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SUMMARY

The report covers the period 1 July 1972 - 30 June
1973 which is characterized by continuous improve-
ments in event detcction and location performance
during routine operation of the array. 'The re-
scarch cfforts were aimed at improving the event
detectability, and the potential exploitation of
wave scattering effects for improving MNORSAR's event
detection and classification capabilities.

Work completed and in progress is presented in Chapter

IT. The first section deals with seasonal and diurnal
noise level fluctuations plus changes in the character
of the noise. Next, different types of arrav becam-
forming and optimum signal estimation techniques

are discussed. The importance of so-called intrinsic
time and amplitude anomalies or wave scattering
(Chernov) effects in array data processing are

also demonstrated. Finally, work on secismic verifi-
cation problems is discussed briefly.

INTRODUCTION

The report summarizes the NTNF/NORSAR research and
development efforts during the interval 1 July 1972 to
30 June 1973. 1In the first part of the period most
attention was given to development work like software
modifications and <dmplementation of new data processing
routines. For example, a supplementary cvent detection
processor, based on so-called incoherent beamforming
(Ringdal et al, 1973), was implemented in the on-line
system in September 1972. For the purpose of editing

a daily bulletin of scisnic events, the required input
data may be recad directly from the detection log tape.
Thus, a daily list of scismic events is now available
every morning and covering the previous 24 hours, cven
if the Event Processor (IP') is behind its time

schedule. Moreover, a status report of all data channels

is generated daily and is available to users of NORSAR data.

Do
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The rescarch topics investigated or in progress arec mainly
aimed at system improvements and evaluation of the array's
cvent detection and location performance. Also, some
aspects of the cvent classification problem have been
considered. Most attention has heen given to improving
NORSAR's event detection capability, and the work here

comprised optirwum amplitude weighting of subarray beam

signals, predictive decomposition models for explaining
and predicting intrinsic phase shift and amplitude
variations across the array, event detector false alarm
rate fluctuations and signal-noisc wavelet classification !
The detectability of the so-called incoherent event detec- i
tor, part of the NORSAR on-line system, is superior to
that of conventional beamforming in seismic regions :
characterized by complex P-signals. An evaluation study é
of NORSAR event detection and location capabilities, based
on the array's routine performance in the interval Apr-
Oct 1972 has been completed. One interesting result here
is that the NOAA-NORSAR m magnitude discrepancy is a non- i
linear function of magnitude, i.e., NORSAR rcports rela- . j
tively too large my valucs for small events. Morcover,

a bias analysis of NORSAR event magnitude estimates has
also been undertaken. Several kinds of Vespagram analysis

of core precursor phases indicate that these waves are

| not ecxplainable in terms of the standard velocity models
for the earth's core, while a realistic alternative is

scattering sources in the lower mantle.

l The above research topics and relevant results are described

in the next chapter. 1In general oniy the main results are

presented here, as further details are available in NORSAR

Technical Reports or from papers published in professional

journals.
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RESEARCH LIFTFORTY

The research activities in the reporting period 1 July
1972 - 30 June 1973 have been focused on cvent detection
and classification problems. Presently, NORSAR reports
in average 20 events per day, but recent research results
indicate that significant improvements of the array's
event detectability is still possible. An important
problem here is the development of objective criteria

for discriminating between weak F-signals and signal

shaped noise wavelcts.

Conc .tioned on the prescent NORSAR computer configuration,
the most pressing event detection problems are considered
solved. Thus, at the end of the reporting period more
rescarch effort could be spent on seismic cvent classifica-
tion problems. For cxample, conventional discriminants
criteria have been adapted to NORSAR data, but also so-
called signal space expansion techniques are under in-
vestigation. In the reporting period a number of visiting
scientists have been doing research at the NORSAR data

center and part of this work is included in this report.

NORSAR IIvent Detector Threshold Setting and the

" bt s st (i o e s S D e e bt S Gt G e et Gt et Gt bt S e e Gt e ——

At NORSAR a significant trend in scasonal noisc level
variations occurs, and the same holds on a diurnal basis
as demonstrated in Figs. 1 and 2. Tor example, cxtreme
cases with a variation in noise power up to 18 dB in the
frequency band 2.0-3.0 Hz within a few hours have been
observed at a large number of NORSAR short period sensor
sites. This simply mecans that the array's cvent detcction
capability is lower during winter than summer and

also lower during the day than the night. In the latter
casc, there are rouaghly 20% more cvents detected during

night time. Relevant data on the phenomena are prescnted

AR Do & . RC e  b R e b
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and discussed in a reccent report by Bungum and Ringdal (1973).

