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addressing specific problems within the scope of the statement of work. Summaries of the research
efforts within the program as a whole are given in annual technical reports.

This Scientific Report No. 12 presents a manuscript entitled "Continuous seismic threshold
monitoring of the northern Novaya Zemlya test site; long-term operational characteristics' by T.
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Continuous seismic threshold monitoring of the northern
Novaya Zemlya test site; long-term operational

characteristics

by

Tormod Kvaerna

NTNF/NORSAR
P.O. Box 51

N-2007 Kjeller, NORWAY

Abstract

In this work we demonstrate the practical capability of the Continuous Seismic
Threshold Monitoring method to monitor the northern Novaya Zemlya test site at a
very low threshold over an extended time period, using data from the Fennoscandian
array network (NORESS, ARCESS and FINESA). We show that during February
1992 the network based magnitude threshold, at the 90% confidence level, stays be-
low mb = 2.50, 99.72% of the total time. We further "explain" all peaks in the network
magnitude thresholds exceeding Mb = 2.6 as resulting from interfering signals from
an identified seismic event (teleseismic or regional), or a short outage of the most im-
portant array (ARCESS). We also argue that this implies that at the given confidence
level, there has been no seismic event of mb 2! 2.6 at the northern Novaya Zemlya test
site during February 1992.

During normal conditions, i.e., when the network threshold is low, ARCESS is
clearly the most important array, followed by NORESS and FINESA. But during
time periods when the ARCESS noise level is high, or when there are interfering
events, the relative contribution of NORESS and FINESA increases significantly. The
redundancy resulting from the use of several arrays is also essential during outages of
one or more of the arrays.

The threshold magnitudes for each array during background noise conditions are
close to normally distributed, at least within shorter time intervals. Small deviations
f-om the normal distribution occur because of long-term fluctuations in the back-
ground noise level. The average magnitude thresholds at FINESA exhibit strong
weekly and diurnal variations. The latter are particularly significant on workdays.
The average NORESS thresholds show rather small variations, whereas at ARCESS,
large variations of more than 0.5 mb units are observed. The causes of the peak
periods at ARCESS are most likely severe wind and weather conditions.



Introduction

The theoretical background for and applications of the continuous seismic thresh-
old monitoring rnetod (CSTM) have been described in several articles. The approach
Was introduced by Riagdal and Kvaerna (1989), who showed that by continuously
monitoring the seismic amplitude level at several seismic stations or arrays, one can
at any tim obtain a n ins tant network-b ased magnitud e threshold for a given target
regiop. The mnagnitude tbres old can be interpreted as the maximum magnitude oif a
possible clandestine explosion, gvnareefined level of confidence. In the context
of a comprehiensive orl trshold test ban treaty, the continuous assessment of the
mn.itude thresholds makes it possible to focus attention upon those specific time
intervals when realistic evasion opportunities exist, while retaining confidence that no
treaty violation has occurred at other times.

Kv~rna anc$ Ringdal (1990) presented results from a one-week expeliment of con-
tinuousy monitoring thej nnog ,prthern Novaya Zemlya test site. Data from the Fennoscan-

4ia~~~r reinlary network (AROESS, FINESA, and NORESS), see Fig. 1, were used
t~o calculate the magnitude threshol4s. It was found that the test site could be con-
sjstentl m ipoored at*a very .ow aitude leve! (typically mb = 2.15). In fact, every
occWrence of the threstxoid exceeding m6 2.5 could be explained as resulting from
an identified interfering event signal either at teleseismic or regional distance.

The excellent capability of the Fennoscandian regional array network to monitor
the northern Novaya Zemlya test site was further confirmed by an experiment where
rcordings of the ?X9vaya F.zn ya nuclear test of October 24, 1990 were downscaled to

tnb 2.P* and superirposed on diffeen$ pnise itrvs(K ra,19)
In ~~he cont~~~4 of us ing CSTM as a tool in routine moniongitsim rat

to deteie how L e ~hod will work under different conditions. Variability in
~he ip nis~leve, ~ur~e~s f large parthquakes and af~ershock sequences,

stio Aqv iie p a ~ality p~o , ms are all fa~cors Zhat will ipfguence the
aef~ ppe of P4T1,f A gaia focusp p heorerNoya Zemnlya Zest sitp, using

~a~ fqj t~eFpnoscan4ian regional array networc, we have analyzed one month of
Magnitu4e threshold data (February, 1992) for the purpose of evaluating the long-term
Ppeaioa ch11 istics, of CSTM.

