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The automatic part of the subsequent event processing consists of 

picking up and adopting the preliminary location estimate provided by 

the detection processing, before refining this location through a 

detailed analysis. Next, the P-wave onset time, amplitude and period 

based upon the filtered array beam trace are computed, and event 

origin time is estimated from specially developed tables. Finally, the 

event magnitude mb is computed based on the strength of the recorded 

signal, and corrected for distance from the source. Fig. 7 gives 

examples of output created by the automatic event processor for two 

presumed underground nuclear explosions. 

The interactive part of the event processing comprises analyst review 

and in some cases reprocessing of the event to improve upon the esti­

mated source parameters. Currently, in about 30 per cent of the cases, 

such reprocessing is necessary. While a high degree of automation in 

the signal analysis at NORSAR has thus been achieved, a completely 

automatic event processing will need still further refinements. The 

need for reprocessing is particularly evident for events originating 

within local and regional distances (up to 3000 km) from the array. 

This is not surprising, as the NORSAR array was designed for optimum 

detection of teleseismic events and there are no beams steered to 

locations at distances less than about 2000 km. 

Based on the automatic and interactive NORSAR array event processing, 

daily and monthly bulletins of seismic events are prepared and distri­

buted to interested parties. 

4.4 NORESS array detection and event processing 

As already mentioned, the NORSAR array was constructed for optimum 

performance in the distance range 3000-10,000 km. Furthermore, the 

sensor spacing was set at around 3 km to ensure decorrelation of the 
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Examples of output from the NORSAR automatic event processor 
for two underground nuclear explosions at the Nevada Test 
Site, USA (top) and at Semipalatinsk, USSR (bottom). For each 
plot, the three text lines at the top give information on a 
number of event parameters. Furthermore, 10 signal traces are 
shown. The top 3 traces are array beams (different scaling 
and filtering) and the next 7 traces show subarray beams. 
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seismic noise at 1-2 Hz and at the same time retain signal correlation 

in the same frequency band. The NORESS array, on the other hand, was 

designed for optimum detection and location of events occurring within 

3000 km of the array. Signals from such events exhibit generally 

higher frequencies than signals from teleseismic events. This was 

explicitly taken into account when designing the NORESS array 

geometry, which is tailored to the characteristics of signals and 

noise in the frequency range 2-10 Hz, typical of regional seismic 

signals. Good performance over this wide range of seismic frequencies 

is assured by placing the seismometers on successively larger rings in 

exponential progression (see Fig. 2). 

The NORESS real-time processing is illustrated schematically in 

Fig. 8. The detection processor for NORESS data is very similar to 

what is already described for the NORSAR array: Beams (both conven­

tional and incoherent) are formed to enhance weak signals, the beams 

are filtered to further suppress the background noise and the STA/LTA 

ratio is calculated for each beam at a certain rate, for detection of 

seismic signals above a specified threshold. Beams are now deployed 

for detection of P, and also the slower S phases observed for events 

at regional distance. 

Once a signal has been detected, it is subject to so-called frequency­

wavenumber (F-k) analysis for direct estimation of direction of arri­

val and wave speed (phase velocity) across the array. This technique 

amounts to computing a very high number (typically of the order of 

several thousand) of beams and comparing them to find the one that 

best enhances the signal. 

The actual declaration and location of a regional seismic event 

relies on a succe&Sful association of a P- and S-wave arrival from 

that event. The wave ·type (P or S) is determined by the estimated 

phase velocity (P-velocity typically of the order of 8 km/s and S­

velocity approximately 4 km/s), whereas a common direction of arrival 
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Flow chart to illustrate the real-time detection processing 
of data from NORESS. 
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::> between the P- and S-phases indicates that the observed signals origi­

