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ABSTRACT
\\. M 24 €
\Qn analysis of forty-six stations with known m, bias, paig_e am-
plitude, and tectonic structure showed that a relationship exiitns bew%?t'h)ese
three parameters. A wide range of slopes in the relationship of noise magni-
tude and bias were examined. A slope of one applied to several normal group-
ings of noise levels provided a precise means of predicting the performance
of seismic stations within large geographical areas. This interpretation re-
sulted in three distinct noise zones within interior continental areas, and very
high coastal noise zones in other areas.\ For the case of zero m, bias, low
noise zones have 1. 62 my zero—to-peak@e; medium, 3.79 my ; high,
9.10 my ; and very high (coastal) zones, 15._8"birrnu . The standard deviation
of these zones is approximately 0. 08 magnitude units. ‘aThe zones are believed
to extend over large geographical areas of the earth, but are not as closely
correlated with tectonic province as magnitude bias. This model and others
for describing relationships between noise levels and bias were statistically
tested with positive results at the 95% or 99% level of confidence. The results
of the models and measurements of noise and bias were used to evaluate hypo-
thetical 100 station networks in terms of detection and location capability

and bias of network magnitude determinations, =

We believe that our interpretation of geographical noise zones
can be a useful tool in selecting the sites of seismic stations and predicting
their performance. Associated geophysical and geological factors should be
investigated to more fully understand the physical mechanism of noise zoning
and to improve site selection given the sparse amount of available information
on actual measurements of bias and noise. It would also seem advisable to

greatly extend the data base upon which our conclusions were based.
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SUMMARY

We carried out this investigation to improve our estimates of
the detection capability of seismic stations and seismic networks. The scope
of the investigation is to improve the estimates of detection capability by
utilizing seismic noise and signal bias measurements at existing stations and

by improving our ability to predict the performance at sites where signal and

noise measurements are not yet available.

We statistically analyzed published data from forty-six seismic
observatories distributed around the world. The data consisted of measure-
ments of short-period seismic noise and measurements of average bias of m,
determinations. Also included was the tectonic classification of the regions
where the stations are located. In order to interpret seasonal variations of
the noise and the influence of coastline proximity, world maps of monthly

averages of seismic noise were also included.

The approach of our investigation was to propose and statis-
tically test a number of hypothetical empirical relationships between noise
levels at seismic stations and the bias of m, determinations. One of our
purposes was to improve our determinations of the detection capability by
taking into account the bias of signal magnitude measurements as well as the

observed noise levels at the site,

An even more important goal of our investigation was to be
able to accurately predict noise levels and my bias at the sites of possible
future seismic stations. Our approach was to examine noise and bias data
for factors which most accurately predict my bias and noise. Given such a

basis, we would then sub-divide the Earth's continental crust into large




regional zones. The complex pattern of noise levels in each zone, if correct-

ed for bias, would be characterized everywhere within the zone by a single
noise level of equivalent-zero-bias noise plus small normal random errors.
Equivalent-zero-bias noise is the noise level that would be predicted by a
given noise-bias relationship for a zero-bias station. For example, there
would be low-noise zones, medium-noise zones, high-noise zones, and very
high coastal-noise zones. It would be a much more promising task to define
the boundaries of several such zones using sparse data from existing seismic
stations than to arbitrarily contour the world for both seismic noise levels
and magnitude bias. The utility of our approach will depend on the accuracy
and precision with which our empirical models predict the performance of
seismic stations., This utility is of course limited by other important factors
beyond the scope of this investigation. These are local geology, local sources

of propagating noise, environmental effects, and engineering considerations.

The empirical results of our investigation indicated strong
statistical significance in a straight-line correlative relationship between m,
bias and noise magnitude. We carried out an exhaustive search to find the
slope of the straight-line relationship between noise magnitude and m, bias.
In doing this, we discovered that a slope of one, applied to four distinctly
separated populations, resulted in a minimum variance solution., The var-
iance of the four selected groups was low enough for us to use measurements
of m, bias and noise magnitude to unambiguously classify stations by their
low, medium, high, or very high coastal equivalent-zero-bias noise levels.
Furthermore, such classifications were usually observed to be consistent

over large regions of the continental crust.

The slope of one relationship between m, bias and noise magni-
tude greatly simplified the analysis of the combined effect of noise and bias on
station detection capability, The slope of one relationship implies that all sta-

tions in a particular noise group, such as the low-noise group are, except




for normal variability, equally effective as detectors of seismic events. This

occurs because neither bias nor noise are dominant factors in this representa-
tion. The advantage of having low noise is exactly canceled by the disadvan-
tage of having low (negative) bias. For example, if a station in a noise group
is found to have a noise level 0. 2 magnitude units lower than a zero-bias seis-
mic station, then it can be expected to have a magnitude bias exactly 0. 2 units
lower, which in this case would be -0.2 magnitude bias. Consequently, the
detectability of events is unchanged. This same implication, of course, ap-

plies to all of the noise groups.

As previously pointed out, classifying noise into discrete groups
is only useful because the populations are separated well enough for us to un-
ambiguously use measurements to classify the stations, and to map boundaries
of each noise group consistently over large areas of the Earth. The combined
standard deviation of noise from all four noise groups was found to be 0. 08 as
compared to a standard deviation of 0.44 from a single noise mean for all of
the data. As shown in Figure S-1, the distance between adjacent populations
means were observed to bhe between 0. 24 and 0. 37 magnitude units. A meas-
ure of the detectability of these groups can be obtained from these figures by
dividing the difference between the adjacent population means by the standard
deviation of the populations. This indicates detectabilities greater than three
and thus a very high probability of correctly determining the equivalent-zero-

bias noise group from measurements of noise level and bias.

We are of the opinion that the consistency of zoning of equivalent-
zero-bias noise means over large areas of the earth is reasonably shown in
Figure S-2. For example, the central Canadian Shield and large areas of the
western United States are ow-noise areas. Southern Africa and southern
Australia appear to be high-noise areas. We are encouraged to believe that

with considerably more data, we might possibly achieve our goal of simplify-

ing and optimizing seismic site selection, in this way. Note that the map in
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Noise Magnitude | Noise Amplitude|Standard Deviation of )
Noise Group loglo(p-p ampl.) | (0-p, mu) Noise Magnitude
| Low 0.51 1.62 0.11 |
| Medium 0.88 3.79 0.08 _
High 1.26 9.10 0.04 4
Coastal (very high) 1.50 15, 80 0.08 o
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FIGURE S-1

MEANS AND STANDARD DEVIATIONS OF
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GEOGRAPHIC DISTRIBUTION OF NOISE GROUPS FOR 46 STATIONS
WITH NOISE CORRECTED FOR COASTLINE PROXIMITY




Figure S-2 does not include very high coastal-noise zones., These were cor-
rected for coastline proximity to reflect noise values typical of interior con-

tinental areas. This correction will be described in detail later in the text.

Although we found the correlative line model to be the most
precise model for estimating detection capability, we also evaluated other
models for predicting noise and bias. One such model computed averages of
noise and bias for each tectonic region. Although, bias could be predicted
from this model as well as by any other method, this was not the case for
predicting noise in each tectonic region. The standard deviation of noise of
0. 30 for this model was much larger than that obtained by the preceding line
model. By using the noise grouping and the tectonic classification jointly,
the noise level and bias could be predicted with zalmost the same precision as
with the line model. This resulted from the discrete clustering of stations of
similar tectonic classification along each of the straight lines characterizing
noise zones. For example, in the low-noise groups, rift and tectonically ac-

tive regions are clustered as negative m _ biases and noise magnitudes; shields,

b
as positive values. All three of the above models can be helpful in estimating
station or network capability, depending on the amount of a priori information

available to perform such evaluations.

We further tested in several ways the stability of the equivalent-
zero-bias statistics which were shown in Figure S-1. First, observations of
noise and bias were grouped by tectonic region. The equivalent-zero-bias
noise means and standard &eviations were computed for each joint classifica-
tion of noise group and tectonic type. The results, shown in Figure S-3, show
excellent stability as seen by comparison of the noise means, Njk , shown for
each tectonic group. Second, the equivalent-zero-bias noise means shown in
Figure S-1, were re-computed using 13 additional stations not used in the in-
itial estimates, because the noise figures were less well defined and possibly

of lesser quality. Again, only small changes occurred in the resultant
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Definition of indices indicating type of noise groups and tectonic types

) j = 1 Low noise k = 1 Rift

E t 2 Medium 2 Platform or fold belt

2 3 High 3 Shield

4 Very high (coastal) 4 All above groups combined

i 5 All above groups combined

]

A. 33 Joint Classifications of Stations by Noise Zone and Tectonic Region
]
NG| 1 2 3 | 4 5
b - 5 2 0 0 7 Table entries represent the
3 2 3 3 5 0 11 number of stations in each
joint classification.

E 3 2 1 5 7 {18

3 4 10 6 10 7 33

B. Noise Prediction by Line Model Applied to Stations in Different Tectonic

Regions

N, : Average noise magnitude log, (p-p) B. : Average P-wave magnitude

ik AR X bias
3 "y = - 3 d
: Njk Njk Bjk+ Error (error considered normal)
i SHEEEEES R i1 1 21 3l ais

1 lo.s10.89| - | - Bisa |o.11[0.08]0.04[0.08 |0.08
3 p—
, N 2 |o.50|0.91|1.28] - N4 lo.11]0.08 | 0.04]0.08 |0. 08
i 3 ]0.52)0.78 [1.24]1.50 af | 9 5 9 6 | 29
: 4 lo.s1]o.88]1.26/]1.50 df - degrees of freedom

3 FIGURE S-3 #

Y STATISTICS OF THE SLOPE OF ONE STRAIGHT LINE RELATIONSHIP
: BETWEEN NOISE MAGNITUDE AND BIAS RELATED TO JOINT
CLASSIFICATION BY NOISE ZONE AND REGIONAL TECTONICS

- S-7
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where 2
InY_(0) - [ae'ﬂ(ln(f/‘)’)) ]-ln s
b(n(f/c))>
Kif) = ae " enE/cl)
constants: xo I aJ ﬁ l Y | 5 } 2 J s l .

350 km| 7. 61| 0.382] 0.20] -0.878] 0.165|1.40] 0.25 Hz

a, 8 Y a, b, ¢ empirical constants

f frequency (Hz)

x distance of a master station from the
% coastline

x distance from the nearest coastline

average noise amplitude mu (p-p) at

= master station

Y noise amplitude mpu (p-p) at some ref-

erence point, X.