4~lysis p4 pewor~ hpesbqld ppaks

Our monitqin penent was conducted in the sarne way and with the same
pff~ern ett ,ng0 as Use~d by vwrza and Ringdal (1990), and we have also ip this
#1q, y chpe o pse~pnt the mnonitoring results ip tersoplt cerng ope 4a

4a ' ,a i p'g. A~ q A 2 f the Appendix, each covering o e d y of F bi ay
~~~1 ,~ hay i etOdaJtm eid hre the network magnitude thresholds at

th #§ confi~enie level ePcceed mb = 2.6.
Pp hp pexnaipder of this paper, the term magnitude threshold implies the mag-

pu4Fe ~rsqld at the 90% confidence level.
jF~rom inypstigoiion 'of the distribution of all network CSTM data (totally 696

lours for February, 1992), we found that the network magnitude threshold exceeded

2



Mb = 2.6 for about 50 minutes, sce Fig. 2. This is only 0.12% of the total time, and
we found mb = 2.6 to be a suitable magnitude limit, in the sense that we were able to
identify all interfering event signals causing the threshold to exceed this limit. One
might of course argue that we should instead attempt to explain all peaks exceeding
mb = 2.5, but with reference to the actual CSTM data, we found that there were
several intervals with mb between 2.5 and 2.6, which we were not able to account for
by signals from identified events. These intervals were all characterized either by a
high background noise level at ARCESS, or with gaps in the ARCESS recordings.

The upper three traces of each figure of the Appendix represent the magnitude
thresholds obtained from the three indivitual arrays, whereas the bottom trace illus-
trates the network threshold. Typically, the individual array traces have a number
of significant peaks for each 24-hour period, due to signals from interfering events
(regional or teleseismic). On the network trace, the number and sizes of these peaks
are significantly reduced, because an interfering event usually will not provide match-
ing signals at all stations. From probabilistic considerations, it can in such cases be
inferred that the actual network threshold is lower than these individual peaks might
indicate.

Data gaps or data quality problems are indicated by dropouts or gaps on the
individual array traces. Obviously, during these intervals, the affected array did not
contribute to the network threshold estimates.

On each of the one-day figures of the Appendix, the arrows indicate peaks with
network magnitude threshold exceeding mb = 2.6. A few peaks with slightly lower
thresholds are also marked. A T at the arrow indicates that the peak is caused by

signals from a teleseismic event, whereas an R indicates signals from a regional or
local event. On three different occasions the threshold slightly exceeded 2.6 due to
gap in the ARCESS recordings. These peaks are indicated by a G at the arrows.

A summary of the threshold peaks and the events causing the peaks is given in
Table 1. Following the definition of the CSTM peaks (i.e., date, time, magnitude
threshold, and number of seconds with the threshold exceeding mb = 2.6), there is
a bulletin of the events causing the peaks in the magnitude threshold traces. From
Table 1 it can be seen that in some cases more than one event is contributing to the
same peak in the threshold trace.

During the first half of February, there were several large teleseismic events caus-
ing increases in the network threshold (see events reported by the Quick Epicenter
Determinations (QED) of the USGS), whereas during the second half of February,
almost all CSTM peaks were caused by regional events. The regional events were
all processed and located by the Intelligent Monitoring System (IMS) (Bache et al.,
1990). The epicenters of the regional events of Table 1 are plotted on the map of Fig.
3. Except for one felt earthquake in southern Norway (Mr, = 3.26), the events are
most likely mining explosions, as their epicenters coincide with known mining sites.
