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ABSTRACT

This report describes the final phase of the evaluation of the
Norwegian short-period Seismic Array (NORSAR) which has been conducted
by Texas Instruments, Incorporated at the Seismic Data Analysis Center. The
report also summarizes results achieved during the complete evaluation study

over the period 1 April 1971 to 30 September 1973,

The major areas of study covered by this report are:

° Array processing performance

° Partial array performance

® Maximum likelihood estimation of the NORSAR event detection
capability

) Evaluaticn of short-period discriminants.

The accumulated data base for this study has been 567 events,

including 39 presumed explosions; 33 of which are from the Eurasian continent.

Neither the /idvanced Research Projects Agency nor the Air Force
Technical Applications Center will be responsible for information contained
herein which has been supplied by other organizations or contractors, and
this document is subject to later revision as may be necessary. The views
and conclusions presented are those of the authors and should not be inter-
preted as necessarily representing the official policies, either expressed or
implied, of the Advanced Research Projects Agency, the Air Force Technical
Applications Center, or the US Government,
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SECTION I
INTRODUCTION

This report presents the results of the final phase of the eval-
uation of the short period Norwegian Seismic Array (NORSAR). It extends
the analysis reported in Special Report No. 6, (Barnard and Whitelaw, 1972}
and Special Report No. 9, (Ringdal and Whitelaw, 1973) under the Extended
Array Evaluation Program. The overall objectives of the NODRSAR SP eval-

uation have been:

° Determine the best processing methods for enhancing the signal-

to-noise ratio of Eurasian events

° Determine the array detection capability for Eurasian events

° Evaluate the performance of short period discriminants at
NORSAR

° In conjunction with long period NORSAR data, determine the

detection and discrii.ination capability of NORSAR for Eurasian

events.

The fourth objective stated above will be the topic of a forth-
coming report (Special Report No. 13, 1973), and will not be discussed here.

Five analysis tasks were undertaken in order to meet the first three objectives:

° Noise analysis

° Signal analysis

° Evaluation of array processing effectiveness
° Detection threshold estimation

1-1
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Aunalysis of the behavior of SP discriminants,

Final results from noise and signal analysis were presented in
Special Reports No. 6 (1972) and Ne, 9 (1973). No additional work on these
subjects has been undertaken since then. Our efforts during the final phase
1 have been focused on increasing the data basc for detection and discrimination

analysis and develop methods for reliable estimation of the array capabilities.

Section Il of this report describes the results from the array
processing evaluation, including a study of the performance of a potentially
reduced NORSAR array. Section 11l presents regional estimates of the NORSAR
detection thresholds, while SP discrimination capabilities are discussed in
Section IV. An extensive summary of all major results achieved during the SP

evaluation program is presented in Section V.

The NORSAR SP array is centered about 100 km due north of
Oslo, Norway, at a latitude of 60.8°N and a longitude of 10. 8°E. The array
consists of 132 short period reismometers and has an aperture of about 100 km.
The sensors are grouped in 22 six-element subarrays; each subarray has a

center sensor and a five sensor ring and is 7-1C km in diameter (Figure 1-1).

The results presented in this report are based on seismic events
and presumed explosions from 1971 and 1972. A total of 567 events have been
processed; all but 15 of thece were from Ei1rasia. The number of presumed
explosions totals 33 from Eurasia and 6 from the Western Hemisphere. The

complete data base for the NORSAR SP evaluation is listed in Appendix A; it

includes the 344 events analyzed in Special Reports No. ¢ (1972) and No. 9
(1973) as well as an additional 223 events, mostly from June and July of 1972,

which have been processed since then.

Figure 1-2 presents a breakdown of the processed events by
information source. Our events have been selected from szismic bulletins

provided by four different organizations:

1-2
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. The PDE listings (Preliminary Determination of Epicenters)
issued by the ""ational Oceanic and Atmospheric Administra-

tion (NOAA).

° The LASA seismic bulletin issued by the Seismic Data Analysis
Center (SDAC).

. The NORSAR seismic bulletin compi.ed at Kjeller, Norway.

° The bulletin from the International Seismic Month (ISM), which
covers February 20 to Marci: 19, 1972, and has been compiled

at Lincoln Laboratories.

In all cases where an event was reported by more than one
organization, we selected our source information according to the priority
list: ISM, PDE, LASA, NORSAR. As can be seen from Figure 1-2, most
events of m _above 4.5 have been reported by PDE, while LASA and NORSAR

b
supply the detection information for most low magnitude events,

Our procedure in analyzing these events was first to estimate
the P-wave signal arrival time at NORSAR for each event, and then to re-
quest SP data tapes from the NORSAR Data Center covering intervals of ap-
proximately 10 minutes around each expected arrival. These tapes were
then processed using our NORSAR Short Period Array Evaluation Software
Package (Texas Instruments Incorporated, 1971) to determine signal para-
meters and to produce plots of waveform traces. Finally, for each event,
the TI analyst made a decision as to whether or not the event could be detect-

ed on NORSAR data, based upon visual inspection of the signal traces and

personal judgement,

Figure I-3 is a histogram showing the distribution of process-

ed events as a function of epicentral distance from NORSAR. The data base

I-5
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may conveniently be split into three regions, where the majority of events

are located:

° The Mediterranean area (distance 15-30 degrees). Approx-

imately 100 events from this region have been processed,

° Iran and Central Asia (distance 35-50 degrees). The number

of events is approximately 150,

° Kamchatka and the Kurile Islands (distance 60-70 degrees).

Approximately 200 events from this region are included in our

data base,

As can also be seen from Figure I-3, very few of the process-

ed events were not detected on NORSAR SP data, with the exception of the

Kuriles-Kamchatka area events,

Throughout 1971 and 1972, the qaality of the NORSAR SP data
was excellent. For a total o. 25 of the events selected by TI, no data was
available from NORSAR. This corresponds to less than five p3rcent of our
data requests, and thus indicates that the array was operati(;nal for an aver-
age of more than 95 percent of the time. For about one-third of the process-
ed events all 132 sensors were operational. In most other cases one or two
subarrays were dead or contained calibration signals; the worst data loss was
33 sensors, Data spikes were observed for ten events, but in each case only
one or very few sensors were affected; consequently these events could still

be satisfactorily processed.

The phase reversals observed in 1971 data (Special Report
No. 9, 1973) appeared to have been permanently corrected from about

January 1972,

1-7
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SECTION 11
ARRAY PROCESSING PERFORMANCE

A, INFRODUCTION

In the course of the NORSAR SP evaluation study, several array
processing techniques were examined for possible application to NORSAR short
period data. It was decided at an early stage that adaptive multichannel methods
would not be very effective, since the seismic noise is essentially incoherent in
the frequency band on interest. Although signal frequency characteristics show
large variations, we found that a ''standard'' filter (Special Report No. 6, 1972)
would in most cases give close to optimum signal-to-noise ratio (SNR) improve-
ments. Also, significant time delay anomalics (deviation from plane wave pro-
pagation along the great circle azimuth) were observed for all regions, thus
causing cons‘derable beamforming loss when plane wave dela;.. were applied
between subarrays. Finally, we observed large signal amplitude variations
from subarray to subarray; this suggested that some form of weighted beam-

forming might be beneficial.

We thus concluded that the following array processing techniques

should be evaiuated in detail on NCRSAR data:

) Bandpass filiering, using the standard filter

° Plare wave subarray beamforming

° Adjusted-delay array beamforming

° Diversity-stack array beamforming (i. e., applying weights pro-

portivnal to subarray signal amplitudes prior to beamforming).

[ —




1'his section presents the results from these analyses. The
data base contains statistics from 412 Eurasian events, of which 172 occurred

in 1971 and the remainder in the first six months of 1972,

Also included in this section is a brief discussion of the per-
formance of a potentially reduced NORSAR array. The most natural way to
reduce the size of the array is to eliminate the outer ring of subarrays; thus
leaving 8 subarrays as shown in Figure II-1., However, the Northeastern
part of the orray has consistently shown the best signal-to-noise ratios for
Eurasian events; therefore, we decided also to evaluate the performance of a
partial array consisting of 8 subarrays in the Northeast corner as shown in
Figure I1I-2. A total of 60 Eurasian events from 1971 were selected as data

base for the comparison of these tw partial arrays to the f»ll array.

In the subsequent discussions, beamforming and filtering gains
have been obtained by computing the signal-to-noise ratio (SNR) for cach event
at each processing stage, and then defining gain as SNR improvement from one
stage to another., The following formula has been applied:

SNR = 10 - loglo(s—l\-IH)

where S is the signal plus noise power over a 6.4 seconds window; (this
window length is comparable to cignal duration for medium size events and
is also convenient for computational purposes; representing a power of two
relative to our sampling rate of 0.1 seconds). Similarly, N represents the
nois< power averaged over a window of approximately one minute preceding

the onset of the signal,

B. ARRAY BEAMFORMING AND FILTERING PERFORMANCE

NORSAR short period beamforming is implemented as a two
step process. The first step is subarray beamforming, which is performed
separately for each of 22 subarrays. The second step, which we will refer

to as array beamforming, consists of adding together 22 subarray beams with

the proper time delays.

S 3
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The perforriance of NORSAR subarray beamforming was eval-
uated in Special Report No. 9, (1973) and it has been verified that plane wave
delays in general are appropr ate for this purpose, SNR gains for subarray

beamforming averages approximately 7 dB,

Table I1-1 shows means and standard deviations of array beam-
forming and standard filter SNR gains for those events of 1971 whose average
subarray SNR is at least 5 dB. The statistics from this set of events are con-
sidered representative of ideal array pe ‘formance, since the beams, in this
case, were generated using adjusted delay: determined by examination of the
subarray beam-to-reference subarray beam cross-correlation functions. In
contrast, the array beam of each 1972 event was generated using delays de-
termined from the previously processed master event with the nearest epi-
center., Statistics from these events can be regarded to determine a conser -

vative estimate of operational array performance,

The following principal points are noted in regard to Table 1I-1

and the additional statistics discussed above:

° Array beamforming gain from average subarray beam to
adjusted-delay beam is 10 dB + 2 dB for both wide-band and
filtered data (Figure II-3). This compares with a theoretical
(V'N) value of 13 dB. Outliers on the low end of the distribu.
tion shown in Figure 1I-3 represent events from epicentral re-
gions such as Turkey, Greece, and Western Russia, which
typically suffer high beamforming losses as a result of pocr

signal similarity across the array.

° Reference subarray to adjusted-delay beam SNR gain is not
very large. Events from 1971 averaged 4.5 + 3 dB for wide-

band data and slightly less for filtered data. The distribution

of these gains is shown in Figure 1I-4. Outliers on the lcw




TABLE II-1

NORSAR SHORT PERIOD ARRAY PERFORMANCE STATISTICS
FOR 172 EVENTS FROM 1971

Beamforming Gains

Wide - Band Standard Filter
Average Subarray to
Adjusted-Delay Beam 10.2 2.1 4B 9.8 £2.1 4B
Reference Subarray to i
Adjusted-Delay Beam 4.6 £3.1dB 3.6 42.84B .-
Adjusted-Delay Beam to -
Diversity-Stack Beam 1.0+ 06.9dB 1.6 +1.0dB

Standard Filter Gains .