FIGURE S-4

BASIS CF NOISE CORRECTICN FOR COASTLINE PROXIMITY
GRIFFIN (1963)
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equivalent-zero-bias noise group mean values, Third, since we are primarily
interested in network performance for stations not located at very high coastal-
noise zones, those stations were corrected for the noise expected due to coast-
line proximity, by using a method based on the equations shown in Figure S-4.
Figure S-5 shows the histogram of the noise groups before correcting for
coastline proximity, and Figure S-6 the groups after correcting for coastline
proximity. It can be seen that very little change occurred in the population
means, and that there are now only three noise groups (low-, medium-, and

high-noise) remaining.

An important consideration in evaluating networks is the loca-
tion of high-noise coastal zones with strong seasonal variations related to
noise propagating from the ocean. The location of the coastal zones are
roughly indicated by continental areas not jointly enclosed by the peak-to-
peak 50 mu contours representing seasonal extremes shown in Figure S-7.
Those broad continental areas of very high coastal-noise, such as the east
coast of North America which extends well into the continent, appear to be
related to extensive continental shelf areas where there are thick wedges of
recent marine sediments. The existance of such sediments may play an im-
portant role in enhancing propagating ocean noise far from the actual coast-
line during noisy seasons. Also of interest is an area apparently equivalent
to a seasonally stable continental region which includes northern Australia
and islands well north of Australia. This oceanic region north of Australia
thus appears to be free of large seasonal variations, and does not appear to

behave like a very high coastal-noise zone.

Our results were applied to estimating the detection and loca-
tion capability of a hypothetical large network of 72 single stations and 28
arrays located in the southern hemisphere and circum- Pacific to reach into

areas sparsely covered by seismic stations. We show in Figure S-8 that in

addition to the locations of WWS5SN (World- Wide Standard Seismograph
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Network) and LRSM (Long-Range Seismic Measurement) stations from which
we obtained data on short-period noise and/or m, bias, we used the empirical
relationships previously described to locate other stations for world-wide
coverage. No consideration was given to political boundaries or other factors
which are important for the siting of stations. The contours indicate, by the
exponent of 10, the ratio of successes to failures in detecting seismic events,
For example, the -1- contour indicates a 101 ratio of successes to failures.
That contour and the higher contours indicate that the success ratic for de-

tecting a hypothetical 4. 0 m_ event was excellent for most of the earth. Fig-

ure S-9 shows that the locat:)on capability of the network for a 4.0 my event
was a 95% confidence error ellipse less than 5000 square kilometers in area
for most of the earth, Figure S-10 contours the expected bias of network
estimates of rnb, based on averaging station mb biases over detected events.
The bias tended toward negative values, that is, under-estimates of the mag-
nitude; but are less than 0.1 magnitude units. This network bias was obtain-
ed on the assumption that station bias corrections were not applied. For
much smaller networks, we would expect the effect of network bias of m,
measurements to be much greater, the reason being that there are fewer sta-
tions to average down the effects of station bias. Network bias should also be
affected by the locations and types of stations, and by source location since

these factors influence the probability of detecting an event.

We conclude that significant empirical relationships exist be-
tween seismic noise and magnitude bias, These relationships can be used as
a basis for zoning noise levels over large regions of the earth, and can thus
with some precision predict the performance of good quality seismic stations

prior to their installation. The weakness of this approach is the lack of suf-

ficient data to accurately determine the boundaries of the seismic noise zones.

With the use of other geophysical and geological information, such as gravity;
heat flow; sedimentary, crustal, and upper mantle structure; it might be pos-

sible to more accurately define the boundary of seismic noise zones. Past
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studies have suggested that the seismic wave mode structure of noise as de-
termined from earth structures could be used to evaluate the effects of seis-
mic structure on relative noise excitation. It would greatly enhance our ap-
proach toward predicting the optimum location of seismic sites, if such as-

sociated geophysical and geological information could be applied to the prob-

lem of estimating and delineating the boundaries of seismic noise zones.

The physical significance of our result is that it appears to
support the hypothesis that mantle P-waves may be a dominant component of
ambient seismic noise. This is ccnsistent with the observation of mantle P-
waves between 0.4 Hz and 1. 2 Hz at the normally quiet Tonto Forest Observa-
tion (TFO) array site and of short-period noise during periods of elevated
microseismic activity at the much noisier Large Aperture Seismic Array
(LASA) in Montana. In both cases, the P-wave noise was observed to propa-
gate from low-pressure zones simultaneously occurring over the Labrador
Sea and Pacific Ocean. Rayleigh waves were also observed at the quiet TFO
site but as predominantly diffuse wavenumber peaks isotropically distributed
and also as a steady but much weaker peak associated with the Pacific low-
pressure zone. Network studies of arnbient noise at other noisier horizontal
array sites such as the Cumberland Plateau Observatory (CPO) indicate that
the noise is 80 to 90% Rayleigh waves and 10 to 20% bodywaves with discrete
propagating components variable in time due to the shifts in storm activity.
These horizontal array observations are not inconsistent with deep-well noise
observations made between 0.5 and 2. 0 Hz in sedimentary structures. The
deep-well observations indicate approximately 90% Rayleigh waves at the sur-
face and an ambient level of P-waves observed at depths where Rayleigh wave
mode noise components are attenuated. Since the mantle P-waves extend
several hundred kilometers into the earth, it is expected that the total energy
of the mantle P-waves is at least an order of magnitude greater than the Ray-
leigh wave components. Thus, the mantle P-wave component could be con-

sidered as a driving function and controlling factor in the level of noise at
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sites of similar geological structure. As such, factors such as upper mantle
absorption and velocity will have a similar influence on a station's ambient
noise and m, bias observations. This would account for the linear relation-

ship observed between high-frequency seismic noise and my bias at stations

of similar sedimentary structure. It also implies that discrete storm-

propagated Rayleigh wave frequency-wavenumber peaks are a much smaller i

component of the total ambient Rayleigh wave noise field at a site than is the 1

diffused isotropic Rayleigh wave component as was observed at TFO, and per-
haps is also much smaller than the non-propagating Rayleigh wave component
associated with secondary receiver-site scattering. The observation of sev-
eral noise groups can possibly be explained as follows. The highest-noise
sites may be due to ocean proximity especially at areas of extensive shallow
shelf zones. The high-noise sites are those containing the more recent, less
consolidated low-velocity sediments which are efficient scatterers of Rayleigh
waves near the surface. The medium-noise sites are those containing older
and more consolidated high-velocity sedimentary layers, and the low-noise
sites are those containing igneous and metamorphic basement rocks at the
surface with deeper crustal Rayleigh wave modes which distribute the Rayleigh
wave noise more deeply within the Earth's crust. The noise level within a
group is a function of the attenuation characteristics of the upper mantle under
the station (i. e., how much the driving P-wave noise is attenuated). These
hypotheses for the existence of several noise groups and the linear relation-
ship between bias and noise within these groups are probably oversimplified.
Proximity to major structural features such as mountain belts, island arcs,
etc. may also be important factolrs in influencing the level of noise components
propagating from fixed directions and intersecting the structures. Also,
proximity of local factors such as swamps, glacial deposits, and cultural
noise sources is another possible influence. Such diverse factors would prob-
ably cause variance from the mean noise levels associated with each noise

group. The small standard deviations associated with the noise groups may
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be due to the manner in which seismic observatory sites were selected. It
would be expected that there would be more noise groups and the standard
deviations would be much larger if the observatory sites were selected on a

purely random basis.

The evidence presented in this report suggests that a simple
basis exists for optimizing the selection of sites and estimating the detection
performance of sites and networks., However, the results are based on ana-
lyzing the small number of sites where joint observations of noise and m,
bias were readily available. Assuming normal statistics, the noise groupings
and linear noise-mb bias relationship is considered significant at a 1% level
of error. To assure that the result is not a random occurrence, it should be
checked by performing noise analysis on as many stations as possible where
m, bias measurements are available. If it should turn out that Rayleigh wave
components propagating from storms are the primary driving function of noise
rather than mantle P-waves, it would be difficult indeed to see why any re-
lationship should exist between high-frequency seismic noise and m, bias.

We don't think there now is sufficient data on noise theory and observation in
the literature to definitely resolve what we now consider an open question con-

cerning our results.




SECTION I
INTRODUCTION

The objective of this study is to evaluate seismic stations for
possible relationships, if any, between magnitude bias, short-period noise,
and tectonic structure. A report on world-wide station magnitude bias by
North (1977) forms the basis for the present study. In addition to his data,
several world-wide noise studies are used to obtain the noise data to be cor-
related, if possible, with magnitude bias data. As a result, a group of sta-
tions with known magnitude bias, noise values, and tectonic classification is
obtained as a data base. Various statistical methods are employed to deter-

mine if there is a relationship between the parameters.

Three models have been developed in the course of this inves-
tigation., These can be used to assign values to additional stations scattered
throughout the world. Using these station parameters in conjunction with the
program NETPROB, which is based on the program NET2 (Snell, 1976) and
NETWORTH (Wirth, 1970); a brief network capability study on short-period
detection is done for two simulated networks. One network consists of 100
single-site stations, and the other network consists of 28 arrays and 72 single-
site stations. In performing this gimulation, the location of some stations and
their parameters are taken from published data. In extending geographical
coverage to other areas, bias and noise are estimated based on results of

this study.

The data available are not entirely self-consistent and the
quality of it varies. Nonetheless, it is still considered possible to reach
useful conclusions on the basis of this data. In extracting magnitude bias

and noise measurements from the literature, it was only possible to obtain
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33 stations with fair quality measurements of both types of information and an
additional 13 stations having noise measurements of questionable quality.
This is not considered an adequate amount of data to perform powerful statis-
tical tests. However, the data were statistically analyzed with the use of
significance tests based on the number of degrees of freedom available, and
where possible, conclusions were drawn as to the statistical significance of

the results.

