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Abstract:

Over an extended period of time station noise spectra were collected from various sources
for use in estimating the detection and location performance of global networks of seismic
stations. As the database of noise spectra enlarged and duplicate entries became available,
an effort was mounted to more carefully select station noise spectra while discarding
others. This report discusses the methodology and criteria by which the noise spectra were
selected. It also identifies and illustrates the station noise spectra which survived the
selection process and which currently contribute to the modeling efforts. The resulting
catalog of noise statistics not only benefits those who model network performance but also
those who wish to select stations on the basis of their noise level as may occur in designing
networks or in selecting seismological data for analysis on the basis of station noise level.
In view of the various ways by which station noise were estimated by the different
contributors, it is advisable that future efforts which predict network performance have
available station noise data and spectral estimation methods which are compatible with the
statistics underlying seismic noise. This appropriately requires 1) averaging noise over
seasonal and/or diurnal cycles, 2) averaging noise over time intervals comparable to those
employed by actual detectors, and 3) using logarithmic measures of the noise.
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1.0 Introduction

1.0 Introduction

Over an extended period of time station noise spectra were collected from
various sources for use in estimating the detection and location performance
of global networks of seismic stations. The goal of the underlying effort was
to 1) evaluate global networks which have been proposed for monitoring a
CTBT, 2) develop viable physical and theoretical bases for modeling network
performance, and 3) develop a framework for understanding the performance
of seismic networks. As the database of noise spectra enlarged and duplicate
entries became available from various sources, an effort was mounted to more
carefully select station noise spectra while discarding others. This report
discusses the methodology and criteria by which the noise spectra were
selected. It also identifies and illustrates the station noise spectra which
survived the selection process and which currently contribute to the modeling
efforts. The utility of this catalog of noise statistics not only benefits those who
model network performance but also those who wish to select stations on the
basis of their noise level as may occur in designing networks or in selecting
seismological data for analysis on the basis of station noise level.

2.0 Approach |

In order to systematically review a large set of noise files, a graphics program
(QC_SPECTRA) was prepared to plot all the available noise spectra from
various sources. The program was controlled by a master list of the station
noise files. The program excluded noise files whose maximum frequency was
less than 0.1 hertz. The program was flexible enough to read files containing
or missing the noise standard deviation as a function of frequency. Some
station noise spectra included estimates at frequencies lower than 0.001 Hz,
but that portion of the spectrum was not illustrated in this report.

The spectra plotted by QC_SPECTRA for the same station were
comparatively examined for consistency 1) across overlapping bands of
frequencies, 2) between estimates from different sources (USGS, IRIS, CMR,
AFTAC, SNL, etc.), and 3) within the constraints imposed by the Peterson

high and low noise models!. In cases where the noise spectra were available
for the same seismographic station and the SNL estimates were among the
choices, the SNL estimates were accepted because the estimates were based




on a procedure consistent with the statistics associated with seismic noise
models in the detection algorithms.

Based on the span of frequencies associated with the station seismometers, the
noise spectra were identified as high frequency (HF), very broad band (VBB),
broad band (BB), short period (SP), long period (LP), or very long period
(VLP) using a bandpass convention similar to that used by the Federation of
Digital Seismographic Networks (FDSN). Except for the SP spectra, the
spectra noise files which qualified for inclusion in the database were renamed
incorporating these channel designations within their names, e.g.,
“xxx_vbb.noi”. The SP files were identified with special names such as
“xxx_day.noi” or “xxx_nig.noi” to reflect their daytime and nighttime noise
chanracteristiics, respectively. Here “xxx™ designates the station code. For
those stations having only a single SP spectral estimate, the spectrum was
arbitrarily associated with the daytime condition. |

Modifications were applied to some of the selected station noise spectra. A
few of the spectra were smoothed using a 3 point moving average. This
smoothing of the spectra avoided “singularities” as might be introduced by

NetSim? as it interpolates or extrapolates noise spectra upon data entry. Other
files had their last point(s) removed or replaced when the noise value(s)
deviated drastically from the proceeding values. These large deviations are
typically caused by the large uncertainties associated with compensating for
the hard roll-off characteristic of the seismometer digital filter when
translating the sensor output into ground motion.

The noise standard deviation as a function of frequency was not universally
available for spectra produced by others. For these stations, a standard noise
deviation of 0.3 magnitude units was assigned uniformly at each frequency. In
a few cases the 5 and 95 percentile estimates together with the median noise
level were available. From these latter estimates it was assumed that the
median noise represented the mean noise level required by the detection
model. The standard deviation of the noise was roughly estimated from the 5
and 95 percentile levels.

Finally some of the station names have been altered to be consistent with
designations assigned by others in earlier efforts and maintained in our
database. Table 1 identifies these changes and the one mentioned above.




3.0 Station Noise Spectra

3.0 Station Noise Spectra

The stations for which noise spectra were accepted after the consistency
checks are listed in Table 2. This table primarily documents the station
locations and lists the bands for which noise spectra are available. The station
“mean” spectra together with the assigned or computed standard deviations
are illustrated alphabetically by station code in Appendix A.

