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1. Introduction

This effort focuses on development and integration of a software system for statistical event
characterization and event screening at the Prototype International Data Center (PIDC) in
Arlington, Virginia, and on quantifying seismic event characterization capabilities with regard to

monitoring the Comprehensive Test Ban Treaty (CTBT).

Preliminary event screening analyses, currently installed at the PIDC, include utilization of
confidence intervals for depth and mb-Ms to screen out events that are consistent with natural
seismicity. Location error ellipses are also used to assess whether events occurred onshore or
offshore, or in a given region, at a specified confidence level. (Offshore events will eventually be
analyzed further using hydroacoustic data.) Due to current limitations in estimating depth and Ms
for events below mb ~4.5, further analysis is based on regional seismic parameters which currently
include high-frequency (e.g., 2-8 Hz) Po/Lg and Pn/Sn. Due to regional variations and the lack of
calibration data for nuclear explosions in most regions, we have developed a robust multivariate
outlier test (or regional population analysis), based on the likelihood ratio, to compare events
relative to the previous regional seismic activityl. The procedure assumes that: (1) there is at least
one regional parameter that discriminates earthquakes and explosions; and (2) the number of new
nuclear tests in a region will be small compared to other seismic activity. Fisk et al. (1993, 1994,

1995, 1996) describe the methodology in detail, as well as numerous applications to seismic data.

To make the event characterization tools and related data products useful and accessible to remote
users, we have been implementing interactive World Wide Web pages for custom event screening
(Fisk, 1996). Two basic services are currently being developed: (1) an interactive event screening
service which allows custom criteria to be provided and applied during an on-line session; and (2)
a subscription service utilizing default or user-specified event screening criteria that remain in
affect until they are changed by the user. These Web pages provide a preliminary capability for
users to perform selection and screening of events based on event characterization parameters and
user-defined screening criteria. A wide range of maps and other displays of the data and screening
results are provided. These tools allow the user to process, view and download customized event

characterization data products and associated graphics over the Internet.

The current implementation of the Event Screening Web pages has focused on analysis of seismic
events, since seismic processing capabilities at the PIDC are more mature than for the other

1. For applications to regions for which there are also training data for nuclear explosions, we have developed a
classification test (Baek et al., 1996; Fisk et al., 1993), although this algorithm is not currently installed at the PIDC.




emerging monitoring technologies. However, event characterization parameters and screening
capabilities, based on hydroacoustic, infrasound, radionuclide and fusion techniques, are being
implemented at the PIDC, and will be reflected in future versions of the PIDC Web pages.

In this report, we describe the event characterization services and data products currently available
at the PIDC Web site. In Section 2, we describe the interactive event screening tools and present
results of applications to GSETT-3 data collected from the existing Primary seismic stations. In
Section 3, we describe a standard set of event characterization data products, computed on a daily
basis, as well as a subscription service to allow users to customize the criteria used to generate these
products. In Section 4, we present a preliminary assessment of the event characterization
processing capability over time at the PIDC. In Section 5, we present results of an application to
events in Eurasia that occurred between 1 June and 31 July 1996. These events include two
underground nuclear explosions at the Lop Nor test site in China and provide a useful test of the

event screening analyses. Last, in Section 6, we provide some conclusions and recommendations.

2. Interactive Web Pages for Custom Event Screening

The interactive Web pages currently allow the user to select (1) a region of interest; (2) a time
period of interest; (3) a seismic magnitude range; and (4) criteria and confidence levels for defining
an event as deep, with mb-Ms below a user-specified threshold, and whether the event was onshore
or offshore. In addition, the user can select regional event characterization parameters and other
criteria with which to compare regional events to the historical event population in their respective
regions. The screening tools are applied to events in the Reviewed Event Bulletin (REB), i.e., to
events after human analyst review. The criteria allow the user to define which events are of interest
and to screen out the remainder. A wide range of maps and other displays of the data and event
screening results are provided. The visualization tools are interactive, with hyperlinks, allowing the
user to select event markers or data points in various displays to obtain additional information.

Users who wish to access the PIDC Event Screening Web pages must have some form of
workstation, Macintosh or personal computer with a connection to the Internet, with, preferably, a
14.4 kilobit per second data transfer rate or faster. In addition, a Web browser, such as Netscape,
is required. To utilize the full functionality of the existing PIDC Web pages, Netscape 3.0 or a more
recent release is recommended. (We also plan to provide a non-graphical capability for event
screening in the future, to support users who cannot satisfy these requirements.) Using Netscape,
for example, the Custom Event Screening Web page may be accessed by entering the WWW URL:
http://www.cdidc.org:65120/mseas_bin/Custom_EventChar.