nate from the same event. The difference in arrival time between the 

two phases converts directly into an epicentral distance, which 

together with the estimated direction of arrival determine the event 

location. Figs. 9 a)-b) show an example of processed output for a 

local seismic event. In Fig. 9 a), all 25 seismometer traces are shown 

along with arrows indicating detection of seismic signa1s. Fig. 9 b) 
~~~~~~~~~ 
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shows results of the F-k analysis, with phase velocities and direction 

of arrivals for the detected signals. The two distinct phases (P and 

S) marked by fat arrows in Fig. 9 a) have been combined to give the 

event location and origin time given on top of Fig. 9 a). 

Also for the NORESS array, all data are stored permanently on magnetic 

tapes, and a seismic bulletin is prepared incorporating the results 

from the automatic processing and the review by analyst of the pro­

cessed output. 

5. Array status monitoring and control 

For technically complex systems such as the NORSAR and NORESS arrays, 

it is of utmost importance to develop advanced capabilities of moni­

toring and control of all operational aspects. This is achieved by 

including a number of state-of-health parameters in the data stream 

itself and subject these parameters to close surveillance at the data 

center. In addition, the system itself generates calibration signals 

that are transmitted to the seismometers, and the resulting response 

of the instruments to these signals reveals possible instrument mal­

function. 

For the NORSAR array, there is a two-way data flow between the 

subarrays and the data center at Kjeller. Special commands are sent 

from the data center for activating signal generators to test and 

calibrate seismometers and data transmission lines. Drift of the 
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Fig. 9a Example of NORESS automatic processing output for a local 
seismic event. The panel covers 6.5 minutes of individual 
bandpass filtered NORESS traces. P and S beams are also 
shown (bottom part). 
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Fig. 9b NORESS automatic analysis results for the event in Fig. 9a. 
The P-phase (left) and S-phase (right) are shown for all 
traces in an expanded time scale. F-k solutions are shown 
for P (top) and Lg (bottom). 
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long-period seismometer mass position can be corrected remotely by 

start and stop commands to small electromotors in these instruments. 

A display enables the operator to check the status of any seismometer 

or subarray, and information about open doors and possible water accu­

mulation in the vaults can also be obtained. Statistics on the perfor­

mance of the transmission system are printed out regularly as an aid 

to localize and correct hardware errors. 

About 20% of the data received from the NORESS array concerns the 

system's state-of-health, and include environmental parameters like 

humidity and temperature in all vaults and wind speed and direction at 

the central hub station. More important, the data carry extensive 

information on how well the array functions from a technical point of 

view, and this information enables us to critically survey performance 

of the field installation, status of transmission lines and 

recording of data at the data center, all in a fully automated mode. 

In fact, failure to record data at any time triggers an alarm that 

reaches the operator on duty. The block diagrams of Fig. 10 give 

details on system components subject to regular and emergency-type 

monitoring and actions taken in case of failure of vital array 

functions. For the NORESS system, instrument calibration signals are 

generated automatically at regular intervals and instrument responses 

are recorded and stored on tape, along with all other data. This makes 

it possible to verify adequate or inadequate instrument functioning at 

any time in the past. Fig. 11 shows data for a time interval with 
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The block diagrams illustrate how NORESS is subject to 
regular and emergency-type monitoring. Failure to record 
data at any time triggers an alarm that reaches the opera­
tor on duty. 
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one instrument in the calibration mode, whereas the other instruments 

record data normally. 

It is fair to say that for both the NORSAR and NORESS arrays, the 

emphasis on generating and analyzing a large amount of state-of-health 

data is essential in ensuring continued operation and maintaining 

high data quality. 

6. Evaluation of system capabilities 

The NORSAR array is situated in a favorable geological environment. 

Furthermore, many major earthquake zones of the world as well as test 

sites for underground nuclear explosions are situated at distances 

within the optimum detection window 3000 - 10,000 km away from the 

array. All of this contributes to excellent detection capabilities, 

particularly for most of the northern hemisphere. In fact, for many 

regions of the world, the NORSAR detection performance is unsurpassed. 

More specifically, comprehensive analyses have established that there 

is a 90% probability for detection by the NORSAR array of a magnitude 

4.0 (body wave magnitude mb) event in the teleseismic distance range 

3000 - 10,000 km. The detectability varies from region to region 

within the teleseismic range, and it is generally better to the east 

than to the west. This is understood in light of the geological set­

ting: Regions to the east are located on the same lithospheric plate 

as the NORSAR array, and propagation of seismic waves is generally 

more efficient for paths that do not cross plate boundaries. Thus, the 

NORSAR detection capability approaches mb = 3.0 in many regions within 

the Eurasian continent. 
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Experience from the NORSAR array has shown that even a large array 

cannot routinely locate seismic events with high accuracy. Fig. 12 

shows that the median location error for the array (relative to solu­

tions by a global network of single stations) is more than 100 km at 

teleseismic distances. Array location estimates, although inferior for 

large magnitude events to those provided by worldwide networks, be­

come increasingly important at low magnitudes. This is because the 

locating accuracy of global networks, as reported by the appropriate 