Also, a similar study for long period noise is in progress.

An important but mostly ignored aspect of noisc level fluc-
tuations is that the statistical propertics of the background
noise change too. The same effect is also obtained by using
filters with different passbands. Henceforth, from the
theoretical studies of Rice (1944) and Cartwright and Longuct~
Higgins (1956) we would expect that the noise wave train
maxima would fluctuate between Gaussian and Rayleigh prob-
ability density distributions. In other words,.the S0~
called falsc alarm rate would vary, i.e., thc number of

times purc noise wavelets trigger the event detector for a
fixed SNR threshold (sce Fiy. 3). This phenomenon docs not
necessarily mean that relatively more noisc wavelets arc

reported as seismic events under adverse noise situations
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Fig. 3 Number of detections as a function of SNR for two time
periodsy covering onc hour of day time and one hour of
night time, respectively. The-dashed line has a slope
of -15.0.

as such a deceision rests with the analyst. 1Instead, under
favorable conditions too few events would be reported as

the SNR threshold value in the event detector would be too

large. The above problem was first considercd by Lacoss (1972)
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who forwarded an approximately linear relationship betwecn

the noisc stability paramecter and the number of false alarms.

The stability parameter was defined as the square of the
noise level average relative to its variance. Steinert ct
al (1973} have continued this work, and the importance of
the problem and also the potential gain by having a float-
ing detector threshold setting are demonstrated in Fig. 4.
Due to a limited dala base the SNR threshold values range
from 8 to 10 dB in the figure, wvhile the corresponding
values in the operational system arc between 10 and 12 d4Bn.
Such an algorithm for the prespecified false alarm rate

is feasible to implement in the NORSAR on-line system, and
the expected gain expressed in eqguivalent SNR units would
probably amount to around 0.5 dB. In addition, this routine

would permit a more efficient computcr capacity utilization.
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Pig. 4 PFalse alarm rate vorsus noise stability for diffoerent event
detector threshold values., Three different noise situations
voere analyuzed, cach corresponding to one hour of NORIAR on-
line processing., For further variation of the noiae
structure, three different bandpass filters were also used.




The P-signals recorded by NORSAR are only partially co-
herent across the array. This mecans that the expected gain

in signal-to-noise ratio (SNR) which is proportional to

r——

the square root of number of sensors used is not obLained
during array beamforming operations. The corresponding
signal cnergy loss increases with increasing frequency, ]
and may secvercly degrade the arvay's detectability of very
short period P-waves. This problem may be partly circum-
vented by replacing or sunplementing the array beam traces
with the average of subarray beam traces. The relative
advantages of using the sc-called incoherent beams are
modest signal losscs, better estimates of the noisc

variance and good areal coverage. The noisc suppression

is small as compared to array beamforming, but could partly 1
be compensated for by using high frequency bandpass filter-

ing. As mentioned previously, a supplementary cvent detec-

tor based on incoherent beams was implemented in the on-

line system in September 1972. Results from the first

two months of paraitlel operation of the so-called coherent

and incoherent event detectors arc presented in Fig. 5

and Table 1. The improvement in the array's event detect-

ability amounts to around 15 per cent. TFor further

details see the report by Ringdal et al, 1972,

The characteristic featurc of a seismic array is real-time
processing of data from a large number of sensors organized
in a certain pattern on the surface of the earth. As is
well known, when sensor separation increases, the signal
similarity, in general, decrecases. The consequence here

is that when processing signals from a continental array

or the global scismological network, the signal suppression
is approximately equal to the noise suppression, resulting

in a processing gain close to zero. One possible way to

.

circumvent this problem might lLe to replace the individual

signal trace by its envelope as we intuitively should

expect this kind of signals to exhibit a large degree of




EVENTS | coH.BF| INC. BFl COH.& | COR.BF INC.BF
Total Only Only INC. Total Total
No. No. No. No. No. No.