Peference Subarray Beam 8.6 +4.3dB
Average Subarray Beam 813%3:.74dB |
Adjusted-Delay Beam 7.8+4.2 dB
Diversity-Stack Beam 8.3+4.1dEB

Combined Gain

(Wide-Band Average Subarray Beam to Filtered Adjusted-Delay Beam)

17.9 + 4.5 dB
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side are contributed chiefly by events whose reference sub-
array is much better than the average subarray, Parenthe-
tically, it was demonsctrated in Special Report No. 9 that the
degree of spread in subarray beam SNR's for a given event
varies systematically from one epicentral region to another.
Some of them, however, represent events with relatively poor

signal similarity ~etween subarrays.

Diversity-stack beam: performance relative tc the adjusted-
delay beam is 1,0 + 0.1 dB for wide-band data and slightly
higher for filtered data, essentially the same as that noted in
previois reports, Figure II-5 shows that values for all events
are distributed closely about the mean. Negative values can
be explained as the result of poor coherence amonrg the stronger

subarrays.

Filter improvement is consistently more variable than beam-
fcrming improvement as a direct result of the wide variation
ir. frequency content from event to event (Figures 11-6, 1I-7).
It vu.s shown in Special Report No. 9 (1973), that this spectral
variation is highly dependent on source region, Standard de-
viations are on the order of 4 dB for average and reference
subarray beam and both array beams. Mean gains are about
8 dB for both average subarray and adjusted-delay beams.
Slightly higher gains for reference subarray and diversity-
stack beams are due to decreased attenuation of high frequen-

cies in the signal.

Mean total array processing gain, (Figure 11-8) is 18 + 4,5 dB;
including the 7 dB subarray beamforming gain mentioned be-
fore overall SNR gain (from unfiltered singl.' sensor to filtered

array beam) is about 25 + 5 dB.

11-9
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As mentioned previously, ali the above numhers refer to 1971
events, for which "optimum' processing was performed. For our events
from 1972, we chtained an adjusted-delay array bearmforming gain of 7 + 4 dB
relative to the average subarray beam for filtered signals. Thus we estimate
that our use of delays from nearby master events results in a decline of about
3 dB in array performance, relative te the ideal case. Obviously, this loss
may be reduced by applying interpolation techniques and also by enlarging the
set of master events. Therefore, our statistics from 1971 and 1972 may con-
veniently be viewed as upper and lower bounds, respectively, of operational

array performance,

C. PARTIAL ARRAY PERFORMANCE

Performance of two eight-subarray partial arrays relative to
that of the fuil array was evaluated on the basis of data from 60 events, Means
and standard deviations of indicators of partial array performance are shown
in Table II-2. Figures 1I-9 and II-10 show histograms of SNR loss from full
array beam to partial array beam for the two partial arrays. Theoretical
beamforming improvement by a partial array of this size is 9. 0 dB, a de-

crease of 4.4 dB from the 13.4 dB for the full array.

in the case of the partial array composed of the inside rings
of the full array (Figure II-1), the observed decline in performance averaged

slightly less than 5 dB.

The second partial array (Figure 1I-2) was composed of sub-
arrays in the northeast quadrant of the array which have shown consistently
higher SNR's than the rest of th» crray for epicentral regions of iuterest
(Special Report No. 9, 1973). The average performance of this partial array

was only 2 dB worse than that of the full array.

Mean filter gain did not show any significant differences be-

tween the two partial arrays and the full array.

11-14




TABLE 1I-2

NORSAR SHORT PERIOD PARTIAL ARRAY
PERFORMANCE STATISTICS

Ratio of Partial Array Beam SNR to Full Array Beam SNR

Rings A and B Northeast Quadrant

Wide-Band -4.8+3.2dB -2.142.0dB ﬁ
i

Standard Filter -4.7+2.4dB -2.04+1.9dB i
q]'

Adjusted-Delay Beam Filter Gains

Full Array Rings A and B Northeast Quadrant

e R A

8.9 +4.3 dB 9.1 +5.4d3 9.1 + 3.6 dB

11-15
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It may thus be concluded that a partial array (of 8 subarrays)
in the northeast corner of the NORSAR array will have a detection capability
that is only slightly inferior to that of the full array for Eurasian events.
Since the aperture of the partial array is only about one-half of that of the full
array, a decline in the event location accuracy must also be expected, Finally,
it should be st essed that our analysis is valid for Eurasian events only. In
fact, for events from the Western Hemisphere, the northeast quadrant of the

array no longer gives the highest signal amplitudes, and a different partial

array configuration would probably be optimum for that case.




SECTION III
NORSAR TELESEISMIC DETECTION CAPABILITY

A, INTRODUCTION

One of the main objectives of this study was to determine the
detectability of P-waves using the short-period NORSAR array, For this
purpose an adjusted delay array beam was formed for each event, and the
decision detection/no detection was made by the TI analyst after visual in-
spection of the signal traces. For most events having bodywave magnitude
lower than 4.5 prefiltering of the signal was performed using our standard
filter, which is similar to the bandpass filter used in the NORSAR on-line
Detection Processor. The procedure leading to the selection of this filter
was outlined in Special Report No. 6, (1972). The NORSAR SP incremental
detection thresholds were then estimated by observing the detection percen-

tages as a function of event magnitude.

The method of estimation utilized in this report is a maximum
likelihood procedure described by Ringdal (1974). Briefly, this method as-
sumes that the probability P(m) of a seismic station detecting an event of
bodywave magnitide m in a given region may be described by an error

function:

2
R ¢ L
2
P(m) = 2ma’) H? / s ¥ a (1)
-0

In this model, then, the station detection potential tor events from a specific
region is characterized by the corresponding values of 4 and o . The pro-

blem is therefore to estimate these two parameters,.

I1I-1




The general procedure in estimating y and o is as follows:

Obtain a reference set of randcmly selected events of various

magnitudes,

° For each event in the reference set, make a decision as to

whether or not the station has detected this event.

° Establish the likelihood function for the observed pattern of
decisions: detection versus no detection, using the probability

model (1). (This is easy since all decisions can be assumed

independent. )

° Find the values of the parameters (4, 0) that maximize the

above likelihood function,

When applying this method to the NORSAR array, some con-
sideration must first be given to the reference event set. It is essential that
the events in the reference set, for any given magnitude, represent a random-
ly chosen subset of the total number of events occurring. In this way, the
percent detected will be an unbiased estimate of the percentage that NORSAR

would detect of the whole event population for each magnitude.

The randomness criterion above means that no event must be
chosen with any a priori knowledge as to whether or not NORSAR can be ex-
pected to detect this event. (Apart, of covrse, from magnitude and location
information.) Thus we require statistical independence between NORSAR and

the reporting source with respect to event detection probability,

In order to achieve this independence, we deleted all events in
our data base that had originally been selected using the NORSAR seismic
bulletin as a source. We also excluded events reported by ISM where NORSAR
had been listed as the primary source, (i.e., events that would probably not
have been reported if NORSAR had not detected them)., The slight bias into-
duced by the fact that NORSAR contributes to the compilation of the PDE

111-2
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bulletins was considered insignificant for our purposes; we therefore includ-

ed events reported by PDE in our reference set.

The data base for our detection threshold estimation was in
this way reduced to 452 Eurasian events, 173 events were located on the
Kamchatka-Kuriles arc; 38 of these were not detected on NORSAR data. Of
the remaining 279 events, all but 12 were detected. This high detection rate
is due partly to the good capability of the NORSAR array for Europe and Cen-
tral Asia, partly to the lack of low magnitude events from this region in our
data base; this, again, reflects a relatively poor coverage provided by LASA,
As a consequence, it has not been feasible to perform a detection threshold

estimation on a regional basis for the Eurasian continent.

For large events, the tirue delay adjustments for the array
beamforming were computed by cross-correlating the subarray waveforms.
For all low magnitude events, time delays were estimated on the basis of
nearby large events. Thus it may be assumed that it would have been possible
to obtain more precise regional corrections if a larger data base and more
elaborate processing methods had been used. As a consequence, the estimates
of the NORSAR short period detection capabilities presented here should be re-

garded as conservative.

Finally, it should be observed that all our estimates are in

terms of LASA, PDE, or ISM magnitudes (w 1ich are considered to be mutu-
ally unbiased), It is important to quote the source stations when referring

to our detection threshold estimates,

B, ESTIMATE OF THE NORSAR o DETECTION THRESHOLD

Figure IlII-1 presents a histogram showing the NORSAR detec-
tion performance for the Kuriles-Kamchatka arc (Region 1) together with the
associated maximum likelihood detection curve. The 90 percent incremental
threshold estimate is around m, = 4.3. The epicentral distances from NORSAR

are between 60 and 75 degrees for events from this region.

II1-3
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A similar picture for Eurasia apart from Kuriles-Kamchatka

(Region 2) is given in Figure I1I-2, Because of the relatively few low magni-
tude events in this d«ta base, the detection curve cannot be estimated with
any great degree of confideace for low m, values. However, a reasonably
accurate estimate of the 90 percent incremental detection threshold may still
be obtained; it appears to lie around m_ = 4,0, Most of our events from

b
Region 2 are from Europe and Central Asia, with epicentral distances to

NORSAR ranging from 20 to 50 degrees.

It shouid be pointed out that several of our events for Region 2
have relatively unreliable m, estimates. This is due to the fact that PDE
includes near regional stations in their m, computation, and therefore will
often report too high a magnitude. In particular this applies to events for
which only o few stations report an amplitude, since those stations are then
likely to have a favorable radiation pattern for the event in question. As a
partial solution to this problem, we decided to delete events with mb values
based on just one PDE station from our maximum likelihood estimation. Thus
one event of m, = 4.5 and one of m, = 4.8 (ITA/035/04N) that were not de-
tected were eliminated from consideration.

The detection statistics for all our events from Eurasia are

presented in Figure 111-3. The 90 percent incremental detection threshold is

close to m, = 4.2, and can be given with good confidence.

In order to examine a possible seasonal influence on the NORSAR
detection capability, the data base was split into a summer event suite (origin
date April through September) and a winter event suite (origin date October
through March). The correspondirg detection curves are presented in Figures
I11-4 and 111-5. The incremental 90 percent threshold estimates are between
%.1 and 4.2 for the summer event suite and between 4.2 and 4. 3 for the winter
events. This difference of about 0.1 L units may be attributed to the gen-

erally lower seismic noise level during the summer months.
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It is interesting to notice that the difference found here is less
than the 0.3 m, units of seasonal differcnce observed for the NORSAR LP
detection thresholds (Special Report No. 7, 1973). This confirms the obser-
vation from our SP noise analysis (Specizl Report No. 6, 1972) that the seis-
mic noise filtered by the standard filter exhibits less seasonal variation than

the wide -band noise level. This again is due to a shift in the microseismic

peak towards lower frequencies as the noisc level increases.

