
LLNL-TR-834057

Waveform Data Quality
Assessment

G. Ichinose

April 15, 2022



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 

 
 

 

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under Contract DE-AC52-07NA27344. 
 



4/12/22 

1 of 6 

Waveform Data Quality Assessment 
RV/DC Seismoacoustic Network Working Group & Data Management Working Groups 

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under Contract DE-AC52-07NA27344. LLNL Release# XXXXX 

Purpose 
Healthy seismoacoustic sensors and accurate metadata are critical to all the science objectives of 
both the Source Physics Experiment (SPE) Rock Valley Direct Comparison (RV/DC) and Low-
Yield Physics Experiment-1 (LYNM PE-1). Both projects share similar seismoacoustic stations. 
We provide a plan on how to move forward with waveform data quality assessments (QA) to the 
working groups. The identification of stations with instrument response errors will be useful to 
researchers using amplitudes to study source effects and Earth attenuation.  The data QA can also 
be useful for field technicians to help identify and correct problem sites. 

Introduction 
Mechanical seismometers and even stable modern broadband electronic feedback 

seismometers can drift over time (e.g., Ekstrom et al., 2006) due to temperature and humidity 
variations which can affect the true instrument responses (e.g., Hutt and Ringler, 2011).  
Ambient noise power levels are useful tool in monitoring time-dependent response changes (e.g., 
Ringler et al., 2010) based on power spectral density-probability density function (PSD-PDF) 
methods (e.g., Peterson, 1993; McNamara and Buland, 2004).  Figure 1 illustrates the concept of 
the PSD/PDF method. Background noise is energy recorded by sensors typically comprised 
mostly of interactions between ocean and atmosphere with the solid Earth at lower frequency.  
At very low frequency there is a constant noise level termed the “Earth hum” that varies as a 
function of sensor emplacement. At higher frequencies, instrument self-noise can be a bigger 
factor than emplacement conditions.  Background noise is continuous and best recorded during 
times when there is an absence of seismic signals typically during quiet nighttime hours (e.g., 
Phillips and Stead, 2020).   Seismic signals from earthquakes or explosions are transient seismic 
signals that are short in time duration and occur randomly.  Most human generated noise sources 
are transient (e.g., vehicle traffic, generators).   This is mostly the cause in variations in seismic 
amplitudes between day and night.   There are also seasonal variations “winter-summer” due to 
weather changes, for example, winter windstorms, ocean surf, and freezing and defrosting of 
permafrost can affect the noise levels over days-to-months. 

Methods 
One method to compute waveform data QA metrics is to use the IRIS System for Portable 

Assessment of Quality (ISPAQ).  From IRIS: ISPAQ can calculate over 40 MUSTANG-style 
data quality metrics using either local miniSEED files or data available through any Data Center 
that supports FDSN web services. These metrics include basic trace statistics, metrics based on 
miniSEED state-of-health flags (if available), metrics based on event arrivals, and metrics 
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derived from Power Spectral Densities (PSD). PSDs and Probability Density Functions (PDF) 
can be output as text files. PDFs can also be output as plots. All results are computed and stored 
on the user’s local machine.  The final decision on what software package is used depends upon 
the decision of who is assigned this role by the project managers and working groups.  

Plan Recommendations and Requirements 
1. We recommend using ISPAQ to compute QA metrics (or any comparable software).   
2. We recommend that the management teams delegate roles and responsibilities so that a 

weekly or monthly QA status reports of problem sites be distributed based on a set of agreed 
upon QA metrics. 

3. We recommend that a requirement is made so that PSDs can be labeled.  This labeling is 
necessary in developing training datasets for any future machine learning algorithms based 
on neural networks.   

4. An optional website is recommended so that researchers, managers, and field techs can look 
at QA metrics.  

5. We recommend spot checks for sensor orientation errors using cross correlation of co-located 
sensors for any deployed small aperture arrays like gradiometers (e.g., Langston, 2018) based 
on signals from earthquakes (see co-located sensor requirement below).  

6. We also recommend checking channel polarities and amplitude gains using regional long-
period moment tensor inversion from regional earthquakes (e.g., Figure 4). 

Requirements to consider  

1. Continuous Data – Continuous data collection was accomplished in SPE and DAG 
experiments. We anticipate that all RV/DC seismoacoustic data from “far-field” network and 
“near-field” sensors will be telemetered to designated data storage site. FDSN standard 
naming conventions will also be supplied along with metadata.  

2. Deployment Durations – There was at least 1 year of data collected before the first DAG 
experiment. This provided seasonal variations in background noise however at least a few 
months of continuous data collection will be adequate for PSD/PDF. Deployments of a year 
or longer can provide enough time for moderate to large magnitude regional and 
teleseismic seismicity to be recorded for additional spot checks using earthquake signals.  

3. QA needed for sites: TBD. Primary sites have high priority for QA and will be included in 
regular reporting while secondary sites may be QA less often.  

a. Primary Priority: seismoacoustic sites near Rock Valley and others within the NNSS 
boundary including gradiometer arrays (not Large-N or DAS). 

b. Secondary Priority: Entire SN and NN network not included as primary?  
c. Other sites? 

4. Co-located Sensors – A few sites (e.g., 5-10) should contain 2 or more sensor types (e.g., 3-C 
broadband and geophone). The direct comparison of amplitudes provides validation of 
instrument response correction metadata. The co-location of 3C sensors also provides 
validation of the three sensor component orientations.  The actual number of doubled up 
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sensors needs to be agreed upon by WG because there is a conflict with achieving the 
maximum experimental coverages and trusting the absolute ground motion amplitudes. 

5. Data formats 

a. Waveform: miniSEED is the best file format saved consistently in 1-day or hourly 
intervals. 

b. Metadata:  Dataless SEED, XML, EVALRESP, CSS  
c. Other formats? 

6. Reporting. A seismoacoustic network QA report can be made available on either a weekly 
or monthly basis. More frequent reporting may be necessary prior to major experiments. 
Reports include: 

a. Mustang metrics provided by ISPAQ, including deviations of amplitude created by 
PSD/PDF outside of thresholds (e.g., mode outside of the 95% probabilities or LNM 
and HNM).  Threshold may need to be adjusted to prevent the repeated reporting of 
known noisy sites (e.g., near highways or construction sites) 

b. Basic Data availability chart and/or Helicorder 
c. In addition to metrics, we should consider human review and labeling for future use 

as a training dataset for machine learning.  
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Figures 
 

 
 

Figure 1. Baseline noise model estimation approach first required the time-consuming removal 
of transients (e.g., Peterson, 1993) but later McNamara and Buland (2004) suggested a 
statistical approach to automatically remove nonstationary parts.  The method uses probability 
density functions (PDF) from many PSDs allowing for the separation of the transients less likely 
to occur “in the tails of the distribution” and the extraction of the stationary part at the highest 
frequency of occurrence.  The combined PSD and PDF approach therefore requires thousands 
of records, weeks to years of continuous seismic data to reach stability depending on the 
variability of ground motions. A stable background noise during quiet data is used to provide a 
baseline for tracking amplitude and metadata deviations.   
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Figure 2. Screen shot from IRIS ISPAQ mustang metrics browser interface  
 

 
 
 
Figure 3. Example time strip chart of amplitude baseline using differences between the PSD/PDF 
mode and low noise model. Screen shot from IRIS ISPAQ mustang metrics browser interface.  
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Figure 4. Moment tensor inversion example predicting long-period full waveform amplitude 
and phase. No polarity or channel orientation issues were found and the misfit for SW522 was 
found to be transient noise near the sensor or from the recording system.  


