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has become of critical importance in evaluating event 

detection and discrimination capabilities of various 

kinds of seismologicul stations and networks. The 

proble m of a possible bias in the NORSAR estimation 

proce dure of 11b 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) dm(sk e w) 
Subarrays (rob-units) (rob-units) 

3 0.28 ± 0.06 o.o :!- 0.01 

6 0.23 + 0.05 -0. OJ :': 0.01 

9 0.20 ± 0.04 -0.02 0.01 

12 0. J 6 ± 0.04 -0.03 ± 0.02 

lS 0.14 l 0.04 -0. 04 :!. 0.02 

18 0 .11 i 0 . 03 -0.05 ± 0.03 

Operational -
Q.08 + 0.03 -0. 07 "!: 0.03 -

-

Estimated skewness of subarray 
max. power distribution 1. 26 i 0 . 63 

Estimated skewness for log-
transformation of max. power -0.10 ± 0.42 

Correlation between s-ignal loss 
and skewness effects -0.40 corr. units 

So.mplc size 222 events 

TABLE 5 

Estimated magnitude biases due to subarray power loss and skewed 
maximum power distribution, conditioned on the number of subarrays. 
The latter parai11eter represents a decreasing ordering o f subarrays 
based on maximum power ranking • 
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Fig.14A comparison between 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 between ISC reported magnitudes and predicted magnitude 
is also given. Dots are observed points for this line. This 
figure is based on 40 events occurring in the Japan region 
in 1968 and ' reported jointly by the 9 stations listed on 
the figure. 

The signal energy losses observed during NORSAR P-wave 

beamforming do not in average affect its event magnitude 

estimates due to a skew, approximately logrtormal, P­

amplitude distribution across the array. A comparison 

between NORSAR-NOAA magnitude gave that the difference 

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

small and large event magnitudes. A multivariate analysis 

of ISC data for Japan and the Aleutian Islands gave a 

consistent and linear relationship between the ISC event 

magnitude and that predicted from subsets of 5-9 sta­

tions in the~ 4.0~6.0 magnitude range investigated. 

In this respect the ISC reported magnitudes are con­

sidered unbiased. We also found that the magnitude 

observations may be approximated by a normal distribu­

tion. In many cases the magnitude station 
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correction term was not a constant but a function of 

event magnitude. This phenomenon is quantitatively 

explained as the combined effect of the seismic spectra 

scaling law (Aki, 1967, 1972) and the crust-upper mantle 

transfer function. 

~g~!Y§!~_2!-~~~-QE~E~~!Qg~1-~~E~~!!!~!~~-!2E_Q~~~f ~!Qg 
and Location of Seismic Events at NORSAR 

The evaluation of the NORSAR event 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 Toksoz (1973), Ringdal and 

Whitelaw (1973) and Bungum and Husebye (1973). The 

differences in the results presented by the various 

authors are mainly due to data bases covering different 

time intervals. However, as Bungurn and Husebye (1973) 

used both 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 brief summary of their evaluation of NORSAR's 

event 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 ~values. For tele­

seismic events the value is 1.8. For events.with ~ 



Region 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Events 
Location Diff. (km) Distance Diff. (km) . Azimuth Diff. (deg) 

Area 50% 90% Average St. Dev. Average 

Aleutians-Alask. 157 135 330 24± 16 204± 12 o. 32±0.06 * 
-

West.North Am. 39 185 310 94± 15 * · gs± 11 -0.69±0.20* 

Cent.Am. 61 430 830 -226± 36 * 278± 25 - 2 • 2 8± 0 . 3 2 * 
Mid-At. Ridge 31 360 790 188±164· 911±117 1. 38±0. 22 * 
Med.-Middle East 120 220 650 14± 29 316± 20 -0.09±0.49 

Iran-West.Russia 76 150 580 22± 35 303± 25 0.29±0.17 

Cent. Asia 120 105 270 -38± 15 * 164± 11 0.04±0.07 

South.east.Asia 42 130 340 134± 28 * 184± 20 0.13±0.11 

~ukuo-Philip. 166 195 610 -61± 27 * 343± 19 -0.71±0.10* 

Japan-Kamch. 255 95 260 -36± 8 * 125± 6 -0. 28±0. 06 * 

New Guin.-Hebr. 87 380 1330 -152± 70 * 654± 50 0.46±0.33 

Fiji-Kermadec 183 310 910 -216± 31 * 422± 22 -0. 75±0. 30 * 
South Am. 33 390 680 11± 80 460± 57 1.47±0.35 * 
Dist.range 30°-90~ 1191 145 490 -30± 8 * 292± 6 -0.16±0.04 * . 

