYPE

instrument response
USED BY

CREATED BY

user

DIRECTORY

INSTDIR

DESCRIPTION

This file contains a long period or short period instrument response in the
form of poles and zeros:

Aﬁ(s —zj)

Is)=———,
11 (s~ p;)
j=1

where I(s) is the Laplace transform of the instrument response (s = i), A is a
scale factor, zi, ..., zn are the zeros and pj, ..., pm are the poles. The contents of
the ASCII instrument file are as follows:

record number entry(s)
1 identifier/comment  line (<= 80
characters)
2 A (the scale factor)
3 n (the number of poles)
4 through 4+m real and imaginary parts of poles

5+m through 4+m+n real and imaginary parts of zeros

Here is an example file:

+.461E-02
14
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-.20_9E+00 +.341E-02
- -.209E+00 -.341E-02
-.129E+00 +.270E+00
-.129E+00 -.270E+00
-.595E-01 +.236E-01
-.595E-01 -.236E-01
-.159E+00 +.594E+00
-.159E+00 -.594E+00
-.630E+00 0.
-.885E-01 0.
-.856E+00 +.255E+00
-.856E+00 -.255E+00
-.541E+00 +.683E+00
-.541E+00 -.683E+00

cooomn
cooo

61




FILE TYPE

magnitude vs yield or moment relations

USED BY

synwav, anlyst, evswan, xnice

CREATED BY

user

DIRECTORY
MAGDIR

DESCRIPTION

This file contains coefficients for linear relationships between magnitude
(mb) and yield or moment. Each record contains information for a particular
phase, and records are read until an end-of-file is sensed. The data for each
record in the order

phase_name yield_or_moment cl c2

where phase_name is a string giving the name of the phase (P, Lg),
yield_or_moment is a string which is either "moment" or "yield", and c1 and
c2 are the coefficients.

myp, = cl + c2 log (moment)

if yield_or_moment is "moment”, or

mp, = cl + c2 log (yield)
if yield_or_moment is “yield.”
Here is an example file:

P yield 3.5 0.75

P moment -12.2 1.0
pP yield 3.5 0.75

pP moment -12.2 1.0
S yield 3.5 0.75

S moment -12.2 1.0
Lg yield 3.5 0.75
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Lg moment -12.2 1.0
Pg yield 3.50.75

Pg moment -12.2 1.0
Pn yield 3.5 0.75

Pn moment -12.2 1.0
Sn yield 3.5 0.75

Sn moment -12.2 1.0
Ryield 2.0 1.0

R moment -12.1 1.0
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FILE TYPE

network station list

USED BY

events, synwav, anlyst, evswan, xnice

CREATED BY

user

DIRECTORY
NTWRKDIR

DESCRIPTION

This file conains a list of the stations that comprise the network to be
modeled. The names correspond to those in the STNFILES station description
files. The file is ASCII with one station name per record.



FILE TYPE
noise spctrum

USED BY

synwav, evswan

CREATED BY

user

DIRECTORY

NOISEDIR

DESCRIPTION

This is an ASCII file containing a ground noise spectrum. The file contains
an 80 character header in the first record followed by the number of spectral
values in the second record. The remainder of the file is a sequence of records
each having three values: frequency, log of mean noise (in microns), log of
standard deviation of noise.
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FILE TYPE

Regional propagation parameters
USED BY

synwav, anlyst, evswan, xnice
CREATED BY

user

DIRECTORY
RGNLTABLS

DESCRIPTION

This is an ASCII file containing propagation and source excitation
relations for regional phases. The file names associate the files with phases
(e.g., Lg, Pg). The first entry of each record is a keyword, with one or more
entries on the record. Earthquake amplitudes are assumed to follow a Nuttli-

type law:

A(f) = S(a/8g) ™ &71(A70) W
where v is related to Q through the relation

()

nf
f)=
v(f) 0,00
and
Q(f)=Qof"

In addition, the excitation of an explosion and vertical force relative to an
earthquake is specified as polynomials in log(f). That is,

1 Agrc (f ) src
% A (f) Aeqk(f ) E‘E)a °8 (f)

where src is either explosion or vertical force.
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The fields following the keywords are as follows (referring to the
equations above):

keyword description units
ggl ) Ug m/sec

elta Ag m
n n dimensionless
Qo Qo dimensionless
S S m/N-m (amplitude per moment)
exs m P &P dimensionless

1 e €

sps m C;’t C;):p m (moment per force)

Here is an example file:

Ug 3500.
delta0 1.264e5
n 0.83333
Q04.e20.45
S-20.5
exs20.4-1.1
sps23.6-1.2
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FILE TYPE

propagation parameters

USED BY

events, synwav, anlyst, evswan, xnice

CREATED BY

user

DIRECTORY
RUNPARDIR

DESCRIPTION

The propagation parameter files contain file and directory names that are
used by the xnice system. Most of the files are used by several of the modules.
The files can be created using the xnice users interface or by entering the
values with an editor. The files are ASCII, with each record containing a
keyword followed by a file name or parameter values. The entries are as
follows. Descriptions of the files can be found in this appendix. The last word
in parentheses in the following descriptions indicates which modules use the
file (and where more details can be found). The records may be in any order.

keyword description

network network station list file name (events,
synwav, anlyst)

events events catalog file name (events, synwav)

arrivals arrivals catalog file name (synwav, anlyst)

discrim discrimination catalog file name (anlyst,
xnice)

grid This entry indicates whether the event

locations are specified by a seismicity or grid
file (events).

year years in which events occur (used only if
natural seismicity is specified). (events)

area area (seismicity file) name (events)

lpinst long period instrument response file name
(synwav)

spinst short period instrument response file name
(synwav)
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path

str
bwdir

refdir
rgnldir

properr
freq

magrels
bwmeth

swmeth

pmdfil

pgrfil

surface wave eigenfunction and dispersion
file name (synwav)

structure file name (synwav)

body wave travel time and amplitude
directory (synwav)

body wave reference amplitude directory
(synwav)

regional wave propagation parameter
directory (synwav, anlyst)

propagation errors list (synwav, anlyst)
frequencies at which regional amplitude
spectra are computed (synwav, anlyst).
magnitude relations file name (synwav,
anlyst)

body wave calculation method
(convolution or magnitude) (synwav)
surface wave calculation method (synsrf or
magnitude). If magnitude is specified, the
magnituude relation and tectonic type must
follow (synwav).

path medium description file name
(synwav)

path grid file name (synwav)
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FILE TYPE

Seismicity parameters

USED BY

events, evswan

CREATED BY

xnice, user

DIRECTORY
SEISDIR

DESCRIPTION

As described in the events module manual page, the seismic event
generator operates in one of two modes (specified by the grid flag in the run
parameters file). Events can be located on a grid for making map views of
identification properties or can be located in an area. The properties of the
seismicity in the area described in the seismicity parameter file, described
below. See the file description page for the event grid parameter files for a
description of events located on a grid.