Although we will attempt to show an empirical relationship be-
tween noise levels and the magnitude bias, the plausibility of such a relation-
ship is based on consideration of a possible physical basis for the relationship.
Bradner et al. (1970) identified twenty organ pipe modes of ocean wave and
associated seismic noise peaks between 0.02 and 5.0 Hz. The formation of
these modes are implicit of a broadly distributed forcing function exciting
spectral peaks characteristic of the local bathymetry and are consistent with
the theories of Longuet-Higgins (1950) and Hasselman (1963) for generating
seismic waves from ocean waves. Dinger (1963) and Haubrich and McCamy
(1969) observed time delays and dispersion consistent with the generation of
seismic waves from ocean-storm gravity waves interacting at the coastline
nearest to the seismic station. Toksdz and Lacoss (1968), analyzing micro-
seisms at the LLASA array station during periods of relatively high micro-
seismic activity, associated strong coherent mantle P-wave peaks between
0.4 Hz and 0. 6 Hz with broad low-pressure areas simultaneously located in
the Labrador Sea and the Pacific Ocean. Binder and Burg (1967) and Burg and
Burrell (1967) also observed P-wave noise between 0.4 and 1.2 Hz associated
with broad low-pressure areas simultaneously occurring in the Labrador Sea
and the Pacific Ocean in data from the very quiet TFO array station. Rayleigh
waves were also observed at levels 4 to 5 dB lower than the P-wave noise
spectrum. At more typical noisier sites, Johnson et al. (1966) observed the
noise at the Earth's surface to consist of 80 to 90% Rayleigh waves and 10 to

20% mantle P-waves. Johnson et al. also observed that most of the Rayleigh
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wave noise at the CPO array was isotropic, which is consistent with receiver-
site scattering as the mechanism for generating high-frequency Rayleigh wave
noise. Douze (1967) observed at a number of deep-well noise observations

that both surface waves and mantle P-waves occur in the ambient seismic

noise between 0.5 and 2.0 Hz. In the same frequency range, Sax (1965) show-
ed that all surface wave modes were exicted with approximately the same total
energy, suggesting the importance of receiver-site scattering as the mechanism
for generating the Rayleigh wave noise. That model also predicted that at sites
with sedimentary layers, the noise at the surface can be expected to contain
about 90% fundamental mode Rayleigh waves. Capon (1973) analyzing noise
data from the ALPA and NORSAR array site indicated that noise between 0.5
Hz and 2. 0 Hz consisted of a large non-propagating component (e. g., receiver-
site scattering) and that propagating Rayleigh wave components were observed
to be highly diffused in wavenumber space (e.g., isotropic). Sax (1970) ex-
amining noise from a quiet three-dimensional array site, observed that the P-
wave noise steered to the location of earthquakes completely dominated the
noise, suggesting that the ambient P-wave component is a world-wide ocean-
generated phenomena, whereas storms are associated with P-wave noise

elevated above an ambient steady-state level.
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SECTION II
BACKGROUND

North (1977) analyzed 400, 000 station m,Z values as reported in

b
the International Seismological Center (ISC) bulletins to determine station
magnitude biases, defined as the mean difference between station m, and

average m, of a large network of stations, and their causes and effects. He

found that :.lthough there are clear indications that the biases are functions of
both source region and time, they appear to be well correlated with tectonic
structure and lateral variations of attenuation characteristics in the upper
mantle under the station. Analysis showed that the station biases were high-
est (attenuation lowest) in shield regions such as Canada, India, and Scandin-
avia and were lowest (attenuation highest) in east Africa rift zones and the

western United States, which has upper mantle characteristics similar to a

rift zone.

Application of the station biases as station m, corrections for

a given event reduces the scatter in m, measurements (U%Z 4,0) and also

b
removes many of the apparent changes with time in the magnitude distribution
curve introduced by temporal changes of the distribution of stations. Table

II-1 summarizes North's conclusions.
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TABLE II-1
MAGNITUDE BIAS

b..=m..-m. where m,,=ith station rnb of jth event.
1) 1) ) 1)

N
Z N=# of stations reporting

m,,
- ij N n=15

mj=event lnb = -IN— .
1 mi

i

Conclusions of North (1977):

Bias is well correlated with the tectonic structure and lateral
variations in attenuation characteristics of the upper mantle

under the station.

Indications were obtained that station magnitude bias is a
function of source region; it was also observed to vary with
time; the exact relationships determining the bias are not yet

completely resolved.

Application of the station biases as station m corrections re-
duced the scatter in my} observations for a single event

(above mb=4. 0).

Station my, corrections greatly reduced the temporal variation
of seismicity introduced by the change in station distribution

with time.
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SECTION III
DATA COLLECTION

A data base of 33 stations, where the bias, noise, and tectonic
type are known, is used to establish a relationship between the three param-
eters. Thirteen additional stations with slightly questionable noise values are
added later to increase the data base and to further test the relationship es-
tablished by using the 33 original stations. Although the instrumentation and
installation of the stations differ, an attempt has still been made to determine
any significant relationships which can be developed on the basis of these data.

Hopefully, any relationship observed will be independent of the type of station.

The magnitude biases and tectonic types of the majority of sta-
tions were obtained from North (1977), and additional bias values were ob-
tained from Evernden and Kohler (1976). In order to obtain bias figures from
the report by Evernden and Kohler, station EUR of North's report was con-
sidered equivalent to station EKNV of the report by Evernden and Kohler since
the locations are approximately the same (Eureka, Nevada). This station will
be referred to as EUR in later station listings. The tectonic classification of
BUL has been changed from rift to shield after referencing a tectonic map of

the world in Smith (1973).

The noise values for the original stations have been obtained
from Fix, Swanson, and Ballard (1973); and Evernden and Kohler (1976).
These noise values are used as loglo of the peak-to-peak amplitude and are
considered fairly reliable. It should be noted that CPO and UBO are arrays,
and therefore the noise values are somewhat lower than might otherwise be
expected. The noise values for the 13 additional stations have been obtained

from the noise study by Hair, Funk, and Research Staff (1964). These noise
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values are considered questionable because the exact type of measurement

(i.e., zero-to-peak or peak-to-peak) could not be determined.

The noise means of these 13 additional stations and of the 33
original stations were compared using a two-sided Student's t-test. This test
is commonly used for testing small samples (N < 30). The purpose of the sig-
nificance test used in this study is to show if there is sufficient statistical
evidence to reject the hypothesis that the means of two samples are equal. It
was assumed that the population variance of the two samples are equal. In
this application, a test-statistic is computed by dividing the difference between
the two population means by a modified standard deviation which incorporates
the standard deviation and size of both sample populations. This test statistic
is then compared to a critical value obtained from a table of the cumulative
t-distribution on the basis of the significance level desired and the number of
degrees of freedom that exist for a given test. The null hypothesis is reject-
ed if a positive test statistic is greater than or equal to the critical value or
if a negative test statistic is less than or equal to the negative of the critical
value (Ostle, 1963). In this case, the test was conducted with a significance
level of 0.05. The results showed that the hypothesis that both sample means
are equal cannot be rejected at this significance level. This outcome shows
that it is statistically valid to consider the 13 additional stations to be equiva-

lent to the original sample of 33 stations.

Both the bias and noise values for Long-Range Seismic Meas-
urement (LRSM) stations RTNM, BXUT, LCNM, BLWV, BRPA, LSNH,
RKON, and EBMT have been obtained from Evernden and Kohler (1976). Com-
parison of their values with those in LRSM reports by the Geotechnical Cor-
poration (1965) and Pena (1967) has shown that the noise values for RKON and
EBMT differ by a factor of 10; the values in the LRSM reports are used in
this study. Table III-1 shows the stations, the station types, and the values
and sources for their respective parameters. Figure III-1 shows the geogra-

phic distribution of the station locations.
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A correction is applied to the noise values of stations within

500 km of the coast in order to remove the majority of the ocean noise. The
correction is based on an empirical function derived by Griffin (1963), shown
in Figure III-2. The constants used in Griffin's model were obtained for a
profile perpendicular to the eastern United States seaboard. Beyond 100 km
the relative decrease in amplitude is nearly the same at all frequencies. In
the present study, a frequency of 0.25 Hz, the peak power frequency for noise
in a short-period instrument, is used in the correction. Noise of other fre-
quencies is assumed to be produced by scattering. The approximate distance,
in 50 km steps, from the coast has been obtained from measurements on a
map in the noise study by Hair, Funk, and Research Staff (1964). The actual
correction is the loglo of the ratio of the relative noise at 500 km to the
relative noise at the distance in question, the noise being normalized to the
coast. Table III-2 shows the corrections used in this study. Application of

these corrections results in the formation of another data set containing the

noise values corrected for ocean noise.




TABLE III-1

DATA BASE STATIONS
(PAGE 1 CF 3)

Noise values are given in Loglo(peak-to-peak) (p-p).

Source Key for Station Lists

A North (1977)
B Everinden and Kohler (1976)
C The Geotechnical Corporation (1965)
D Fix, Swanson, and Ballard (1973)
E Hair, Funk, and Research Staff (1964)
F Line Model
G Tectonic-Noise Group Model
H Tectonic Model
I National Earthquake Information Center (1970)
J The Geotechnical Corporation (1964)
K Approximate
L Personal communication, Chang, A.C.
Tectonic Types
R Rift zone; or region with similar upper mantle structure
P/F Platform and fold belts
S Shield
sk Station added to original data base of 33 stations
A World-wide Standard Seismograph Network (WWSSN) Station
A Long-range Seismic Measurement (LRSM) Station
] Canadian Network Seismograph Station
a VELA array
Noise Groups (to be explained later in text) 1 Low
2 Medium
3 High
4 Very High
(coastal)