. 0 0 Dist.range 110 -180 409 320 1020 -119± 25 * 504± 18 0.11±0.18 

TABLE 6 

Estimates of median and 90% location difference, and average and standard deviation of 
distance and azimuth difference between NOAA and NORSAR epicenter solutions, together 
with the standard errors in the latter estimates. An asterisk marks the regions where 
the distance or azimuth differences are significant on a 95% confidence level. 

St. Dev. 

0.79±0.04 

1. 26±0.14 

2.53±0.23 

l. 21±0. 15 

5.34±0.34 

l. 50±0.12 

0.72±0.05 

0.70±0.08 

l. 30±0. 07 

0.94±0.04 

3.09±0.23 

4.02±0.21 

2.01±0.25 

l. 51±0. 03 

3.70±0.13 
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Fig. 15 Cumulative and incremental frequency-magnitude distributions for the 15 regions 
defined in Table 6. The straight lines are least squares fits through the 
data between the vertical bars. 
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Fig. 16 Average difference between NOAA and NORSAR body wave 
magnitudes as a function of NOAA magnitude for all 
events with epicentral range 30°-90 and 110°-180° 
from NORSAR (regions 14 and 15 in Table 6) • The 
averaging is done over bands of 0.3 magnitude units, 
the number at each d?ta 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 11b value, while 

NORSAR reports the larger for events below 11b 4.0. 

The accuracy of NORSAR-estimated epicenter solutions 

as compared to those of NOAA were also investigated. 

The best results were found for Japan and Central Asia, 

where the median location difference is 95 and 105 km, 

respectively. For teleseismic events, the value is · 

145 km. The biased errors in the location estimates 

are demonstrated to have been eliminated for most of 

the regions considered. Finally, improvements of 

the present NORSAR event detectability performance are 

discussed in view of recently developed array data 

processing techniques. 

Seismic Verification Research -----------------------------
So far our main research efforts have been aimed at im­

proving the event detectability and location capability 

of the NORSAR array. Som~ investigations on the array's 

capability to discriminate between earthquakes 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 11b : Ms criterion 

is to be able to detect the surf ace waves from small ex­

plosions and earthquakes. Three major signal enhancement 

techniques have been used in analysis of NORSAR surface 

wave data with good results, namely: 

Bandpass filtering centered -at around 20 seconds, 

reducing the 6 second microseismic energy, which 

sometimes can be very strong in the winter. 

,, 
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Beamforming, which works well if the r i se is 

separated in azimuth from the signals. The si~nal· 

similarity is always high. 

Matched filtering, which is a master event technique 

that takes advantage of the time invariance of 

recorded Rayleigh waves. 

Fig. 17 shows the results from an~ : Ms study where 

those techniques have been applied for signal enhancement. 

The lowest M reported is 2.5; however, at other times s 
M 3.5 may.not be detected due to variations in the s 
background noise. Preliminary results from an ~ : Ms 

study at NORSAR have been published by Filson and Bungum 

(1972), and this work is continuing. 

®] 
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Fig.17 Body wave magnitude ffi]J versus surface wave magnitude Ms 
for events located by NORSAR in Central Asia during 1971 
and 1972. Open circles indicate presumed nuclear explosions. 
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The 11b : 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 third moment of frequency 

criteria have been tested on NORSAR recorded events -

earthquakes 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 

other hand, preliminary results indicate that fairly 

good discrimination between earthquakes and presumed 

underground explosions is achievable for Eurasia. This 

statement is restricted to event distances larger than 

around 3,000 km from NORSAR, as the modified complexity 

criterion does not give satisfactory results for shorter 

distances. The principal investigators here are I. 