The seismicity parameter file is an ASCII file that is used to describe
attributes of the different source types. The keyword "type”, followed by a
source type string indicates that records to follow apply to that source type.
The end of data for that source type is signaled by the keyword "end" (or end-
of-file). The entries are as follows:

type eqk (earthquakes)
keyword fields description
moment a b minMo natural b-value recurrence rate (N-m)
moment minMo maxMo numMo uniform moment distribution (N-m)
uniform
years yearl nyrs interval for natural recurrence
depth ndep number of segments in depth

distribution
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z1 f1 | depth and cumulative fractions

anepfmdep

epicenters latl lonl lat2 lon2 112 epicenter box (degrees)

strike strike G strike and standard deviation (degrees)
dip dip ¢ dip and standard deviation (degrees)
rake rake 6 rake and standard deviation (degrees)
sdrop stress_drop © ~ stress drop and standard deviation (Pa)

The moment distribution is specified in two ways, depending on the fourth
field in the "moment" record. If the fourth field is "uniform"”, moments are
distributed between minMo and maxMo at uniform intervals numMy. If the

fourth field is "natural”, the cumulative number of events having a moment
greater than My follow the relation

logN(Mg)=a-b log(Mg),Mg >minM,.

where a is the average number of events per year. The interval in seconds
between events at a particular moment is

t=-log(1L-RV)/ng
ng = N(MO )/Nsec

where Ngec is the number of seconds per year. Origin times begin at the
beginning of the first year "yearl" and continue to the end of year "yearl" +
"nyrs" - 1.

The cumulative number of events occuring at or below a particular depth
is piecewise linear. The number of linear segments is the field after the
keyword "zdist". The values of depth z and the cumulative fraction fj of
events occuring at or below that depth are entered in ndep records following
the "zdist" record. A realization of the depth distribution will have a source
depth z; at

) 21— %]
Zg —Zj+(fR“fj)fj+1_f]j

where fR is a random variable distributed on [0,1] and j satisfies fj < fR < fj+1 -

Epicenters are distributed over boxes in the surface of the globe. Denote by

P; =(8¢, 9j),j=1,23,4 the colatitude-longitude pairs at the corners of the box, as
shown in Figure A.1. The lines connecting the corners are great circles and
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intersect at right angles. The indeces increase counter-clockwise from P;. The
arcs connecting P;j to Pj have lengths lj and the bearing (clockwise from north)

of Pj to Pj is aj; The positions Pj, P2 and the arc ;5 are specified as the latl,
lonl, lat2, lon2, 112 fields following the "epicenter" keyword. The coordinates
of a realization of the epicenter distribution are given by

O = cos™ [cos(8;)cos(AqR ) - sin(8; )sin(AqR )cos(otgp — 04R )|

R =01+ Sin_l[SiH(Am)Sin(au — o )/sin(6R)]

where
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P1 (61 > ¢1)

Figure A.1 The box containing epicenters is shown. Arcs are great circles of
length £jj intersecting at right angles at points Pj with colatitude-

longitude pairs (6;,¢;). The meridian through P; is shown to
illustrate the angle o.
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AR = COS_l[COS(p]_z) /cos(p14 )]

oy =sin™[sin(p14)/sin(A1g )]

The arcs p12 and pj2 are random variables uniformly distributed on [0, 132]
and [0, 114 ], respectively.

type nbex (normally buried explosions)

keyword fields description
yield minY maxY numY yield bounds and number of yields
material material_string emplacement material
epicenters latl lonl lat2 lon2 112 epicenter box (degrees)
date day/month/year date of occurence of explosions
time hr/min/sec time of day of occurence of
explosions

The material types are those programmed for the Mueller-Murphy source.
Permissible values are tuff, granite, shale and salt. Epicenters are specified as
with earthquakes (above). In addition, if a single pair of numbers follows the
"epicenter" keyword, the pair is interpreted as a latitude and longitude at
which all events are placed. Depths of burial are assumed to occur at

d=125YY3

type obex (over buried explosions)

keyword fields description
yield minY maxY numY yield bounds and number of yields
material = material_string emplacement material
epicenters latl lonl lat2 lon2 112 epicenter box (degrees)
depth ndep number of segments in depth
distribution
Z1 f1 depth and cumulative fraction

Zndep fndep
date day/month/year date of occurrence of explosions
time hr/min/sec time of day of occurence of explosions
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The material types are those programmed for the Mueller-Murphy source.
Permissible values are tuff, granite, shale and salt. Epicenters are specified as
with earthquakes (above). In addition, if a single pair of numbers follows the
"epicenter” keyword, the pair is interpreted as a latitude and longitude at
which all events are placed. Depths of burial are specified as with earthquakes,
as well. A velue of ndep=1, followed by a record with a single depth value
will cause all the explosions to occur at that depth.

type qb (quarry blasts)
keyword fields description
yield minY maxY numY log yield bounds and number of
yields
material material_string emplacement
material epicenters latl lonl lat2 lon2 112 epicenter box (degrees)
date day/month/year date of occurence of explosions
time hr/min/sec time of day of occurence of

explosions

Yield here refers to the total yield (as opposed to individual charges). The
material types are those programmed for the Mueller-Murphy source.
Permissibale values are tuff, granite, shale and salt. Epicenters are specified as
with earthquakes (above). In addition, if a single pair of numbers follows the
"epicenter" keyword, the pair is interpreted as a latitude and longitude at
which all events are placed. Depths of burial are computed according to
standard blasting practices (see section of text describing source models).

A sample file follows:

type obex

yield 0.01 20. 100
depth 1

0.5

material granite
date 22/3/72

time 01:02:22.4 .
epicenters 30. 15.0
end

type nbex

yield 0.01 20. 100
material granite
date 02/5/72

time 01:02:22.4
epicenters 30. 15.0
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end
H oo

oo
type gb

yield .1 20. 100

material shale

date22/3/74

time 01:02:22.4

epicenters 30. 15.0

end

H oommemeeee

type eqk

moment 13.5 15.5 100 uniform
depth 2

0.000 1.000

50.000 0.000

epicenters 30.00 14.50 30.00 14.50
strike 28.00 30.00

dip 34.00 30.00

rake -80.00 30.00

sdrop 1.e7 2.e6

end

1.00
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FILE TYPE
site response spctrum

USED BY

synwayv, evswan

CREATED BY

user

DIRECTORY

SRSDIR

DESCRIPTION

This is an ASCII file containing a site response spectrum. The file contains
an 80 character header in the first record followed by the number of spectral
values in the second record. The remainder of the file is a sequence of records
each having two values:

frequency, log of gain
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FILE TYPE

station file

USED BY

events, synwav, anlyst, evswan, xnice
7 4 4

CREATED BY

user

DIRECTORY
STNDDIR

DESCRIPTION

The station files contain locations, noise values, downtime values and
names of noise and array gain files. These are ASCII files which are read in
FORTRAN free format. After the first record, which contains the station
name and type, keywords are used to indicate what data follow the keywords.
The contents of the files are as follows:

Record 1:
station_name station_type

The character string station_name is usually the same as the file name, and
the string station_type has the permissible values
1C (one component single station )
3C (three component single station )
array (three component array )
For a record starting with the keyword loc
loc latitude longitude elevation
For a record starting with the keyword down
down f

where f is the fraction of time the station is expected to be down.

Records starting with and including the keyword bwnoise contain telesesmic
and regional noise statistics.
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Record contents description

number
1 bwnoise nph nph is the number of phase
noise data to follow
2 to 2+nph name mb A o tt time o sl ¢ az amplitude, travel time,

°© levels

The string “name” is the phase name (e.g., P, Lg). The two values that follow
the keyword mb are the mean and standard deviation of the log of ground
noise at the frequency at which the amplitude measurement is made. Note
that these values are not used if a noise spectrum file is specified (see below).
The two values that follow the keyword tt are the mean and standard
deviation of the travel time at the frequency at which the measurement is
made. The value that follows the keyword sl is the standard deviation of
slowness and the value that follows the keyword az is the standard deviation
of azimuth (applicable only to 3 component stations and arrays). Negative
values for the azimuth and slowness standard deviations are used to indicate
they are not applicable (e.g., for 1C stations or they are unknown).