Greece/Turkey 117 45 67 72 2 112
USSR/Centr.Asia 194 ) 4) 125 166
Japan/Kan. /Alcu. 168 7 128
USA/Cent . America G4 1 ) 33

Global 1 1038 < 796
(A1) events)

Global I 546 I 522
(igh Quality :
events)

TABLE 1

Events reported in the NORSAR seismic bulletin, 16 Sep - 15 Nov 1972.
The table gives the total number and perc .nt of events detected in

different regions by the co vrent ang incoherent beamforming as well
as the number of cvents detected only by one of these detectors,

® |NCOHERENT (N:IA), o COHERENT (N-28)
¢ INCOHERENT (N=45), 0 COMERENT (N5 ) N Yo T I ] I %
i | ] ‘i’ T 4
-~ °
.
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Events reported in the fi nal NORSAR bulletin which wore
detected by either the coherent or the incoherent dotector,
but not by both. 7The time period covered is 16 Sep - 15 Nov
1972, and typical snRr detection thresholds were 3.6 (coherent)
and 1.6 (incoherent). The figures show detection per formance
in the Mediterrancan and Central Asia & Russia arcas,




signal similarity independent of sansor separation, scis-
mometer type, etc. This hypothesis has been tested on
WWSSN station records (two carthguakes and one cxplosion)
and NORSAR subarray beams from many different events. e
WWSSN beam pattern for an carthquake in Chile is shown in

Fig. 6. Signal cnvelope similarity has been calculated

through cross-correlation and coherency analysis. Qypical

cross-correlation values were around 0.75 units between
WWSSN envelope signals. Similar results were obtained
by joint analysis of 22 differcnt NORSAR events in the
distance range 3-145 deg. Morcover, using data on the
P-wave amplitude variation in the telesceismic distance
range and the theory for incoherent event detectors
(Ringdal et al, 1972), reliable estimates on multiarray
processing gains are obtainable. 1t is interesting to
note that the above method may supplement previously
proposcd schemes based on joint detectability analysis
of data from several arrays. The above topic is dis-
cussed in some detail in a recent report by luschye et

al, 1972.

4 T = : T By
o N AN ]

LATITUDE {deg]

REL.

-h4 L
REL LONGITURE (deg)
Response pattern for the Greeley nuclear cxplosion in

Nevada 12/20/1966 bascd on envelope traces for 19 WWASN

stations,

Fig. 6
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Optimal Beamforming

Beamforming or simple delay-and-sum process’ g o is exten=
sively used in analysis of P-waves recorded by the large
aperture arrays NORSAR (Norway) and LASA (Montana). When
the underlying assumptions of well-eqguivalized noise levels
and identical signals botween instrunents is correct, the
corresponding gain in SNR is oplimum. In practice, these
restrictive signal and noise models are not valid, thus
degrading the final signal estimate and the event

detectability of seismic P-waves.

In investigating this problem, we followed the line of
develcpment presented by Christoffersson and Janson (1973)
wvhere the interest is focused on the relation between sig-
nals at different instruments, i.e., the sphace spanncd by
the recorded signals. In a recent paper Christoffersson

and Huscbye (1973) introduced wore gencrawlized P-signal
models during array beamforming and the corresponding

least squarces signal estimotion Lechniqgues were described.,
The usofulness of these data processing schemes was also
demonstrated in analysis of more than one hundred LASA

and NORSAR recorded signals (sce Tables 2 and 3 and ig. 7).
For LASA the average gain in SNR relative to that of con-
ventional beanforming for the telescismic event was around
3.7 dB. Most of this was obtaincd by accounting for noisc
level varviations between subarrays, as signal coherency across
the array is good. For NORSAR the corresponding SNR gain was
approx. 2.5 dB, mostly obtaincd by accounting for the more
complicated signal structures in this case. I'or local
events, characterized by partly incoherent array signauas,
relative SNR gains amounting to 5-10 dB wdro usually ob-
tained. A greal advan‘age with the signal estimation
techniques used is that bholh positive and negative signal
weights are pernitlbed thas parily avoiding destructive

signal interfoevence during beamforming of complicated or

very weak signals.
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Fig. 7 Very weak Westeorn Russia event recorded by NHORSAR.,  Alternatively the
signals may represent a side lobe detection of a local cxplosion in
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across NORSAR

