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This report is a summary of some of the short-period seismolo-
gicel discrimination work done during the past few years using data
recorded at the Yellowknife array for events located in the Eurasian area.
All of the significant results of this work are to be found in the notes
and reports that have been published (see appendix). This report comple-
ments these previous publications in that it contains a listing of the
unpublished data base and the methods of calculation of the multivariate
short period discriminants.

The original Eurasian data base was derived from the YKA analogue
tapes, the digitizing and editing of thése tapes being done on thé in-
house analogue and digital DDP-124 system. Due to the present memory
reguirements of the multivariant discriminant algorithm, the discrimina-

tion calculations were done on the larger departmental computer system.

No further data sets have been studied since the International
Seismic Month (ISM) program. The few events that have been analyzed after
the ISM were processed at the request of the Swedes and these data are
not quoted in this report. Should there be a need for any events to be
studied using the digital data from the new CANSAM system, a new editing
program and possibly a special filter program will héve to be designed
for the division's PDP-11/40 system. As well, the input subroutines for the
discrimination program will require modifications. As mentioned later,
to make such a re-programming effort worthwhile, more optimum discrimina-

tion functions should be derived through the use of the BMDOTM programn.
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What follows is a chronological summary of the results obtained
from our diserimination studies.

Short period signal complexity (C) had been examined by the
United Kingdom group and was thought to be a useful parameter until a
complex explosion from Novaya Zembya was observed. Alconcise summary
of the U.K. results are to be found in the SIPRI reports.

Subsequent to the U.K. studies, Whitham, Basham and Hasegawa
published the first Canadian discrimination work which was done with
YKA short periqd data. They used the correlogram as derived from the
processed YKA data to define rise times, qﬁarter widths and coda-peak
ratios. Their study included a large suite (35 explosions and approxi-
mately TOO earthquakes) in the third zone from Yellowknife, but did not
go as far as calculating the probability of classification of each
individual event. (appendix A-1)

Weichert then took ; suite of Burasian events and designed
a discrimination technique which used a third moment of frequency (TMF).
When this parameter was expressed as a function of m, , some o;erlap
between the population of 31 explosions and 42 egrthquakes was found.
(appendix A;2)

These parameters C and TMF which had been studied previously
were then moaified. A very significant improvement was oﬁtained when a

complexity was combined with a third moment of frequency, the complex
SRSy
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explosions in general being found to have more high frequency energy
than the earthquakes and simple earthquakes had less high frequency
energy than explosions. These-results were reported in a note to
Nature. (appendix A-3)

An expanded data base was then formed to include a wider suite
of Eurasian events and it was found that some of the larger explosions
fell into the parameter space that was associated with the earthquake
population. The discrimination method was the same as that used above
and the results using this expanded data base were reported in a paper
given at the Norsar symposium. (appendix A-L). = - :

At this meeting, a multivariate technique was described in a
Swedish paper by Israelson (1972). This method also used the informa-
tion in the time and frequency domains but applied a more rigorous
statistical method to the discrimiqation problem. As similar results
had been obtained using Canadian and Swedish data, a comparison was
made using’events common to both data bases. In terms of classifica-
tion, very similar results were obtained which were used in a joint
Canadian-Swedish Working paper for the 19%2 CCD meeting, (Appendix A-5).
and in a note to BSSA (Append%x A-6).

As the complexity-third moment of frequency (C-TMF) method of
short period discrimination haélbeen superceded by the multivariate
method, the following notes will only contain passing references to the
earlier work. There is sufficient information in the appendices A-2,
A-3, on the previous C-TMF results.

Basham made a comparison of the MS:mb discrimination method
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and the short period method using the multivariate method for an
Eurasian set of data where the probability of classification had been
computed. It was found that the methods complemented each other, and
the results were reported in a paper presentéd at the SSA meeting 1973.
(Appendix A-T).

Manchee experimented with the S.P. method using a suite of
Nevada events and found that these second ;one Nevada events were of
sufficiently different character so as to make discrimination imprac-
tical. His study emphasized the fact that short period method had to
be defined on a regional basis. (Appendices A8-9)

With the ISM project, a well defined set of events, up to
then the most inclusive, became available. (see Appendix B-3). Using
short period YKA data, this data base was exhaustively tested using
the SP techniques which were then compared to the MS:mb results, the
previously defined Eurasian data base being used-as the design set.
The results which were obtained were then used to define thresholds of
application and are contained in a CCD working papefl (Appendix A-10)
The Canadian and Swedish studies of the ISM data base were also used
for a working paper to this CCD meeting held in 1973. Here the data
were used over a wider geographical area, in the third zone to Yellow-
knife, than had been used previously to define the short period dis-
criminant. However, the earthquakes from this wider area still tended to

v

separate from the explosions.

The multivariate discrimination studies using short period,

M ‘m  fnral depth and location data were reported in a note to Nature



(appendix A-11) and as well formed the basis for two papers read at
the ISM symposium at the 1974 SSA meeting and the NATO meeting held
in Norway (appendix A-12).

The Eurasian design set of shallow earthquakes and explosions
for the multivariate vector method is listed.in appendix B-1l which
also contains the program used to derive the printed data. The table
which is made up of 71 Eurasian explosions and 216 shallow Eurasian
earthquakeé also includes some proﬁabilities of classification as
derived from the Swedish data obtained from their Hagfors station. The times
listed in this table are the expected times of arrival at YKA as derived from
the Gedess program using the PDE data as input. The slowness (SL) and azimuth
(Az) are also derived from the Gedess program and are not necessarily the values
used for optimum phasing of the P waves. These optimum values can be
found in the index listings kept in the DDP-124 computer room.