These Web pages are in the development stage and, as such, documentation and on-line help are
currently limited, but will be provided in greater detail in the future. Further questions regarding
access and use of these Web pages may be directed to Mark Fisk by e-mail at fisk@cdidc.org.

To illustrate the functionality of the interactive Web pages, we now provide an example of how a
user might apply these tools to analyze a set of events recorded during a given period of time. The
map in Figure 1 shows the locations of 1859 events that were recorded by the Primary seismic
network between 15 July 1996 and 16 August 1996, and were reviewed by seismic analysts at the
PIDC. Of the 1859 events, 1434 were mb 3.5 or larger. The map has several projection and zoom
functions to focus on a region or events of particular interest. Detailed information regarding a
particular event or station can be obtained by clicking on the event or station marker, which have

hyperlinks to the REB or Network Information Web pages, respectively.

Associated with the map is a form (Figure 2) which allows the user to select a region, time period
and magnitude range of interest. Once these parameters have been set as desired, the user clicks on
the “Retrieve Data” button, which accesses the data from an Oracle database at the PIDC. In this
example, only events of mb 3.5 or larger are considered in the subsequent analyses. This form also
allows the user to specify criteria and confidence levels for defining an event as deep, with mb-Ms
less than a cut-off, and/or whether the event was offshore, accounting for uncertainties. Further
screening analyses for offshore events, using hydroacoustic data, will be provided once relevant
data are available. (See GSE/CRP/243, 1995, for descriptions of how relevant parameters are
computed. Bottone et al., 1996, describe how confidence intervals for mb-Ms are computed.) Users
may save their custom criteria and simply load the saved form into their browser to perform similar

runs during future sessions. Screening criteria may be set differently in various regions if desired.

The preliminary screening analyses are executed by clicking on the “Submit Run” button. This
returns a Web page (Figure 3) displaying a map of the events, color-coded by whether they were
Screened (green), Not Screened (red), had Insufficient Data (blue), or were Not Considered (gray).
In this example, events below mb 3.5 are placed in the Not Considered category. Events are placed
in the Screened category if the entire 90% confidence interval for focal depth is deeper than 10 km,
the entire 90% confidence interval for mb-Ms is less than 1.2, or the 90% location error ellipse is
entirely offshore. Events lacking data to perform any of these tests are placed in the Insufficient
Data category. The remaining events are placed in the Not Screened category. Of the 1434 events
considered in this case, 778 were screened out, 249 have data but were not screened based on any
of the criteria, and 407 did not have adequate data to perform any of these three tests. The regional

population analysis will be performed shortly to further screen the remaining events.
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The user may examine the effect of the various individual and combined screening criteria by
selecting or de-selecting the “Data View Options™ buttons to the lower right of the map. An option
is also available to display the event location error ellipses. The event characterization data and the
screening results may be viewed by selecting the “Event Screening Results” button at the bottom
of this page. This produces numerous displays of the results (Figure 4). Data markers on these plots
may be selected with a mouse to obtain further information, e.g., to link to the REB Web page.

By clicking on a thumbnail-size plot on the left of Figure 4, an enlarged plot is displayed, as shown
on the right, for example, of the upper bound of the 90% confidence interval for depth versus the
upper bound of the 90% confidence interval for mb-Ms. Each marker is color-coded by whether
the event was screened (green) or not screened (red). Events depicted by the red markers in the
upper right rectangle of the plot were not screened by either criteria. (Note that the markers with
mb-Ms > 3.5 actually correspond to events without Ms measurements. That is, for the sake of

making this plot, Ms is set to zero for events with no Ms measurement.)

The rectangular region on the lower lefthand side of this plot corresponds to depth and mb-Ms
values with, possibly, conflicting evidence, since deep events are not expected to have large Ms
measurements relative to mb. In this example, the event in this category has a 90% depth
confidence interval deeper than 100 km and a 90% mb-Ms confidence interval less than 1.2. By
either test, the event is screened; however, such events are flagged so that an analyst can review

the data to verify that the depth and magnitude estimates were computed properly.

Figure 5 shows a plot of Pn/Lg values in the 4-6 Hz band at each Primary seismic station for the
events during this period. The markers are coded by whether the signal-to-noise ratio (SNR) is
greater than or less than two, as defined in the legend. Similar plots are available for Pn/Sn and for
other frequency bands. This plot shows that some stations have limited or no regional Pn/Lg values
for this time period, and that many of the values have SNR values less than two.