As is well known, P-wave travel times and amplitudes as
observed across an array like NORSAR deviate signifi~antly
from that cxpected {rom ray tLhcory and standard

earth models, Bxcept for special subarray

travel time correction filecs used for minimizing signal

encrgy losses during beamforming, effects of the above types
have been nmostly ignored in array data proccessing. In
recent months, considerable efforts have been spent on
analyzing the above phenomcna, i.c., whelther there is a
non-random pattern in the P-wave time and amplitude
anomalics, the potential improvements in the ariray cvent
detectability and classification performance by talking
such cffeets into account, and finally to find more
recalistic carth models to explain the anomalous P-wave
propagation effects, The results obtained so far will
be briefly presented in the next subscctions starting

with time anomalics.,

Travel Time Anonmalies across thoe NORSAR Array

Array beamforming is a two-step process, first the in-
dividual subarray beams arce formed, and finally the array
beam. In the first casc, the necessary time delays to
ensure proper line-up of the sensor signals arce bhased on
lecast squares P-vave front solutions. In array beam-
forming the P-wave f{ront solution uscd is a first orxder
approximation, while the sccond order terms arc the de-
viations bhetween observed and predicted time delays (Ati)
sing so-called master events. In the latter casce,
anomalies amounting to 40.6 scc. have been obseorved.

This justifies an analysis of the effect of

ignoring sccond order terms in suborray beamforming.

-




The results obtained give that the subarray travel time
anomalies exhibit a distinct reygional pattern (sce Fig.3)
and that 95 per cent of the Ati observations have values
less than 0.1 sec. The corresponding subarray beamforming
losses are around 0.5-1.0 dB, with the exception of
subarrays 05B and 07C (located on typical Oslc graben
structures) where signal cnergy losses may amount to

2, 10-=380 B,

Since the subarray time anomalies are non-random quantities,
they should be predictable, so the following experim:nt was
undertaken (Dahle et al, 1973). The travel time variation,'ri,
across NORSAR is modeled as a function of two factors, namely,
a trend ceffect, equivalent to the plane wavefront solution
and a signal or wave scaltering cffect. The basic ideca here
is physically shown in Fig. 9, and the corresponding mathe-

matical formulation is given in ecq. (1).

T, =17 44U r, +U r. 4+S.4n, (1)
i o xix TyTiy "i i

Tk

where rix’ri arc position coordinates, Ux'Uy are trend

components (glowness), Si is scattering or Chernov (1960)
effect, and ng ig the noise at the i-th site. The critical factor
in this kind of analysis is the autocovariance functions
typical for random media wave scattering models (Chernov
1960), and alternatively observed functional values.

To demonstrate the uscfulness of the above approach, the
arrival times at roughly half of the NORSAR sensors

were predicted using observed travel times at the remain-
ing SP instruments. Using actually obscrved travel time
data as a refercence base, most of the intrinsic travel
time anomaliecs within a subarvay are accounted for by

inclusion of the signal effcct term in eq. (1) as

demonstrated in Fig. 10. Important, the minimum of the
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Fig. 9 Decowmposition model of compressional scismic wavefield
accounling for the intrinsic amplitude and travel time
fluctuations observed across NORSAR sodsmomeler sites,
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predicted travel time, including a scattering offect, measurced
in per cent relative to the same quantity neglecting scattering.
Correlation distance and wave paramcler as defined in Chernov (1960).
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m 20 =

sum of squared differences between chserved and predicted
travel times was obscrved for a random (Chernov) medium with
correlation distance of approx. 7 km which is in fair
agreement with similar results obtained for LASA (Aki 1973,

Capon 1973) .

The first step in analysis of the signal amplitude
variations across NORSAR was the probability density dis-
tribution of this parameter. It was found to be approxi-
mately lognormal (see Fig. 11) when dominant signal
frequency was larger than, say, 0.9 Hz. This result
was explained by Ringdal et al, 1972, in terms of multi-
plicative responsc effects of multilayered earth structures
and is in quantitative agrecemcent with the wave scattering

theories of Chernov (1960) and Tartarski (1961).
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Fig.ll Obscrved single sensor amplitude distributien for a Kamchatka
carthquake occurring Jan 03 at-06.36.44 GMT (NORSAR bulletin).
The amplitude values woere measured after applying a 1.0-3.4 Hz
bandpass filter. The normal and lognormal distribution func-
tions estimated from the observed sample mean and variance
arc also ghown.
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Seemingly,

the P-wave amplitude variation across NORSAR

is random, but more detailed analysis of this problem

reveals a distinct regional dependent pattern in the in-

dividual sensor or subarray beam amplitudes as demonstrated

in Table 4.