111-4




I a v 66 °0 99¢ "1 o1°0 2 € d/d J pS1L¥I S 60¥% ‘6 ONd v
£ g g 20°1 0€°1 00°0 k4 € d/d M £26 1L N 8€Z°%% | HNST v
r q g 06 0 06 °0 60°0 k4 2 d/d M 19€ ‘%01 N 62L.°9¢ | WNNIY ¥
£ q g 00°1 00°1 900 k4 z d/d M P¥8 "8 N 626 ‘6 | vdud v
I 3 v 611°1 6% °1 L0°0 Z 4 d/d M £0%°19 N 699 °01 |[**NYL v
1 c v 0L6°0 el €170 Z € Jd/d M 826 °99 N L0S "0l |*x VDO v
I i § \ 4 6621 66271 92°0 (4 4 q/d M 0L °06 N 208 °8¢ [**O7Td v
I i § v 6S81°1 1€ °1 9€°0 z € d/d d eev el N €89 °SS |[**dOD v
1 a \ 4 166 0 £9¢ "1 $0°0 (4 € d/d M Z91°68 N 262 “‘¥1 SdT1 v
I a \ 4 8€6 ‘0 066 °0 10°0 4 4 I/d M €6L Ly N 006 "¥9 T00 v
1 i § v $08°0 9L1°1 Z21°o 1 k4 d/d JoLrrest ST6T'¥ |*xdVE V
I a v €6L°0 s¥8°0 62°0 1 1 I/d J e61°6 N TLL°8% [** NLS Vv
1 a v €25°0 €89°0 1-o 1 1 I/d d €88 °16 N L9§°s2 THS v
1 a \ 4 295 °0 29¢°0 60°0 1 1 d/4 d €¥0 "69 N 1%S “¥e 193 v
I g \ 4 86¢ 0 86¢ '0 L0°0- 1 1 J/d M 0LS°S8 N §66 °s¢ OdDo =
1 I v Lie’0 LL¥ 0 yio- I T k-4 M 28L°011 N OIg 2 |*xDNL v
) ¢ o4 v Z¥L 0 ¥56 "0 0€ "0~ Z £ k- ¢ M 018°121 N 0SL 9% |**NOT v
I fC § v 669 ‘0 669 °0 82°0- 4 Z - § M T2£°S0T | N OOL'6E |**TOD ¥
I g v 0tL°0 010 02°0- Z 4 k- M 6S¥°901 N Z¥6 "v¢ o1V v
I g v 9L1°0 9L1°0 tr-o- I 1 g M 695 °601 N 22¢ ‘0¥ oan =
I ¢ v 86¢°0 86¢ °0 90 °0- 1 1 d M E€9°TT1L N 009 ‘s¥ Zodg v
I - v 86€ ‘0 86€ "0 S1°0- 1 1 - M £18°2I1 N s61 ‘0¥ ona e
1 q v 0¥ 0 0¥ ‘0 ¥Z°0- I 1 - | M 026 °ST1 N £8¥ ‘6¢ an3 v
r g g 0L°0 0L°0 L1°0= 4 k4 d M 665 °901 N 20¥°2¢ | NNDT v
K q g €¥°0 €v°0 81°0- 1 1 k- M SEV 601 N €95 °Le | LNXd v
uot3ed07 |astoN |sel 3510 2810
i bl bl LT 2PN | gerg uu«omu%ou voi.o.”o i spnyiSuoT | spmney | swen
adanog BRIFSIIOIN HPIALOSIO o3 8uidnoan | xoy Buidnoin SICoIe L

(¢ IO Z FOVA)
SNOILVIS ASVd V.IvVd

1-III I 19V.L

III-5




1 |
T T
i
I _ a _ \4 62 "1 829 °1 20°0 € ¥ S M €86 °12 N LI¥ 0L DINA vV
1
I _ a | v 122 °1 S R | L1'0 € 14 S d 058 €L N €€6 81 ood v
I a ’ v S92 °1 L€ T s1°0 € 14 S d 8027911 S 816 °1¢€ NAW v
I — a _ v L8171 | 685°1 20°0 € ¥ S d L00°L2 N SS. 69 ATA vV
I ! a | v €021 VAR | 00°0 € 14 s M €€S°€ES N 0SZ “69 HAD v
I _ a m \4 6L2°1 m SR L0 "0 € 14 S d 06182 S €52 °92 Jad v
|
I i a _ v % 0 o ¢ _ [E X 60°0- € 14 S dootr-Lt S 196722 NIm v
1 I 5 A4 PET 1 L £ 20°0 & € S J €19°82 S e¥1°02 ng v
1 R (S v 120°1 134201 61°0 (4 € S d 1699 "¥2 N 605 09 4NN v
I ! a _ v 166 °0 62¢€°1 90 °0 Z € S d 9% °LL N €gz 01 aox v
I | a v a¥6 "0 81€ "1 L0°0 Z € S 3 2:9°6 N 6%9 "6S NOX v
1
I m a \4 0gL "0 20T1°1 ¥1°0 2 € S M €89 91 N 009 "18 YON v
I a v 601°1 601°1 €€ 0 Z Z S J 2L N €89 82 ION v
1 c § v S0T 0 LLY 0 0 °0 1 i S M 00%°29 . N €8%°28 | xxdTIV O
I eC | \4 000 °0 000 0 €10 1 [ S M 006 "¥6 N .89 "L | xxSTY O
B 2 g 91L°0 91L°0 82°0 1 I S M 2.9 °¢b6 N 6€8°0S | NOMY v
1 i 2 d 91L°0 91L°0 21°0 1 1 S M 229 °S6 N 829°6% | INGA v
I i A4 LL9 "1 6%0 2 1€°0 € ¥ d/d d 89T °I6I S628°¢€ |xx AIY VY
I ic A4 16€°1 g9 1 81°0 € 14 J/d M S€Z 221 N L18°L¢ |*xSMd v
i d d Syl SP°l 21°0 € € J/d M TIe’18 NO008°LE | AMTIA Y
1 a v €02°1 als 1 L0°0 € € Jd/d M 860 °89 S €591 ad1 v
T
i, om_oZm sl 2S1ON 2STON serg kuouﬂ_..w.uvu voMMMM”O addy apnjtSuor] apnjryey swreN
. - - -
asanog BRJUSE SMPRAE S8 HE) oy Sutdnoxn | 1oy Surdnoan SAERARIL

(¢ IO ¢ IOVJ)
SNOILV.LS dASvVd V1Ivd

1-III I 19dV.L




85N

75N

60N{

45N

30N
15N
ON |
156k
305}
455 |-

60S} LR ]

755¢

Data base stations = @

855 . e R K e e e " A A O, S | n " TV, SR (G

1804 1504 1204 90H 60W 30H OW 30E 60E 90E 120E 150E 1BOW

FIGURE III-1
GEOGRAPHIC DISTRIBUTION OF DATA BASE STATION LOCATIONS
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Kk(f)
Y(f,x) =Y (f)[—"—]
o X

o
where 2 J
lnYo(f) = [ae-ﬂ(ln\f/)')) ]-ln 50
b(n(£/c))’
(i) = me 2 OREIEH
constants: xolalﬂ IYI E | blcl g

350 km| 7.61[ 0.382] 0.20( -0.878[ 0.169(1.40] 0.25 Hz

a,fB, v a, b, c empirical constants

f frequency (Hz)

xo distance of a master station from the
coastline

X distance from the nearest coastline

average noise amplitude mu (p-p) at
master station

Y noise amplitude mu (p-p) at some ref-
erence point, x.

FIGURE III-2

BASIS CF NOISE CORRECTICN FOR COASTLINE PROXIMITY
GRIFFIN (1963)
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TABLE III-2
NOISE CORRECTIONS

b s S Additiv'e Cor.rection
G ‘ top ( 1.-e1at1v.e noise at.500 km )
10 \relative noise at station distance

2 <100 km -0.372

9 150 km -0.279
200 kam -0.212 ,
250 km -0.160 |
300 km -0.118 z
350 km . -0.083 |
400 km -0. 052 i
450 km -0.024 |
2500 km 0. 000 j
|
|
I11-9 ;
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SECTION IV

GROUPING OF NOISE DATA BASED ON AN EMPIRICAL
RELATIONSHIP BETWEEN NOISE AMPLITUDE AND MAGNITUDE BIAS

Two sets of data, one with observed noise and the other with
corrected noise, have been processed to determine if any grouping of the noise
values (log 10 peak-to-peak) exists., Similarities exist between magnitude bias
and noise amplitude in that both are affected by attenuation in the same manner.
Since high (positive) bias implies low attenuation (high signal amplitude) and
low (negative) bias implies high attenuation (low signal amplitude), the noise in
these cases should also be high and low, respectively. This similarity led to
the decision to search for a linear relationship between bias and noise. The
objective of this search originally was to develop a relationship by which noise
could be computed from bias. The processing was done on the basis of FI,
where ITI = N-mB, and where N is the noise, B is the magnitude bias, and m
is the slope. A set of slopes ranging from 0.25 to 0.5 in 0, 05 increments
and from 0. 50 to 5.00 in 0.10 increments was examined to determine if any
grouping of the N's for each station into subsets occurred. Histograms such
as those shown in Figure IV-1 were generated for this set of slopes and were
visually examined to determine which slopes showed the most promising group-
ing into subsets. Several slopes were selected in this manner and then subset
groupings were further examined. The standard deviation of N's from the lines
of the selected subset groupings was also determined for cases where the lines

for each subset were defined using constrained slopes and least-square slopes.

It was found that several different subset groupings of N were
feasible interpretations, the standard deviations obtained for the selected
representations being similar. For the data used in this study, the repre-

sentations with subsets defined by least-square estimated slopes, and those
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defined by fixed slopes yield similar standard deviations. As fixing the slope,
m in the above equation, allows more degrees of freedom, it turns out to be
preferable over using least-squares to determine the slope. The results
based on statistical tests of significance are improved by using a fixed slope,
due to the larger number of degrees of freedom available for estimating the

combined variance of data in all the groups of a given model.

A plot of relative signal amplitude (directly related to bias)
versus noise amplitude (Evernden and Filson, 1971; Blandford and Sweetser,
1975) which was originally taken from Evernden and Clark (1970b) shows
several linear relationships between these two parameters for different sta-
tion geologies. The slope illustrated by the plot is the inverse of the slope
defined in this study., Evernden and Filson (1971) in referring to this plot
state that for granite or equivalent sites there is a linear relationship between
log amplitude and log noise level such that a 10-fold change in noise level im-
plies on the average a 23-fold change in P amplitude. The corresponding

slope in this study would be approximately 2. 50.

Upon investigation of various slopes, including a slope of 2. 50,
it was found that a slope of 1. 00 was the best interpretation. Although other
slopes had slightly lower standard deviations, they also involved additional
groups and some included outliers. It was considered that the fewer were the
number of groups, the more desirable was the interpretation. A slope of 1. 00
gave the lowest standard deviation with a minimum number of groups, and ac-
counted for all of the data. Using a slope of 1. 00 to define the relationships

also greatly simplifies interpretation.

The significance of a slope of 1. 00 defining the relationship
between noise magnitude and station magnitude bias, is that within each of
the normal noise groups, neither noise nor bias is a controlling factor in

optimum site selection. In this case, the goal of site selection is simply to

find geographical locations of the quieter noise groups. Four distinct noise




.

levels were observed in the first data set examined. However, after correc-

tion of the noise for coastline proximity, this was reduced to three even more
distinct groups. The highest noise group is eliminated by the application of

the coastline correction to stations that are under 500 km from the coast. Al-
though one noise group has been eliminated by this correction, after applying
the correction, the average N values of the noise groups stay approximately
the same. The stability of the grouping is thus shown in this manner. These

results are illustrated by Figure IV-1.