Using the regional event characterization data, the events can now be compared to historical events
in their respective regions, employing a multivariate population (or outlier) analysis (e.g., Fisk et
al., 1993, 1994, 1993, 1996). Using the form in Figure 6, the user can select which regional event
characterization parameters to use, a signal-to-noise criteria, a magnitude cut-off, a minimum
training set size and the statistical significance at which an event is rejected as a member of the
remaining regional population. Additional regional event characterization parameters will be
added to this form once codes to compute them are installed at the PIDC. After the parameters have

been set, the analysis is executed by clicking on the “Submit Run” button.
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the plot correspond to events that were not screened by either depth or mb-Ms. Note that the
markers with mb-Ms > 3.5 correspond to events without Ms measurements.
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Figure 5. Pn/Lg values in the 4-6 Hz band at each Primary station for the events during this period.

Once the population analysis is complete, a Web page appears (Figure 7), similar in appearance,
color-coding and functionality to that shown in Figure 3. This page displays a map of the screening
results, including the results of the depth, mb-Ms, offshore/onshore and regional population
analyses. From this page, plots of the event characterization parameters and the previous screening

results, as well as plots of the population analysis results, can be accessed.
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Figure 6. Form to select regional event characterization parameters and other criteria for the regional
population analysis.

Figure 8 shows an example of plots depicting the results of the regional population analyses for the
individual stations. Note that there were only 17 of the GSETT-3 stations with regional training
sets at the time this analysis was performed. As before, a plot is enlarged by clicking on the
thumbnail-size version. These plots show how new events compare to historical events, as well as
to a threshold defined by the user’s inputs. Markers to the left of the vertical line correspond to
events that are rejected as being a member of the same population in the particular region, at the
specified significance level, in this case, 0.01. Shown here is an enlarged plot of the population
analysis results for Auxiliary station NIL in Pakistan. The circles correspond to the historical
events, while the triangles correspond to the new events being tested. In this case all but one of the
new events were found to be consistent with the regional event population. The event which was
found to be inconsistent with the previous seismicity in this region was an underground nuclear test
conducted at the Lop Nor test site in China on 29 July 1996. As for the other types of plots, the user
can click on a marker to obtain the REB Web page for the event and other information.
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Figure 7. Map showing seismic events, with location error ellipses, and color-coded by their screening results.

The map in Figure 1 shows the events before any screening has been applied. The map and legend
in Figure 7 illustrate the combined effect of applying the screening criteria. Of the 1859 events
which occurred between 15 July and 16 August 1996, 1434 were mb 3.5 or larger, of which 428
currently have insufficient data to perform the screening tests, 928 were screened out and 78 were
not screened out, based on the screening criteria in this example.
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Figure 8.

Displays of regional population analysis results. On the right is an enlarged plot of the results for

station NIL. In this case, the 960729 Lop Nor nuclear test was the only event flagged as an outlier.
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Table 1 summarizes the numbers and percentages of events (relative to the number of considered
events) that were screened by the various criteria. Approximately 28% were screened by depth,
11% by mb-Ms, 32% by offshore location, and 15% by the regional population analysis. Note that
many events were screened by multiple criteria. Of the considered events, 30% had insufficient

data with which to perform the screening tests, 65% were screened out, and 5% were not screened.

Table 1. Summary of the events screened by various combinations of tests.

Screening Category Number Percentage
Depth 400 28%
mb-Ms 160 11%
Offshore 464 32%
Regional Population Analysis 220 15%
Depth and/or mb-Ms 513 36%
Depth, mb-Ms and/or Offshore 778 54%
Depth, mb-Ms, Offshore and/or Population Analysis 928 65%

These results show how the interactive event screening tools can be used to reduce the number of
seismic events during a given period to a more manageable number for further investigation. Note
that the International Monitoring System (IMS) Network is still incomplete and event
characterization processing capabilities are evolving rapidly at the PIDC. Currently we have
regional training sets for only 17 seismic stations, roughly 10% of the total set of Primary and
Auxiliary seismic stations in the proposed IMS Network. As the full set of Primary and Auxiliary
seismic stations come on-line, and as more regional data are computed over time, we will continue
our on-going efforts to establish regional training sets. (We plan to describe this work in detail in
a subsequent report.) We expect that this will eventually reduce the number of events with

insufficient event characterization data to a much smaller percentage of the overall events.