Subarrayl Subarray Ranking Scores i
Code Greece-| Iran | Kam- {Japan |Philip- | South Fiji Average

S Turkey chatka |pines Amer. Score
01A 3.8 9.3 8.3 122 107 6 4.4 7.9
01p 9.0 88 b 127 ] 701 1523 7994 1108 101 |
028 9.8 5.1 T e e R 4.4 8.6
038 7.0 =ik 20 laest 197 | 161 8o | 116
045 R BT R = 160 || 128 | 128 4 129
058 i lisef sy I3l 182 9.9 7.4 I 3.0
068 10.6 4.7 = 1200 117 4.9 | 21.6 | 109
078 7.7 | 20.4 | 19.8 E5] 2 1% 4.4 | 10.6
01C 55 9 5 4 1.1 3.8 z 18.9 | 10.4

[ o2c 11.9 | 16.2 €. 2.4 4.1 9.1 | ia:8 s
03c foisile Ty s gl a0 iG] T 0%
04c ld6 | 16 | 10.9 5.2 2.2 T [T S
05¢C 5.9 q0.2 9.7 261 761 s94 19.4 F 9.9 |
06C i3 g0 | 159 |ies ] 190 ] 23.2 ] 13.4 | 15.5
cIc Tl g g o lmag e 5.5 [ 974 | 205 § 151
08C 730 | 158 || te.s | 117 8.9 51 |16 §F 121 |
09c 10.7 96 55 Jelmio ] 211 | 140 | 6.0 } 12,7
10C 11.5 36 160 ] 25 ] 136l isaf e
11c 13.9 90 54 a8 B0 ] 1537 141 | 132 |

[ 12 7 611l | v | 251 157 | 0.7 |
13¢ b i s Tl ialweel 3a 01 95
14¢ 15.2 14.0 10,0 19.2 13:4 1 15.8 10.9

g:;nii 12 14 % 25 12 15 E 7 7

Kendall i i ; o

Cocff. D31 | o0.86 | 0,92 |o.8a! o0.92 | 0.54 | 0.98

Concord. . ! |

:;’l":m 77.1 |240.8 © 460.9 sz.(. 290.5 ’ 76 -129.5

Subarray ranking scores for different seismic regions.

TABLE 4

cases the results obtained are significant. For details
non-parametric rank test, see Siegel (1956).

In all

on the




The prediction experiment of NORSAR obsecrved travel
time anomalies mentioned previously was repeated on
amplitude data and some resulits are shown in Fig 12.
It should be mentioned that the Chernov

media parameters used in modeling the autocovariance
functions and giving the best fit to the ohservational
data are similar to the corresponding values ob-

tained in the time anomaly experiment.

The optimal beamforming procedure (Christoffersson

and Husebye, 1973) discusscd in a previous section
actually takes advantage of the skewness in the sub-
array emplitude distribution. However, this method

is too complex for on-line data processing, but a viable
alternative is using the simplified scheme of masking

the weakest subarrays as demonstrated in Pig. 1"
Presently, work is in progross to map the NORSAR subarray
amplitude pattern in all scismic regions expressly for the
purpose of 'zerxo-one' amplitude weighting during on-line array
beamforming. The subarray amplitude pattern may also

be instrumental in discriminating between very weak
seismic signals aud signal-shaped noisec wavelets.

Assuming that the above optimal beamforming procedure

is used, the calculated weights should be matched against
that expected fox_ a given region. Preliminary results
give that this method would be an important diagnostic

tool in classifying weak signals - noise wavelets.
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Fig, 13 Relative gain in event detectability using the definition
of Ringdal et al (1972) as a function of no. of NORSAR
subarrays for different bandpass filters. The (a) and (c)
figures correspond to envelope beamforming using (1) 1.6-
3.6 Hz, (2) 1.8-3.8 1z and (3) 2.0-4.0 iz bandpass filters,
The (b) and (d) figures correspond to conventional beam-
forming using (4) 1.2-3.2 1z, (5) 1.4-3.4 Hz, and (G) 1.6-3.06 liz
bandpass filters. The results were averaged over 12 and 11
events respectively for the Western Russia and Greece-Turkey
regions. All the events analyzed were very weak, i.e.,
having SNR values between 2 and 4 and thus mostly reported
by the envelopr detector.
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The typical features of the Chernov media