The noise groups for each station are tabulated in Table III-1.
Comparison of the groups with the station types shows that the grouping is
independent of the types of station used. That is, a specific type of station is
not confined to a specific noise group, except for the cases where the station
type is represented by only a few stations.

Figures IV-2 show plots of log (p-p noise amplitude) versus m,
bias for all 46 stations and for the cases of both corrected and uncorrected noise.
The lines shown in these figures represent the different noise level groups
established using the original 33 stations. As can be seen in the figures for the
observed noise values, the four noise groups are fairly well-defined. The three
remaining noise groups are still apparent after application of the noise correction
for coastline proximity. The 13 additional stations were added to the existing
groups by computing the equivalent-zero-bias noise for each station (using a
slope of 1.00) and assigning the station to the group having the closest average
equivalent-zero-bias noise. As can be seen in the figure, the additional
points follow the previously observed trends for the most part. The average

equivalent-zero-bias noise levels for the various lines are not greatly affected

by the addition of these points.
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SECTION V
THE RELATIONSHIP BETWEEN NOISE GROUPS AND TECTONICS

It has been shown that seismic noise at stations can be described

by a set of noise groups. The particular grouping illustrated by Figure IV-1 is
based on a linear relationship (slope of one) between the noise magnitude,
log10 (peak-to-peak), and the bias of magnitude measurements, Figure IV-1
shows that the grouping was sufficiently distinct to determine with little am-
biguity the stations associated with each group. Large deviations of the as-
sumed slope of the straight-line noise-bias relationship can be shown to make
little or no change in the partitioning of stations between the distinct noise
groups. In this section, the noise levels characterizing each group are given
as intercept values of the noise which corresponds to zero bias in station
magnitude measurement. The models were developed based on the original
set of 33 stations for both the data set with observed noise and for the data
set with noise corrected for coastline proximity as shown in Table III-2. An

additional realization will be shown incorporating the 13 additional stations.

Part A of Table V-1 shows how the 33 stations are distributed
with respect to noise measurements, and tectonic provinces. The first three
rows of column 5 show the number of stations in each tectonic province. The
first four columns of row 4 show the number of stations in each noise group.
Row 4, column 5 shows the total number of stations considered. The general
lack of a strong correlation between tectonic type and noise group can be secen
in this table. In general,the rifts seem to be related to the low noise groups,
platforms and folds to the intermediate noise groups, and shields to the high

noise groups.




TABLE V-1

RELATIONSHIP BETWEEN NOISE LEVEL AND TECTONICS
(PAGE 1 OF 4)

Definition of indices indicating type of noise groups and tectonic types

! j = 1 Low noise k = 1 Rift

2 Medium 2 Platform or fold belt
3 High 3 Shield

£ 4 Very high (coastal) 4 All above groups combined
5 All above groups combined

A. 33 Joint Classifications of Stations by Noise Zone and Tectonic Region

d et 3 2 3 4 5
1 5 2 0 0 7
Table entries represent the
| 2 3 3 5 0 11 number of stations in each
l] P 2 1 5 7 15 joint classification
1 4 10 6 10 7 33

B. Noise Prediction: Line Model

Njk:Average noise magnitude loglo(p-p) Bjk'Average P wave magnitude

] Njk = Njk_ Bjk+ Error (error considered normal)

0.51)0.89| - | - Bjs Jo.11]0. 08| 0. 040. 08| 0. 08

Error
0.50(0.91({1.28| - Standard Nj4 0.11(0.08(0.04|0.08|0.08

1
2

- 3 }0.52]0.78|1.24]1.50] Deviation:| g¢ } o | 5 | o | ¢ | 29
4 lo.51|0.88[1.26[1.50

Degrees of Freedom (df) for the
standard deviations (S. D. ) equal
occurrences minus the number

F of parameters estimated times
{ number of groups in which the
parameters are estimated,




TABLE V-1

RELATIONSHIP BETWEEN NOISE LEVEL AND TECTONICS

(PAGE 2 OF 4)

C. Bias and Noise Prediction: Tectonic Model

1 2 3

1

2

3

4

5 Error B
Mean: k }0.16]0.06]0,07 Standard k

0. 06

0. 05

0.14

0.10

Nk 0.46|1.02|1, 31 Deviation: | N

0.19

0. 36

0. 30

0. 30

D. Bias Prediction: Tectonic-Noise Group Model

(joint error S. D. uses 30 de

1 }F0.1540.19| - -

Error

Mean: 2 0.04{ 0. 05{0. 07} - Standard

3 | 0.20| 0. 33]0. 02 |0. 03| Deviation:

1 2 3 4 5
1 0.07(0.02| - = =
2 }0.10)0.0410,05) - -
3 §0.110.00(0.13/0.01 =
4 . - - 5

E. Noise Prediction: Tectonic-Noise Group Model

9. 07 >
(joint error S. D. uses 24 df)

P 2 3 4 NI 1 2 3 4 5
Error
Mean: 1 0. 36/0. 71 - - Standard 1 0.10]0.01 - - -
2 |o.55/0.96(1.35| - |[Deviation: | > 15 14/0,15/0.08{ - "
| 3 Jo.72[1.12[1.27]1.53 3 lo.000.00/0.140.14| -
4 be - . "

0,12 <>
(joint error S. D. uses 24 df)

o o

dibiabaal,




TABLE V-1

RELATIONSHIP BETWEEN NOISE LEVEL AND TECTONICS
(PAGE 3 OF 4)

F. Occurrences of Stations in Noise Groups and Tectonic Regions Corrected

for Coastline Proximity
| 33 Stations 46 Stations
: kKN 1 2 3 5 kNI 1 2 3| 5
L 1 5 2 0 7 1 6 4 0 10
k| 2 3 6 2 11 2 5 | 10 4 | 19
3 2 5 8 15 3 4 5 8 17
4 10 13 10 33 4 15 19 12 46

G. Noise Prediction: Line Model Corrected for Coastline Proximity

33 Stations 46 Stations
KN 1 I KN 1 2 | 3 | j=1, k=3:
1 fo.51(0.89] - i Jocoluan] o U0 wihet
P, o coastline cor-
N, : 2 10.45]0.92]1.23 Wiy 2 10.51(0.92]1.26 | rection)
jk I j=1, k=4:
3 §0.52]0.86]1.20 3 ]0.26]0.86]1.20 (0. 48 without
‘ 4 10.49|0.90/{1.21 4 §0.4410.91|1.22 | coastline cor-
(joint error S. D.=0. 08 (joint error S. D.=0.14 rection)
with 30 df) with 43 df)
; H. Bias and Noise Prediction: Tectonic Model Corrected for Coastline
Proximity
3 33 Stations 46 Stations
& 1 2 3 . 1 2 3
B B
Mean:| k }-0.140, 060,07 Mean: k §0.18/0.12/0.07
Nie Jo.46l0.911.06 N Jo.50]1.01]0.95
(joint error S. D. for bias=0.10 (joint error S. D. for bias=0.11
joint error S. D. for noise=0. 24 joint error S. D. for noise=0. 33
with 30 df) with 43 df)

V-4
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TABLE V-1

RELATIONSHIP BETWEEN NOISE LEVEL AND TECTONICS
(PAGE 4 OF 4)

I. Bias Prediction: Tectonic-Noise Group Model Corrected for Coastline

Proximitx
33 Stations 46 Stations
Y| 1 ool NG| 1 2 3
Mean: l -0. 15 -0. 19 = Mean: 1 —0. 15 -0. 24 -
2 0. 04| 0.05(0.10 2 0.11{0.1110.17
3 0.20| 0.10{ 0. 02 3 0.12] 0.10/ 0. 02
(joint error S. D. =0.10 (joint error S. D. =0.11
with 25 df) with 38 df)

J. Noise Prediction: Tectonic-Noise Group Model Corrected for Coastline
Proximity

33 Stations 46 Stations
] Bl il 3 2 ] 3
Means| 1 Jo.36 o710} - Means| 1 Jo.35 0.7t | -
2 10.49]0.97|1.33 2 10.62]1.04|1.43
3 ]0.7210.96]1.21 3 ]0.38]0.96]1.21
(joint error S. D. =0. 09 (joint error S. D.=0.16
with 25 df) with 38 df)




Part B of Table V-1 shows the noise level of each group (inter-
cept values representing zero bias) for the line model. These levels are de-
termined by averaging observations corresponding to each tectonic classifica-
tion (shown in row 4) and are very consistent with those obtained for specific
tectonic types. The noise levels do not appear to differ significantly between
the various tectonic regions. This indicates that the definition of the noise
groups is independent of tectonic type. The standard deviations of the noise
and bias are computed by taking bias as an independent variable in estimating
noise, and likewise taking noise as an independent variable in estimating bias.
The fact that the standard deviations of the bias and noise are the same is re-
flective of the presumed unity of the slope of the straight-line noise-bias re-
lationship. The first four columns of the standard deviation table pertain to
the straight-line noise-bias relationship corresponding to each noise group.
The fifth column is a combined standard deviation obtained by pooling all four

noise groups.

Part C of Table V-1 shows an alternative method, the tectonic
model, of statistically estimating the bias and noise. This method is to aver-
age the noise and bias observed in each tectonic group. As can be seen in the
table, the average noise is different for the various tectonic classifications.
The combined standard deviation for bias does not appear to be significantly
different from that computed by the noise grouping hypothesis. However, the

standard deviations of noise estimated in this manner are considerably higher.

Part D of Table V-1 shows statistical estimates of the bias as
mean values corresponding to the tectonic-noise group model. The joint er-
ror standard deviation for bias is not significantly different from that obtained
from the tectonic model or from the straight-line noise-bias relationship. The
joint standard deviation for noise is also approximately the same as that ob-
served in the straight-line model. This observation coupled with the previous

observation on the combined standard deviation for noise in the tectonic model

V-6
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show that classification of the stations by tectonic type alone is not as useful
as joint classification by tectonic type and noise group. The bias means of
shields (column 3) appears to be significantly lower for high noise and coastal
stations. This dichotomy suggests that stations sited in low and medium noise
areas on shields should yield far superior detection capability, not only be-
cause of lower noise but also because of the larger (more positive) magnitude
bias. This suggestion is only based on several low and medium noise stations
observed in shield provinces, and should be tested with considerably more

data, if possible.

Part E of Table V-1 shows statistical estimates of the noise as
mean values corresponding to the tectonic-noise group model. The joint er-
ror standard deviation is significantly higher (at a significance level of 0. 05)
than that obtained from the straight-line noise-bias relationship. The mean
noise values for low and medium noise groups (columns 1 and 2) appear to
differ significantly and consistently for the three tectonic provinces consider-

ed.