C. ESTIMATE OF THE NORSAR OPERATIONAL DETECTION
THRESHOLD

A comparison between the detection results from TI1's analysis
of NORS AR data and the NORSAR seismic bulletin was presented in Special
Report No. 9, (1973). For the time period covered by that investigation
(January to March 1972) it appeared that NORSAR was operating well below
its potential. Considering that the weekly number cf events reported by
NORS AR has increased significantly since then, it would be of interest to de-

termine the present operational detection level for the array,

For this purpose, we analyzed the NORSAR performance for
two event swarms, one from South Honshu, December 3-20, 1972; the other
from the Kurile Islands, June 17-30, 1973, LASA detections and mb values
were used as a reference, and detections occurring when NORSAR was out of
operation were deleted. In this way statistics were compiled concerning

detection/no detection information as presented in Table 11I-1 and Figures

111-6 and 111-7.

One interesting observation from Table III-1 is that NORSAR
detected more events than LASA from the Kuriles swarm, while this picture
was reversed for the South Honshu aftershocks, Both of these swarms were
at almost identical epicentral distance from LASA and NORSAR. The main

explanation is the NORSAR noise level, which was slightly less than 0.2 mu




TABLE 11I-1

NORSAR AND LASA EVENT DETECTION PERFORMANCE
FOR EARTHQUAKE SWARMS FROM SOUTH HONSHU
(DECEMBER 3-20, 1972) AND THE KURILE

ISLANDS (JUNE 17-30, 1973)

Honshu Kuriles

Swarm Swarm
Distance from NORSAR (deg) 78 70
Distance from LASA (deg) 80 69
LASA Total Detected Events 192 364
NORSAR Total Detected Events 133 452
Common Events 106 284

mi-i1
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RMS on the bandpass filtered (1.2 - 3.2 Hz) array beam in December 1972,

while less than 0.1 mp in the last part of June 1973. This, of course,
caused the 90 percent detection level for the Kuriles swarm to be significantly
lower than that of the Honshu swarm, (4.1 compared to 4. 3). The difference

is even greater in the 50 percent thresholds (3.5 and 3. 9).

It is interesting to notice the much larger spread in the detec-
tion curve for the Kuriles swarm compared to the Honshu curve, (0= 0.47 to
o= 0.31). Part of this difference may be due to a greater variation in the
seismic noise level during June 1973, but mostly it seems to reflect more

variability in the source mechanisms for the Kuriles aftershocks.

In order to compare TI's detectability estimates to the observed
array performance, it is most correct to compare the 50 percent detectability
limits. This is because there is an inherently larger spread in the detect-
ability curve when the events span ¢ larger region and a longer period of time
as opposed to an aftershock sequence. By compensating for the differences
between the actuai noise levels during the two event swarms and the annual
average level of 0. 16 mpy on the filtered array beam (Special Report No. 6,
1972) we obtained estimates of 3.7 and 3. 85 for the 50 percent operational
detection levels for Kuriles and Honshu, respectively, during normal noise
conditions., These numbers are only slightly higher than the TI estimate of
3. 65 for the Kuriles-Kamchatka arc. Thus it appears that NORSAR presently

operates very close to its optimum capability for this region.

It has not been possible to determine the present NORSAR
operational capability for near regional events in a way similar to the above
procedure. Our investigations presented in Special Report No. 9 (1973)
showed that the NORSAR performance was significantly below the array's
potential for close-in regions at that time. However, it is believed that im-
proved regional time delay corrections and the implementation of envelope
beamforming in the NORSAR Detection Processor may have alicred the pic-

ture since then.
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One final remark seems highly relevant in view of the observed
array detection capabilities for the two earthquake swarms examined in this
section: The v: riability of the NORSAR seismic noise level is considerable,
even within the short period detection filter band, and no general stateme-.t
about the NORSAR detection capability should be made witiiout taking due re-

servations for this factor.
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SECTION 1V
SHORT PERIOD DISCRIMINATION

A, INTRODUCTION

This section presents the results achieved by applying five
standard short period discriminants to NORSAR data. The discriminants are

briefly described as follows:
1 P30 Mean Square

This discriminant, which is a measure of event complexity, is
computed by crosscorrelating 4 seconds of the waveform (beginning a few points
before P-wave onset) with the next 30 seconds of the waveform and with the
noise preceding the signal. A mean square, weighted by the lag, is then com-
puted from the correlation: over both 30 seconds of the noise and 30 seconds
of the signal. The noise mean square is subtracted from the signal mean

square to obtain the discriminant used (Texas Instruments Incorporated, 1971).

2. Autocorrelation Mean Square

This discriminant is also a measure o1 complexity. The auto-
correlations of a 30-second noise gate and of a 30-second siznal gate are com-
puted and a weighted mean square then derived from these correlations for the
noise and signal. The discriminant is derived from the signal mean square

minus the noise mean.

3. Envelope Difference

This discriminant is also derived from the P30 correlation by
computing the mean-square difference between the envelope correlation and a

fixed decaying exponential, the decay rate of which is the average rate for an

V-1
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ensemble of 16 explosions recorded at LASA, As with the first two statisticr,,

envelope difference is a measure of complexity.
4, Dominant Perind

This discriminant is computed by finding the cycle in the wave-
form with a maximum absolute amplitude; the dominant period is the duration
of this cycle in seconds. This parameter can be estimated with come confidence,
even for events with a relatively low signal-to-noise ratio. The dominant per -

iod discriminant is a rough measure of spectral energy distribution.
- Spectral Ratio

This discriminant is derived from the signal power spectrum
over a gate beginning just before the signal arrival. The power spectrum is
smoothed over three frequency points, and the power in three bands is com-
puted; Band 1: 0.-0.55 Hz; Band 2: 0.55 - 1.5 Hz; Band 3:1.5 - 5, 0 Hz.
These bands have been selected based on NORSAR data. Spectral ratios com-

puted were Band 3 tr Bana 2 and Band 3 to Band 1, respectively,

In order to evaluate the performance of the individual discri-
minants as well as the possible combined criteria, a measure of the separa-
tion achieved between earthquakes and presumed explosions was computed
for each discriminant. Since all our discriminants are two-dimensional,
(discriminant value versus mb), the problem of obtaining such a measure
reduces to measuring the separation of two point sets in a plane. The follow-

ing method was adapted (see Figure IV-1).

: Y For any given straight line, the distances from the line were
computed for all points corresponding to events in the earthquake and pre-

sumed explosion populations,

2. The two sets of real numbers thus obtained were considered as
sampled from two Gaussian populations; one N([Jl, ol) (earthquakes) and one

N( uz, 02) (presumed explosions).

1Iv.2

oy

oy

- b

L4 ]




Presumed Explosion
Distribution
*

Earthquake
Distribution

Separation

Liny

Discriminant Value

% Presumed Explosion
+ Earthquake

FIGURE IV-1

ILLUSTRATION OF A METHOD TO MEASURE THE SEPARATION
BETWEEN TWO POINT SETS IN A PLANE
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3, The straight line that gave two Gaussian populations with the
best separation was chosen, and the measure of separation was defined as

the corresponding probability of correct classification.

There is no unique method of computing the separation of two
Gaussian distributions with unequal variances. We chose under 3 above to
measure the separation by computing the worst case probalility of misclass-
ification, applying the well-known minimax principle (see e.g. van Trees
(1968)). The minunax separation threshold between the two populations is

given as
o0 P9

Ul +UZ

and the associated probability of error is

_ |#) - #,)

Crl +0’Z

P (miss) = P (false alarm) = &

where @ is the standard cumulative Gaussian distribution function.

Thus it is seen that for the above threshold T , the conditional
probabilities of correctly identifying an earthquake and correctly identifying
a presumed explosion are identical, and therefore provide a well-defined

measure of the separation of the two populations.

Finally, it may be observed that the above method suggests an
easy way to evaluate the separation properites of multivariate discriminants,
In fact, since the method reduces a two-dimensional discriminant to two sets
of real numbers, it can be applied successively to reduce any given array of

discriminant values to the one-dimensional case.

B, NORSAR SHORT PERIOD DISCRIMINATION RESULTS

Short period discriminant values for the discriminants defined

in Subsection IV-A are plotted as a function of body-wave magnitude for a

Pr—



total of 414 events in Figures IV-2 through 1V-13, Shallow earthquakes and

earthquakes of unknown depth are represented by a cross. Deep earthquakes

(of depths greater than 100 km) are denoted by a triangle. Presumed explo-

sions are indicated by an asterisk. Events from the Western Hemisphere

are surrounded by a circle.

The "best separation line'" as defined in Subsection 1V-A be-

tween shallow Eurasian earthquakes and Euvasian presumed explosions is

drawn for each of the Figures IV-2 through IV-13. Note that this line has

been found on the basis of all ev.nts with me 4.4; this is because all our
presumed explosions are of at i:ast this magnitude.

Table 1V-1 lists the results obtained when evaluating the var-

ious criteria according to the method introduced in Subsection 1IV-A. The

““obabilities of correct identification are generally between 80 and 90 percent,

For all discriminants except the envelope difference, better separation is

achieved on the array beam than when using the reference subarray, although

the differences are not large. As can be expected, the values of the discri-

minants at the subarray and array level are highly correlated with correlation

coefficients up to 0.90. The spectral ratio criteria show the best performance

both on the subarray and array level, with Band 3/Band 1 appearing to give the
best separation. This particular criterion was found to identify correctly 92
percent of the events., However, some reservations should be made on the
grounds that this spectral ratio to a large degree measures signal-to-noise
ratio. The good performance may thus in part be due to the short epicentral

distance to our presumed explosions, which again causes a high SNR relative

to m, for these events (Figure IV-14),

Table 1V-2 presents the separation properties achieved by com-

bining any two of our criteria at the array beam level. The improverments are
not large; the best performance (93 percent correct identification) is obtained

by combining Log P30 with Spectral Ratio 3/1. Incidentally, the separation
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Reference Envelope Difference (Counts Squared)
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TABLE IV-1

PROBABILITIES OF CORRECT IDENTIFICATION (SHALLOW
EARTHQUAKE vs. PRESUMED EXPLOSION USING
SHORT PERIOD DISCRIMINANTS FOR
EURASIAN EVENTS OF my 24.4

Correlation
heference | Adj. Delay | Between Ref. SA
Subarray |Array Beam | And AB Criteria
Log P30 0. 831 0.861 0. 86
l.og Autocorrelation 0. 816 0.847 0. 66
Envelope Difference 0. 796 0. 784 0.90
Dominant Period 0. 816 0.878 0.66
Spectral Ratio 3/1 0.874 0.917 0. 84
Spectral Ratio 3/2 0.875 0.898 0.89
All Discriminants Combined 0.897 0.934
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TABLE 1V-2

PROBABILITIES OF CORRECT IDENTIFICATION (SHALLOW EARTHQUAKE
vs., PRESUMED EXPILOSION) USING COMBINATIONS OF TWO
SHORT PFKIOD DISCRIMINANTS APPLIED
AT THE ARRAY BEAM LEVEL

(EURASIAN EVENTS OF ml)Z4. 4)

Combined With:
I 2 3 + { 5 6
1s Log P30 0.861 10.882 | 0.862 |0.910 ] 0. 932 -0. 929
2, Log Autocorrelation 0.882 [0.847 [ 0.857 |0.892 { 0.922 | 0. 908
818 Envelope Difference D.862 | 0.857 { 0.784 {0.885 | 0.923 | 0.906
4, Dominant Period 0. 910 |0.892 | 0.885 | 0.878 | 0, 922 | 0, 906
5. Spectral Ratio 3/1 0,932 | 0,922 | 0.923 [ 0.922 | ®: 917 |8. 927
i Spectral Ratio 3/2 0.929 [ 0,908 | 0.906 | 0.906 | 0.927 | 0.898
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provided by this combination is essentially equal to that obtained by combining
all the criteria (Table IV-1); this shows that there is not much more to be

gained by any multivariate discriminant with our definition of separation.