are small perturbations amounting to a few percent of
P and S velocities, density and the clastic paramcters
W and A\. The corresponding wave scattering effect
could be significant as shown by Haddon (1973) in a
theoretical study of this problem. In case of seismic
arrays this kind of data represcnts an excellent tool
for observational evidence on seismic wave scattering
hypothesis due to the large number of seismometers
within a small area. For example, based on a thorough
analysis of NORSAR recorded core precursor waves,
Doornbos and llusebye (1972) concluded that the standard
P-velocity model for the Larth's core probably was not
quite correcct. In more recent studies both Doornbos
and Vlaar (1973) and Haddon (1973) attributed the
above precursor waves to scattering effects in the
deep mantld. Moreover, Aki (1972) and Capon (1973)
have used array data for mapping the extent for which
the crust and upper mantle benecath LASA could be con-
sidered a Chernov or random medium. In short, based
on thne evidence briefly discussed above, we feel con-
fident that wave scattering effects could be used as

a diagnostic tool.in detecting and classifying weak
seismic signals. We are planning to investigate most
aspects of wave scattering effects, partly in coopera-
tion with Dr. A. Christoffersson, Uppsala University,

and Dr. R.A.W. Haddon, Sydney University.
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The m, magnitude parameter, mcasured on records of short

period P-waves, is a convenient and widely used tool

for ranking of earthguakes. More reccently this parameter




has become of critical importance in evaluating event
detection and discrimination capabilities of various
kinds of secismological stations and networks. The
problem of a possible bias in the NORSAR estimation
procedure of my magnitudes and also that used by the
International Seismological Centre (ISC) in Edinburgh
have been investigated by Husebye et al, 1973. The

main results obtained are as follows (see also Table 5

and Fig. 14).

No. of dm(loss) am{skew)

Subarrays (mb—units) (mb—units)
3 0.28 1+ 0.06 0.0 *+ 0.01
6 0.23 ¢+ 0.05 -0.01 ¢+ 0.01
9 0.20 4 0.04 -0.02 + 0.01
12 0.16 * 0.04 -0.03 ¢+ 0.02
15 0.14 * 0.04 -0.04 ¢+ 0.02
18 0.11 + 0,03 -0.05 + 0.03

?gigg;;‘;“al 0.08 + 0.03 ~0.07 + 0.03

Estimated skewness of subarray

max. power distribution 1.26 ¢ 0.63
Estimated skewness for log-

transformation of max. power .-0.10 + 0.42
Correclation between signal loss

and skewness cffects -0.40 corr. units
sample size 222 events

TABLE 5

Estimated magnitude biases duc to subarray power loss and skewed
" maximum power distribution, conditioned on the number of subarrays.
The latter parameter represents a decreasing ordering of subarrays

bascd on navimum power ranking.
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Fig.l4A comparison betwcen event magnitudes as predicted from a
multivariate analysis of ISC data for Japan, and that of
the individual stations used in the analysis. The relation-
ship betwe »° ISC reported magnitudes and predicted magnitude
is also given, Dots arc observed points for this line. This
figure is based on 40 ecvents occurring in the Japan region
in 1968 and reported jointly by the 9 stations listed on
the figure,

The signal cnergy losses observed during NORSAR P-wave
beamforming do not'in average affect its event magnitude

estimates duce to a skew, approximately lognormal, P-

amplitude distribution across the array. A comparison
between NORSAR-NOAA magnitude gave that the diffcrence

is largest at m_~4.7 and then tapers off towards both

small and largobevent magnitudes. A multivariate analysis
of ISC data for Japan and the Aleutian Islands gave a
consistent and linear relationship between the ISC cvent
magnitude and that predicted f{rom subscts of 5-9 sta-
tions in the m 4,0~6.0 magnitude range investigated.

In this respect the ISC rcported magnitudes are con-
sidecred unbiased. We also found that the magnitude
obscrvations may be approximated by a normal distribu-

tion. In many cases the magnitude station




correction term was not a constant but a function of
event magnitude. This phenomenon is quantitatively
explained as the combined cffect of the seismic spectra
scaling law (Aki, 1967, 1972) and the crust-upper mantle

transfer function.

The evaluation of the NORSAR cvent detection and event
location capabilities seems to be a popular topic as

a number of scientists recently have worked on this
problem, namely, Shlien and Toksdz (1973), Ringdal and
Whitelaw (1973) and Bungum and Husebye (1973). The
differences in the results presented by the various
authors are mainly duc to data bases covering different
time intervals. However, as Bungum and Husebyec (1973)
used bhoth the most extensive and recent data, i.e.,
after improved time correction files, better bandpass
filters, incoherent beamforming, etc., had been incor-
porated in the array's on-line system, we prefer to
give a bricf summary of their evaluation of NORSAR's
cvent detection and location capabilities (see also

Table 6 and Fig. 15 and 16).