Part F of Table V-1 shows the distribution of stations in the
noise groups and tectonic provinces after correcting the 33 stations for the
incremental noise due to coastline proximity, Similarly corrected noise

values are shown for the 46 stations, which include the additional 13 stations.

Part G of Table V-1 shows the group noise values corrected
for coastline proximity for the line model. Comparison of part G of Table
V-1 for 33 stations to part B of Table V-1, shows that the very high coastal
noise group is no longer present., and that the remaining three noise groups
are not significantly altered. In the case where 46 stations are evaluated,
there is a substantial reduction (0.52 to 0. 26) of the average noise level
(average N) for the low noise shield stations (column 1, row 3) from that us-
ing 33 stations. This change would have been less, but still probably signifi-

cant, (0.52 to 0. 36) in the absence of the coastline proximity correction for




the 46 station data set. The average noise level for the low noise group for

all tectonic provinces (column 1, row 4) changes from 0. 49 for the 33 stations
values with the coastline proximity correction to 0,44 for the 46 station data set

with the coastline proximity correction, which is not considered significant.

Noise and bias values obtained by averaging station noise over
each tectonic province are shown in part H of Table V-1. Comparison of the

46 stations and 33 stations is not considered to indicate any significant change.

Part I of Table V-1 gives the mean bias values of the tectonic-
noise group model corrected for coastline proximity for the data sets with 33
and 46 stations. In most cases, the means for the data sets are approximate-

ly the same,

Part J of Table V-1 shows the corresponding mean noise values
of the tectonic-noise group model for the same data sets. As with the mean
biases, the majority of the noise means are also approximately the same for

the two sets of stations.

As mentioned before, a two-sided t-test was used to compare
the noise means for the original 33 stations and the 13 stations with somewhat
questionable noise values. The result of this significance test showed that the
hypothesis that the two sample means are equal could not be rejected. There-

fore, the results obtained when using all 46 stations should be equally valid

to those obtained using the 33 stations.




SECTION VI

STATISTICAL HYPOTHESIS TESTS OF MODELS FOR
PREDICTING NOISE AND MAGNITUDE BIAS

A one-sided F-test is used to test the models (as tabled in

Table V-1) against each other with the goal of determining the best model for
predicting magnitude bias and noise. This test allows two sample variances
to be compared to determine if one is statistically larger than the other. In
this test, the ratio of the variances to be compared results in an F-statistic.
In this study, the ratio is determined by dividing the larger variance by the
smaller variance. The F-statistic along with the degrees of freedom for the
respective variances is then used in conjunction with a table of cumulative
F-distributions (Ostle, 1963) to determine whether there is a significant dif-
ference between the variances at the significance levels of interest. If the
F-statistic is less than the critical F-value for the appropriate significance
level, the null hypothesis that the variance in the numerator is less than or
equal to the variance in the denominator cannot be rejected. This test was
made at 0. 01 and 0. 05 significance levels. If the null hypothesis has been
rejected, the model with the lower variance will be said to be significantly

better than the other model.

The various models are compared on the basis of the variance
of their noise. Table VI-1 shows the results of these tests. The ranking of
the models with respect to increasing noise variance places the line model
first, the tectonic-noise group model second, and the tectonic model third.
The tests show that the line model is significantly better (99% probability)
than a single least-squares representation of all the points, and that the tec-

tonic noise group model and tectonic model are significantly better (99%
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TABLE VI-1
SIGNIFICANCE TESTS OF NOISE VARIANCE

Data Sets
Tests
33 Observed | 33 Corrected | 46 Observed | 46 Corrected

A S,1 S,1

B S,1 S,1

C S,2 S,2

D S,2 N N N

E S,1 S, 1 S,1 S,1

F S,1 S,1 S,1 S,1

Tests

A - Test to see if a noise versus bias line model (slope=1.00)
for the four observed noise groups or the three corrected
noise groups is significantly better than a least squares
model assuming only one group.

B - Testto see if the Tectonic-Noise Group model is significantly
better than a single noise and bias mean model.

C - Test to see if the Tectonic Model (mean values for each
tectonic type) is significantly better than a single noise and
bias mean model.

D - Testto see if the line model is significantly better than the
Tectonic-Noise Group model.

E - Test to see if the line model is significantly better than the
Tectonic model.

F - Test to see if the Tectonic-Noise Group model is significantly
better than the Tectonic model.

S - Significant difference

N - No significant difference

1 - Significance level = 0. 01 (99% probability)

2 - Significance level = 0. 05 (95% probability).




probability) than an overall mean representation. For the 33 station data set
with observed noise values, the line model is significantly better than the
tectonic-noise group model (95% probability) and over the tectonic model (99%
probability). The tectonic-noise group model itself is significantly better than
the tectonic model (99% probability). These results show that the line model
is clearly the most desirable representation of the bias-noise relationship.

The corrected data set shows similar results in that both the line model and
tectonic-noise group model are significantly better than the tectonic model
(99% probability), and the models are also significantly better than the general
representations involving one line or mean (99% probability). However, in this
case there is no significant difference between the line and tectonic-noise group
models. This lack of any significant difference between the two models is
probably due to the shortage of data and some inaccuracies in the noise cor-
rection. Since the line model has a smaller noise variance and more degrees
of freedom than the tectonic-noise group model, it is still the preferred rep-

resentation.

As mentioned before, 13 additional stations have been added to
the 33 original stations in order to broaden the data base and further test the
models. The results of the tests between the models incorporating these ad-
ditional stations are similar to the results when using the original data base,
showing again that the use of these stations is still valid. The line and
tectonic-noise group models are significantly better than the tectonic model
for both the observed and corrected noise data (99% probability). As before,
there is no significant difference between the line and tectonic-noise group
models, although the line model is still the preferred interpretation for the

same reasons as before,

These tests show that, if possible, the line model should be

used to predict the noise. The next best interpretation is the tectonic-noise

group model, and the tectonic model is the least preferred representation.
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The use of these models to predict bias and noise values will be discussed in

a later section.

For completeness, some comments will be made about models
for predicting the station magnitude bias. None of the models are significant-
ly better than simply using the mean bias for each tectonic type. The stand-
ard deviation of this tectonic model is 0. 10 magnitude units; which compares
with 0. 08 for the line model. However, the line model required a priori
knowledge of the noise group and the noise level, while the tectonic model

only requires knowledge of the tectonic type.
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SECTION VII
METHODOLOGY OF NETWORK CAPABILITY EVALUATION

The computer program NETPROB is used to estimate the ca-
pability of a network consisting of 100 stations. NETPROB is a modified ver-
sion of another program called NET2 (Snell, 1976), which is itself based on a
program called NETWORTH (Wirth, 1970). Instead of determining the magni-
tude detection threshold for a given probability of detection as is done in NET?2
and NETWORTH, the network probability is determined for a given magnitude.
The technique in NET2 for estimating network detection capability is based on
the equations in Table VII-1 (Snell, 1976). First, the signal amplitudes at all
network stations are calculated for an assumed event at epicenter j with a
given magnitude mbj (equation (VII-1)). The calculation of the signal ampli-
tudes uses a standard distance-amplitude table based upon Clawson P-wave
values (Clawson and Veith, 1972). Signal and noise are assumed lognormally
distributed in NET2; hence the probability that the signal-to-noise ratio ex-
ceeds the station detection threshold is given by the normal cumulative prob-
ability function (equations (VII-2) and (VII-3)). In NET2, the signal and noise
are recorded as zero-to-peak (0-p ) amplitudes. The noise mean is input as
the geometric mean of the noise amplitude; the logarithm of the geometric
mean gives the mean logarithm (base 10) of the noise, T The individual
station detection probabilities are then combined into a network probability of
at least a station detections, pj( > a), using a recursive relation involving
the individual station probabilities (equation (VII-4)). The network detection
probabilities determined in this study represent the probability of at least 4

stations detecting (i.e., @ = 4).
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TABLE VII-1
EVALUATION OF NETWORK DETECTION CAPABILITY

1 = 5
OgIOAij mi + bd + cAloglo A i + Eij (VII-1)
; loglOAij - (uN + logloSDT) N
P;; =9 2B Ak
e, ta,
it 2

G ik f -y2 12 :

(x) 77 Joo e dy (VII-3)
A A
P; (>0) =£ P, (k) (VII-4)

Symbols above

k=a

are defined as follows:

- signal amplitude at station i for event j (0-p)
- magnitude of event j (mb)

- standard table entries

- station-epicenter bias correction.

- mean 1og10 noise amplitude (0-p)

- variance of 1og10 noise

- variance of log10 signal

normal cumulative probability function

- number of stations in the network
- probability that k stations will detect event j
- probability that o or more stations will detect event j

- station detection threshold, i.e., signal-to-noise ratio re-

quired for detection at station.
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The calculation of confidence regions is based upon the esti-
mated travel-time variance, which has an individual station component and a
station-epicenter component derived from a standard table (Herrin, 1968), In
the present study, 0.30 seconds was used as the standard deviation of the
travel-time. This value was obtained by Unger (1977) in designing an auto-
matic P-wave timing algorithm., The confidence regions are elliptical since
the derivations of the travel-time variance with respect to latitude and with
respect to longitude are in general not equal, varying with the epicenter/net-
work configuration. The confidence regions are centered upon the known epi-
centers (Snell, 1976). An event, occurring at each epicenter with magnitude
equal to the network threshold magnitude, will be located within the error

ellipse calculated for the given location probability (95% in the present study).

Several modifications have been made to the original NETPROB
program, see Table VII-2. The most significant of the changes is the expan-
sion of the maximum network size to 100 stations. This change involves the
necessity of distilling the stations down to a total of less than 27 probability
value in order to alleviate truncation error in the probability calculation

(Wirth, 1970).