Records starting with and including the keyword swnoise contain
telesesmic surface wave noise statistics.

Record contents description
number
1 swnoise nph  nph is the number of phase noise data to
follow
2 to 2+nph name ms A ¢ amplitude noise levels

The string name is the phase name (e.g., R, L). The two values that follow the
keyword ms are the mean and standard deviation of the log of ground noise
at the frequency at which the amplitude measurement is made. Note that
these values are not used if a noise spectrum file is specified and there is an
entry in the spectrum for a period of 20 seconds (see below).

For record starting with the keyword noise_spectrum
noise_spectrum file_name
where file_name is the name of the noise spectrum file.

For record starting with the keyword srs_spectrum
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srs_spectrum file_name

where file_name is the name of the site response spectrum (array gain)
spectrum file.

Here is an example file:

ALQ1C

loc 34.9425 -106.4575

down 0.05

bwnoise 7

P mb -3.62212 0.200000 tt 0.0 1.0 sl -1laz -1.
pP mb -3.62212 0.200000 tt 0.0 1.0 s1-1. az -1.
S mb -3.62212 0.200000 tt 0.0 3.0 sl -1. az -1.
Lg mb -3.62212 0.200000 tt 0.0 2.0 s1 -1. az -1.
Pn mb -3.62212 0.200000 tt 0.0 2.0 sl -1. az -1.
Pg mb -3.62212 0.200000 tt 0.0 2.0 s1-1.

Sn mb -3.62212 0.200000 tt 0.0 2.0 sl -1. az -1. swnoise 1
Rms 0.00.2

noise_spectrum ALQX_day
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FILE TYPE

Earth structure file

USED BY

synwav, anlyst, evswan

CREATED BY

user

DIRECTORY

STRDIR

DESCRIPTION

This file contains the plane layered earth model. The contents of the ASCII
file are as follows:

Record 1 contains an 80 characters comment/identifier. Record 2 contains
two integers, the number of layers and a units flag (0 indicates mks units, 1
indicates "seismologist" units, viz. velocities in km/sec and densities in
gm/cc). The remainder of the file has the elastic properties with one record
per layer.

Records 3 through 3+nlayrs:
hafP pQp Qq

where h is the layer thicknes, a, B, p are the layer P velocity, S velocity and

density, respectively, and Qg and Qg are the shear and compressional quality
factors.

Here is an example file:

Eastern U.S. structure from Herrmann and Kijko (1983)
51

1. 50 289 25 1200. 600.

9. 6.1 352 27 1200. 600.

10. 6.4 3.70 29 1200. 600.

20. 6.7 387 3.0 8000. 4000.

20. 815 4.7 34  8000. 4000.
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Appendix B
Synthetic Surface Wave Seismograms

Because surface waves are dispersed, it is necessary to compute a complete
time series at each value of range. At a given range, source depth and
orientation, the surface wave displacement spectrum is computed using the
formulation in Harkrider (1970) and Aki and Richards (1980):

3
u(mrr,h,q))=(27‘kr)_1/2AR((°)_21 x,-(m,r,hs,¢)exp[i§—ik(w)r—w]e(m)l(co)
=

where

[

o = is angular frequency,
r = range,

¢ = azimuth, measured clockwise from North,
hg = source depth,

AR(®)= structure excitation function,

Xj(w ,hs ,¢ )= source excitation function,

S(w) = source spectrum,

e(w) = a function depending on the desired component of motion,
c(o) = phase velocity,

k(w) = o/c(w) is the horizontal wave number,

v(o) = radial attenuation operator,

I(w) = the instrument response.

The excitation functions Xj are given in terms of the four stress-displacement
eigenfunctions Ej(hs), i=1,2,3,4 and components of the moment tensor

X = El[Mxx cos? ¢+2Myy sin? ¢]
i .
Xy = EE4[sz cos¢+My, smq)]

1
X3 = “W(E3 + A’EI)MZZ

The functions AR and E are related to the functions rj, i=1,2,3,4 in Aki and
Richards (1980) in the following way:
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where U is group velocity and
12 442
I]_ = —Z—Ip(rl +I'2)dZ

The function (o) is given by

¢ = -1 for the vertical component (positive up), and
€ = ie(w) for the radial component, where e is the ellipticity.

The elastic parameters p, o, p and A are the density, compressional velocity,
shear velocity and Lame' parameter, respectively, at the source.

The functional form of the moment tensor depends on the source type.
For earthquakes, the moment tensor is given of the fault strike ¢, dip 9, rake
A, scalar moment Mg and source spectrum Q (o ) by (Aki and Richards, 1980):

M = ~(@)Mo(sin8 cos Asin2¢ +sin 25sin Asin? ds
My =-Q(@)Mg (sinScosAsian) + -;_-sin28 sin A sin 2¢s)
Myy =—Q(@)Mp(cosdcos A cos2¢ +sin 23sin A sin 29g)
Myy = —Q(co)Mo(sinéScosAsin?.q) ~ 5in28sin A cos? ¢s)

Myz =-Q(0)My (cos8cos Asin2¢ — cos 28 sin Acosdg)

We use the source spectrum moment from Brune (1970):



_o00B
fe=2227
2
Qw)= zfc 5
fc+co

where ¢ is the stress drop.

For overburied explosions,

Myx =Myy =M, = 41tpa2‘P((o)
M,y =M,, =My, =0

where ¥(w) is the reduced displacement potential, for which we use the
expressions derived by Mueller and Murphy (1971). Normally buried
explosions induce a spall phase, but, as shown by Day, et al. (1983), the
contribution from spall to surface waves at long periods is negligible. Thus
normally buried and overburied explosions are modeled the same. For the
same reason, surface waves from quarry blasts include only the explosive
component.
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Body Wave Synthetic Seismograms

The vertical displacement at a position ¥ can be expressed as the product
of a source excitation term times the product of transfer functions that
quantify the effects of propagation and the recording instrumentation:

u(®,1) = 5(,8,0) ) (0,0)TM) (@) T(R) (0, 1) A(0)L(w)
where

u(,r) is the displacement vector at the position r=(r,®,¢)measured in a
spherical coordinate system whose origin is the source.

S(®,8,¢) is the displacement spectrum as a function of the azimuth ¢ and
takeoff angle 6.

TG)®,0) is the source region transfer function which quantifies the change in
the wavefield leaving the source due to the source region structure.

TM)(®w) is the mantle transfer function which accounts for geometric
spreading in the mantle.

TR)(w, 1) is the receiver function which propagates a wave impinging on the
receiver region from below to the earth's surface as either vertical, radial
of transverse components.

A(m) is the anelastic attenuation operator.

I(®) is the recording instrument response.

In XNICE, we have assumed that the mantle transfer function obeys
geometric ray theory, that is '

TM)(0) = 23(tto)

where R-1 is a geometric spreading factor and tg is the travel time. The
synwav module finds the values of R-1 and tg from bilinear interpolation of
tables of R-1(r,z) and to(r,z) (r is angular distance and z is focal depth).

The source excitation is given by (following Aki and Richards, 1980 )
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]_ .
sP = M-
impol® Y
sV 1 .
= M.
4mpp° pMY
1 ..
gSH _ M-
47.ch3 9—— ¥

where the vectors (7,15,&)) form a coordinate system moving with the ray with

¥ pointing along the ray, p transverse and in a vertical plane and ¢ transverse

and in a horizontal plane. The tensor M is the time rate of change of the

moment tensor. In a coordinate system (x,y,z) whose unit vectors point north,
east and down, the ray vectors are

Y=y sinBcosd +y sinBsind +z cosO
p =% cosOcos¢+y cosBsin¢—z sinb
O=7xsind+y coso.