Within the context of practical monitoring, it is interesting that for a 5-day period
(February 23 through 27) there were no threshold peaks exceeding mb = 2.6.

3



Continuous thresholds during noise conditions

For the purpose of analyzing the long-term fluctuations of the magnitude thresh-
olds, we have for every 4-hour interval computed the median thresholds. The robust
median estimator has been chosen to ensure that we are minimizing the influence of
the short-term event peaks. These statistics have been computed for the network and
for each array separately. The thresholds are all derived from filtered array beams,
and thereby reflect the noise fluctuations within the applied frequency bands. The
frequency filters used for ARCESS, FINESA and NORESS are 3.0-5.0 Hz, 2.0-4.0 Hz
and 1.5-3.5 Hz, respectively.

Fig. 4a illustrates the results for each array for the month of February. It is
clearly seen that ARCESS (the lower dashed line) has the best average capability
for monitoring the northern Novaya Zemlya test site. Except for a few short time
intevals, ARCESS has on the average lower magnitude thresholds than any of the
other two arrays (NORESS - solid line,'FINESA - upper dashed line). The ARCESS
threshold curve has five pronounced peaks during the month, and shows internal
variations of more than 0.5 Mb units. During quiet noise conditions, the median
magnitude thresholds fluctuate around mb = 2.0, but during the high-noise periods
the thresholds approaches mb = 2.5. Two of the peaks have been verified to correlate
with severe wind and weather conditions in the ARCESS region, and it is also likely
that the other three peaks are weather generated.

Compared to ARCESS, the NORESS magnitude thresholds show rather small
variations, and fluctuate between m& 2.4 and 2.5 during the entire period, see Fig. 4a.
The small diurnal variations (of the order of 0.1 mb units), are consistent with the
findings of Fyen (i*,0). He founii that for frequencies below 2 1Iz, there was little
difference between daytime and nighttime noise levels, whereas at higher frequencies,
the diurnal variations are more significant (0.2-0.3 mb units). It is only for a short
time interval on February 8 that NORESS on the average has the best monitoring
capability of the three arrays, but it has to be emphasized that this is not necessarily
representative for time periods when seismic sigaa) are presert.

The median magnitude thresholds of FINESA, given by the top dashed line of
Fig. 4&, exhibit strong weekly and diurnal variations. The diurnal variations are
particularly significant on workdays. One peak for each of the five workdays are
followed by a quiet weekend, reflecting the relative behavior of the background noise
field in the frequency band of the P-beam steered towards Novaya Zemlya (2.0-4.0
Hz). The median thresholds during the weekends are approaching that of NORESS,
whereas the workday levels are 0.2 to 0.4 mb units higher. iFrom Fig. 4a it can thus be
inferred that FINESA on the average is contributing less than the other two arrays to
the network monitoring capability of the northern Novaya Zemlya test site, but again,
this may not be representative for time periods when seismic signals are present.

In Fig. 4b, we compare the median network performance (solid line) and the me-
dian ARCESS performance (dashed line) for monitoring the northern Novaya Zemlya
test site. It is seen that when the ARCESS thresholds are low, the two curves a-
mest coincide, implying that ARCESS alone determines the average network moni-
toring performance. However, during the ARCESS peak periods, the network curve is
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lower. This shows that eveni during backr,round noise conlditions, th. other two arrays
(FINESA and NOIESS) contribute to lowering the magnitude thresholds.

We have in this section discussed the average properties of the CSTM performance