A grouping test is applied to ordered detection probabilities in
order to determine if several probability values can be represented as one
value within a given error. The test is applied as an iterative procedure
starting with one probability value and adding more until either a desired
maximum number of values is reached or the test is failed. The grouping

test is illustrated by equation (VII-5):

N N N P,
A-MTq)-(Mq) Z — <X (VII-5)
i
i=1 i=1 1=l i
N ——— —m N —
Pp for at Pp for exactly
least one one station
station
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TABLE VII-2
NETPROB MODIFICATIONS

T T TP — g

Outputs epicenter tables (includes Pp, azimuth, and distance

for each station)
Computes error ellipses weighted by PD for each station
Computes PD for error ellipse of 10, 000 km?2

Computes average bias of network from the station

corrections weighted by corresponding Pp
Network capacity increased to 100 stations

Option for including signal standard deviations for each

station
Option to set Py to zero for epicentral distances <A,

Option to correct the station detection probability for a

mixed event

Contour the exponent of the ratio of successes to failures,
log,, (Pp/}-Pp)

Contour network magnitude bias

Contour location error ellipse areas

Contour loglo(PD/l -PD) for probability of location within a
10,000 km‘2 error ellipse.

VII- 4

Lo .




o

where p is the probability of detection (also represented as PD) of a given
event; q is the probability of not detecting the event; N is the number of
values; and X is some arbitrary number set to group the station detection
probability values as desired. A maximum number of stations per group is
also set. In the present study, X has a value of 0.1225, and the maximum
number of stations per group is ten. This value of X combines the stations
into less than 27 probability values for most of the epicenters. The test limit,

X, was determined by trial-and-error testing of the station grouping method.

In the present application of this test, a value of 0.1225 for X
makes it impossible to represent two 0. 35 probability values as a single prob-
ability. In other words, for probability values less than 0. 35, it is possible
to represent several probability values as a single value with an error of at
most 0.1225, Higher values of X result in greater concentration of station
probabilities into groups because higher probabilities can be grouped. Al-
though, this grouping lowers the truncation error, the grouping error as-
sociated with representing several probabilities as one increases. Lower
values of X result in less grouping of stations (i, e., more individual prob-
abilities), because the probability range that can be grouped is smaller. The
corresponding truncation and grouping errors are larger and smaller, res-
pectively. Limiting the maximum number of values per group affects the
total number of resultant groups and thereby the truncation error. It also
tends to limit the grouping error within each group by finishing off a group
before the maximum error is reached. The choice of an X value therefore

involves a trade-off between truncation error and grouping error.

In practice, the detection probabilities, P_'s, are first calcu-

D
lated for each station and the probabilities are then ordered from highest to
lowest. The values are then tested for grouping starting with the lowest value.
Station probabilities are combined as long as the difference between the prob-

ability value for the group and the probability value for exactly one station is
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less than the set value, X, and N does not exceed the maximum number of
statio§s per group. The probability of detection for the group is taken as
1 - i[—II qi), the left term of equation (VII-5). Station grouping is only used

in the network probability calculations.

The other modifications are added mainly to make the program
more realistic. The change to error ellipse calculations simply involves

multiplying the P__ for each station times the respective parameters involved

D
in the location calculations. The sum of the station detection probabilities,

PD’ is the expected number of stations detecting the hypothetical event. An

option to zero out the station P_ for stations within a given distance from the

epicenter is included; however, ]2his capability is not used in the present net-
work study. In addition, the network probability of location within a 10, 000
km2 area is calculated from values determined in the regular error ellipse
calculations. The average network magnitude bias for a given event is cal-
culated from the station corrections, representing individual station magnitude
biases, weighted by the PD of each station for an event of the given magnitude
at each epicenter. The correction for the probability of a mixed event is ap-

plied by making the station probability of detection, P_, a conditional prob-

D

ability involving not only the ideal P_ and the probability the station is work-

D
ing, but also the probability that the event is not mixed. The rest of the

modifications listed involve the output from the program.

VII-6




SECTION VIII

APPLICATION OF NOISE AND BIAS MODELS TO
NETWORK CAPABILITY ESTIMATION

The station parameters and models discussed in the preceding
sections are used in evaluating the detection capability of a network of 100
stations. As seen in Figure VIII-1A, the noise groups for the 46 station data
set incorporating noise amplitudes corrected for ocean noise are fairly con-
sistent over significant geographical areas. Comparison of Figures VIII-1A

and VIII-1B shows that the noise groups are also correlated with tectonic

structure to some extent.

A scheme for assigning either bias or noise values can be de-
veloped after making this observation. It is assumed that the tectonic struc-
ture of the receiver site can always be determined from a tectonic map. The
noise group can be determined for areas in the vicinity of the stations used in

this study by using the noise group of the nearest station. If both the bias and

noise values are known, as is the case with the stations used to determine the
various models, these parameters will be used. If only the group, bias, and
tectonic type are known, the noise value will be obtained from the line model. |
However, if the group, noise, and tectonic type are known, the bias will be

determined from the tectonic-noise group model. Finally, if the noise group
is not known the tectonic model will be used to obtain the unknown terms. In
all the above cases, the model with the smallest variance from which the un-

known terms can be determined is used.

A standard deviation of 0. 34 magnitude units was determined to

be the average signal standard deviation, o based on values given by

signal’
North (1977). The average standard deviation of the noise is assumed to be
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0. 23 magnitude units since observed values are on this order. The observed
standard deviations given in Fix, Swanson, and Ballard (1973) range approxi-
mately from 0.10 to 0. 30 magnitude units. Although the mean of these ob-
served values is below 0. 20 magnitude units, a value of 0.23 was used, be-
cause it allows for more uncertainty in the noise values. In addition, Evern-
den and Kohler (1976) found that a value of 0.21 was the optimal standard de-
viation of noise for their capability calculations. This value is fairly close
to the one used in this study. The standard deviations of the signal or noise,
UN, sIG? for the estimated bias and noise values are determined by adding
the variance of the unknown parameter for the appropriate model to the base

variance for that parameter and then taking the square root:

L2 e :

i e = o4 5 = =si A

(i. e ON, SIG N, SIG + cModel where N=noise and SIG=signal)
N, SIG

The stations used in the network capability study are assumed
to be restricted to areas that are relatively free from major seasonal varia-
tions in noise. These areas of relatively stable noise are the regions inside
both lines of Figure VIII-2. The contours are based on a noise study by Hair,
Funk, and Research Staff (1964), in which contour maps of the average maxi-
mum noise were drawn for nine months. In many parts of the world, the 50
mp contour on these maps tends to coincide with the coastline. This value
is taken to represent the noise coastline. Comparison of the various maps
shows that the noise coastline fluctuates in places according to the season,
winter being noisier in general than summer. The contours in Figure VIII-2
represent the approximate position of the noise coastline for these seasons.
The boundaries of the relatively stable areas follow the coastline in general,
but in some regions, they cut across continental boundaries. The exact rea-
son for this is not known. One, however, can conjecture that the cutting of
seasonal ocean noise boundaries across continental areas, such as the east-

ern United States and Canada, appears sometimes to be associated with
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transgressive ocean shorelines. In that case, recent sedimentary wedges of
soft (low velocity) sediments existing either on the continent or continental
shelf would tend to channel the noise inland, This is supported by a noise
study by Sax (1965) which investigated the relationship of noise to continental
structure and the thickness of overlying unconsolidated alluvium. It was found
that thick blankets of unconsolidated sediments increased the noise 10-20 dB

at a peak frequency of 1 Hz,

Table VIII-1 lists the stations and the respective parameters
that are used in the network study. The installations represent single-site
stations, and the values for the station parameters are determined from the
models using the 46 stations with the corrected noise values. Therefore, the
noise values used for the additional stations are based on the premise that
most of the ocean noise has been removed. In addition, since the stations
used are limited to the regions inside both noise coastlines, they are relative-
ly insensitive to seasonal noise variations. The stations are assumed to be
up all the time, that is, the probability that a station is working properly is

one.,

The stations include 25 hypothetical installations and 75 stations
that have existed at least at some time in the past, if not at present. The loca-
tions of the stations do not take political, environmental, or geographical

boundaries into account.

The detection capability of two networks is studied for an event

m, of 4. 0. The probability of a mixed event is assumed to be zero. The
negative of the bias values for each station is applied as a station correction
in order to reduce network bias due to receiver region anomalies. A 4.0 m,

figure is used because it is the lowest m, for which the bias corrections are

b
effective in reducing scatter (North, 1977).
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TABLE VIII-1
STATIONS USED IN NETWORK EVALUATION
(PAGE 1 OF 5)

A Noise values are given in Loglo(
B

i Source Key for Station Lists

peak-to-peak) (p~p).

North (1977)

Everinden and Kohler (1976)

The Geotechnical Corporation (1965)
Fix, Swanson, and Ballard (1973)
Hair, Funk, and Research Staff (1964)

moOQw»

Line Model

Tectonic-Noise Group Model

Tectonic Model

National Earthquake Information Center (1970)
The Geotechnical Corporation (1964)

fi=t T C) i)

Approximate
Personal communication, Chang, A.C.
Strauss (1976)

Al i

Tectonic Types

R Rift zone; or region with similar upper mantle structure
P/F  Platform and fold belts
S

Shield
* Hypothetical stations
Noise Groups: 1 Low
2 Medium
3 High
4 Very High

(coastal)
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The first network consists of the 100 single-site stations list-
ed in Table VIII-1 and the second network consists of 72 single-site stations
and 28 simulated arrays. The arrays, Table VIII-2, are located in the lower
latitudes and around the Pacific Ocean. These regions have been chosen be-
cause they are the weakest areas of detection for the first network, and sub-
stitution of arrays for some of the stations in these areas will increase the de-
tection capability of the network. Figure VIII-3 shows the geographic distribu-
tion of the station locations in the networks. The 28 arrays are simulated by
choosing the single-site stations with the lowest noise, most positive bias,
and desired location and then dividing the noise amplitude (mu, p-p) by four.
This results in a noise value which is reasonable for a 19-element array at
the site of the single-site station and allows a signal loss of 0,75 dB. A
signal-to-noise ratio of 3. 00 is assumed necessary for detection of a short-
period signal by stations in either network. This ratio corresponds to an
automatic detector false alarm rate of 5 false alarms per hour (Swindell and

Snell, 1977).

Figure VIII-4 shows global contours of the Fisher transforma-
tion of network detection probabilities (at least 4 stations detection), log10
(PD/(I-PD)), which measures the exponent of successes to failures (contour
interval = 1) for the network consisting of 100 single-site stations, The con-
tours on this and following figures are based on 275 points (epicenters) be-
tween 75°N, S and 180°E, W with a 15° spacing between points, Table VIII-3
is a conversion table between the value for the Fisher transformation and the
network probability of detection.. As can be seen in Figure VIII-4, the prob-

ability of at least 4 stations detection a 4.0 m_ event for the 100 single-site

b
stations is greater than 50% (0 contour) for most of the world, except in parts

of the southern hemisphere.