The values of 8 are found by first finding the phase velocity from the travel
time tables

_ dto
T
and computing
8 =sin"(ayc)

where 0 is evaluated at the source (with a similar expression for S waves).

The functional form of the moment tensor depends on the source type.
For earthquakes, the moment tensor withfault strike ¢, dip §, rake A, scalar

moment Mg and source spectrum Q(w) is given by (Aki and Richards, 1980):
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My = ~Q(@)Mpsindcos Asin2¢ +sin23sin Asin” ¢ |

M,y = Q(@)Mg (sinScosA sin2¢ + ?Zl—sin 23sin Asin 2¢s)
M,y = ~Q(0)Mo(cosdcos Acos2¢ +sin28sin A sin 2¢;)
Myy = Q((o)Mo(sinSCOS Asin2¢ - sin 28 sin A cos? ¢s)

My, = -Q(w)My(cosScos Asin2¢ — cos28sin Acoss)
M,, = Q(0)M(sin2dsinA .

We use the source spectrum moment from Brune (1970):

L=(o.39Mo.)1/3

(o}
B
=222
fc L
2
f
Q(w)=—-E
2 +a?

where ¢ is the stress drop.
For overburied explosions,

Myx =Myy =M, = ampo (o)
I\/Ixy =My, = Myz =0

where ¥(0) is the reduced displacement potential, for which we use the
expressions derived by Mueller and Murphy (1971). A free surface reflection is
modeled as an elastic reflection and is added to the direct solution above with

the appropriate lag.

Normally buried explosions induce a spall phase, which is modeled as a
tension crack. The tension crack solution is added to the direct explosion
signal above (Barker, et al., 1990). The tension crack is also used to model the
spall associated with quarry blasts (Barker, et al., 1993). For a horizontal

tension crack

Myy =My =As(t)
M,, = (A +2p)s(t)
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where s(t) describes the tension crack opening. Following Barker and Day
(1990), we write the results for a tension crack which moves a mass msgp
upwards at a velocity vgp for a duration T and approximate the free surface
reflection at steep takeoff angles. Then

(t) = -2-(%1;7) Vep 8(t) — AH(0,T) + %(—vsp +3 gt)AH(O,T):I

where
AH(t;, tp) =H(t-t;) - H{t—t;).

(H(t) is the Heaviside function). For spall which changes the center of mass of
msp by an amount zm from an initial position zspo, the duration T is found
from

2
_ Vsp
Zm = ZspO + 2g

2
T:..viE..{.(gzﬂjl/ .
g 8

For normally buried explosions, zsp 0=0. In addition, for quarry blasts, we
model the effects of source duration (ripple firing of multiple charges) by
convolving the signal from an individual charge (an explosion plus a tension

crack) with AH(0,Trf ), where Ty is the duration of the ripple fire.

A "standard" model is used for most Xnice calculations. For normally buried
explosions, the depth of burial is related to yield through z=125Y1/3, and

following Patton (1989), the detachment velocity v, =5 x 1010 2%6, and spall

mass Mspall = 1010Y. The "standard" quarry blast model is discussed in the
next subsection in this Appendix on regional synthetic seismograms.

89



Synthetic Regional Seismograms

A number of authors have derived empirical or heuristic expressions of
regional phase propagation (see, for example, Goncz, et al., 1986 or Nuttli,
1975). We use a form, modified from Campillo, et al. (1985), which includes
the effects of propagation and source excitation explicitly. The observed signal
amplitude (peak narrow-bandpass or spectrally averaged amplitude) at range

A and frequency f has the form:
. (1)

where Q(f) is the source spectrum. The function f}(f,A) is an effective

Green's function comprised of E(f), the source excitation spectrum and a
propagation term, specified by

log(P(4, ) = -n log(A/Ag) +log(e) Y(f)(A - Ao) +¢,

where Ay is a reference distance, y(f) is the anelastic attenuation parameter, n

is a factor for geometric spreading (typically=5/6), and € incorporates random
effects of local station response and noise. The source excitation spectrum E(f)
depends on source type (earthquake, explosion, etc.) and source depth. The
source excitation spectra are calibrated from calculations of synthetic
seismograms or from observations of signals from different sources along
common paths. The basic assumption underlying this approach in XNICE is
that differences in spectral slopes for different types of sources and waves (Lg,

Pg) are caused by differences in source (f) and excitation E(f). In the
following, we describe these source and excitation functions in detail.

Source Spectra

XNICE computes signals from four source types: earthquakes, quarry
blasts, and both overburied and normally buried explosions. Earthquake
source spectra have been thoroughly studied. For large events (mp > 5),
spectra are quite complicated at frequencies above 1 Hz. For smaller events,
however, there is general agreement that a good model for the source
spectrum is flat at low frequencies, and rolls off at f-2 at frequencies above a
corner which is proportional to the cube root of the moment divided by the
stress drop. For events in the range 2.5 <myp < 4, the effects of changing the
corner frequency with magnitude or moment changes the ratio of low (near 1
Hz) to high frequency amplitudes (> 1 Hz). The formulation by Brune (1970)
(for complete stress drop) is implemented in XNICE:
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13
L= (0. 39 M-Q)

(03
h:zn%
f2
@)= 2 +0?

where ¢ is the stress drop and My is the static moment. Distributions of source
parameters (recurrence intervals, epicenter, depth, fault plane orientation,
and moment) are specified on files as described in Appendix A. The
amplitude of the signals from an earthquake is simply

Aeqk(f A)= Qeqk (f )Eeqk (MOf f ) P(A,f) . (2)
We discuss the calculation of Eeqk in the next subsection.

Nuclear explosion source spectra have also been studied extensively.
XNICE uses the equations given by Mueller and Murphy (1971). Like
earthquakes, the spectra are flat at low frequencies and decrease as f-2 at high
frequencies. The parameters of the Mueller-Murphy source are explosive
yield, material type and depth of burial. Normally buried explosions are
observed to interact non-linearly with the free surface, producing spall and
appreciable secondary regional signals (e.g., Taylor and Randall, 1989).
McLaughlin, et al. (1988) show that two-dimensional effects such as spall
must be added to a simple point source to match Lg excitation. Day, et al (1983)
proposed that the spall phase be modeled as a horizontal tension crack, and
Barker and Day (1990) showed that the model fit two-dimensional
simulations of explosions in the frequency band of 1 to 10 Hz. Recently,
Patton and Taylor (1993) found that the tension crack model could be used to
fit Lg spectral ratios from NTS explosions. The tension crack model is
parameterized by the depth and radius of the crack and the distribution of
velocities at which material moves upward from the crack (or equivalently,
the spall mass and momentum). The parameters found by Barker and Day
(1990) were consistent with near-field observations of spall summarized by
Patton (1989). There is considerable scatter in those parameters and we use
averages found from regressions in Patton (1989). In XNICE, we model the
spall time history as

Qspall(t) = Mgpall [Vo5(t) + (gtd - \’0)8(1t - td) - g(H(t) - H(t —-tq ))] ’ 3)

where vq is the detachment velocity (assumed constant over the tension crack
surface), g is the acceleration due to gravity, tq is the dwell time
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ta=2vo/g,

and 6 and H are the Dirac delta and Heaviside functions. For an overburied
explosion, the user specifies the source material and depth of burial and a
range of yields. For a normally buried explosion, a depth of burial of

z, =125 W3

where the W is the yield in kilotons, is assumed (in these and subsequent
formulas, all units are SI, unless otherwise specified). Following Patton (1989),
the detachment velocity is found from

vo=5x10%z1°
and the spall mass is
Mgpan =100 W.