of the Fennoscandian array network for monitoring the northerii Novaya Zemlya test
site. We have concluded that for most of the time, AIRCESS 1. the ;,rray with the
best capability, but that the other two arrays also play ati import.ant rolh!, particularly
when the ARCESS noise level is high.

The performance during time intervals with event signals can not be decribed by
this approach, and it is necessary to devise a method that highlights the behavior
of the extremes of the CSTM data distribution. This will be done in the following
section.

Continuous thresholds during intervals with interfering signals

The CSTM data can be regarded as a distribution containing elments from a
background noise field and a signal field. Fig. 5 shows so-called quajitile plots of a
nighttime interval without any strong events (February 27, 00:00 - 04:00). If the data
points of a normal quantile plot fit with a straight line, the data follow a normal
distribution. It caii be seen from Fig. 5 that except for the higher ,xtrema of the
distributions, the CSTM data for the network and the individuial arrays are close to
normally distributed. From this it can be inferred that the background noise field can
be approximated by a normal distribution, at least within shorter time intervals. The
anomalous higher extrema are the effect of event signals. This is further confirmed by
the quantile plots of a daytime interval with many events (Feb. 26, 10:00 - 14:00), see
Fig. 6. In this case, a larger fraction of the data, at the higher end of the distribution,
deviates from the normal. This is particularly striking at FINESA, which has a very
large number of event peaks in the CSTM data during this time interval, see Fig.
A-26. It should also be noted that at the lower magnitudes, the quantile plots of
ARCESS and the network are almost sinlar, but at the higher extrema, the network
magnitudes are lower. This illustrates that in cases where the best array of the network
(i.e., ARCESS) ha- high threshold magnitudes, data from the other arrays are critical
for lowering the network magnitude thresholds.

The dramatic improvement in the practical monitoring capability when using a
network of arrays instead of a single array is illustrated in Fig. 7. We have for the
month analyzed counted the number of threshold peaks exceeding a given magnitude,
both for the network and for the best array (ARCESS). The barplots of Fig. 7 show
that at a threshold of 2.6, the number of network threshold peaks are reduced by a
factor of five in comparison to the threshold peaks at ARCESS alone (i.e., from 293
to 56). At a threshold of 3.0 the improvement is better than a factor of ten (i.e., from
41 to 3).

The CSTM method treats the individual phase thresholds as independent obser-
vations. jFrom probabilistic considerations, it can be inferred that the actual network
threshold is lower than any of the individual phase thresholds might indicate. Details
on this procedure are given by Ringdal and Kverna (1989). Let us assume that we
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have a phase magnitude observation of mb = 2.5 with an assumed standard deviation
of 0.2. In this case the 90% threshold is mb = 2.76. But if we had two such observa-
tions of m = 2.5, and assuming independence, the 90% combined network threshold
would be m = 2.60.

Let us consider the case of two magnitude observations in more detail. Fig. 8
shows the improvement of the combined thresholds as a function of the magnitude
difference between the two observations. This illustrates that if a phase magnitude
observation is close to the lowest one of the network, it will contribute significantly to
lowering the network threshold. Table 2 gives the total time for whi h the threshold of
each of the arrays was within 0.3 mb units of the best array of the network. From Fig.