agencies, deteriorates rapidly when only a few stations report an 

event. In many cases, the NORSAR and other arrays provide locations of 

events that are below the reporting thresholds of these agencies, and 

are thus crucial in detecting arrivals that would otherwise have been 

left unreported. 

Turning to the NORESS array, preliminary analysis has given a detec­

tion threshold of about mb = 2.0 - 2.5 at 1500 km epicentral distance. 

In the distance range up to 1500 km, advantage is taken of the high 

signal frequencies observed, in combination with the strong decay in 

the noise level with increasing frequencies. For distances in the 

range 1500 - 3000 km, large regional variations in detectability are 

observed. For Eurasia, estimated threshold at these distances range 

from mb = 2 to mb = 3. In the teleseismic range, 3000 - 10,000 km, the 

detection capability of the NORESS array is as good as that of the 

NORSAR array for some regions of the world, whereas, for other source 

regions signal focusing effects underneath NORSAR cause some NORSAR 

instruments to have up to an order of magnitude stronger signals than 

NORESS sensors. For such regions, NORESS does not match the NORSAR 

array detection capability. Also, due to the small aperture of the 

NORESS array, only a very coarse automatic location of teleseismic 

events is currently being made. 
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Incremental and cumulative distribution of epicenter loca­
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agency) from January 1973 to March 1975. Only events in the 
distance range 30" to 90" from NORSAR have been included, 
and the median location difference is 130 km. 
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The location accuracy of the NORESS array for regional events is 

currently being studied. Results are available, however, for a provi­

sional array installatin preceding the current NORESS array. For an 

array geometry comprising only 6 instruments within an area of 2 km 

diameter, the location "errors" are illustrated in Fig. 13, which 

shows differences between locations based on this provisional NORESS 

array and those derived from the Fennoscandian network of single 

stations. Median location difference is 30 km, which is of the order 

of the uncertainty of the Fennoscandian network. The location capabi­

lity of the current NORESS array will be better than indicated by Fig. 

13. 

In summary, the two seismological arrays in Norway complement each 

other and provide event detection and location for events at distances 

ranging from very local to teleseismic. 

7. Seismolo~ical research at th~ NORSAR observatory 

Seismological research at NORSAR has focused on many aspects of 

seismology that are of relevance to the detection and identification 

of seismic events using our arrays, with the goal of improving upon 

the array capabilities. This work has resulted in nearly 400 published 

papers and technical reports over the years, and it is only possible 

in the present context to mention a few areas where reseach efforts at 

NORSAR have resulted in significant contributions. An archive counting 

more than 18,000 magnetic tapes with data from our two arrays is 

instrumental in conducting this research. 

The spatial sampling of the seismic wavefield offered by seismological 

arrays sheds light on characteristics of seismic wave propagation in 
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Location "errors" from a provisional NORESS array for a set 
of 17 regional events. Filled circles indicate epicenters 
determined by the Fennoscandian station network, while the 
tails of the arrows give locations from NORESS processing. 
The site of the provisional NORESS array is indicated by a 
star. 
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general. Such insight regarding properties of the seismic noise field 

was utilized directly in the recent design of the NORESS array. This 

has lead to an excellent P-wave detection in the 2 - 4 Hz frequency 

band, mainly due to very effective noise suppression from destructive 

interference by the particular geometry chosen for the NORESS array. 

P-wave signals sampled by the NORSAR array exhibit waveform distor­

tions and travel-time and amplitude anomalies which are not consistent 

with the early, rather simplistic seismological concept of homogeneous 

lithospheric structures. This observation has motivated the develop­

ment of mathematical modelling and inversion techniques for proper 

understanding of these observational anomalies in terms of three­

dimensional lithospheric/asthenospheric seismic velocity variations. 

In addition, data from arrays like NORSAR have been used to establish 

the existence of fairly general features of the earth structure, like 

several discontinuities in the mantle. 

The main practical value of seismic arrays for comprehensive test ban 

treaty verification lies in the detection and possible identification 

of low-magnitude events, and the superiority of arrays compared to 

single stations in this context is evident. Further improvement of 

the capabilities of our arrays in this respect has been and will 

remain a main topic of our research programs. Notable contributions so 

far have been development of methods for improved magnitude estima­

tion and application of autoregressive modelling for discrimination 

purposes. 
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8. Concluding remarks 

It is our sincere hope that the preceding presentations will contri­

bute to an understanding and appreciation of the role of seismology 

and seismic arrays in verification of a comprehensive test ban treaty. 

In particular, we consider that the NORESS developments will provide 

further insight into the use of small seismic arrays as internal sta­

tions placed inside the signatories' territories in a possible future 

monitoring environment. 

The main purpose of the Norwegian Seismic Array will remain to be 

research and experimentation toward achieving adequate verification of 

a CTBT. Towards this goal, Norway has aimed at developing the obser­

vatory into an international center for research in seismology, and 

visiting scientists from more than 20 eastern, western and non-aligned 

countries have conducted research work at our institution. We hope 

that these cooperative efforts can be further expanded, to the benefit 

of the seismological community. 