In order to measure the interdependence of our SP discrimin-
ants, we computed the correlation coefficients between each pair of discri-
minants at the array beam level as shown in Table IV-3, Presumed explosions
and carthquakes were treated separately. Not unexpectedly these computations
show that the three discriminants based on spectral characteristics are strong-
ly interrelated (correlation coefficients 0,6 to 0, 8), as is also the case, to a
somewhat lesser extent, with the complexity criteria. However, correlations
across these two classes are generally low, although in most cases positive.
This confirms the observation from Table IV-2 that the highest improvements
in separations are generally obtained by combining one spectral and one com-

plexity type discriminant.

As an alternative way of combining complexity with spectral
information, it was attempted to apply the standard filter prior to computation
of the complexity discriminants. This resulted in some improvement in sep-
aration, but the performances were still not comparable to those of the spectral

criteria,

Finally, several frequency bands were examined to see if alter-
native choices could improve appreciably the spectral ratio discriminants. It
was found, however, that it was not possible to obtain any significant improve -
ment this way, and we therefore may consider the measured performance of

our spectral ratios as typical for this kind of discriminant,

As was stated in Section I, the combined performance of short
and long period discriminants at NORSAR will be evaluated in a forthcoming
report. ‘That report will also provide detailed case studies of events that fail

to be classified properly by the combined criteria,
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TABLE 1vV-3

CORRELATION COEFFICIENTS BETWEEN SP ARRAY BEAM
DISCRIMINANT VALUES FOR EURASIAN EVENTS OF mb2 4.4.
NUUMBERS BELOW THE DIAGONAL REPRESENT THE SHALILOW
EARTHQUAKE POPULATION, WHILE NUM BERS ABOVE THE
DIAGONAL CORRESPOND TO PRESUMED EXPLOSIONS.

Correlated With

I 2 - 4 5
1. | Log P30 L.O0O| 0.59f 0.80( ©.26/ 0, 31
2. | Log Autocorrelation 0.27) 1.00| 0.49 | 0.43] 0. 49
3. | Envelope Difference 0.7!1 0.14 | 1,00 0.23(-0.03
4. | Dominant Period 0:.20| 0.47 [ 0.17 | 1.00| 0.63 | 0.85
5. | Spectral Ratio 3/1 0.25) 0.40 0.15 | .68 1.00 | 0. 56
6. | Spectral Ratio 3/2 0.04] 0.45( 0.08| 0.61 | 0. 74
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SECTION Vv
SUMMARY AND CONC LUSIONS

This section summarizes the results achieved during the two

and one-half year NORSAR short period evaluation program.
B Data Quality

The SP 1ata recorded at NORSAR has been of consistently high
quality throughout the evaluation period, which spanned the time interval
from March 1971 through December 1972. On the basis of more than 500
events and 70 noise samples processed by TI for this period, the following

observations were made:

° Data was available from NORSAR for more than 95 percent of

the tim= intervals requested by TI.

] In most cases at least 20 subarrays were operational. The

worst data loss for a single event was 33 out of 132 sensors.

° Data spikes were observed for 10 events, but these events

could still be proc. ssed.

° Phase reversals affected 8 sensors during parts of 1971, but

was not observed on 1972 data,

° The SP seismometers appeared to be well equalized across the

NORSAR array,

2. Noise Analysis

The following conclusions concerning noise analysis are based

on 72 sample intervals:




° The noise spectral shape is very simple, with a peak at about
3 to 6 seconds and a rapid fall-off toward shorter periods., The

spectral shape does not change significantly across the array.

. Noise levels are very similar across the array. Maximum
single sensor variations typically are + 6 dB, and most sensors
are within + 3 dB of the average single sensor level. Variation

among subarray beam noise levels is + 2 dB.

° Wideband RMS noise level shows a significant variation with
time, and correlates strongly with storm activity in the North

Atlantic Ocean. The spectral peak generally shifts towards

lower frequencies as the noise level increases, ‘Vintertime
wideband noise levels are on the average 6 dB higher than
summertime levels; this difference is less evident when the

"standard' bandpass filter is applied.

° Typical RMS noise levels are: 0.5 myu t 6 dB for the wide band
array beam. 0.12 mpu + 3 dB for the array beam through the

standard filter. This last number is about a factor of 2 higher

than the detection band noise level for LASA,

. Multiple coherence levels withia a subarray are low except at
the 3 to 6 seconds microseismic peak. Inter-subarray multiple

coherencies are low over the entire 0 to 5, 0 Hz band.

8. Signal Analysis

Our conclusions from the signal analysis are based upon the

processing of 567 events; and can be summarized as follows:

¢ Except for a few close-in, high frequency events signal simil-
arity is good within a subarray. Among subarrays, however, 1‘

similarity is quite variable, L '




Amplitude variations across the array are large, typically 4:1,
while variations as high as 10:1 have been observed for Kazakh
c¢vents.  The amplitude patterns are strongly dependent upon
source 'ocation, but consistent behavior is generally seen with-
in narrow regions. It appears that most of the amplitude vari-
ations may be explained by scattering effects due to the irregular
structure of the Mohorovicic discontinuity underneath the NORSAR

array.

Time delay anomalies (deviation from plane wave propagation
along the great circle path) are not significant for subarray
boamforming. Anomalies are significant, however, between
subarrays and are occasionally as large as 1 second. Consis-
tent scts of anomalies can in general be obtained for all regions

except those within 30° epicentral distance of NORSAR.

Time-domain signal traces from various regions show as ex-
pected, a general tendency towards lower complexity as the
cepicentral distance (\) increases. Exceptions to this rule
were some high complexity signals observed for Kamchatka

events ( \ = 6‘30) and Taiwan events (A = 800).

Signal spectral characteristics show strong regional variations,
even between regions very close together, and do not always
follow the expected tendency towards lower frequencies as the
epicentral distance increases. Significant high frequency
energy (2 Hz or more) was observed for events from Greeoce

(A =25%), Tadzhik (A= 40°) and the Kurile Islands (A= 170%).

Signals of dominant low frequency (lower than 1 Hz) were seen

mainly from Italy (A= 20°), Turkey (A= 25°), Kirgiz (A = 45°)

and Taiwan (A = 800).




Our limited ensemble of Western Hemisphere events show
substantially less high frequency energy than the Eurasian

events.

NORSAR vody wave magnitudes average about 0.2 m units
lower than either PDE or LASA values, with a standard devia-
tion of 0.3 around this bias. It appears that this negative bias
may be explained as signal loss in array beamforming. The
PDE-NORSAR m, differences appear to be larger at low mag-
nitudes; this is believed to be because PDE in those cases com-

putes an m based upon only a few stations with favorable ra-
)

t
diation patterns, thus resulting in too high mb values.

Array Processing Performance

VN  noise rejection is achieved over the entire 0 to 5 Hz band
both for subarray and array beamforming. The only exceptions
to this rule are occasional strong Rayleigh wave noise fields
(3-6 second periods) during storm activity in the North Atlantic
Ocean that show coherency at the subarray level, Thus noise
rejection totals about 21 dB (8 for subarray and 13 for array

beamforming).

Signal d-gradation for subarray beamforming is 1 dB + 0.5 dB

in the detection frequency band.

Signal degradation for array beamforming is quite variahle,
but in the teleseismic zone the following values were found:
3 dB +2 dB for wide band signals

3.5 dB 1+ 2 dB in the detection frequency band,

Diversity-stack beamforming gives the following SNR im-
provement over the adjusted-delay array beam:

1,0 dB £ 0.9 dB for wide band signals

1.6 dB £ 1.0 dB in the detection frequency band.
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) For detection of Eurasian events, a filter with corner fre-
quencies at about 1.2 and 2.8 Hz and a very sharp rolloff at
low frequencies appears to be about optimum. This "standard"
filter is similar to the 1.2-3.2 Hz bandpass filter used in the

NORSAR on-line Detection Processor,

. Gain in SNR from applying the standard filter was highly vari-
able and showed as expected a strong regional dependence.
Average value was found to be 8 + 4 dB both at the subarray

and array beam levels.

® The total net gain of the NORSAR array; i.e., the SNR im-

provement from the average wide-band single seasor to the
adjusted-delay array beam filtered with the standard filter

was found to be 25 dB + 5 dB.

1 . The performance of two partial NORSAR arrays, each sonsist-
ing of eight subarrays, were evaluated by examining SNR losses

1 for 60 Eurasian events relative to the full array. A partial

array consisting of the A and B rings gave an average loss of

" 4.7 dB SNR, while a partial array situated in the Northeast

corner of NORSAR averaged a loss of only 2 dB.

54 Event Detection Capabilities

Event detection thresholds were estimated on the basis of 452
processed events from 1971 and 1972 that had been reported by sources in-
dependent of NORSAR. A maximum-likelihood method was utilized in the
estimation procedure. The following results were obtained: (Note that all

the threshold estimates are relative to ®PDE, LASA, or ISM magnitudes. )

!
I
!
\
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Eurasia,

90 percent incremental m detection threshold for all of

Eurasia combined is approximately 4.2. This conforms well
to the corresponding level of 3.9 for LASA reported by Dean
et al., (1971), considering that the NORSAR noise level in the

detection band is about a factor of 2 higher (0. 3 m, units),

For the Kuriles-Kamchatka arc (epicentral distance 60-70
degrees) the 90 percent threshold is slightly below 4.3, The
average value for the remainder of Eurasia (distances generally

20-55 degrees) is around 4, 0.

The winter 90 percent threshold was found to be slightly higher
(0.1 m, units) than the summer level. This difference is at-

tributed to seasonal variations in the seistnic noise level,

A theoretical estimate of the NORSAR detection threshold
based upon seismic noise levels and measured processing

losses gave results consistent with the direct method.

The operational event reporting performance of the NORSAR
system was found to be well below array capability in early
1972, especially for near regional events. A significant im-
provement was observed one year later for the Japan-Kuriles
region, where the array then appeared to be operating at close

to optimum capacity,
Short Period Discrimination

Five standard short period discriminants were applied to a

total of 414 events, including 31 presumed explosions, 27 of which were from

The main results are as follows:

Our SP discriminants do not appear to work well for events

from the Western Hemisphere.