These data were recorded on the YKA analogue tape at Yellow-
knife and were replsyed at approximately twice the recording speed. To
remove some of the noise and also to avoid alAjsing, the data were
passed.through the band pass filters set at 0,5 to 16.0 Hz, resulting
in an actual band pass of 0.25 to 8.0 Hz (Fig. 1). Using the
division's-DDP—lQH computer system, these events were digitized at a
nomingl 20 samples per second using program ARA (see DDP-12L system
manual). The mean sampling rate was then determined for each file
recorded on digital tape using the same program ARA., The standard
analogue output from this program was examined for a first approxima-

tion to the optimum values of slowness and azimuth., These digital
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files were then examined using prograem ARACRT where noisy or dead
channels were marked and the optimum slowness and azimuth were derived
from visual picks of the onset and/or the peaks and troughs of the P
phase.

Program PICK was then used on the DDP-12k to pick the exact
onset of each event and to form a tape containing the files of data
that were to be processed on the department's CDC-6400 system. After
being processed by program PICK, each file contains two BCD.header
records and as many binary records as are necessary to contain the
event. The first BCD record contained the information that identified
the file while the second BCD record contained the sampling interval,
optimum slowness and azimuth, (as derived in ARACRT) and the sample
number of the P wave onset.

Using the data derived as described above, for the Eurasian
data base the mean rectified signal averages in 20 samples bands (one
second) are shown in Figure 2. The vertical scale 1oglo (/)
represents the log of the normalized portion of the signal in each 20
sample interval, where the normalization refers to the total sample
length of 140 data samples per channel ( T seconds). The horizontal
scale defines the components of the discrimination vector in the time
domain. This figure simply illustrates that on the average, explosions
contain less coda energy than do shallow earthquakes and that they
are also less emergent in character. Note that only seven seconds of
data are used in comparison to 35 seconds that were used with the
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previous complexity calculations. The significance of this is the fact
that for small events we are not using a longer section of record

that would most likely consist solely of noise. Also, the chance of
including other phases such as PcP is diminished.

In the frequency domain, a 128 point Fourier transform start-
ing 10 samples before the picked onset of the signal is shown in fig. 3
as an average of the logs of the normalized spectral amplitudes of the
individual <#5E8%e data channels. Note that these spectra are not derived
from the phased beam, as th; high frequency values.are required fér
efficient disc;imination and are attenuated on forming the phased sum
due to lack of high freguency coherence. The significant difference
between the earthquakes and explosions in spectral amplitudes up to
4.52 Hz should be noted as this is the upper limit that is used in
the multivariate discrimination method. The vector components are
composed of the spectral amplitudes taken in groups of 4 from 0.31
Hz to 4.52 Hz, i.e., a set of 28 spectral values grouped into 7 vector
components in the frequency domain.

To obtain the optimum set of components for purposes of classi-
fication, the BMDOTM program should be used. However, at the time, not
being familiar witﬁ.this method, the components were subjectively picked
after considering figures 2 & 3. When this work was originelly done
the BMD set of programs were not available on the departmental computer
system and so the discrimination study was done using subroutine DISCR
of the IBM system/360 scientific subroutine package (which is similar

to BMDOLM). (appendix A-11) One parameter that this subroutine computes
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is the generalized mahalanobis D2 vwhich is a measure of the efficiency

of the discriminant. The larger the D2 value the better the discriminant.
By a process of trial and error in maximizing D2 a set of components

were arrived at, 5 in the time domain and 7 in the frequency domain

and these are also shown in Fig. 2 & 3. At a later date BMDOTM was

run and it was seen that some improvement could be made, but this
improved discrmination functiop has not been used. Using the discrimina-
tion function as defined above with 12 components, all of the Tl explo-
sioﬁi}n the Eurasian dafa base were correctly classified into the
explosion set and for the earthquake set of 216 shallow (h 50 km) events,
13 were classified as being explosion-like.

To obtain a discrimination value for an event that has been
prepared on the DDP-12k, the program SPDISC is run on the departmentsal
CDC-6400 computer using the digital tape prepared by program PICK.

This program SPDISC (appendix B-2) also computes the old complexities
and third moments from which a classification probability is also
derived. However, the significant classification probability is derived
from the 12 component vector. The signal to noise rétio (SNR) in the
output listing of the iSM data (appendix B-3) represents the SNR in the
time domain for each of the time domain componenté, the noise values ‘
having been derivéd from the data preceding the onset of the event.

It should be noted that SPDISC has not been run on the

currently operating Cyber system and thus the control card set up may

not now be correct.



The CANSAM digital tapes cannot be used for discrimination
with these functions as the pass band is not the same as on the analogue
system. Any change in the pass band will probably result in incorrect
classification probgbilities. Should it become necessary to use the
CANSAM digital tapes, a digital filter will have to be derived to
approximate the overall response of the old analogue system. As long
as we maintain our analogue system and the DDP~124, it will still be a
simple matter to obtain discrimination values. However, since this
‘system will be phased out, the possibility of transferring the discrim-
ination analysis to the new PDP 11/40 should be examinéd. As the PDP
system contains disc storage, it might be feasible to do all the computa-

tion in house. It mighﬁ also be feasible to do some on.line processing

on the CANSAM system.
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