Table 1. Modifications to the Station Noise Spectra
STATION CODE OLD NAME ] NEW NAME | ACTION
ARAO arao_day.noi arao_day.n Station code changed from ARCES
ARAO arao_pig.noi | arao_nig.noi | Station code changed from ARCES
ARU ARU.m.noi aru_day.noi Deleted last point
ATTU fx.30.no0i attu_sp.noi Station code changed from ATAK
BDFB BDFB.m.noi § bdfb_daynoi ] Deleted last point
BGCA BGCA.m.noi | bgca_daynoi | Deleted last point
BOSA bosa_day.noi | bosa_daynoi | Preferred SNL estimates
BOSA bosa_nig.noi { bosa_nig.noi ] Preferred SNL estimates
CLZ CLZ.m.noi clz_day.noi Deleted last point
DRLN DRLN.m.noi } drin_day.noi | Deleted last point
ENH enh_day.noi enh_day.noi Smoothed estimates
ENH enh_nig.noi enh_nig.noi Smoothed estimates
FCC FCC.m.noi fce_day.noi Deleted last point
FINO FINES.m.noi | fino _day.noi } Station code changed from FINES
FINO FINES.m.noi | fino_daynoi ] Deleted last point
GECZ GEC2.m.noi | gecz_daynoi | Station code changed from GERES
HIA (HAI) HAIm.noi hia_vbb.noi Station code changed from HAI
HIA hia_day.noi hia_day.noi Smoothed estimates
LMN LMN.m.noi Imn_med.noi | Deleted last point
LMQ LMQ.m.noi Imn_med.noi | Deleted last point
MBC MBC.m.noi mbc_day.noi | Deleted last point
MIAR MIAR.m.noi § miar_daynoi | Deleted last point




Table 1. Modifications to the Station Noise Spectra
STATION CODE OLD NAME | NEW NAME | ACTION
PDAR PDO05.m.noi pdar_daynoi | Deleted last point
PDY PDY.m.noi pdy_day.noi Deleted last point
PGC PGC.m.noi pgc_day.noi Deleted last point
PLCA PLCA.mnoi { plca daynoi [ Deleted last point
PMB PMB.m.noi pmb_med.noi | Deleted last point
PMSA pmsa.bhz.noi | pmsa_vbb.noi | Deleted last point
RAR rar_day.noi rar_day.noi Preferred SNL estimates
RAR rar_nig.noi rar_nig.noi Preferred SNL estimates
RES RES.m.noi res_day.noi Deleted last point
SADO SADO.m.noi | sado_daynoi ] Deleted last point
SBC sbc_day.noi sbc_day.noi Preferred SNL estimates
SBC sbc_nig.noi sbc_nig.noi Preferred SNL estimates
SCHQ SCHQ.m.noi ] schq daynoi | Deleted last point
SPITS SPITS.m.noi | spits_day.noi | Deleted last point
SSE sse_day.noi sse_day.noi Smoothed estimates
SSE sse_nig.noi sse_nig.noi Smoothed estimates
TXAR TX02.m.noi txar_daynoi | Deleted last point
ULM ULM.m.noi ulm_day.noi | Deleted last point
UNM unm.thz.noi unm_day.noi | Smoothed estimates
VNDA VNDA.m.noi } vnda_daynoi | Deleted last point
WALA WALA.m.noi } wala_daynoi ] Deleted last point
WMQ wmgq_daynoi | wmq daynoi | Smoothed estimates
WMQ wmgq_nig.noi | wmq nig.noi | Smoothed estimates
YKA. YKR8.m.mnoi [ vka_day.noi Deleted last point
YSS yss.bhz.noi yss_vbb.noi Deleted last point

The reader should be aware that since most of the noise spectra came from
outside sources, the actual quality of the estimates cannot be assured by the
authors of this work. It is reasonable to assume that the spectral densities
produced by other were accurately estimated using conventional and in some




4.0 Conclusions

cases advanced procedures. However, to establish the mean and standard
deviation of the spectral estimates for use in network modeling requires
careful sampling of the noise records throughout an entire annual or a diurnal
cycle. The particular circumstances under which the noise was sampled by
others is not known by the authors. Further, most of the spectra were not
averaged on a logarithmic basis as required by the network models nor were
the standard deviations in logarithmic noise estimated. Both the mean and
standard deviation of logarithmic noise can significantly influence detection
performance.

It can be stated that those daytime SP spectra estimated by the authors were
carefully produced from noise records available over an entire calendar year
within 2 hours of Jocal noon to document the seasonal effects. The nighttime
SP spectra, when available, were estimated from noise data recorded during
the pre-dawn hours over a calender year. These two periods of time are
thought to represent the worst and best noise cases, respectively. The
frequency dependent noise standard deviations, which are essential to network
modeling, were included in the SNL estimates. This technique was applied to
the NORESS, ARCESS, and GEOSCOPE station noise records.

4.0 Conclusions

Since station noise has a significant influence on the performance level of
monitoring networks, it was extremely important to have available measures
of actual station noise in estimating the performance of proposed monitoring
networks. The authors were grateful to all who contributed noise spectra, in
some cases from stations only recently installed. The duplicate measures of
station noise from various sources provided an opportunity to build better
confidence in some of the noise measures and, as a consequence, better
confidence in the network predictions.

In view of the various ways by which station noise can be estimated, it is
advisable that future efforts which predict network performance have
available station noise data and spectral estimation methods which are
compatible with the statistics underlying seismic noise. This appropriately
requires 1) averaging noise over seasonal and/or diurnal cycles, 2) averaging
noise over time intervals comparable to those employed by actual detectors,
and 3) using logarithmic measures of the noise. For those estimates which
were based on the mean spectral density, it can be stated that when the noise




standard deviation is small the log of the mean spectral density is
approximately the mean of the log spectral density. For some stations, this is
a good assumption, but not for all stations. For example, the standard
deviations for the noisy stations are typically large and would not satisfy this
criterion.

As additional station noise data become available for the primary and
auxiliary stations proposed in monitoring a CTB treaty, these data should be
analyzed to derive the noise statistics as required by NetSim. These additional
spectra should then be used to upgrade the network performance estimates for
the proposed networks. Where necessary, the station noise statistics in the
existing database should be re-examined using log normal statistics as a basis
for the spectral estimates. Coda noise models for other media are also
required.
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Appendix A

Graphs of Station Noise Spectra
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