Barker and Day (1990) show that the spall signal for normally buried
explosions is strongly peaked near a frequency equal to 1/tq, which is typically
near 1 Hz. For the overburied explosion, the amplitudes are computed from

Aobex(f,8) = éexp (h.f )Qexp (W, £)P(A,f), (4)

where Gexp is the amplitude of the Green's function for an isotropic source,

and Sexp is the Mueller-Murphy source spectrum. The amplitude for a
normally buried explosion is

Appex(f,A)= [éexp(f)gexp (W.f)+ CA;vf () Qspa]l W, f)] T(A,f)

. )
Gvf(f) = Evf(f)P(Arf) :

Here, évf (f) is the Green's function for a vertical force on the free surface.
Day and McLaughlin (1991) show that for wavelengths long compared to the
source depth, the vertical force and horizontal tension crack Green's
functions are approximately equal. We use the vertical force formulation
because it is simpler (Barker, et al., 1993). The Green's functions are discussed
in the next subsection.

We model quarry blasts as the superposition of rows of charges fired in
sequence, a well established paradigm (e.g., Stump and Reinke, 1988).
Following the modeling studies by Barker, et al, (1993), each charge consists of
an explosion with an accompanying spall, which moves material from its
original location. For the explosive part, we again use the Mueller-Murphy
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source, and for the spall part we use a form similar to the relation for spall
from a nuclear blast (above). A difference is that, for the quarry charge, the
center-of-mass of the spalled material has a net displacement. Barker, et al.
(1993) show that this has a significant effect on synthetic regional signals from
quarry blasts. In this case, the dwell time is

tg = I:Vo +(V% + ZZOg)l/z]/ ’

where zg is the vertical change in the center-of-mass of the spalled material.

The histories from the individual charges are convolved with a firing pattern
for a rectangular array of charges:

N IOWs

F((’)) = Neols sze—m)
1

where N;ows is the number of rows of charges (rows are parallel to the quarry
face), Ncols is the number of columns or charges per row, Bj is the source
strength for each row and t is the firing time for the row. Here, we have
assumed that the Green's functions do not vary over the quarry dimension,
and that charges within a row are fired simultaneously. These assumptions
are discussed in detail in Barker, et al. (1993). We have constructed a
"standard" quarry blast for XNICE based on typical blasting practices. The user
specifies a total yield for the blast. A burden Q of 15m is assumed (blasts of
interest will have yields of 100 tons or more, very large blasts with large
benches and burdens). We then use relations from blasting handbooks
(Dupont, 1942, Langefors and Kihlstrom, 1963) for the remaining parameters:

dx=1.25Q
Yy =0.6Q3%,
dt; =4x107°Q,

where dx is the hole spacing, Yy is the charge per hole (kilograms), and dty is
the firing interval between rows. The number of holes is the total yield
divided by Yy. The blasts typically are rectangular, with the dimension
parallel to the bench longer than the dimension normal to the bench. We
assume that the aspect ratio is 2:1. To specify the spall parameters at each
charge, we rely on observations by Langefors and Kihlstrom (1963) and set the
change in center-of-mass zg at Q/2, material take-off velocity vg at 3.5 m/sec
and the spall mass at 1.4 x 104Yy. We assume that the mean firing interval dty
between rows is constant, as well as the mean source strength B but each has a
random variation of 20%. The source spectrum for each individual charge
has an explosive part whose corner frequency is much higher than the
frequencies of interest here, while the spall component peaks in the

93




bandwidth of interest. The firing pattern spectrum F(o) is flat at low
frequencies and rolls off as f-1 above a corner frequency equal to the inverse
of the total duration of the blast, or (Nyows dtf)'l, which for larger blasts will be
around 1Hz or less. Barker, et al. (1993) show that synthetic regional signals

from the explosive and spall components are comparable. The amplitudes
from the quarry blast are found from

Anbex(frA) = [éexp(f)gexp (YH'f) + évf(f) Qspall(YH'f)]]'::((’))' (6)

The effects of the firing pattern have been observed in several regional
studies (e.g., Bennett, et al., 1989; Hedlin, et al., 1990; Smith, 1988 ).

Source Excitation Spectra

Ideally, one would find the source excitation spectra for each source type by
recording signals from the different types along common propagation paths.
This is possible in many areas for quarry blasts and earthquakes, although in
many areas it is not. Of course, the number of nuclear test sites is small.

When these recordings are available, E(f), or Q(f)E(f), can be inferred using
analyses such as in Campillo (1985). Otherwise, we must rely on synthetic
seismogram calculations.

For the test cases described in Section 3, we used synthetic seismograms to
compute E(f) for explosion, double-couple and point-force at the required
depths. We recognize that the current technology for computing synthetic
seismograms is limited to plane-layered models which do not completely
represent the observed wavefields. We assume, however, that spectral
differences in regional wavefields due to different sources can be predicted by
the 1D synthetic calculations. The approach is to use relations derived from
earthquake observations as a basis for calculating ground motions and rely on
comparisons with synthetics to calculate motions from other sources with
respect to earthquakes. For most regions of interest there are derived
amplitude-distance formulas of the form

A(fo,A)=s(mp, fo)Pobs(A fo) . )

where Pops(4A,f) is as used in Equation (1). We emphasize that P is found from
observations with the subscript obs. The propagation parameters y and n and

the source term Pgps(A,f) are found from measurements of a suite of events
(Goncz, et al. 1986; Herrmann, 1983). The measurements in this type of study
are typically made at or near fo=1Hz, with the determination of Y(f)
requiring additional spectral information. There is clearly a trade-off between

both source terms and the propagation term. For most regions, the majority
of these events will be earthquakes, and we make the correspondence
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s(mp, £0) = Beqk (£0) Reqic(Mo(mp), o) - (8a)

Now, the synthetic Green's functions for a source type src can be represented
in a similar way:

Gere(f,4,2) = Esrc(flz)Psyn(Alf) . (8b)

where z is source depth, and Pgyy, is the synthetic propagation operator. Our
assumption stated above that although synthetic seismograms are not
absolutely correct, but relative values are correct, is roughly equivalent to
assuming that the ratio

Gsrcl(f ,A,Zl) _ Esrcl(f 'Zl)

Gsre2 (f/ A, ZZ) Esren (fr ZZ)

is accurate. Although not essential, we make a further simplifying
assumption that the earthquake excitation spectrum Eeqk is nearly flat
(Campillo, 1985 and Herrmann and Kijko, 1983). Thus, the amplitude
formula for source src is given by

Ege(f,2)
Eeqk (f ’ Z)

Studies by Campillo, et al. (1984) and by the authors of this report show that
excitation of regional signals is nearly constant for sources within three depth
regions: the very shallow crust, the mid-crust, and the lower crust. The
locations of the zones vary with earth structure, but the shallow zone is
where the velocities are changing rapidly with P-wave velocities less than 6
km/sec. Most earthquakes have their hypocenters in the mid-crust while
man-made sources will be in the upper crust. With this in mind, we write for
the excitation functions for bombs and quarry blasts:

Esrc(f rZsc)
—— > F Qs Pops(A, f) . 10

Asre(f,A,2)= Eeqk (£0)Qsrc Pobs(A, f) - 9

Agre (f A, Zsc) =

Where the subscripts sc and mc indicate that the source is in shallow crust
and mid-crust, respectively.