Discriminants based on spectral energy distribution seem to
be superior to discriminant s based upon the complexity of the

signal waveform,

No single discriminant was able to separate completely be-
tween presumed explosions and earthquakes. The best separa-
tion was obtained by considering the spectral ratio of energy

in the bands 1.5 - 5,0 Hz and 0 - 0, 55 Hz, although reserva-
tions must be taken due to a possible bias caused by the high

SNR values for all events in the presumed explosion population,

A combination of SP criteria yielded some improvement in
separation, but no substantial change. The best improvement
was obtained by cornbining one complexity discriminant with

one spectral discriminant,

A preliminary study of the performance of short period dis-
Criminants versus that of MS- m, and other SP-LP criteria
gave the expected result that the latter oncs in general pro-
duce a better separation between earthquakes and presumed

explosions.
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APPENDIX A
THE COMBINED 1971 - 1972 DATA BASE

All events processed during the NORSAR short-period evalua-
tion are listed in Table A-1. The events are in chronological order starting
on March 1, 1971 and ending on December 28, 1972. The paraireters listed

are: event desigrnation, date, origin time (GMT), latitude and longitude,

depth (km) and body-wave magnitude as reported by the source institution.

The following abbreviations are used for the original source of

information:
P : Parameters taken from Preliminary Determination of Epicenters |
Monthly Summary
I : Parameters taken from the International Seismic Month event
list
S ¢ Parameters taken from the SDAC/ LASA Weekly Summary
N : Parameters taken from the NORSAR Seismic Event Summary

Note that in the cases where several sources were reporting the
same event, our source was selected according to the following priority list:

ISM, PDE, SDAC/ LASA, NORSAR.

The "comment'" field provides information relative to our pro-

cessing of each event, and the following codes have been used:
ND : Not detected on NORSAR data by the TI analyst.
MBN : Body-wave magnitude has been computed based on NORSAR data.

E : The event is a presumed explosion.
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PAT/261/02N 05/168/71 07174256 81,20 LTR,AF 112 4.t P
MEV/262/00N 05716771  0C. SR, 25  2C,4h ]113,0¢ 10 4,5 D
WES/262/11N 00716/71  11.00.C6 5T.9N 41,17 NCP 4,8 P -

l TUR/264/CIN 00/21/71 C1.06.17 28,28 (3,0F ]0 4,2 D
TIR/264/09N 09/721/71 CS.13.5! 23.4h ©1,8F NCP &,0 D
TUR/ 264/ 16N 06/21/71  16.4F.51 217,2N ~0,2F 37 4,4 D

' FRS/265/ 14N 09722771 16.7C.10 46 4N 140.2F 14 4,21 P
AEC/26R/0AN 09725771  CH.82,2C 37,8\ £0,7F 56 4,5 D P
GRE/269/05N 067267471  0B.60.34 37,98 22,37 197 7,1 D

' TAL/ 269/ 15N 00/26/71  16.95.18 1,08 |28,6¢ 48 £.2 P
HIN/260/723N 06726771  23.4E.25 3A,3N  TN,2F 226 4.6 P
NZM/270/706N 09/27/71 F5.5¢,86  73,4N S&,1Ff A He&k B .
TUR/271/05N 09728771  C5.1C.24 2T,1F 130,1F 14 4,7 D

l TAL/271/16N NGI20771  14.04.61  2,TN 126,07 1€ 5,3 D
MON/ 271/ 16N GS/2E/T1 16 13.0C 4N, 2N 142,47 45 4,2 D
MEV/272/ 14N 09/20/71 1£.C0.00 37.0N 114.0W 0 4., D MRy

I TUR/273/08N 09/2C/71  CR.4S.58 27,7\ °0.1F N°R 4,5 D
RAT/273/11N 09/720/71 11.52.76 S1,2N 178.°2F 41 5,0
STR/272/21N 05720771 21.21.25 61,4 160,28 NDR §.6 D

' TUR/27€/CTN 1C/C2/71 CT.64.2~ 3P,GN 20,0t 23 4,7 D
TUR/2TE/ 1IN 10/C2/71 17.1F.63  2A,9%  2a,6f 27 A L D
WPS/27T/10N 1C/04/71 10.0C.C7 61 AN 47,15 2 &1 0 '
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NAET R e Gl 1o
PFSTICENAT INN FATF TIwr LAY LOA 0PIy v e TN rAameor T
SIR/278/CIN 1¢0/7c5/M CleaCet] E7.50N 172,84 NCR &1 n
[RA/2T9 /18N 1C/705/M USs 80 37 29,88 ov o 5 Sl P
THR/?27P /] AN 10/0¢8/771 lEa53. 0% 2¢, AW 2o ay C 4, p
12 A/ 27A/?722N 1C/705/771 22.45,C4 A1 ,6N BN, T¢ £6 451 R
TUR/2TS/01N 1C/0e/71 Asdes 28 38 a8 20,27 19 4,4 P
RAT/279/11IN 1C/7C€6/71 11?726 %3 .98 AR, 27 120 &,® p
NEV/221/14N 1C/701/71 18s 30 B8 TP IN 1¥6. 0% N 4,7 P f
KA7/292/0n&EN 1C/0c /7 CEeCEFY WO on 77,7 7 f. P F
iRA/2R8 714N 1C715/71 144019310 B7.3N =4, p6F 1 7 p
AFC/28¢/ 16N 1C/715/71 1£.27.17 27,0N 71,8F 1¢7 4,0 F
FK7/7294/06N 10/21/71 6 C2.%7 . SByDN  TT7,5¥ AN Sy p r
WRS/298/08N 10722711 C5 NC.CC SV,AN 4, k0 b TR p F
(AN/310n/ 22N 11706771 72.CCeCO &1,8N 172,F 72 RO ® F
FKZ/322/CeN 1yv/z7e/7) 0E.07.57 46,0N Tp,1° 0 B8 p r
EK7/349/07N Lg71% 4T ATeS2.5¢ ®Y, 9k T 0+ n 4,0 P i
KLY /35€/0AN 12722/ Ok FCaBE ST, 9N &0 DF 0 K~,N n 2
EXZ2/73F4/70AN 12730771 CEe2C. 58 4o, IN 7a,)e 0 E£.R 2 g
STR/N01/718N UB WA War i) 12.0¢,1¢ &, 7N 1R2,0; snp 4, < B
KUR/001/716N 01/C01/77? 16,85, C+ E0,78 159.8F wKAR 4 A <
Kt /001/18N 091/01/771° 1€.13.86  cc an 184, 5F 50 40 §

Kt12/002 /08N nN1/70:/77:2 CH¢77.2° 4o N Y4k, 2F  NFE 4,0 S
CRF/Q02/09N 01/02772 Q€1 TeSh P7e0h 0.7 NGR 4,7 %
SIN/OOGZ/ZY0N 0D WAVRY A oo 1C.27.25 41,0\ R4,8¢ 1§ 'S S

KAM, NO3/NEN 01/0277> T0a2E43F B ,4% 1ER,AF NPR 4. A p
KA4/003/19N Ol1/n=/7¢ 19.26.¢% 82,0N 15¢c,0t  Npo (P L RN
KAM/Q04/02N DR WAV A ) CZa?C IR BEIGIN 1AL, 2F WOR 4,2 S
KAM/004/710M N1/04/72 10,42.21 85,4N 163,8F  Nrp 4oty S
TAT/004/712N 1704772 12.1%,17 22,40 122,2F NOR 4 R P

KIIR /005 /02M 2/7C4777 0%.1Ca1N 43,8\ 147,77 APR  4,c 2

AUS/QONS /04N 01705712 Re.5T.81 #Te0k o7t 11 4,0 p
VALC/005/712N alsaes5772 175C2-%4 27,88 T IF wNop 4.8 S
KCM/00S/ 14N N1 /05772 1420t B Bohogh Nem 40 MOD 4.0 R ne
KEM/IDOS/ AN a1/n87712 6. CSe B3 B, 3% J60,FE SN & S
KIR/004/0EN 01/Ca/7? CEe2Ca¢ 40, 7N 72,4t AFR 4,7 P
TAI/00€/06N 1706712 QFadBaPa RLAN (23.4F atR 4.2 p MPN
IPA/7006/708N 01706770 0%.41.32 2D, 3N €0.%c sQe 5§, 2 p
SW?2/007/20M 01/07/771°2 03732 4L, 0% 4S8, 1T Nep e ? g

KNM/00% /703 or/sce/17? DU 2BeCF "4, 6N LR4,6€ pOR 34 S NE
KAM/NNC /4N nl/0e/72 1oy ®® SESTR Jeh,6F wrp 4.3 <

KHR/0N9 /14N olscerv2 144,46 CS1N 14R,45  nR 2 ¢ S NE
PHI/ZD10/70%N ol71077>2 OF:2%:82 PO.%N 170,4F snf «,p S
KOM/C11708N 2M/711777 N3,44,34 B4, IN LEp, 07 PR S
CEC/D12/12N n1s12717?2 THF1e20 3F.DR Pigec mor & ,c P My
KAM/OYZ/ 20N 0l/712/77° 06cCal® ST AN 23,06 mAp 4 e S
STR/01%/717N 01/11/7° PV.24€C7 €D, eh Q6P 4F AP &, 3 <




FVFENT
CESTCNAT ION

SIR/014/02N
I1PA/QL14/22N
KR/ 015/00N
FRS/015/1AN
S11/015/20M
S12/015/720N
KAM/Q16/04N
KAM/Q16/11IN
IRA/OL1R/21IN
ITA/018/273N
rNN/020/02N
KUya/022/01N
THR/022/17N
KAM/0?25/1CN
ITA/025/20N
CRF/7026/712M
KAM/027/20N
FCS/02R/04N
PAK/Q?R/10N
KIR/Q?8/20N
EPS/028/2 1N
KIR/O2R/ 23N
IRA/02¢/09N
KAM/032/ 10N
KAM/033/704N
KUYR/033/06GN
KU/033/17N
YUN/Q34/0TN
1ITA/035/02N
RAT/035/03N
ITA/025/04N
ITA/035/CaN
1ITA/035/17N
[TA/025/]19N
ITA/036/01IN
ITA/702€6/03N
ITA/O46/05N
ITA/03(/07N
ACR/037/01N
KAZ/07/0RN
1Y4/037/2IN
ITA/029/12N
FKZ2/7041/08N
IRA/O41/09N
1FRA/NLY/1EN

NATF

0l/714/72
01/14/72
017157712
01715772
01/15/712
01/715/72
01/716/7?
01716772
Cl/1€e/77?
01718772
c1/720/772
01722/12
n1/7z22/72
1725712
01/725/71"
01/72¢/72
01727/172
Nn1/72e/72
01/72#/72
0N1/20/712
01/722/72
01/28/777?2
N1/729/72
02/01/72
n2/0z/12
n2/n02/1?
N2/072712
02/02/1°
02/04/12
0N2/04/772
02/04/772
N2/04/7°
027047172
02/04/72
02/C57712
0z/0%8/712
02/0%/712
02/0%772
pz2/n¢ /1?2
N2/06/712
02/0¢6/72
02/08771°
0*/10/712
nN22/10/712
nz/1C/772
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FPIGTN
T IME:

CRew G2 C
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00 %1k B2
18 @ SE
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) H o) B P
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LE BN 1ah 6r
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23,40 102a4F
43, Y 72F
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42,9N  11,0T7
G350 17, 0F
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G2 AN R P
42,70 1A T

4,Th 16T
$3,90h  17.%F
Lty g NN | A PE
LA,ON 0,07
LA RN V3,20
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PR e S 0f

nEoeTHY
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EVENT L e B SPURCE
DESIGNAT INM naAYe TIMF LAT IFN NEPTH MR ALTM  raOMuppY
SIN/042/705N 02/11/71> 05.5,46 139,0N 77,4f b 4.9 p
TIR/042/712N 02/11/72 12.2€0,42  26,9N P7,0F Nrp 4,3 N
KAM/042/21N 02701712 Sle2fa17 SE.IM 1672,9F Ly 4,6 p
KUR/044/05N A2/13/712 05.24.57 43.5N 147,0F MAOP  3,.R S
GPF/044/719M 02712272 13.07.11  37.1N 24,0F 2T 4.5 P
KOM/044/ 22N 02717772 22.26,54 55,2N 165,5F NAR 2,0 S
KUR/046/16N D215/ 72 16.45.27  48,0N 152,0F NP9 4, S
GRFE/04T/700N N2/71&/772 00.42.26 3A,8N 24,2F NFR 4,5 P
SIN/04T7/22N 02716772 22.19,2C 41.7M £0.7F 22, e p
KUR/049/18N 02718712 1R,02.34 43,6N 147,8F 36 6,7 S
SIN/OS1/10N 02/720/71> 10.22.46 138,5N aQ,5F 16 13,9 I 4NN
NKH/051/710N 02720712 17.0f.4F 47,9\ 14%,0F Y7 4,2 I
KAM/051/20N 02/2C/72 20eM€e11  SOJBN 14),5F NCR 4,] 1
KAM/(N52/ 22N n2s21712 72.CC. %G 54,4N 161,3F NCR 4.8 !
YUG/052/723n 02/21/717 23eCZ.55 410N 22,3k Arn 4,9 I
MAN/0OS2/01IN 02722772 Cle52.2¢  4G,0N 115.0F NFR 4.0 I
HIN/052/08N 02722772 0Re14.26 36,AN 68R,AF NCP 4.0 I MPN
KUR/054/03N 0272?7712 C2.47.41 43,9\ 149,3F 1 4,9 !
KAM/0547 19N N2/723/7> 17:37.25 S5.0N 163.0F NPP 3,7 I NE
KUR/055/10M 02724772 10.1€.37 48,3\ 155, 7F AOF 5,0 I
KIIR/055/ 18N N2/2477> 19.17.34  4G,0N 15R,06 NCP 3,5 I AP
KUr/056/19N 02725712 15.5€.26 46,0N 147,0F NOR 3. I
WRS/0%6/22N 02/25/72 22.%4,4G6  50.0N 28,0F NNR 13,7 I
KUR/QSE/22N 02/725/7¢ 272.42,C7 4S,2N 156.0F NOR 4.0 I
KUR/057/05N 02/726/72 C5.5Fa22 44,AN 152,6F NAR 4, n I
KAM/057/CIN 02/72¢&/72 0€.Cl,22  S55,0N 162,0F AR 13,3 1 N[
FFS/057/15N 02/26/12 15.C6,2 53,3N 128,7¢ NNP  3,a T MPN
YUN/OST/ 18N N2/26772 1P.5€413 271N 100.2F ACR 4,7 I
LO01/058/08N nN2/7271/12 CR.42,%C RHB,ON T74,0m NOR 3.3 I NP
LC1/7058/710" 02/21/7> 10.02.C3 B87.0N 53,5wW NACR 4.9 !
LOMYOSB/11IN 02727772 11.02,16 50,00 95,0m ANNR 12,5 I
LOM/OSR/1TN 02721712 17.%Ce25% REL2N 77.2h NOR 4,4 I
RAT/0S5R/22N 02/27/71> 27¢15.€03 55,0N Q3,2F NCR 4.5 I
KYR/059/01M N2/20/172 01.04.22 46,0N 14R,0F NAR 4,2 I NP
PRK/0OEC /05N 927287712 018,56 36,TN L 4F NNP 4,2 I MaN
KAM/CRG/]1IN 02/728/712 11.25.21 54,08 163.0F A2 4.1 I N
AFC/059/7 18N N2/2%/72 139.82.35 36,0N H4Q.TF KOR 4.4 I BN
KAM/Q5G/720M N2/28/72 20.CaeCO  S55.1N 16442 NIR 2,4 I NP
[RY/70€60/78N Cer1297712 Ce02.51 32.,3N 4h,6F ANCR 4.0 I VRN
TPA/OG2/14N 0*/02/72 14.1C.13 6N 42,1F NPR 4.0 I MR
AL*™/062/1¢6N 03/702/1> 16.57.42 43,0N 76.,0F NrR 13,5 I VRN
KAM/(063/00N 02703772 0fe3C.22 S2,0N 159,2F NOR  4,] I
MST/Z7063/705N 02/02/72 Chel€aB3 TT.8N 116,77 ACPR 2R I
KCM/062/00N 23/02/72 DPL12,55 8K8,8N 163,9F ACR 4,1 I
YUG/062/ 21N C3r707/72 P1a2€¢.51 44, TN  18,4C 72 4.7 I

A-8
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EVENT
DESIGNATION

KUR/062/23N
SIN/064/04N
KAM/QEE/O6N
KURP/0€6/CSN
NKH/066/ 19N
CHI/N6E/ 23N
YUG/06T/05N
OKH/Q0ER/02N
TRA/068/21N
RUL/OER/ 22N
KAZ/070/04N
KUR/Z07C/06N
ARC/0T71/06N
KAS/0T71/13N
KUR/073/0°N
AFC/073/705N
TIR/072/1AN
TIB/075/706N
KUR/CTT/07N
YAN/QT7/09N
1RA/QTT/17N
KAS/Q77/23N
KAZ/078/CTN
KAM/078/12N
KAM/QTAR/1EN
NKH/Q078/16N
KIR/078/16N
CAU/079/03N
KUR/QRO/14N
SIN/0BO/ 21N
CK7/153/01N
MON/153/711N
GPE/153/13N
KN4/153/721IN
IRA/154/00N
KUR/154/01N
ST1/7154/0C4N
S12/154/04N
SIN/1E4/0¢M
SIN/154/706N
TS1/154/16N
CHI/154/20N
RYU/15%5/702M
IRA/155/06EN
12A/15€6/03N

CATE

02/03/1?
03/04/72
A3/INE/T2
N3/06/172
01/c6/72
02/C€&/72
03/07/7?
02/0P/72
03/08/772
03/0R/712
Y072
03/10/7712
02/11/1¢
ORIV E T2
02712772
nN21/13/712
WYV T2
A371%7712
n2/17/172
03/711/72
03717772
0/17/712
02/18/72
DT T2
03718772
03/71R/772
1/18/772
02/19/72
02/20/72
031/20/12
06/C1/72
Ne/sC1772
ne/cl/1?
04/01/7¢
06/702/72
06702772
06/02/72
Qe QRIV2
RhrQ2/n2
06/02/12
067027772
n</021177?
D6/C/T2
ChRIC=/T?
Qe/046/712

TABLE A-1

NRIGIN
TIME

21.1C,4)
C4.00.CS
C~.C5,.CB
06.,5¢.CS
19,13.25
27:17:952
0%.21.21
02 2801
71.4%.11
2¢.04,07
04.%€C.57
CrecCelP
CteoT.C7
| S S i
0?.11,.,C"%
0%.4€.17
10,27.C7
06.CC. 7
07.4€,07
Chel7,1
173l ls 2R
2232527
07,11,5%
N3 RS2 Rl
1R 2C.27
V6e1. 76 25
16,554,117
B35 s A
14,CF. 17
21,47.5"%
0)1.7%. 24
115212 N5

lobb, 11
?]-1'311“()
CCel2.17
01 ,€ 25 €7
0te?),.45
04627410
GSENN &2
N4s2Ce 0"
1£.6C,27
720 #2555
02z ¢a5)
G e 7 i@ 30
Cle?744%

LAT

5042M
LCe2 M
S3,5N
45, 0N
86, 0N
40, 0N
43,0N
€1.2N
2T.6N
“C.Rh
4G, PN
l,c.lf\
Hl 4O
a8, OM
49,0M0
A7 Qi
34,08
306N
£Q 0N
40,1 M
2+ 0N
22.0N
47,00
“7.0N
50, M
540N
41 4 OM
LT, 05N
40.,0N
f2.C0N
44 o ON
3, 0
55. 0N
2N, N
50.°N
47 e GN
4240k
“?,0¢
6424 ON
16-0“
2P 0N
23.,5N
2Gs NN
A0 NN
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LCN

1'5:%: &
78,90F
16C, QF
150.0F
140,07
103,0F
21.0¢F
lc,l.q('
€6, 1°
22.9F
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& 3=
jaordra)d
Qe MG
2 ).qr
2] o UE
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r'}.nr

Ch, GF
1727,5¢
£, 0F

4 /‘ 3 .",_'

NEPTH

NCR
NOR
NAR
NCPR
NCR
NCE
NR
NP
45
NC R

N
R
NG»
NF
NCQ
NCR
AR
AOR
ANCE
206
NOR
NOR
NCP
NOR
NED
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N R
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N R
el
nED
LVIRRY
N R
Mo
NCE
MR
XY
N =
Nal
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FVENT
NES IGNAT ION

KAM/LGE/OTN
KNM/L56712M
KNM/15&/13N
TUR/18€/1 4N
TSI1/15&/723M
KAM/15T/04N
GRF/157/10N
IRA/LIST/Z1 M
PAK/LST/1 1IN
NFJI/15T7719M
KUR/Z158/702%
KUR/158706N
KAM/153/10N
FK?7/15S/01N
K('M/159/06N
TALZ)60/709N
IfAZ160/C9N
TAIZ1&£0/710N
TUrR/Z160/712M
RUR/160/16M
TA1/7160/716M
CAUY/ZL1EN/T1TM
T18/16C/22N
KUR/Z1£61700M
CRF/161/70TM
TUR/1€1/1SM
IRAZ1€62/703M
PAK/1F2/711N
KAVM/162/14M
KU1/162/723N
KUYZ/163723N
KUR/164/00M
IRP1/71%4/713M
122/71¢4/712N
1CA/1E5/700N
MAM/LAS5/704N
CAS/166/700N
I[P A/ 66/704N
IK1716€7212N
IR?2/16€/12N
ITAZ1€6/71PN
GRF/16T/700M
KOWMIL16T7713N
TR /1AT/16N
KAV/162/CGN