Codes to compute additional event characterization parameters are also being integrated into the
processing pipeline at the PIDC (Jepsen and Fisk, 1996), which should further aid in screening a
higher percentage of the events in the future. New parameters include waveform complexity,
spectral variance, 2-D cepstral features, a short-period to long-period energy ratio, autoregressive
analysis of Lg waves, and others. The efficacy of these parameters needs to be investigated for
various regions. Parameters that reliably distinguish mining blasts from other types of events are

needed to permit useful event screening analyses for events below mb 3.5.
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3. Event Characterization Products and Subscription Service

In addition to the interactive event screening tools, we have been developing automated event
characterization products which include Executive Summaries, Event Lists, Bulletins, and displays
of the Signal Parameters and Raw Data. The automated analyses are executed each day after the
events are reviewed by expert analysts. The Executive Summaries provides top-level information
regarding the total number of events detected and those in various screening categories. System
status is also summarized to reflect the IMS Network and IDC processing capabilities for the
appropriate time period. The Event Lists summarize the events detected in various regions and by
the particular monitoring technique(s). From the Event List, there are links to the Reviewed Event
Bulletin (REB) and the Event Characterization Bulletin (ECB), the latter of which we have recently
developed. The bulletins provide in-depth information regarding the events and associated signal
measurements from the raw signals. The ECB provides hyperlinks to displays of relevant event

characterization parameters and will eventually have links to the raw data.

In conjunction with these Web pages, we have also been implementing an automated subscription
service, to allow PIDC users to establish regions of interest and custom event screening criteria,
which may vary for different regions. This subscription service is currently being coordinated with
David Salzberg of the Center for Monitoring Research (CMR), who is developing a unified service
for all subscriptions and on-demand requests via e-mail, ftp and the World Wide Web. In this
section, we first describe the standard (or default) data products, and then describe how the user
can customize these products to support their specific monitoring objectives.

3.1. Standard Data Products

The Web pages containing these data products may be accessed by first going to the PIDC home
page (www.cdidc.org), shown in Figure 9, and then clicking on the “Data Products” button to go
to the Data Products page, shown in Figure 10. The page shown in Figure 10 has menus to select
any of the data products currently available through the PIDC Web site. Once a particular product,
e.g., Executive Summaries, has been selected from the menus, the user clicks on the “Done” button,

which produces a Web-page dialog to select a date of interest (Figure 11).

Figure 12, for example, shows the Executive Summary for 8 June 1996, which provides high-level
information regarding the fotal number of events detected, those which were considered in the
screening analysis (i.e., those above mb 3.5), those which were not screened out, and those with
insufficient data to perform the screening tests. Currently event screening is performed using only
seismic data, as described in Section 2. Future work will incorporate hydroacoustic, infrasonic and
radionuclide screening procedures to form a fused summary.
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Figure 9. World Wide Web home page for the Prototype International Data Center.

Detection of Level 4 radionuclide events (e.g., ones for which fission products were detected) will
be summarized separately on this page (Figure 12). Due to the time delay in collecting and
processing radionuclide data relative to data for the other monitoring technologies, two boxes are
provided to indicate those Level 4 events detected during the time period in question, as well as
those correlated with events previously located by the other monitoring techniques, possibly over
a two week period. In addition, system status is summarized on this page to reflect the IMS
Network and IDC Processing capabilities for the time period in question. Some of these entries are

still in the development stage as indicated by “TBD.”
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Figure 12. Example of the Executive Summary Web page for 8 June 1996.

The boxes depicted in Figure 12 may be selected with a mouse click to obtain more detailed
information and graphical displays. For example, Figure 13 shows the status of the seismic stations
for the day in question. Future Web pages will also include a map display of station status for the
entire IMS Network, a threshold monitoring map, as well as displays of IDC Processing Status in
terms of WorkFlow, Link Status, Database Status, AutoDRM Status, etc.
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Figure 13. Seismic station status information for 8 June 1996.

Clicking on the boxes shown in Figure 12, which contain the numbers of events (Total Worldwide,
Total Considered, Not Screened and those with Insufficient Data), displays Web pages providing
corresponding Event Lists. Figure 14, for example, shows a map depicting the locations of all
reviewed events detected on 8 June 1996. Figure 15 shows a corresponding table (below the map),
which summarizes the events detected in various quadrants, and broken down by the particular
monitoring technique(s) responsible for detecting, locating and characterizing the events. Below
the table is a list of origin information for each event. A similar Web page, containing information
about only the events which were, e.g., Not Screened Out, can be viewed by clicking on the
corresponding box on the Executive Summary page.
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Figure 14. Event List page with a map display of events which occurred on 8 June 1996.