In practice, the spectral ratio is found from quotients of smoothed spectra
computed by a wavenumber integration program.

Local Magnitudes

The Mp:Mp discriminant has been proposed for regional signals (e.g.
Woods, et al., 1994). Since My, is a time domain measurement, we need to
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relate peak time domain amplitudes to the corresponding spectral amplitudes
described above. To do this, we have relied on the work by Ou and Herrmann
(1990). The expected peak amplitude a is found from moments of the
spectrum

fmax
m; = _[A(f)fi df
fmin

and from the equations:

where 7y = 0.57222 (Euler's constant) and T is the duration of the phase. Lee
and Wetmiller (1976) present a compilation of observations of duration and
My, and a rough average of their results is

log(T) = 7(Mr. - 2)

since we are trying to find My, and we know the source moment, we use

2

M; ==My-6
L 3 0
for earthquakes, and
My = %MO -5.2

for other sources, to get a value of My, find duration. In XNICE, a value if & is
found for each regional phase, and the maximum is then used in a standard
relation for local magnitude (p. 342, Richter, 1954).
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Methods for Calculating Discrimination Results

The analyst module reads an arrivals bulletin and applies detection,
location and discrimination algorithms. The results are reported in a
discrimination bulletin which contain estimates of event origin time,
location, magnitudes for teleseismic and regional phases and discrimination
scores which summarize the results. In the following, we discuss the methods
used to compute the quantities in the discrimination bulletin.

Detection criteria

An event is classified as detected by Xnice if the criteria for detection used
by GSETT-3 are met. Those criteria are based on the wave type and number of
measurements and type of measurement that are made. The rules are based
on a weighted sum of measurements (J. Carter, Center for Monitoring
Research, personal communication). The weights are:

Primary time 1.0
Secondary time 0.7
Array azimuth 0.4
Array slowness 0.4

Single station azimuth 0.2
Single station slowness 0.2

Here, "primary" refers to teleseismic P or regional Pg or Pn and
"secondary” refers to teleseismic pP or S or regional Lg. All azimuths are
determined from P, Pg or Pn. A sum is formed from the number of
measurements which exceed the specified the signal-to-noise ratio times their
respective weights for the stations in the network . An event is considered
detected when the sum exceed 3.55. For example, three P wave travel time
measurements and two array azimuth measurements would have a score of
3.8 and would flagged as a detection, while only three P wave travel times
(sum=3.0) would not be a detection.

Scoring

In XNICE, we follow the AFTAC convention of scoring events on a one to
five scale. A score of one for a particular discriminant indicates that the event
has earthquake-like properties with respect to that discriminant AND that the
data are of good quality. Here, "good quality" means that there were enough
stations reporting to locate the event (3 or more), along with criteria
particular to the discriminant. A score of 5 generally means that the event
was located but a determination of discrimination properties could not be
made.

Location
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Loc;tions are done with a non-linear least-squares procedure based on the
Levenberg-Marquardt algorithm (Press, et al., 1992). This algorithm seeks to

minimize the X2 merit function

2
2=§(Yi_di]
Gj

i=

where yj are model quantities, d; are data. and o; are standard deviations of
error in the data. Of course, here the "data" are the values in the arrivals
bulletin computed by synwav. The Levenberg-Marquardt procedure uses a
gradient method to guide successive iterations and a damping algorithm to
prevent excessive steps. The data are observed travel times and, for arrays and
three component stations, azimuths and slownesses. Values of 6; are entered
in the station files (see Appendix A).

The error ellipses from the location calculation are used as parameters for
a location and depth score. We find the error ellipse axes from (Press, et al.,

1992)
¢ = 2 v
1= xl

where }; are the eigenvalues of C1 (C is the covariance matrix resulting from

the location procedure), and AX? is the value of the normal distribution at the
required confidence level and degrees of freedom (tabulated on p. 692, Press,
et al., 1992).

In the analyst module, locations are computed with the depth constrained
to the free surface and with depth a free parameter. A score is given
dependent on the value of 65 o, where 65 and oy are the standard deviations
of the residuals when depth is constrained and when it is free, respectively. A
score of 1 indicates the event is earthquake-like (deep) and that there was
good data for the location (there was an adequate number of stations used in
the location and o was sufficiently small). Higher score values (up to 5)
indicate shallower depths and/or poorer data.

Depth by pP

AFTAC has developed a score which indicates depth using pP travel time
stepout. For small values of the average difference in observed pP travel time
tpp and P travel time tp (or if the data are poor), a high score (shallow event) is
given. For large values of the stepout, the maximum tpp - tp minus the
minimum tpp - tp, low scores are given.
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The values of Mg and myp, for events recorded at teleseismic distances are
written to the arrivals bulletin by synwav and examine by analyst. We use a
procedure similar to AFTAC's for scoring events according to their ratio of Mg
to mp, which uses values of the quantity

_Apin—-AM
r oq

where Amin is a prescribed quantity (typically near one),
AM = g — M
(overbar indicates network average), and

1/2
cd=o.3[;+;] .
my, Ms

A low score indicates good data and large values of ¢, which result from
earthquake-like Mg:myp, values.

Regional Phase Spectral Slopes

The scores discussed above pertain to teleseismic events (where depth
phases or Ms can be observed). We describe here a means for scoring based on
discriminants proposed for regional phases. We begin with the spectral slope
discriminant, which is based on observations that the spectral slope (at least
for Lg) is generally least for earthquakes, steeper for normally buried
explosions, steeper still for overburied explosions and steepest for quarry
blasts (Barker, et al., 1994). The score for a particular phase is computed from

S=1 +INT[~S_—dGLTP)]

where INT indicates that the integer value is to be taken, ¢ is the standard
deviation in the estimates of magnitude for the phase,

S=Mp), ~Mbyy
and d(myp) is the value of the decision line in spectral slope vs myp, space. We
use the term my, here to refer to values of log spectral amplitude corrected for

attenuation according to regional propagation relations (see Appendix XX).
The quantities my ~and mp . are mp's at low and high frequencies,
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resPectYVely. In XNICE, we use values averaged over the bands from 1 to 2 Hz
for the my, and the band from 6 to 8 Hz for my, .. The decision line is

described by the linear relation d =a-bmyp, where a and b are proscribed
values. Thus, this test compares the change in value of the spectrum

(mblo - mbhi) with the change predicted by the decision line.

Lg/P Spectral Ratios

This discriminant is based on observations that the spectral ratio of Lg/P is
greatest for earthquakes. The score is obtained from

1- (mbLg - mbP )
(03

S=INT

where we use my, in the same sense as we used it above with spectral values

taken at 1 Hz, P means the larger of Pn (if present) and Pg, and ¢ is the
standard deviation in the estimate of network Lg magnitude,

Mi1:Mp

This discriminant is based on observations that the ratio of the local
magnitude My, to the scalar moment My is least for earthquakes. The score is
obtained from

S =NT[3+M(N;O) - ML]

where
M(M0)=_5.6+§1og(Mo)

and ¢ is the standard deviation in the estimate of network Mj..
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Methods for Estimating Thresholds

XNICE is a Monte Carlo scheme that computes the properties of
populations of events. It is useful to compute a threshold of signal level at
which the events meet specified conditions. In the following, we describe the
method for doing this.