Figure VIII-5 shows global contours of the 95% confidence er-

ror ellipse areas in 5,000 km2 intervals for the same network. An upper
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TABLE VIII-2

LOWER LATITUDE CIRCUM-PACIFIC SIMULATED ARRAYS
(Array Noise Values = Single Site Noise Amplitude/4)

Name Noise (0-p)mpy
South America
ANT 2.046
BRZZ 1,273
XX0Q 1.101
CAR 1.167
LPB 1.995
Australia
' ASP 1.101
} CTA 1.236
TRKY 1.101
BULG 1.273
BOR 1.101
Africa
,‘ BNG 1,273
; AAEZ 0. 393
BUL 1,702
PRE 2.376
CHD 1,273
South East Asia and China
_ CHG 0.557
: CHK 1.273
TAY 1,273
TSI 1,273
ULB 1,273
USSR
ZYR 1,273
YAK 1,273
Western U.S. and Canada

COL 1,084
PNT 1,377
BO7Z 0.313
NEW 1.145
UBO 0.188
TUL 0. 259
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FIGURE VIII-3
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TABLE VIOI-3

CONVERSION TABLE FOR PROBABILITY OF
DETECTION, Pp, CONTOURS

k. 1
r P
E 5 Log(l_:gD) Pp
| 5.0 0. 99999
4.0 0. 99900
3.0 0. 99900
4 2.0 0.99010
} 1.0 0. 90909
} 0.0 0.50000
-1.0 0.09090
<240 0. 00990
-3.0 0.00100
-4.0 0.00010
-5.0 0. 00001
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limit of 50, 000 km2 is placed on the area contours due to contouring consid-
erations. The location capability of this network is correspondingly good for

the northern hemisphere but deteriorates in the southern hemisphere.

Figure VIII-6 shows global contours of the average network bias
due to near-receiver path effects (0.05 contour intervals) for the 100 Asingle-
site stations. The network bias due to near-receiver path effects is negative
throughout most of the world with the largest negative bias, -0.20, being in
the southern hemisphere. This distribution shows that if biases are not taken
into account events of m, = 4.0 throughout most of the world will be consistent-
ly underestimated, although the actual amount of bias is not really significant
in most cases, In addition, the predominance of negative network biases
seems to indicate that on the average the stations with negative bias have a
greater probability of detection than those with positive bias, since the net-
work bias values are weighted by the probabilities of detection for the individual
stations. For weak signals near the detection threshold, this negative bias due
to near-receiver path effects can be expected to compensate, in part, for the
positive bias caused by noise interference with the reception of the signal, al-

though the latter bias is expected to be larger (Ringdal, 1975).

The magnitude of network bias is expected to be larger for
smaller networks because there are not as many station values to average
down the bias effects. The network bias should also be affected by the loca-
tions and types of stations and by source location since these parameters af-

fect the probability of detection for an event,

Figure VIII-7 presents the global contours (contour interval=1)
of the Fisher transformation, loglo(PD/(l-PD)), of the probability of location
by the single-site network of a 4.0 m, event within an error ellipse of 10, 000
kmz. This fixed area is reasonably small and provides an additional indica-
tion of the location capability of the network., Comparison of this figure with

Figure VIII-5 shows that the shape of the contours in both illustrations are
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similar, as would be expected. The areas of good location capability and poor

location capability are the same in both figures.

Figure VIII-8 shows the global contours (contour interval = 1)
of the Fisher transformation of network detection probabilities for the network
consisting of 28 arrays and 72 single-site stations. As expected, substitution
of the arrays for some of the single-site stations improves the detection ca-
pability of the network. The 0 contour (50% probability of detection) covers
more of the world than is the case when using the other network. The areas
of poor detection are more limited and the probabilities of detection are great-

er.

Figure VIII-9 shows global contours of the 95% error ellipse
areas (5,000 km2 contour intervals) for the network containing the simulated
arrays, and has the same contour limitations as Figure VIII-5. This figure

illustrates the greater location capability of the array-modified network.

Figure VIII-10 presents global contours of the average network
bias (0. 05 contour intervals) for the array-modified network detecting the 4.0
m, event. The greatest negative bias is again in the southern hemisphere,
although it is only -0.10 as compared to the previous value of -0.20. In gen-
eral, the amount of bias is decreased by inclusion of the arrays. This effect

is probably due to greater weighting of the array magnitude biases over the

single-site biases due to their higher probabilities of detection.

Figure VIII-11 shows the global contours (contour interval = 1)
of the Fisher transformation of the probability of location of an event within
a 10,000 km2 error ellipse. This figure also illustrates the greater location

capability of the modified network.

Figure VIII-12 shows the contours of the Fisher transformation
of the network probability of detection for an event of m, = 3. 75 for the network

made up of 28 arrays and 72 single-site stations. This magnitude is the
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approximate lower m_ _ limit for reasonable detection in the northern hemi-

sphere and was deterrb;lined by trial-and-error. As can be seen in the figure,
the majority of the northern hemisphere still has a probability of detection
greater than 50% (0 contour). In fact, the geographic position of the 0 contour
is comparable to that obtained with a network of 100 single-site stations de-
tecting an event of m, = 4. 0. Although the contour values are generally lower
for the array-modified network, the actual difference in values at the high and
low extremes is very small as can be seen in Table VIII-3. This observation
indicates that a gain in detection capability of nearly 0. 25 m, is obtained by

the substitution of 28 arrays for single-site stations.

Figure VIII-13 shows the contours of the 95% error ellipse

areas for the 3.75 m, event and the array-modified network. As expected the

location capability is not as great as for the same network with a 4. 0 m_ event;

b
however, the location capability is actually better than that observed for the

100 single-site stations location a 4.0 m, event.

Finally, Figure VIII-14 illustrates the contours of the corres-

ponding average network magnitude bias for the 3. 75 m _ event detected by an

b
array-modified network. In general, the negative bias is greater than that
observed for the array-modified network detecting a 4. 0 m, event. However,
the negative bias for the single-site network detecting a 4.0 m, event is still

greater than either of the above cases.
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SECTION IX
CONCLUSIONS

This study indicates that a relationship exists between the mag-
nitude bias, noise, and tectonic structure of a seismograph station. North
(1977) has shown that the tectonics of a region appears to be the strongest in-
fluence on the magnitude bias observed at seismic stations in that region.

This study has also indicated that seismic noise magnitude levels fall into
several distinct groups and have an approximately normal distribution within
these groups. Given seismic station noise levels and magnitude biases, there
is little ambiguity in determining which noise group the seismic station is as-
sociated with. Within each group the noise magnitude appears to have an ap-
proximately linear relationship with the magnitude bias with the slope being
one. Therefore, identification of the geographical distribution of noise groups
could be a prime factor in determining the optimum locations for seismic sta-

tions.

Although the above relativnships suggested by the data appear
to be statistically significant empirical observations, more accurate joint
measurements of seismic noise and magnitude bias are needed to determine

unique relationships between these factors.

The bias and noise appear to be affected by the upper mantle
structure, which is related to tectonic structure, in the receiver region. It
is suggested that the noise is also dependent on the crustal structure of the

receiver region,

A noise study by Sax (1965) showing the relationship of noise to

sedimentary structure, the possible enhancement of noise by thick wedges of
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recent sediment associated with transgressive shorelines, and the probable
association of low noise with the upper mantle velocity inversion in the west-
ern United States give some evidence for the relationship between noise and
the structure of the crust and upper mantle. It is suggested that bias is af-
fected in a major way by attenuation within upper mantle velocity inversions;
whereas site variations of high frequency seismic noise are affected strongly
by the depth distribution of seismic energy in trapped surface wave modes.
Based on such a seismic noise model, seismic noise levels should be strongly

influenced by both crustal and upper mantle structure at the seismic station.

While tectonic structure is clearly related to magnitude bias,

it does not seem to be as well correlated with the noise level grouping, at

least for the line model. On a world-wide basis, each noise group is observed
to include two or three tectonic types. A noise group zone may also map geo-
graphically across two or more tectonic provinces. Within a tectonic province,
several different noise group zones may be encountered. The models develop-
ed in this study make it possible to develop a scheme for assigning bias and/or
noise values to locations throughout the world. In estimating the bias and
noise values at a site, knowledge of the noise group is the most desirable fac-

tor although it is not necessary.

Areas of the world exist where the short-period noise is fairly
stable all year-round. The boundaries of these areas follow the coastlines
for the most part, but there are regions where they cut across the continental
boundaries. The exact reason for this behavior is not known, but may, at
least in part, be correlated with transgressive shorelines and the associated

coastal or continental shelf accumulations of recent soft sedimentary layers.

By using the bias-noise-tectonics relationship to assign station
parameters and by limiting the sites to regions inside the zones of relatively
stable noise, the detection capability of a hypothetical network of 100 single-

sensor stations relatively insensitive to seasonal changes was evaluated. The




probability of detection of an 4,0 m, event for this network is greater than 50%
for the most of the Earth's continental area. The detection capability can be
strengthened by replacing some of the single sensors by arrays. In this study,
it has been found that substitution of 28 arrays for single sensors in the lower
latitudes and around the Pacific Ocean results in a 0, 25 m, gain in detection

capability.

In order to obtain a more definite idea of the relationship be-
tween magnitude bias, noise, and tectonic structure, a much larger data base
of better data is needed. Some bias might exist due to the large numbers of
U.S. stations used in this study. Combining platform and fold belt regions in-
to one tectonic type might not be valid if more data were available. However,
due to the small amount of data available for this study, it was necessary to
limit the number of classes in order to make the statistics more realistic. In
addition, other methods for removing the effects of ocean noise could be in-
vestigated to determine what effect thay may have on the relationship. Since
the noise present at a given site is not entirely due to propagating ocean noise,
it might also be possible to study additional corrections for changes in the
crustal and upper mantle earth structure and for local geology, if these fac-

tors are known.,

Since, as mentioned earlier, bias and noise are primarily de-
pendent on upper mantle structure and noise is also strongly dependent on
crustal structure, representative models of crustal and upper mantle struc-
ture might be used to further study the bias and noise at the surface. Investi-
gation of bias would involve looking at the attenuation and absorption of P-
waves in the upper mantle and crust and noise investigations would involve
looking at the different Rayleigh wave modes as a function of depth in the
crust and upper mantle. Correlation of noise zoning with these and other
geological and geophysical parameters would allow better definition of the
boundaries of the noise zones. This would also strengthen the use of the

noise zones in siting and evaluating stations.
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