8 it can be seen that a difference of 0.3 is tied to a network improvement of 0.05 "n4

units. From Table 2 it is clear that ARCESS and NORESS play a very important role
in lowering the network thresholds for the northern Novaya Zemlya test site, whereas
the contribution from FINESA is less during normal noise conditions.

However, the relative contributions from the three arrays change significantly when
the network threshold is high, i.e., during intervals with event signals. Table 3 show
a statistic similar to that of Table 2, but only considering intervals when the network
threshold exceed 2.6. We find that NORESS and FINESA become much more im-
portant and that ARCESS no longer plays such a dominant role. These results are in
accordance with those shown in Fig. 7

In practical operation of any seismic network, there will from time to time be
intervals where data from one or more stations are missing, e.g., caused by hardware
or communication problems. Under such circumstances, it is important the we have a
sufficiently large number of stations in our network, so that we even without these data
retain usable magnitude thresholds. For the time period analyzed., we had very few
data gaps (see 'Table 4), and it never occurred that two or more arrays were missing
data simultaneously. But if data from ARCESS were missing for a longer time period,
the availability of data from FINESA would be critical for the CSTM operation. We
found that during normal conditions, the FINESA threshold was within 0.3 rn units
of the best array 2.64% of the time, but if we only compare to NORESS (assuming
missing ARCESS data), this percentage for the month of February increases to 51.40.

Conclusions

This work has documentd the practical capability of the Continuous Seismic
Threshold Monitoring method to monitor a specific nuclear test site at a very low
threshold over an extended time period.

Specifically, we have used the Fennoscandian array network (NORESS, ARCESS
and PINESA) to monitor the northern Novaya Zemlya test site for one full month
(February 1992). We have shown that the magnitude threshold stays below m, = 2.50
N.12% of the total time. We have further "explained" all of the peaks exceeding
n4 -- 2.6 as resulting from one of the following three conditions: 1) a "large" identified
teleselsmic event, 2) a "large" identified regional event and 3) a short outage of the
most important array (ARCESS).
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The natural question is then as follows: Do these results imply that at the given
confidence level thre has been no seisnjic event of Mb > 2.6 at the tst site during
February 1992?

The answer is in practice "yes", since such an event only could have occurred
during one of the time intervals when the network threshold trace exceeds 2.6. We
have noted that the combined time span of such exceedances was only 50 minutes, or
0.12% of the total time. Since all the peaks were explained as resulting from known
causes, it seems extremely unlikely that an event of mb > 2.6 actually occurred during
one of these short event intervals.

In theory, in a hypothetical monitoring situation for a comprehensive test ban
treaty, there might be an "evasion" possibility if any of such high threshold periods
could be predicted. But we do not consider this to be a realistic scenario. Fi.,st,
such predictions require exact knowledge of the configuration and the performance of
the monitoring network, and second, there are a lot of practical problems involved in
carrying out such a clandestine explosion so that the probability of getting detected
is very high.

We have studied the relative contributions of the three arrays and found that
ARCESS is clearly the most important, followed by NORESS and FINESA. During
time periods when the ARCESS noise level is high, or when there are interfering
events, the relative contributions of NORESS and FINESA increase significantly. The