From the Event List page, there are hyperlinks (both on the map and in the event listing itself) to
the REB and ECB Web pages. The REB provides detailed bulletin information regarding the
various measurements used in detecting, associating and locating a given event, while the ECB
provides in-depth information regarding the event characterization measurements and results of
screening analyses. The bulletins provide hyperlinks to displays of the parameters, station
information and, eventually, to the raw data.
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Figure 15. Event List for 8 June 1996. Listings are color-coded by whether the event was screened (green),
not screened (red), had insufficient data to perform the screening tests (blue), or was not
considered in the screening analyses (gray).

For example, Figure 16 shows the ECB for the underground nuclear explosion conducted at the
Lop Nor test site in China on 8 June 1996. The event is highlighted by a circle on the map. The
event characterization parameters and results of the screening analyses are given below the map.

20




8 Data Products

& System Stalus

Figure 16. Event Characterization Bulletin (ECB) for the Lop Nor underground nuclear test on 8 June 1996.

Further information regarding results of the screening tests may be obtained by clicking on the
“Details” hyperlink. By clicking on the “mb-Ms” hyperlink at the bottom of the page in Figure 16,
e.g., a plot of mb-Ms versus mb is displayed for the events which occurred on this day, with the
mb-Ms value for this event highlighted by a circle (Figure 17). Also shown are the 99% confidence
intervals for mb-Ms. This and other similar displays allow the user to better understand the results.
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Figure 17. Display of mb-Ms versus mb, with 99% confidence intervals, for events that occurred on 8 June
1996. The mb-Ms value for the Lop Nor nuclear explosion is highlighted by the circle. Its entire
99% confidence interval is above the threshold set at 1.2.

The event characterization products presented in this section thus far have been based on a standard
or default set of event screening criteria. In the following subsection we describe our development
efforts to allow PIDC users to customize these data products.
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3.2. Custom Subscription Service

We are developing a custom subscription service to allow authorized IDC users to establish regions
of interest and custom event screening criteria. This is part of the larger subscription service being
developed for IDC users so that they may obtain user-specific data products on a routine basis via
either e-mail, ftp or the World Wide Web.

The Web version of the event characterization subscription form is shown in Figure 18. The first
text box in the upper left of the form is for the Subscription Name, corresponding to authorized
IDC users such as National Data Centers. In this example, the Subscription Name is New Zealand.
On the same line there are buttons which allow new regions to be added or existing ones to be
deleted. Associated with each region is a name. The default is Region N, where N is an integer. The
region name may be edited in the corresponding text box as desired. Below this line are a set of
text boxes which allow the user to define the latitude and longitude range of the region, as well as

a magnitude range of interest. In this example, the magnitude range includes all events up to mb 8.

The second set of text boxes correspond to event screening criteria based on the depth, mb-Ms and
offshore/onshore analyses. The user may set thresholds and confidence levels for defining an event
as deep and whether it should be screened out based on mb-Ms. The user can also specify a
confidence level associated with determining whether an event is offshore. The user may further
set a minimum number of stations required with mb and Ms measurements before the mb-Ms
analysis is performed. The user may also require the detection of one or more depth phase before

screening out an event as being deep.

The third section of the form allows the user to select event characterization parameters for the
regional population analysis. Also included are text boxes which allow the user to set a SNR
criterion, a magnitude cut-off, a minimum training set size and the significance level of the test.
These criteria allow the user to control the input and data quality for the regional analysis.

The user may specify different screening criteria for various regions, or even for multiple cases for
the same region, if desired. Once the desired regions and criteria have been set, the user clicks on
the “Submit Parameter Modifications” button at the bottom of the page to submit the form.

Much of the software to log and execute the subscriptions is still in the development stage.
However, we plan to have a preliminary version installed by the end of 1996. Future work will
include extensions to other seismic and non-seismic event characterization parameters and

associated screening criteria.
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Figure 18. Subscription form to set up user-specified regions of interest and custom event screening criteria.
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4. Preliminary Assessment of Event Characterization Capability

Using GSETT-3 data from the current (at the time this report was written) Primary seismic
network, we have performed a preliminary assessment of the availability of useful event
characterization data and the utility of the screening tools. The analyses were applied to events in
the Reviewed Event Bulletin (REB) which occurred from 1 January 1996 to 31 August 1996. We
used a standard set of screening criteria, as described in Section 3, and compiled monthly statistics
on the numbers and percentages (relative to the total per month) of events that were placed in
various screening categories, including those that could or could not be analyzed, based on

available event characterization parameters.
Figures 19 and 20 show, on a monthly basis, the numbers and percentages, respectively, of events
which were placed in the various screening categories, i.c., Considered, Insufficient Data,

Screened and Not Screened. The screening criteria used to obtain these results are given in Table 2.

Table 2. Summary of event screening criteria used in this analysis.