Based on one year of data, Apr 1972-Mar 1973, the routine
event detectability of the NORSAR array in Norway has
been investigated in terms of 50% and 90% cumulative
detectability thresholds which were derived from
frequency-magnitude distributions. The best performance
was observed for events in Central Asia and adjacent
regions where the 90% cumulative detectability values

are in the range 3.6-3.8 NORSAR m_ valuers, For tele-

b
scismic events the value is 3.8. For events with m_
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Fig, 16 Average dif{ference between NOAA and NORSAR body wave
magnitudes as a function of NOAA magnitude for all
events with epicentral range 300—900 and 1100—180o
from NORSAR (regions 14 and 15 in Table 6). The
averaging is doae over bands of 0.3 magnitude units,
the number at each data point gives the number of
events, and the upper and lower bounds are the
standard deviations.
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above 4.0 NOAA reports the larger m value, while

NORSAR reports the larger for events below M, 4.0.
The accuracy of NORSAR-estimated epicenter solutions
as comparcd to those of NOAA were also investigated.
The best results were found for Japan and Central Asia,
wherc the median location difference is 95 and 105 km,
respectively. For telescismic events, the value is
145 km. The biased errors in the location estimates
are demonstrated to have been climinated for most of
the regions considered. Finally, improvements of

the present NORSAR cvent detectability performance are
discussed in view of recently developed array data

processing techniques.

So far our main rescarch cfforts have becn aimed at im-
proving the event detectability and location capabhility
of the NORSAR array. Some investigations on the array's
capability to discrimiratc between carthquakes and ex-
plosions have already been undertaken, although at the
present stage only conventional classification criteria

have been used in the analysis of relevant NORSAR data.

The main problem with the application of mos MS criterion
is to be able te detect the surface waves from small ex-
plosions and earthquakes. Three major signal enhancemcat
techniques have been used in analysis of NORSAR surface

wave data with good results, namely:

= Bandpass filtering centered at around 20 secconds,

reducing the 6 sccond microseismic energy, which

sometimes can be very strong in the wintoer.




- Beamforming, which works well if the noise is

scparated in azimuth from the signals. The signal

similarity is always high.

= Matched filtering, which is a mastecr cvent technique

that takes advantage of the time invariance of

recorded Rayleigh waves.,

Fig. 17 shows the results from an m,_ : MS study where

b

those techniques have been applied for signal enhancement.

The lowest MS reported is 2.5, however, at other times

M_ 3.5 may not be detected due to variations in the

background noise. Preliminary results from an mod M

S

study at NORGAR have been published by Filson and Bungum

(1972), and this work is continuing.
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Fig.l7 Body wave magnitude m, versus surface wave magnitude M
for events located by NORSAR in Central Asiae during 1971
and 1972, Open circles indicate presumed nuclear explosions,
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The mb 5 MS discrimination criterion works well for

larger seismic events. However, the difficulty of

detecting surface waves in the low magnitude range

necessitates investigations of event classification

capabilities based solely on P-waves. Modified versions

of the complexity and t'.ird moment of frequency

criteria have been tested on NORSAR recorded events -

carthquakes located in Eurasia and North America. In

the latter region event discrimination using P-waves

only is relatively poor, and also the array's event

—

detection capability is not specially good. On the i
other hand, preliminary results indicate that fairly
good discrimination betlween carthquakes and presumecd

underground explosions is achievable for Eurasia. This

statement is restricted to event distances larger than
around 3,000 km from NORSAR, as the modified Comp]exity
criterion does not give satisfactory results for shorter
distances. The principal investigators here are I.

Noponen and P. Rieber-Mohn.

In addition to the scismic noise there is for lonyg

period waves an iﬁbortant limiting factor for the
detectability in the fact that waves from two cevents

are very often interfering with each other, maybe

as much as 20 per cent of the time. The long period

coda from a large cvent may last for hours, and another
complicating factor ig that the enerqgy is often scattered
in azimuth th}ough reflections and refractions at con-
tinental margins. A study is now in progress, under-

taken by H. Bungum and J. Capon (M.1.T. Lincoln Lab),

where the energy distribution in the coda for a number




of carefully seclected events is studied at 20 and 40
second periods. The advantage of working at 40 second
periods is that the multipathing there is much less
severe and that the coda fall off more rapidlv. On

the other hand, some events may have energy only around
20 sccond periods. The results for NORSAR are comparable

to those previously obtained for LASA by Capon (1972),

although it seems that NORSAR data gives less variation

in the way the coda around 40 second wave periods fall

off with time.