The underlying assumption is that the probability of detection or
identification can be represented by a Normal (Gaussian) distribution. The
threshold is then the magnitude at which a specified probability of detection
or identification is achieved. If events have the distribution B(W), where W
is source strength, then the cumulative number of events with strength less
than or equal to W is

P(W,p,0)= jp(t, u,o)dt

-—00

where p(tu,0) is the Normal probability density with mean p and standard

deviation 6. In XNICE, the source strength is log moment for earthquakes and
log yield for the other sources. The corresponding incremental distribution is

Nine(W) = BIW)P(W,1,0).

The strategy is the compute realizations of each source strength (the
realizations are of the distributions of station noise, propagation noise, etc.)
and infer the values of u and o that fit the computed Nijnc(W) (this is done
with a non-linear least-squares search). The distribution B(W) is found from
the events bulletin. We typically run events such that B(W) is constant (equal
to the number of realizations), with the values of W chosen so that there are
no detections at the smallest values and full detection at the largest values.
The calibration plots are useful for determining the range of source strengths.

Then, the threshold for source strength is the value Wt for which P(WT, b,
o) equals a requested value, typically 0.9.

The procedure outlined above yields a threshold with respect to source
strength, whereas a threshold with respect to a measured amplitude or
magnitude mt is more often used. To relate the magnitude to source
strength, we perform a linear regression on values of magnitude versus W
(from the events and discrimination bulletins), and calculate mT from the
linear relation.
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Appendix C
Program Manual

analyst

NAME

analyst - create discrimination bulletin

SYNOPSIS

analyst run__parémeter_file

DESCRIPTION
The analyst module reads the events bulletin created by synwav and

generates a discrimination bulletin. Calculational methods are discussed in
Appendix B. File descriptions are in Appendix A.

DATA READ FROM RUN PARAMETERS FILE

keyword description
network  network station list file name
discrim discrimination catalog file name
arrivals arrivals catalog file name
str structure file name
rgnldir regional ~wave  propagation parameter
directory
properr propagation errors list
magrels magnitude relations file name

FILES

see files in run description file above
SEE ALSO

evswan
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events

NAME

|
i
|
} events - generate events bulletin

SYNOPSIS
events run_parameter_file
DESCRIPTION

|

i The events module extracts file information from the run parameters file
| and seismicity information from seismicity files and generates an events
bulletin. Details of file formats used by events are found in Appendix A. The
events module operates in one of two modes (specified by the grid flag in the
run parameters file). Events can be located on a grid for making map views of
identification properties or can be located in an area. The properties of the
seismicity and how events uses them are described in the seismicity
| parameter file, while grid properties are described in the events grid file. The

input files can be generated by the XNICE user's interface or by a file editor.

DATA READ FROM RUN PARAMETERS FILE

keyword description

events  events bulletin file name

grid This entry indicates whether the event locations
are specified by a seismicity or grid file

year years in which events occur (used only if natural

seismicity is specified).

nevmax maximum number of events (used only if natural
seismicity is specified). (events)

area area (seismicity or event grid file) name

FILES
RUNPARDIR/run_parameter_file - input run parameter file
SEISDIR/area - input seismicity file
EVGRIDDIR/area - input grid parameter file
EVENTSDIR/events_bulletin - output events bulletin

SEE ALSO

evswan
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evswan
NAME
evswan - events, synwav and analyst modules combined into one
SYNOPSIS
evswan run_parameters_file
DESCRIPTION

The evswan combines the events, synwav and analyst modules into one
module. This combination eliminates considerable overhead and duplication
and greatly reduces input/output operations. It thus requires much less
computer time than running the three modules separately. For large
simulations, evswan is recommended. The data files used are the same as the
composite modules.

FILES
see file requirements in manual pages for events, synwav and analyst
SEE ALSO

events, synwav and analyst

105




synﬁwa‘-‘r.'
NAME
synwav - synthetic seismogram module (generate arrivals bulletin)
SYNOPSIS
synwav file
DESCRIPTION

The synwav module reads the events bulletin created by events and
generates arrivals at stations in a specified network. Calculational methods
are discussed in Appendix B. File descriptions are in Appendix A.

DATA READ FROM RUN PARAMETERS FILE

keyword description

network network station list file name

events events catalog file name

arrivals arrivals catalog file name

lpinst long period instrument response file name

spinst short period instrument response file name

path surface wave eigenfunction and dispersion file
name

str structure file name

bwdir body wave travel time and amplitude directory

refdir body wave reference amplitude directory

rgnldir regional wave propagation parameter directory

properr propagation errors list

freq frequencies at which regional amplitude spectra
are computed

magrels magnitude relations file name

bwmeth body wave calculation method (convolution or
magnitude)

swmeth surface wave calculation method (synsrf or

magnitude). If magnitude is specified, the
magnitude relation and tectonic type must follow
pmdfil path medium description file name
pgrfil path grid file name

106



FILES
see files in run description file above
SEE ALSO

evswan




XNICE
NAME
XNICE - X user's interface
SYNOPSIS
XNICE
DESCRIPTION

The XNICE user's interface can be used to construct parameter files to run
the events, synwav and analyst modules, to examine the discrimination
bulletins and to plot the results. There are also pop-up windows to browse
various files.

SETTING UP XNICE RUNS (the "Functions" menu)
Choosing the run name

The run name is used as the default value for the run parameter file and
the events, arrivals and discrimination bulletins. In general, this provides a
good means for organizing a run, and the run parameter file is a record of the
files used. By selecting "Set Run Name" under the "Functions" menu, a
window with an editable text window and a "Select" button will appear
(Figure C.1). The "Select” button allows the user to browse the run parameters
directory with a file selection menu.

Setting up the run parameters file

If the "Set Propagation Parameters” is selected under the "Functions”
menu, a window appears that allows the user to enter and edit parameters.
The choices are the entries in the run parameters file (see run parameters file
description, Appendix A). For each parameter, there is an editable text
window and a "Select" pushbutton, as shown in Figure C.2. Pushing 'Select"
with mouse button 1 brings up a file selection or a directory selection
window, or in the case of the regional frequency list and the regional
propagation errors list, a window which can be more easily edited.

Setting up the source parameters file

The source parameters can be chosen for the various source types by
selecting "Set Source Parameters” under the "Functions” menu. The first step
is to indicate whether this will be a grid calculation or an area calculation by
pressing the toggle button "Grid" or "Area" (Figure C.3). This sets a flag in the
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Figure C.1

Pop-up window for selecting run name. Clicking on “Select”
causes a dialog to appear which shows existing run names
(discrimination bulletins).
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Figure C.3 Pop-up window for selecting source parameters. “Grid” and
“Area” buttons are toggles for selection of spatial mode. Clicking
on “Read Parameters File” brings up a dialog to select an Events
Bulletin and reads the source parameters from that file. For each
- source type, the “Yes” and “No” buttons indicate whether that
source is included in the simulation, and “Select Parameters”

allows further selection.
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file program which influences subsequent choices. To read an existing run
parameter file to use as a template, press the "Read Parameters File" button,
which brings up a selection menu. For each source type, there is a "Yes" and
"No" toggle to indicate which source types are to be included in the run, and
"Set Parameters” button, which will cause windows to appear that are specific
to the source type. If a run parameters file has been read, the toggles will be set
according the source types specified in the file. Figure C.4 shows parameters
selection windows resulting from pressing the "Set Parameters” button for
earthquakes and overburied explosions. The fault orientation and stress drop
can be entered for earthquakes, and "Select” buttons bring up windows to
choose the moment distribution and spatial distribution. The "Moment
Distribution” select has a pulldown menu which has two choices: a "b-value”
(Poisson recurrence rate) choice or a uniform choice. In the first case events
are distributed according to (see Appendix A, the seismicity file description)

logN(Mp) = a=b log(Mp), Mo > minMp ,

while in the second case they are distributed uniformly in log moment. The
pulldown choices under "Moment Distribution” allow one to specify the
appropriate parameters. The "Spatial Distribution” select button puts up a
window to set either grid parameters or area parameters, depending on the
state of the "Grid" or "Area" toggle buttons. For the overburied explosion, the
log yield bounds and increment can be specified as well as the material type
and number of realizations of each state. The "Spatial Distribution" can be
selected and the parameters associated with a "Grid" or "Area" specification
can be set. The parameter choices for normally buried explosions and quarry
blasts are similar.