Event Screening Category Criteria
Considered Events of mb 3.5 or greater
Insufficient Data Insufficient data with which to apply any of the depth, mb-Ms or

regional population analyses

Screened 90% location error ellipse entirely offshore, or
95% depth confidence interval entirely deeper than 10 km, or
99% mb-Ms confidence interval entirely less than 1.2, or

Regional Population Analysis P-value > 0.01

Not Screened Events with sufficient event characterization data, which do not
satisfy any of the criteria to be Screened.

Initially, the event screening tools utilized only seismic estimates of location, depth, mb-Ms, and
their uncertainties, based on the availability of relevant parameters. On 10 July 1996, a code to
compute high-frequency regional amplitudes was integrated into the processing pipeline at the
PIDC. Shortly thereafter, we established regional training sets for 16 Primary GSETT-3 seismic
stations (ARCES, ASAR, CMAR, ESDC, FINES, GERES, HFS, LOR, LPAZ, MJAR, NORES,
PDAR, SPITS, TXAR, WRA and ZAL), for which there were sufficient data. Thus, the regional
population analysis could be applied only to events which occurred on 10 July 1996 or after, and
only to events for which there were regional amplitudes (Pn, Sn and Lg) computed for stations with

regional training sets.
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Figure 20. Percentage of events by screening category, plotted by month from January through August 1996.
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There were roughly 1700 to 2700 events per month, after analyst review, of which roughly 70% to
80% were mb 3.5 or above. The variation in the number of events per month is due to variations
in seismic activity, as well as variations in the number of GSETT-3 stations which were on-line
during this period (cf. IDC Performance Reports). Between January and June of 1996, there were
nearly equal percentages (roughly 30% to 40%) of events with insufficient data as those that were
screened, with the notable exception of February 1996, for which there were nearly twice as many

events with insufficient data than those that were screened.

The unusually large number of events during February was primarily due to a large earthquake
sequence, with roughly 600 detected aftershocks, off the northwest coast of New Guinea. This
sequence began on 17 February 1996 and lasted nearly five days, including 353 events reported in
the REB on February 17 (IDC Performance Report, 15 March 1996). Of these events, 34% included
Auxiliary data. Most of these events had depth estimates constrained to the surface, location error
ellipses too large to place the events in the offshore category at the 90% confidence level, and no
Ms or regional high-frequency amplitude measurements. Hence, this lead to an unusually large

percentage of events categorized as having insufficient event characterization data.

Starting in July 1996, there was a noticeable improvement in screening performance, in terms of a
reduction in the percentage of events with insufficient data and an increase in the percentage of
screened events (Figure 20). The percentage of screened events increased to roughly 45%, now
nearly twice the rate of events with insufficient data. This was a direct result of regional amplitudes
being computed at this time and the regional population analysis being executed for a set of 16
stations, less than 14% of the existing Primary and Auxiliary Network and roughly 10% of the total
proposed IMS Network of 50 Primary and 120 Auxiliary seismic stations.

This improvement was rather dramatic and encouraging, despite the relatively small percentage of
stations with regional training sets. Thus, comparable improvements in performance should be
expected as the full set of IMS seismic stations come on-line and as regional training sets are

established for the remaining Primary and Auxiliary stations.
Roughly 5% of the events per month were categorized as Not Screened. These were primarily
events with depth and/or mb-Ms measurements, but the uncertainties in the measurements were

such that the events could not be screened at the specified confidence levels.

In the future, we plan to establish a more complete set of performance metrics, as well as a set of
operational procedures for analyzing both interesting and routine events, in order to measure
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progress in event screening performance, including assessment of the data quality and the accuracy
of the results. In particular, we plan to quantify the percentage of events that are placed in the
various categories by individual and combined screening criteria, and as functions of magnitude,
number of defining phases, station(s), region, SNR and other relevant measures. These metrics
should indicate how many events can be analyzed using available data, as a function of IMS
Network coverage, how many can be screened by the various tests and, as illustrated, how upgrades
to the event characterization procedures affect the performance. We also plan to establish
interactive analysis procedures in order to validate computations of the event characterization
parameters and the screening results. Last, we plan to assess the sensitivity of the results to
variations in the screening criteria (e.g., cut-offs and confidence levels). This information will help

PIDC users make informed selections of input parameters for custom screening analyses.