redundancy created by using several arrays is also essential during outages of one or
more of the arrays.

During background noise conditions, the threshold magnitudes for each array are
close to normally distributed, at least within shorter time intervals. Small deviations
from the normal distribution occur because of long-term flucuations in the back-
ground noise level. The average magnitude thresholds at FINESA exhibit strong
weekly and diurnal variations. The latter are particulitrly significant on workdays.
The average NOREISS thresholds show rather small variations, whereas at ARCESS,
internal differences of more than 0.5 mb units are observed. The peak periods at
ARCESS are most likely caused by severe wind and weather conditions.

In the near future, additional array stations are planned for installation in the
Arctic region. These stations would conitribute to further improving the CSTM ca-
pability, both for Novaya Zemlya and on a general regional basis. This will be the
subject for additioiial studies in the future.
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*Date TM peak Mag Scc Ev ==Or. titne LaL Loot Dep M!% Blull Region 1 1]
02/01 11.46.11 2.06 20 il 1146.08.8 67.592 30.300 OF 2.46 IMS European I Iussi
02101 19.12.08 2.99 88 T 19.04.05.3 35.164 139.702 107 S.6 QED R.coast of Ilonshu
02/02 05.04.20 2.63 12 1 o)s.06.01.4 67.65) 33.417 OF 2.41 IMS European Russia
02/02 17.51.03 2.65 9 T 0505.01.4 67.654 33.417 33F .. 5 (JED Kuri Islanis
02/03 13.55.17 2.69 IS R 13.54.44.6 60.83; 29.220 OF 7.41 IMS Europe&n Russia
02/05 05.40.43 2.72 is T 05.33.11.4 45.021 150.972 33F r.6 QED Kuril Islands
02/05 10.56.54 2.64 2 T 10.54.38.0 44.600 150.500 33F 4.3 NORSAR Kuril Islands
02/05 13.21.09 2.90 69 T 13.13.42.5 52.163 -170.130 48 5.4 QED Fox Islands
02/06 23.14.43 2.05 8 T 23.10.50.9 31.407 66.825 33F 5.1 QED Afghanistan
02/06 01.23.52 2.95 181 T 01.12.41.2 .5.609 103.271 55 6.0 QED Southern Sumatra
02/06 03.42.24 2.71 77 T 03.35.17.2 29.511 95.635 33F 5.6 QED Xijang-India border
02/06 04.05.32 2.63 4 T 03.54.43.7 .5.374 103.197 72 .S QED Southern Sumatra
02/9e 05.13.26 2.63 3 T 04.57.28.0 -33.400 -175.200 33F 3.8 NORSAR Kermadec Islands
02/06 09.19.03 2.78 39 Rt 09.18.47.9 61.243 29.75 OF 2.07 IIS Finland-Russa border

R 09.19.55.1 68.147 32.846 OF 1.90 IMS European Russia
02/06 12.19.03 2.61 3 R 12.21.00.0 69.344 30.570 OF 2.14 IMS Norway-Russia border
02/06 16.27.43 2.66 9 R 16.28.20.4 67.176 20.792 OF 1.83 IMS Sweden
02/07 00.13.59 2.88 49 T 00.06.28.6 43.140 146.611 54 5.4 QED luril Islands
02/07 06.42.13 2.67 20 T 06.35.26.0 52.925 159.555 49 5.3 QED Off east coast of Knchacla
02/07 06.38.36 2.66 IS R 08.41.05.1 67.633 33.715 OF 2.41 IMS European Russia
02/07 09.20.39 2.61 1 t 09.21.18.4 68.19" 32.875 OF 1.98 IMS European Russia

R 09.23.00.4 67.96') 32.870 OF 1 92 IMS European Russia
R 09.25.08.3 59.298 26.399 OF 1.06 IMS European Russia

02/07 09.54.59 2.65 15 T 09.48.38.7 S5.795 160.753 138 5.0 QED IKamchatka
02/07 09.59.36 2.64 5 R 10.00.44.9 64.692 30.728 OF 2.11 IMS Finland-Russia border. -
02/07 12.18.59 2.80 21 Rt 12.20.52.2 69.329 30.842 OF 2.40 IMS Norway-Russia border
02/08 11.44.28 2.69 29 R 11.44.41.2 67.648 30.594 OF 2.24 IMS Luropean Russia
02/09 04.09.14 2.63 5 R 04.09.41.1 67.574 33.741 OF 2.35 IMS European Russia
02/06 07.56.42 2.67 T 07.49.21.5 51.497 -178.364 66 5.1 QED Andreanot Islands
02/09 22.06.59 2.84 47 T 22.01.58.4 47.982 152.979 123 5.6 QED Kur;I Islands
02/12 01.09.22 2.82 42 T 01.02.01.9 51.299 177.926 33F 5.2 QED Rat Islands
02/13 01.45.47 2.77 70 T 01.29.17.1 -15.923 166.215 33F 6.1 QED Vanuatu Islands
02/13 02.45.31 2.82 54 T 02.38.18.4 53.576 -165.706 44 5.5 QED Fox Isands
02/13 23.34.08 2.72 33 R 23.35.20.5 67.720 21.067 OF 1.84 IMS Sweden
02/14 06.23.25 2.99 136 T 08.18.27.7 53.576 -165.706 33F 5.3 QED Lake BayWs Region