Starting NICE runs

After the run name, propagation parameters and source parameters are set
as described above, one can spawn one of the XNICE modules or a sequence of
them. The choices and the Unix command that is made are:

Menu Item Unix Command
Events events run_name
Arrivals synwav run_name
Discrimination Analysis analyst run_name
Arrivals > Discrimination Analysis synwav run_name | analyst
run_name

Events > Arrivals > Discrimination evswan run_name
Analysis
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MAKING PLOTS (the "Plot" menu )
Events Plots

With this selection, one can make plots of source parameters to inspect the
events bulletin, Figure C.5 shows the window which appears when "Select
Events Plot" is chosen from the "Plot” menu. One or more source types can
be chosen from the toggle buttons near the top of the window. The events
bulletin can be typed in the text area or by pressing "Select”, which brings up a
file selection window. The plot variables can be chosen from the boxes on the
center of the window: the y-axis from the choices on the right versus the x-
axis from the choices on the left. The "Current Plot Choice" shows which plot
has been chosen (and changes when plot variables are chosen).

Calibration Plots

Calibration plots are used to plot values in the discrimination bulletin
against other values in that bulletin or against source parameters in the
events bulletin. The primary purpose is to verify that source and propagation
parameters match observations. Figure C.6 shows the selection window for
calibration plots (this comes up when "Calibration Plots" is chosen from the
"Plot" menu). The discrimination bulletin is chosen by typing in the text area
or from the file selection menu that appears when "Select" is chosen. The
events bulletin used to synwav/analyst run is assumed to have the same
name as the discrimination bulletin. The "Current Plot Choice" is a status
window that shows the summarizes the latest plot settings. There are several
basic plot type choices, made with the buttons under the "Plot Type Choice”
heading:

1. Discrimination vs Source Parameter: with this choice, plots of variables in
the discrimination bulletin (e.g. mp(Lg), Ms) can be plotted against source
variables (e.g. log moment or yield). The variables are chosen with the
"Select” buttons on the right side by the "Discrimination y Variable” and
"Source Variable" labels. The text areas by the labels show the current
choice.

2. Discrimination vs Discrimination Parameter: with this choice, plots of
variables in the discrimination bulletin can be plotted against another
discrimination variable (e.g. Mg vs mp). The variables are chosen with the
"Select" buttons on the right side by the "Discrimination y Variable" and
"Discrimination x Variable" labels. The text areas by the labels show the
current choice.
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3. Cumulative Number vs Discrimination Variable: with this choice, plots of
cumulative number occurring in the discrimination bulletin can be
plotted. The variable is chosen with the "Select” buttons on the right side
by the "Discrimination x Variable" label.

4. Incremental Number vs Discrimination Variable: with this choice, plots of
incremental number occurring in the discrimination bulletin can be
plotted. The variable is chosen with the "Select” buttons on the right side
by the "Discrimination x Variable" label. If mp is chosen as a
discrimination variable, an auxiliary window will appear that requests the
teleseismic or regional my, that is to be used.

We show in Figure C.7 a sample calibration plot. In addition to the plot on
the XNICE main window, the program writes a script for the GMT plot
package and spawns the GMT plotter in the "Yes" toggle is pressed by the
"GMT plot?" label. As an aid to checking calibration levels, an additional
window is shown (see Figure C.7) with the results of a linear regression on
the plotted data.

Discrimination Analysis Plots

Two types of plots can be made of data in the discrimination bulletin,
chosen with the pulldown menu beside "Select Discrimination Analysis
Plots™: "xy plot" or "contour”. In both these cases, plot data and GMT scripts
are written to files and a GMT plot is executed (if requested). For xy plots, a
plot is also made on the main XNICE window. Figure C.8 shows the plot
selection window if "xy plot" is chosen. Pulldown menus offer the choices of
incremental and cumulative numbers and fractions, spectral ratios,
horizontal and vertical ellipses and Lg/P ratios for the y-axis and my, M and
depth for the x-axis. If mp, is chosen as a discrimination variable, an auxiliary
window will appear that requests the teleseismic or regional phase(s) from
which the mp measurement was made (to the right of the main window in
Figure C.8).

The program plots data which meet a set of conditions (called the "A
conditions") contingent upon a second set of conditions (the "B conditions"),
that is, plots the occurrence A given B. The conditions are either limits on the
source parameters, on the identification class or the discriminant responsible
for the class. The term "identification class" describes how well an
identification or detection was made. The conditions are set by pressing the
'Select” buttons under the "A Conditions” or "B Conditions" headings.
Figure C.9 shows the window for selecting class and discriminant. There are
10 choices of class. Classes 1 through 7 are based on combinations of
discrimination scores in the bulletin, with Class 1 being events that are best
identified as earthquakes (see the description of the analyst module in
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Appendix B for a discussion of discrimination scores). Class 9 is events with a
score of 2 and Class 10 is events with a score of 3. Class 11 is those events with
a score of 2 or higher (not earthquake-like to explosion-like). Class 12 is events
for which high frequency measurements were possible (exceeded the signal-
to-noise). Class 13 is events which passed the GSE detection criteria based
solely on regional phases. Class 14 consists of those events which meet the
current GSE event detection criteria. Class 15 is events for which any
magnitude is reported. Class 16 is simply all the events in the bulletin.

The "Discriminant" buttons on the right side of the window on Figure C.9
allows the user to specify one or more discriminants that contributed to the
class. For example, if Class 1 and the Mg:my, and Depth from pP discriminants
are chosen, then only those events that have one or more scores of 1 from
either the Mg:my, or pP scores are extracted from the file.

The user can also specify the depth and magnitude ranges, the origin years
and the area names of the data that are to be extracted, as shown in Figure
C.10. Other items on the plot menu for xy plots (Figure C.11), are the bulletin
selection (edit the text window or press "Select” for a file selection dialog) and
the source type (one or more).

The discrimination contour plot has a format similar to the xy plot, as
seen in Figure C.11. The conditions have the same meaning. Choices for
contour variables are: number and fraction detecting, horizontal and vertical
error ellipses, and mp and M; thresholds. For the number and fraction
detecting and the error ellipses, the user is asked to specify whether the values
are at the threshold or at a specified mp, and from what phase the mp
measurement is made. The phase is also requested if the my, threshold are to
be contoured. The contour data are written to file specified by the "Contour
File" text or the file selection that is available from the "Select” button (see
the file description for contour data in Appendix A).

Changing Plot Limits

The limits of a current plot can be changed with the "Set Plot Limits for
Current Plot" button under the "Function” menu. When a new plot is
generated by the plot commands above, the limits are reset to the minima
and maxima on the plot.

LISTING FILES (the "List" menu)

This option allows the user to view a file with a window with scroll bars.
The events and discrimination bulletin, the run parameter and source
parameter files and the network files can be browsed in this manner.
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