5. Event Characterization for Two 1996 Nuclear Tests at Lop Nor

Two underground nuclear tests were conducted on 8 June and 29 July 1996 at the Lop Nor test site
in China. These events were among a larger set of events in Eurasia during this time period, and
provide a useful test of the event characterization software. The orthographic map in Figure 21
shows locations of seismic events which occurred between 1 June and 31 July 1996 in the region
defined by a latitude range from +15° (degrees) to +60° and a longitude range from +45° to +120°,
as indicated by the enclosed region on the map. Only the events in this region for which mb-Ms
and/or high-frequency regional amplitude ratios were computed were considered in this study.
There were a total of 19 events in this region, during this period, with mb-Ms and/or regional
amplitude ratios for station Zalesovo (ZAL), located at 53.62 latitude and 84.79 longitude in the
Russian Federation, and/or station Nilore (NIL), located at 33.65 latitude and 73.25 longitude in
Pakistan. These events were analyzed using the event screening tools for focal depth, mb-Ms and
regional population analysis, which are currently available at the PIDC.

Based on analyst-reviewed processing at the PIDC, the 960608 Lop Nor event occurred at
approximately 02:56:00 UTC, 41.65° latitude and 88.76° longitude, and the 960729 Lop Nor event
occurred at approximately 01:48:48 UTC, 41.69° latitude and 88.35° longitude. Both events were
approximately 12.2° from station ZAL and 14.4° from station NIL. The focal depths for both of
these events were constrained to the surface. The 960608 Lop Nor event had magnitude estimates
of mb 5.7 and Ms 4.0. The 960729 Lop Nor event was mb 4.7, but did not have an Ms
measurement. Thus, the mb-Ms analysis could not be applied to this event.
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Figure 22 shows a plot of mb-Ms values versus mb for the events with relevant measurements. The
error bars depict the 99% confidence intervals for mb-Ms. The event with the highest mb-Ms
estimate (equal to 1.7) on this plot corresponds to the 960608 Lop Nor underground nuclear
explosion. Hence, it was placed in the Not Screened category, based on an mb-Ms threshold of 1.2.
For one event, the entire 99% confidence interval for mb-Ms was less than 1.2. Hence, it was
screened. Two other events had mb-Ms values less than 1.2, but the entire 99% confidence

intervals were not less than 1.2. Hence, these events were not screened based on mb-Ms.

The 960729 Lop Nor event had regional amplitudes for both stations ZAL and NIL, while regional
amplitudes for the 960608 Lop Nor event were computed, by hand, only for station NIL. Figure 23
shows plots of Pn/Lg (left) and Pr/Sn (right) in three frequency bands (2-4 Hz, 4-6 Hz and 6-8 Hz)
for events recorded by station NIL. The values for the Lop Nor explosions are depicted by the red
asterisks and are considerably higher than the corresponding values for the other events.

Figure 24 shows a plot of the regional population analysis results for station NIL, using Pn/Lg and
Pn/Sn in the 4-6 and 6-8 Hz bands. All but the two Lop Nor nuclear explosions were found to be
consistent with the population of events in this region at the 0.01 significance level. Both the Lop
Nor explosions were found to be outliers at the 0.01 significance level. The 960729 event was also

found to be an outlier at station ZAL.

In summary, of the 19 events, one event (1996/07/19, 02:29:20, 39.74N, 54.01E, mb 4.6,
TURKMENISTAN) was screened by depth, one event (1996/07/24, 17:24:16, 35.91N, 68.50E, mb
5.0, HINDU KUSH REGION, AFGHANISTAN) was screened by mb-Ms, and all events, except
the two Lop Nor nuclear explosions, were found to be consistent with the population of seismic

events in this region, based on regional high-frequency measurements of Pn/Lg and Pn/Sn.

Both the 960608 and 960729 Lop Nor events had focal depths constrained to the surface. The
960608 Lop Nor event has a 99% confidence interval for mb-Ms entirely above the threshold of
1.2. No Ms measurements were available for the 960729 Lop Nor event. Both the 960608 and
960729 Lop Nor events were flagged as outliers, based on the regional population analysis, using
regional high-frequency measurements of Pn/Lg and Pn/Sn and a 0.01 significance level. Hence,
both of the Lop Nor nuclear explosions were placed in the Not Screened category. This example
illustrates how the event screening software at the PIDC can be used to flag anomalous events for

further interactive review.
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Figure 21. Map (orthographic projection) depicting the locations of stations and seismic events considered in
this study. The locations of the two Lop Nor underground explosions are indicated.
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Figure 22. Plot of mb-Ms values versus mb, with 99% confidence intervals indicated by the error bars.
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Figure 23. Plots of Pn/Lg (left) and Pn/Sn (right) in three frequency bands for the events recorded by station
NIL. The values for the Lop Nor explosions are depicted by the red asterisks.
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underground nuclear tests are found to be outliers at the 0.01 significance level.
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6. Conclusions and Recommendations

We described the interactive and automated event screening analyses which are currently installed
at the PIDC, as well as the Web pages we have implemented to make these tools and related data
products accessible to remote users. We presented two basic services: (1) an interactive event
screening service which allows custom criteria to be provided and applied during an on-line
session; and (2) a subscription service utilizing either a default or custom (user-specified) set of
screening criteria that remain in affect until they are changed by the user. These Web pages
currently provide a preliminary capability for users to select and screen events based on user-
defined criteria, and to view and download event characterization data products over the Internet.