02/14 06.48.02 2.61 1 R 08.48.20.2 67.391 32.939 OF 2.31 IMS European Russia
02/14 12.19.23 2.96 115 R 12.21.00.9 69.322 30.727 OF 2.50 IMS Norway-Russla border
02/11 11.47.38 2.62 1 R 11.49.21.2 67.656 30.374 OF 1.87 ImS European Russia
02/15 12.57.21 2.76 61 T 12.52.55.0 42.846 46.586 33F 4.7 QED Eastern Caucasu
02/16 08.49.11 2.70 27 R 08.49.50.5 67.636 33.547 OF 2.54 IMS European Rugg&
02/16 21.16.47 2.53 . R 21.54.36.6 7.667 20.841 OF 1.03 IMS Sweden
02/17 00.04.52 3.13 13 T 00.01.56.7 79.190 124.625 10 5.8 QED East o Severmaya mys
02/17 08.13.48 2.65 27 G Gap in ARCESS recording
02/17 14.23.57 2.71 33 R 14.25.24.0 69.638 30.430 OF 1.95 IMS Norway-Russis border
02/17 15.45.13 2.63 4 G Gap in ARCESS recording
02/18 12.42,04 2.68 8 R 12.42.01.9 59.337 27.065 OF 2.61 IMS European Rusi
02/19 06.40.25 2.91 226 Rt 06.39.32.9 59.240 10.886 OF 3.26 IMS Southern Norway
02/19 12.26.49 3.25 302 R 12.25.03.0 69.257 30.575 OF 2.09 IMS Norway-Russia border

Rt 12.26.30.0 64.722 30.553 OF 2.78 IMS Finland-Russiaborder
02/19 12.42.45 2.88 33 Rt 12.43.59.4 67.595 33.647 OF 2.46 IMS European Russia
02/20 20.52.21 2.55 - T 20.35.24.3 -33.496 -179.673 48 5.9 QED South of Kermadec ]sands
02/20 21.16.05 2.79 60 R 21.16.27.7 67.47 33.555 OF 1.98 IMS European Russia

R 21.16.50.5 67.918 33.951 OF 2.39 IMS European Rusi
02/21 06.59.39 2.74 103 1 .Oq.59.25.1 67.637 33.791 OF 2.63 IMS European Russia
02/21 11.01.46 3.14 173 R 11.01.53.5 64.672 30.801 OF 272 IMS Finland-Rusi border
02/21 12.49.(m e.99 135 R 12.50.11.2 69.341 30.688 OF 2.16 IMS H orway-Russiaborder

R 12.51.02.8 69.380 30.663 OF 2.46 IMS Norway-Russia border
02/21 16.32.43 2.80 42 R 16.32.43.4 67.117 21.049 OF 2.02 IMS Sweden
02/22 11.45.00 2.72 44 R 11.46.12.7 67.485 29.529 OF 1.67 IMS Finuland-Russia border

R 11.46.59.0 67,558 30.328 OF 2.24 IMS European Rum
02/22 11.69.31 2.70 35 R 12.00.18.7 7.S99 33.669 OF 2.50 IMS European Rusi
02/28 08.58.22 2.75 36 R 08.58.59.1 67.617 33.769 OF 2.50 IMS European Russia
02/28 12.07.37 2.63 2 R 12.09.36.9 59.170 27.332 OF 1.80 iMS European Russia
02/28 12.19.10 2.69 37 G Gap in ARCESS recording
02/28 12.43.14 2.92 243 R 12.45.11.0 69.365 30.647 OF 2.52 IMS Norway-Russia border
02/28 14.30.16 2.68 17 R 14.30.29.5 67.709 33.695 OF 2.16 IMS European Russia

R 14.31.39.7 67.522 33.677 OF 2.31 IMS European Russia

TABLE 1.

List of peaks in the network threshold traces and the events causing the peaks.
Following the definition of the CSTM peaks (i.e., date, time, maximum magni-
tude threshold, and number of seconds with the threshold exceeding m4 = 2.6),
there is a bulletin of the events causing the peaks in the magnitude threshold
traces. It can be seen that in some cases more than one event is contributing to
the same peak in the threshold trac;.
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Table 2

Station Tine within 0.3 of best array % of total
lA ROESS 284I 22h 16mn 51s .7

NORESS 064 00h 13m 25s 20.72
FINESA 14h 23 k 2.64

TABL 2. Total tima for which the threshold of each of the arrays was within 0.3
ma uWits of the best array of the network.

Table 3

'ou lime wt hin 0.3 best armIy of total

PIORESS 34m 04s 7 68.20
fIES I 07 5. 15.85 I

TAXLE 3. lbt time for which the threshold of each of the arrays was within 0.3 mn4
units of the best array of the network, but only considering intervals when the
network threshold exceeded 2.6. For the month of February 1992 the network
threshold exceeded 2.6 for 49 ruin. and 57 sec.

Table 4

Station s W I o tow
ARCESS 82 28p 0A8 I
NORM~6 2h 00o. 49. *.29
F(NIRA 3b 36. 12. 92

TABL, 4. Total time without data for each of the arrays for the mouth of February

10



Threshold monitoring of Novaya Zemlya

70.0 .. *Novaya*Z

"-o 60.0

600000.004.

LONGITUDE (DEG E)

FIG. 1. Map showing the location of the northern Novaya Zemlya test site and the
Fennoscandian array network. The distances of the three arrays from the test