Noponen and D. Rieber-Mohn. 

In addition to the seismic noise there is for long 

period waves an important limiting factor for the 

detectability in the fact that waves from two events 

are very often interfering with each other, maybe 

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

coda from a large event may last for hours, and another 

·complicating factor is that the energy is often scattered 

in azimuth through reflections and refractions at con­

tinental margins. A study is now in progress, under­

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

where the energy distribution in the coda for a .number 

.r 
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of carefully selected 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 rapidly. On 

~ 

the other hand, some events may have energy only around 

20 second 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. 

,, 
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3. MISCELLANEOUS 

During the reporting period a number of scientists, 

whose names are listed below, have visited NORSAR Data 

Processing Center, Kjeller, 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. 

H. Ohlendorf 
Institut fur Geophysik 
Kiel, West Germany 

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. Hjortenberg 
Geodetic Institute 
Copenhagen, Denmark 

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

J·. Vermeulen 
Utrecht University 
The Netherlands 

·' 

. 1 Jul - 11 ·sept 1972 
8 Dec - 22 Dec 19 72 

12 Jun - 27 Aug 1973 

1 Jul - 19 Dec 1972 
16 Feb - 25 Feb 197 3 
10 Jun - 20 Jun 1973 

18 Sep - 27 Oct 1972 

8 Sep 1972 

16 Nov - 15 Dec 1972 

6 Nov - 20 Dec 1972 

20 Dec 1972 

12 Dec - 15 Dec 1972 

12 Feb - 23 Feb 1973 
13 Jun - 7 Jul 1973 

21 Feb - 14 Mar 1973 

16 May - 4 Jun 1973 

18 Jun - 14 Sep 19 7 3 
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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 Assembly of the European Seismological Com­

mission in Brasov, Romania, 30 August - 5 September 1972. 

Participants: K.A. Berteussen, H. Bungum, H. Gj¢ystdal, 

and E.S. Husebye. Altogether the NTNF/NORSAR group gave 

seven talks, which are listed below: 

K.A. Berteussen and E.S. Husebye, Seismicity in 

terms of event detection thresholds 

H. Bungum, Event detection an c1 Jocation capabilities 

at NORSAR 

H. Bungum, Array stations as a tool for microseismic 

research 

H. Gj¢ystdal, E.S. Husebye and D. Rieber-Mohn, 

One-array and two-array location capabilities 

H. Gj¢ystdal and E.s. Husebye, Noise suppression 

problems 

E.S. Husebye and F. Ringdal, Multiarray processing 

problems 

F. Ringdal and E.S. Husebye, Event detection problems 

using a partially coherent array. 

Norwegian Geophysical Society in Nesbyen, Norway, 2-5 October. 

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

given. 

American Geophysical Union, 54th Annual meeting, Washington, 

D.C., April 1973. Participant: K.A. Berteussen. One talk, 

"Bias analysis of NORSAR and I~C reported P-wave magnitudes", 

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

Finland, 12-14 June. Participants: H. Bungum, A. Dahle, 

H. Gj¢ystdal, E.S. Husebye, N. Maras, D. Rieber-Mohn, 

o. Steine rt. The NTNF/NORSAR group gave ten talks, which 

are listed below: 

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

of possible non-random errors in NORSAR event magnitude 

estimates 
D. Rieber-Mohn and I. Noponen, New short period 

discrimination criteria used on NORSAR events 

H. Bun9um and F. Ringdal, Diurnal variation of 

seismic noise and its effect on detectability 

o. Steinert, E.S. Husebye and H. Gj¢ystdal, Noise 

stability and false alarm rate at NORSAR 

E.S. Husebye, F. Ringdal and J. Fyen, On-line event 

detection using a global seismological network 

H. Gj¢ystdal, Array detection and location capabilities 

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, 

H. Gj¢ystdal, E.S. Husebye. Three talks were given. 

~ 
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