Current implementations have focused on analysis of seismic events. However, future versions of
the PIDC Web pages will also reflect event characterization data and screening analyses for
hydroacoustic, infrasound, radionuclide and fusion techniques, as well as for new seismic analyses.
We also plan to develop dissemination services, via e-mail and ftp, for the event characterization

products as part of the integrated subscription/request service being developed at the PIDC.

We further presented screening results, using GSETT-3 data collected from existing Primary
seismic stations. In Section 2, we showed how the interactive Web pages could be used to analyze
a set of events using custom screening criteria. In the example shown, there were 1859 events
world-wide from 15 July to 16 August 1996, of which 1434 were mb 3.5 or larger. Of these, 30%
had insufficient data with which to perform the screening tests, 65% were screened out, and 5%
were not screened. Included in the set of events that were not screened was the 960729 Lop Nor
underground nuclear test. The example illustrated how the interactive screening tools can be used
to reduce the number of seismic events to a more manageable number for further investigation.

In Section 3, we presented a set of standard event characterization data products, computed on an
automated basis. (We further described the subscription service we are implementing to allow
users to define regions of interest and customize their screening criteria.) On 8 June 1996, there
were 65 events, of which 51 were mb 3.5 or larger. Of the 51 events, 20 had insufficient event
characterization data, 26 were screened out, and 5 were not screened, based on the screening
criteria. Included in the 5 events that were not screened on that day was the 960608 Lop Nor
nuclear explosion. Figure 17 shows that 4 of these 5 events had mb-Ms values less than 1.2, but
the 99% mb-Ms confidence intervals were not entirely below the line. (Less stringent criteria could
be used, if desired specific users. Note also that the regional event characterization analyses had
not yet been installed at this time.) This case illustrates how a user could examine these summaries

and associated graphics on a regular basis to focus on anomalous events.
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In Section 4, we presented a preliminary assessment of the event characterization capability over
time, in terms of the numbers/percentages of events placed in various screening categories. Starting
in July 1996, there was a significant reduction in the percentage with insufficient data, due to
integration of codes to process regional amplitudes and perform the regional population analysis,
despite the fact that regional training sets were established for only a small percentage of stations.

In Section 5, we examined in more detail a set of events in Eurasia, including two Lop Nor
underground nuclear explosions. The results showed that, provided there were measurements of
mb-Ms or regional amplitude ratios, the event screening tools were very effective, in this region,

in screening out all of the events except the two known nuclear explosions.

Despite the significant progress in implementing event characterization capabilities at the PIDC,
considerable work remains to improve the performance. The IMS Network is still incomplete and
event characterization processing capabilities at the PIDC are still in the development stage,
particularly for the non-seismic monitoring technologies. Currently we have regional training sets
for only 17 seismic stations, 10% of the Primary and Auxiliary stations in the future IMS Network.
As the full set of stations come on-line, and as more regional data become available over time, we
plan to continue our efforts to establish regional distance corrections and training sets. (We will
describe this work in a future report.) We expect that this will eventually reduce the number of

events with insufficient event characterization data to a much smaller percentage.

Codes to compute additional event characterization parameters are also being integrated at the
PIDC. This should further aid in screening a higher percentage of the events in the future. New
seismic parameters include complexity, spectral variance, 2-D cepstral features, a short-period to
long-period energy ratio, autoregressive Lg analysis, and others. The efficacy of these parameters
needs to be investigated for various regions. Parameters that reliably distinguish mining blasts
from other types of events are needed to permit useful event screening analyses for events below
mb 3.5. Event characterization parameters and screening capabilities, based on hydroacoustic and

infrasound data, must also be implemented to monitor oceanic and atmospheric regimes.

We also plan to establish additional metrics to better quantify event screening performance,
including data quality, accuracy of the results, and progress over time. In particular, we plan to
quantify dependencies on magnitude, network coverage, region, and other relevant measures. We
also plan to establish procedures for interactive review to validate the analyses. Last, we plan to
assess the sensitivity of the results to variations in the screening criteria. This information will help

PIDC users make informed selections of input parameters for custom screening analyses.
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