NATF

06/04/72
06 /06712
Qn/0417172
N6 /C4/12
Je/704/772
06/08727>
06705712
0r/057172
0/05/772
06/05/1>
0(/C6/T?
NEIN6LT2
JE/CHKITD
0e/07/72
06407772
06/CA/T2
06/08/172
N6/Q%R/72
Ne6/08/777
06/0R/T7
nNeI0LT2
N&/702/72
0e/0K8/7172
A/0€777
Qe /061D
061097272
CA/I10/72
cx/710/71°
I6/11/772
cer11/772
0A/117177
0&/12772
DA//112772
067127772
N6/l12/72
NARIL2/TD
0671467172
N€/14/1
N6/14/77
N&fle/T?
DEYA DY A
DR/I157T72
Nk/I1527D
LV 8 Rav i )
NDELLVE2TD

TABLE A-1

EVENT PARAMETERS
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RGN
Tiwr

Cle52.,2%
12.57,3%
13,P7.C7
1¢e?26, 34
2%, 22. 17
NG.12.%4
10, 644,56
11.17.57
11,582,887
19.CC.1?
02,064,646
06,22.10
10,422,137
N e?7e%7
Cé.CCa 2"
CR,14,0°
0c.3¢,2]
‘001701‘"
l&?.’vf.l‘
1¢£.CPR,C6
19,464,264
1725452
2%.1C.12
NN 16,42
N7.67,20
1C€.42,27
N3, %823
11.7¢.11
14e14,01
21,277,064
21,332,444
CCelc,ele
12,%,C]
12, ,2¢c re
N0e5%5, 27
04,53,30
006,54
Nie3d 29
12.11,.22
12.3%,058
12,588,532
D622, 2726
12,468,117
l"‘.‘c.(‘r‘
rr;.q(‘.l.l

LaT LeN

53, 0N 15R,NF
S53,0N 159,9F

60N 17 5§,0NF
AG,6N  TAhLZF
23,NN  9T7.0F
§5.2N 1A3,1F
374N 2] ,4F
2, 0N 4K, 0F
?Q-QR 'C.?F’
Fhe SN 2R,4%F
44 ,0N 16R,NC
49, 0N 155.0NF
BG.5N 143,4F
4CAN TR 2F
560N 165,0F
21.1K 1°0,2F
A4 ,1N  46,2F
210N 120,2F
41,0N 44,0F
1€.72N €6 4,0F
217N 127.7F
43,7\ 4T ,2F
29,85 92,3F
47.CN 183,0F
1/..0\ PR, EF
27.0N 44,0F
21.0Nn R1,0F
2R,72N KK, KFE
53, 0N 160,0F
49,9M 1582,0F
L7.0N 152,.9F
L4, 0N 127 NF
FALINR 48 F
22 1IN LAh,DF
AR, 1IN 4K, 3F
E6.,0N 1£2.9F
afN 1M K1 ,0F
11.")& (.‘-.!l'
A1, CN L
279N  E6,0F
43,78 17,4°
TGN 72e.7¢€
E4 NN 'tv'gc
3L, 0N PR LOIF
BhaON 171,01

NEPTH

N R
N R
NP
17
NNR
(Yol
A~AO
NOR
27
NP
AnCP
NCR
NCR

0
(sl
(Yal
18
NP
NCPR
NP
NOD
NCR
Al
[ ok s
(N al-]
NOR
NP
NP R
npe
NCR
N D
AR
NCR
N R
»7
NC P
L
NMR
MO
NP
14
26
ANR
NOR
LYRad »]

(7]

R R S i S S S S NN REPURE N
© o 6 o 6 & 8 & & & & 6 6 6 6 8 o @

-

SN A NP
N NDANNPIPOODP NN A= OIS D NN

9 N

v
0 N L O N NN T

SR PR I

SreCE
ALY

99>20 NN

ZNHNODOVVNDOANANANATZ

N PN OVLS?7 09NV O0OANANANANDZPIPTNINDO

COMMENT
NN
NE
¢
NE

[Se—
.




TABLE A-1
I EVENT PARAMETERS
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l EVENT WIGIN
NFSIGNAT NN NATE TIwe LAT LCN  NEPTH
l HIN/168/1EN 0L/16/7T72  123.57.52 6NN £6,2F 40
; KAM/16R/22N 06716772  22412.12 63,08 1€7,0F NP
: IRA/168/23N 06716772 27422627 0N L6,DF KOV
§ AUS/169/709N 06717712 NG, 02. 4P &R,7Kk 14,85F ACR
g I KUR/169/19N 06/17772 19,190,221 46,2N 149,1% 64
¥ TIR/170/04N 0E/18772  06.20.47 23,0N R2,06 ArCP
e KUF /1 7C/09N 06712772  (09,1C.54 4P,0N 164,07 ANOP
l KUZ171/19N S/10/72  19,07,52 471,8N 181,55 NG9
KUP/LT1/22N 06719772  22,41,42 49,0N 187,07  NCP
I1#AZ172/05N CH/720/T7 517,47 29,0N E2,0F NCR
I ERS/172/09M 06/20/72 CS.1P.CS 62,0N 121,0F ACK
' KAS/172/15N 06720712 15¢24.27 22,0N 75,05 NTR
KAM/173/0CN 06721772 00,172,588 &2,CA 141,0° ACP
KM2/173/00N 06721772  00.16.07 &4,0N 189,05 NrD
I TUR/173/05N 05/771/72 05.0f.17 40,28 20,06 %0e
KAM/172/10N 06721772 10.42.4% S4,0N 161,0F NCP
TUR/173714N 04721772 14.52,0C 27,00 4] ,0F NCE
I 1TA/Z173/715N 06721772 15,06,53 &3,9% ]13,2" 4
KUR/174/702N 06722177  02,25,81 47,08 164,7F  NAR
_TUR/175704N 08723772 Che?5.27 41,0\ 120,07 NCO
I GRE/175/707N 06/22/72 07.192,14 27,08 21,08 K0P
TAD/175/16N 06/22/72 16.5%.4R 37.CN 75,0F ~r2
IRAZ1T76&/C6N 0672646/72 CF.57,02 28,CN S4,0F N2
T YUG/1T6/0N 06724772 07.17.56 643,7h 16,°F AC§
I HINZ1T6/15N 06724772 16,164,564 3K,0K L0, 0E  A(F
TAD/176718N 06726772 190,823,1C 35,00 74,0% AP
YUG/Z1T7/704N DE/25/72 04,56, 17 &446,0N 15,RF ADP
1 HIN/Z1TT/0TN 06726777  07.5€,4% 24,38 6§65 44
KAM/ZITT/1IN 08/25/72 17.25,50 &4,0N 19,0 NCR
TAIZ1TR/08N 06776772 0%.CP.25 21.1N 120,72 AFP
i KAM/178/17N NRZ2677?  1T.37.22 Sé, 0N 16a,0F  ANE
HIN/1T78/20N DEI26/172 20,850,072 136,08 L0, ANF KPP
A?GllTQIO5N "‘0,27’7, 05.P7.4? A0 0N Aq'_—)r ACER
: PAK/1T9/06N . 06727772 C$he2C, 44 2€,IN 7T6,2€ 17
1 KAM/1T79/06N 06727772 A 6€,C2 56,0N 150,07  A(CE
L B8R /1797 09N OKI2T112 0OF,0%.57 26,2F Ch,6° 27
‘ WRS/176/12N 0727712 12.70.76 S1. 0N &7,)F ACP
s I HINZ 17971 5N 08227772  15,5€,3% 18,38 A9, 5F &3
; YUG/130/01N 0E/2P172  0Ola62,5A &3,0N  20,5F NrO
% TS1/180/03N 0A/2B717 C3.C€.5S 23,7h  ©1,0F NMP®
t I KOM/180/06N 0s/22r17” CheCCe2?7 S5.0N 1h4,NE  NCR
i CYP/180/0AN 0A728/72 CR.1€.5F 15,0%  32,0F  N(®
( UAR/1R0/09N 06/72€77?7  CC.4C€.25 27.¢N 73,RF 15
i KAM/1R0/ 14N NAIPAITZ2 14.5E.,4° E2,0N 14],0F nre
% l CKZ/181/00N 36726172  00.61.62 S4,IN  £2,0F KNP
l A-11

&

va

(SR~
)
N

2 o

S Oup B2

>
P ARND=-= D T PN

L R IR

o~
N - g

~
e & & ® @ & & O % 0 0 o & 8 o+ 0
S

4

s
.
-

) >
.
n

.
<

T TRV, (R

FURNEVIRS, I S - R T~ R IR I I
&

DAL 8 ewe AN MNP
® ® 8 ® @ % & 8 8 % 9 6 & " 6 5 " e " 0 0 b 0
DD NPT D AR DADADIDOO

-

Sriere
RLTA

'-r'””.""T

\’r

NP

VPP E2NZQPNDZP2NZNINTIOEND

2

LA

T

AN BDPZNAPZIONINOP2P2PNAYNDVDO >



TABLE A.]