* site are for NORESS 2280 kin, for AROESS 1100 kmu and for FINESA 1780 km.
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Hours exceeding given magnitude thresholds

5

4

2

2.4 2.5 2.6 2.7 2.8

Magnitude

FIa. 2. Barplot showing the number of hours where the 90% network magnitude
threshold exceeds a given magnitude, for the month of February, 1992.
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Regional events, February, 1992 MI
-, . 0 [

83

70.0. .. Nov... .. a

50

E - 0°"
"  

.. ....... ° ......... . ...... ... .. . °" "" '

ORES

LONGITUDE (PEG E)

FIG. 3. Epicenters of regional events causing the network threshold to exceed m
2.6. All events, except one felt earthquake in southern Norway are probable
mining explosions. Note the large number of events on the Kola peninsula.
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ARCESS, NORESS, FINESA

3.0 I A

2.8 L s , , ' 1 4 % i , , It

2.8 viII It2.4 I

t ,It ,.2.2 It, t , ," ,;

1.8

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

February, 1992

FIG. 4U.

Four-hour medians of the magnitude thresholds for each array for the month of
February 1992.
Lower dashed line: ARCESS
Middle solid line: NORESS
Upper dashed line: FINESA

Network and ARCESS

3.0

j2.8

c 2.6

b2.4 1 ar

Soi ie Network i

22

1.8

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

February, 1992

FIG. 48t. Four-hour medians of the magnitude thresholds for ARCESS and for the
network for the month of February 1992.
Solid line: Network
Dashed line- AIRCE'S 14



Network ARCESS

2.4 2.4
-62.2 * 2.2

2.02.

1.8 1.8
1.6 o 1.6 o

-4 -2 0 2 4 -4 -2 0 2 4
Standard deviations Standard deviations

NORESS FINESA

3.0 3.4
*2.8 • ,3.2

2.6 3.0
2.4 22.8

22 2.6
2.0 . . . . . 2.4

-4 -2 0 2 4 -4 -2 0 2 4
Standard deviations Standard deviations

FIG. 5. Quantile plots of a nighttime interval without any strong events (February
27, 00:00 - 04:00).
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Network ARCESS

8.6 3.6
832 03.2

2.8 N2.8
.4 . - 2.4

2.0 .2.0
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mNESS FINESA
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3.4 3.8

19.0 3.4
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FO. 8. Quatitile pldta of a daytime intitva with many events (February 16, 10:00
. 14:00).
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Number of peaks exceeding given magnitude thresholds

ARCESS
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Magnitude
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Magnitude

FIG. 7. Number of peaks exceeding giveni magnitude thresholds.
Upper part: ARICESS
Lower part: Network
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Confidence level = 0.9, a 0.2

0.18

0.16-

0.14

S0.12
@0.10

0.08

0.06
0

0.04
0-02E - 0 .0 2

0.00 I I , I ,

0.0 0.2 0.4
Magnitude difference (Mb)

Fio. 8. Improvenent of the combined 90% magnitude thresholds of two observations,
as a function of the magnitude difference between them. The assumed standard
deviation of the magnitude estimates are 0.2, which also was the value used for
monitoring the northern Novaya Zemlya test site.
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APPENDIX

This appendix contains figures A-1 through A-29, showing CSTM traces for each
day of February 1992. The upper three traces of each figure represent the magni-
tude thresholds obtained from the three individual arrays, whereas the bottom trace
illustrates the network threshold.

The arrow indicate peaks with network magnitude threshold exceeding mi = 2.6.
A few peaks with slightly lower thresholds are also marked. A T at the arrow indicates
that the peak is caused by signals from a teleseismic event, whereas an R indicates sig-
nals from a local or regional event. Peaks caused by a gap in the ARCESS recordings
are marked by a G.

19
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