MISCELLANIZOUS

During the reporting period a number of scientists,

whose names are listced below, have visited NORSAR Data

Processing Center, Kijeller, for special research purposes.

D. Doornbos
Utrecht University
The Netherlands

I. Noponen
Seismological Institute
Helsinki, Finland

R.M. Sheppard
M.I.T. Lincoln Lab
Cambridge, Mass., U.S.A.

1. Ohlendorf
Institut fur Geophysik
Kiel, West CGermany

H. Korhonen
Oulu University
Finland

S. Pirhonen
Seismological Institute
Helsinki, Finland

Professor Tsujiura, Tokyo, Japan

M.L. Maki
Seismological Institute
Helsinki, Finland

A. Christoffersson
Statistical Institute
Uppsala, Sweden

E. IIjortenberg
Geodetic Institute
Copenhagen, Denmark

J. Capon
M.I.T. Lincoln Lab
Cambridge, Mass., U.S.A.

J. Vermeulen
Utrecht University
The Netherlands
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NORSAR scientists participated in the following seminars,
congresses and meetings in the period 1 July 1972 -
30 June 1973.

13th General Asscembly of the BEuropean Seismological Com-
mission in Brasov, Romania, 30 August - 5 September 1972.
Participants: K.A. Bertcussen, 1. Bungum, 1. Gjgystdal,
and .S, ITusebye. Altogether the NTHNF/NORSAR group gave

seven talks, which are listed below:

= K.A. Berteussen and I.S. Huscbye, Seismicity in
terms of event detection thresholds
H. Bungum, Event detection and location capabilities
at NORSAR
H. Bungum, Array stations as a tool for microseismic
rescaxrch
H. Cj¢gystdal, E.S. Dusebye and D. Rieber-Mohn,
One-array and two-array location capabilities
H. Gjigystdal and E.S. Husebye, Noisc suppression
problems
E.S. Husecbyc and F. Ringdal, Multiarray processing
problenms
F. Ringdal and E.S. lusebye, Event detecction problems

using a partially coherent array.

Norwegian Geophysical Socicty in Nesbyen, Norway, 2-5 October,

Participants: 1. Bungum and E.S. Husebye. One talk was

given.

American Geophysical Union, 54th Annual mecting, Washington,
D.C., April 1973. Participant: K.A. Berteussen. One talk,
"Bias analysis of NORSAR and ISC rcported P-wave magnitudes"

by K.A. Berteussen, A. Dahle and E.S. Nuscbye was presented.
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Fourth Nordic Seminar on Detection Selsmolegy, Helsinki,

Finland, 12-14 Junc. Participants: i, Bungum, A. Dahle,

Gjvystdal, E.S. Huscbye, N. Maris, D. Ricbexr-Mohn,

O. Steinert. The NINF/NORSAR group gave ten talks, which
are listed below:

E.S. Husebye, A. Dahle and K.A. Bertecussen, Analysis

of possible non-random errors in NORSAR event magnitude
estimates

D. Rieber-mMonhn and I. Noponen, New short period
discrimination criteria used on NORSAR cvents

H. Bungum and F. Ringdal, Dbiurnal variation of

scismic noise and its cffect or detectahility

O. Steinert, E.S5. Husebyec and H. Gjpystdal, Noisec
stability and false alarm ratc at NORSAR

E.S5. Husebye, F. Ringdal and J. Fyen, On-linc event
detection using a global seismological network

H. Gj¢ystdal, Array detection and location capabilitics
for events in Central Asia

A. Dahle, P-signal variations within NORSAR subarrays
F. Ringdal, E.S. Husebye and A. Dahle, Event detection
problems using a partially coherent seismic array

A. Christoffersson and E.S. Husebye, Amplitude weighting
for optimal gain in SNR during array beamforming

O. Steinert, Stability of array performance

Norwegian Geotravers Meeting, Bergen, Norway, 4-5 May

1973, Participants: K.A. Berteussen, H. Bungum, A, Dahle,

. Gjigystdal, E.S. Husebye. Three talks were given.,
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