EVENT PARAMETERS i
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CVENT NRIGIN SCHKCF i
DESIGNATTON NaTE s LAT LON  DPEPTH MR PLTN  rFAMvENT ‘l
AFG/1IRY1/02N 06r2¢/712 Cr' i7.11 229,6N 71.4" &8 4.9 P '
IRA/Z182/717N 06/20/772 17.4€,23 27,20 S4,8F NOO 4,6 D l
TA[/182/10aN N4/30/172 18,677,632 24,3N 121.1F ARR 4,0 P ]
IRA/1R2/ 20N 0672G/12 7C.21,33  30,0N ®3,0F NOP 4.0 N 3
KOM/193/02N N7/01/72 C2.1C. 17 54,0N 166.N0F NOR 2,4 < !
TRA/184/12N ar/c2/712 [12:8607 M0IN w0, &F 211 5,4 P Y
TRA/ING/ ] N N7/0°/72 14, 05,CHA 30,0N &Q,*C Bl e o
IRA/1RE/02N 07/9°/7> C?2.1C.CC 3n,INn sQ, g 0 Rl P >
AFC/185/013r N1/Ci/7> 023:92:50 26,3 TladlE 128 &,7 n |
leAz1R8/7])0M @7 20472 12.21.65 30,00 &3,0t NAR 4,9 N
1PA/185/1 9N N7/03/77>2 13.7€,22 . 32,9% 4®.0F NOR 64N A
IRAZIRS/2IN 07/02/7> 21.2F,22 20,0N K1.0F «3 84 P
KHR/1RE/04N 07/06/71> ChaelD2.74 4G, 0N 1R&.0F NOF 2,7 < NP )
THe 1087060 N7T/04/772 ChHelTa?2F  41,0M 2,07 NAR 3,4 S
IRA/18¢/ PN 97/C4/717> CEadfeflT PRLON S4.0F AFE 1,e N
KAM/1R6/] 3N N7/04/772 13:57.0¢ B5,0M 163%,0F 'NPR & .4 S
KIR/1F6/ 21N 07/C4/72 21.47,57 4G, 0N 161,08 NP 1,6 < NP
IRA/IBT/NIN N7/08/77) Nl.04,446 22,0M ca,nr NAR  2,p N
SIN/IR7/01M N7/70577: Cl.0C,53% 444N RI1F APR & ,% P
SIN/ZIET/02N D71706/7) 024154 440N o4 98 NOR 3,4 N
SIN/1AT/04N N7/C5712 e €t LA EN RI,0F NOR . 4,3 P
TRA/1R7/CaN 07/05/7> CS.5¢ef%  23,00N 60,05 NOP 3,4 A
IRA/IRT/16N 97708772 16,2€,27 31,0N &2,9F wNOR 4,0 A
GRF/187/1FPN 07/C5/172 1R.C5CO 37.0N 2C.0F NGP 4.4 S
EK7/188/01M 07/0k/772 CleOZ.58 49,IN 70,0F 0 4.4 p F
PLK/ 18R/ 16eN C7/CH/T7 154.C£,72 20,20 ac_7F €31 4,12 p
KUR/1RR /] 9N C7/C6/7172 19.02.20 44,0MN 146,.0F NCE 2,0 N
KAM/1RC /NSN a7/07/172 C5.12.C6 SE, 0N 163,0F ANNR 3,7 < N
PUR/1RG /] 2N NT/CT/72 12.02,12 20,5\ aqa,]F 27 5.0 P
S7E/18G/23N QTLOILT2 22,42,41  32,0N IC?,0F NOP 3,7 A
GRF/190/0%N orrsces1» NC.4€.11 42,0N 24,07 NOP 4,7 S
KUR/19C/08N N17/08172 NB,2€.27 45,1N 154,65 NOKR 4,0 p
KUYR/190/ 21N N7/03/17; 21.07.27 4R,0N 151,08 NPR 4,2 <
W2S/191/07N N7/02/1> 07.CC.C2 S2,0N 31.0F NOR 4,6 S r
MEL/191/1N 07/Ca77? 13421422 36,08 [18,0F NOR 4.0 <
RYWU/192 /00N 91/107/771> DD.e1.27 29,0N 131,0F NOPp 3,0 N
RYIJ/192/03N ET2107271% 07eC7.07 20,0N 176,00 NCR 3 ,R \

SIN/Z1G2/719N 0N7/10/717 1Can2,27 4a,4N an 6F NOR 4,7 D [
AFG/192/04N e?/11/71° £47Co 41 27.0N 72,00 NCD 4,2 < il
KUR/193/0k%N 0771177 CheTEke2l 4B,4N 154,5F &2 539 p
KAM/192/08M N7/711772 0f.5%.49 E€5,0N 163,0F NOP 12,6 N N -
IPA/ ' 92/]15N 01/11/772 15.22,48  32,0N AQ.0F ACP 2,7 N
IPA/192/22N N1/11777 2744C,6072 36,IN 65, TE NOR 4,7 o .
KUR/194 /00N 077127172 07014427 4C,2N 155,4F NPP &) P il
PAK/194/01N D7/12/1> Cl.21.1R 33,08 73.0Ff NOF 3.5 N
o
A-12 ]




l TABLE A -1
EVENT PARAMETERS
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FVEMTY P IGIN ScHprer
PES ICNAT INN NATFE TIMme LAT LN NEPTHL MR BT FOMMINT
. KNM/194/714N CTI12772 14,25,20 §§,0N 14Q,0F  wrp 4,5 A
GRF/194/19N NT712772  1%,61,57 13,08 71.0F Nre 2,0 g
' KUR/194/20N 07712772  2C4186,51 4G8,0N 184,0F ~NOR 2,7 ¢ O
TIR/195/05N 07713772 05,727.44 31,08 Q90,0 NO® 2.0 N
KUR/195/15N 07/12772  15,05,44 44,08 150,0F ArE 4,2 A
PAK/195/18N 07713772 12,.5C.%% 28,0N 3.0 NCR 3,7 &
l ITAZ195/22N 07713772  22.71.17 42,88 13,37 NP 4,2 o
TA1/7195/722 QT/12772  23,C2.2% 22,00 127,0% ¥po 3.8 &
TUR/19&704N 07/14/17 06,232,645 36,0N 31,0= NOB 2,5 N
' IRA/Z196713N 07/14772 13.C4%.17 30,1N €0, 2% 4,4 »
IR2/196/1N 07/14/72  13,1P, 1) 30,0N 51,05 NPP 2,0 N
IRA/19¢/17N 07714772  17.,49,12 30.0N 51,07 WNAk 2,4 N
RYi)Z7196718N 07/14/72 13,5€,22 29,0N 127,0F AFP 21,0 ¢
' KIR/19T/0CN 07715772 00.3%.52 43,0\ 76,0F ~10 2 .5 A
RYU/197/02N Q715772 02,185,867 26,2K 1951 979 s.9 o
KUR/Z197/09N 07715772 CSe%1.51 &47.CN 172,05 ANPR 4.4 S
l KUR/Z19T/17N OT/15/72  17.25,%7 44,0% 140,0F NOD 2,6 ¢
TIR/198/02N 07716772 02.,20,264 112,58 €5,66 ArR &, o
TUR/198/02N 0T/146/72  02,4€,77 2K AN 44L,NE AFD € <
' TIRZ19R/03N 07/16/72  02,40,C0 22,£N €8 ar NC° 4,7 e
TAIZ198/717N BUILEZT2 1R AY.57 Z1.0F I°5.Pc sre 2.5 &
KUR/19R717N OT/16/772 17.72F,CY &4,CF 150,00 AP 3,7 ¢
KAM/19R/20N 01716772 200€,04 S4,4NK 122 i xOE 4 2 2
l YYN/19R/22N OT/LE/T2 22,41.5F 27.0K 1M .0t A~p 2.0 wn
KAM/ 190G /01N or/s17/772 0l:17.2F¢ Fl.0N 153,07 N2 4.D 3
MED/199/0IN OT/717/72 03.14,0% 2%, 0N 19,9F AR 1.~ g
l KAM/199/08N OVIRVIT2 BBAIP. %2 SS,0K 156,67 &°'F &3
KAM/199/11N 07717772 11 114k ST7.08 122,0f NNB 2,2 ¢ A
MEL/19GQ/7] €N Q12117702 1A.158,9% 35, 08 33.0F MR 3,8 &
I KUR/199/17N 07717772  17.02.¢8 43,0N 149,0F ANN> 4} S
KAM/199/20N OF/7171/72 20.50.%& S8 1K 151,67 ART 4 & n
GPE/200/1N QIFARIVZ 13,485,800 416K %.°F wW'F a0 B
KAM/201710% QIFIRIT2  10,98,4° 83,0k J£2,0f ACE a,) ¢
l KAM/201/712N 07/18/772 12.,02.%C S6.00N 157,05 ppe 4,7 ¢
AFC/201719N 077195772 1S.42,40 22,08 *0,0° ANo = ¢ .
TAC/7203714N OF720772 14,07.10 A1,0k 3.0t woe 3.8 ¢
l S72F/203716N OT/217790  15,01.%7 39,.8p 10,2 &re 4 0 »
CRI/204/70%N QYF22972 CS.1CA7 AY,0N Y5,.3" N 40 <
TIR/204/16M BTI22ITY [5,8),.86 W1 . 4K Z1.%F are e s e
l TI”/7204/721N BIP22FV2  P1.0C0% 3 4% S AT &% 4.7
MED/205718% BIIPSIS 1P.1T.0" TR 0N 6. O0F Ara 16 %
TIRZ20%/72M OTIP23772 23,6],5% 2] .00 S .0 AN 23,6 W
KAM/296/710N 07724777  10.14,3F &a_ 0N |8, D& Ak o &
l TUR/20&/710N GP/287T2  10.77,0% 26,NV 4P, 0F W5 4 ¢
KAM/2CH/12Y Q7724777 17.C%.%6 S, QN 142, s¢a 4,4 ¢
A-13
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EVENT
DES TCENAT TON

KAS/206&/14N
GRF/207/01IN
KUR/20R/ 02N
KUR/209/00N
RYU/205/ 16N
SIN/C10/705M
£Nn/211/708N
AFG/211/717N
KUR/211/21IN
AEG/212/01N
KUR/212/03N
TAC/212/11M
TAL/212/1#N
STE/212/19N
TUR/212/19N
KAM/213/0€N
TAI/213/17N
I1RA8/21372IN
EK?/229/03N
FK7/239/03N
N7M/241/085N
FK7/246/08N
WRS/248B/07N
SWR/277/(08N
FK1/245/04N
FK2/34%7/04N
FK7/363/04N

CATF

nN1/24/77?2
07725772
07/26/72
01721772
07721/72
07/2€/72
Y287 12
Cr72a/17?
071729/,
Cr/730/772
C7/30/7¢
c7/30/72
071720/7172
077307172
ar720/77?
Q1/31/71°
07/21/772
07731772
08/16/7°
0Rr/26/72
0R/2R/72
Qero2772
0Q/04/172
10703772
N 27/10772
12710772
12/72R/7?

TABLE A-1

NRICIN
TINME

1’1.‘5“‘-‘1‘
CleS5¢.C7
B2 w7887
G0+ 20: 55
16.81,24
C5.5C.29
CfRelzal?
17.1C. 25
21.07.16
Cl.*0.CC

Cr.Nll1

11.41.01
166 ICiC G2
19.0C. 56
1€, 66,24
CleaC,.2P
17.C4,67
2 (G 25
N03,16(,57
O3, 6€,57
€52 55,57
0R, 56,58
C7.0C. 04
0f.5C€,5¢8
Qs,26.5F
Cs.27,C°
04, 2¢,5R

(LAY

—‘so 8'\
1R, TN
454 NN
5C. ON
24, 0N
42,0N
37. ON
22, 0N
49, ON
39,9}
50.0M
10N
?1.2N
104 0N
41, 0N
S6.2N
?3.7TN
31.0N
G0, RN
S0. 0N
T73.2AN
50.0N
ET.7TN
4h,8N
4 Gy AN
Q1 M
50, 0N

EVENT PARAMETERS
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LON

216k
1.4t
1646, 0F
1'&iC 211 €
122, 0F
“I.OF
29.0F
FR,OF
156,0F
2L G2F
157, 0F
T0.0F
ENvS2IE
101.0F
P I0E
162 ,9F
121.6F
h2.0°F
7801‘-
TTe B
S5 INE
77.7F
32,47
“5,0F
ARSI
78, AF
TR, 0F

FEPTH

nNOR

AL
nCR
AR
AOR
NOR
NNR
NCR
NOR
NCR
NOR
NOR
NOF
NOR
NFR
NMR

24
NGR

VWD O20NOODCT

Z
o

S P AN DN NN

VR

ND~N D= ) AP PITNNDDDODDN D DWe = 1 AN

SR AEDDNLHEANDS DD

N

SNUYPCF
RLLTN

2V VD O

4

ST OV VOV O T ODM2DIVONZTOZNON T AN

CAMMFMT

e T T T B TSR B

-

S



