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 1.0 Introduction

This document summarizes the current state and organization of the Global Seismographic 
Network (GSN) and plans for the future. It is provided as one element of the comprehen-
sive review of the GSN being carried out as part of the Cooperative Agreement between 
the Incorporated Research Institutions for Seismology (IRIS) and the National Science 
Foundation (NSF) under the Seismological Facilities for the Advancement of Geoscience 
and EarthScope (SAGE) award. 

IRIS activities comprise a wide range of programs and proj-
ects managed by its staff for the community. The success 
of community-governed, professionally managed facilities 
such as the GSN has been demonstrated by the enormous 
use of facility instruments and data and the wide-ranging 
scientific research these facilities have enabled.

External reviews are a key component of IRIS. The GSN 
was the first program of IRIS to participate in an external 
review, completed in 2003. Since that time, all other IRIS 
programs, as well as the management structure, have been 
reviewed. This is the second review of the GSN. As a result 
of the first review, many changes, such as standardized 
next generation data loggers, were implemented based 
on the recommendations of the review panel, and they 
have improved the performance of the network and the 
efficiency of the operations and management structures 
of the network. The current review (see Appendix  A for 
Charge to the Review Committee), more than a decade 
following the first, provides an opportunity to ensure that 
the network continues to deliver the high-quality data 
required to drive cutting-edge science, to pioneer modern 
approaches to geohazards study and mitigation and earth-
quake and explosion monitoring, and to remain a trusted 
reference for global seismological observations and a stan-
dard for data quality.

IRIS operates the Global Seismographic Network as part of 
the SAGE award. The GSN has been one of IRIS’ “core pro-
grams” since 1986, having been part of all IRIS’ previous 
Cooperative Agreements with NSF. The size, scope, widely 
recognized quality, and worldwide utilization of the GSN 
have been a large part of the overall IRIS success story and 
have driven major scientific advancements in the Earth sci-
ences. IRIS, NSF, and the United States Geological Survey 
(USGS) cooperate to jointly manage this program. The 
USGS Albuquerque Seismological Laboratory (ASL), Project 
IDA (International Deployment of Accelerometers) at the 
University of California, San Diego (UCSD), and other affil-
iate organizations operate GSN stations. The teams at ASL 
and IDA have a long-standing expertise in the deployment, 
operation, and maintenance of high-quality seismome-
ter installations, and their participation in this project has 
been a major part of its success.

IRIS has been supported for over 30 years by the NSF, 
which has provided scientific peer review of the IRIS pro-
grams and funding through a series of multiyear awards. 
Operating as a not-for-profit consortium of 122 universities 
and research institutions across the United States as well 
as 126 international affiliate institutions, IRIS has facilitated 
and embraced a commitment to high-quality instrumenta-
tion, data access and sharing, and data services that now 
underlie much of the research in seismology and solid Earth 
sciences in the United States and in many parts of the world. 
Designed as a community organization, IRIS is governed by 
its consortium members to manage prominent infrastruc-
ture resources to support academic research in seismology. 
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2.0 Overview

The Global Seismographic Network is a 153 station global network of state-of-the-art seis-
mic observatories (Figure 2.0) distributed worldwide and operated by IRIS and the USGS, 
with funding from the NSF and the USGS. GSN stations attempt to obtain seismic data of the 
best possible quality, balanced with global geographic coverage. GSN sites are a mix of deep 
(100 m) boreholes and subsurface vaults. The stations have very broadband instruments that 
record from a period of many thousands of seconds up to at least 20 Hz, and use a combina-
tion of very high gain (weak motion) and low gain (strong motion) sensors to record on scale 
over a wide range of shaking. 

the GSN. IRIS and the USGS coordinate activities, and the 
GSN Standing Committee acts as a joint external advisory 
committee to both organizations. GSN operations con-
sists of three components. IRIS contracts to Project IDA at 
the University of California, San Diego, to operate 41 sta-
tions. The USGS operates another ~100 stations through 
its Albuquerque Seismological Laboratory, with funding 
through a separate line item in the Department of Interior/
USGS budget structure. The remaining 12 stations make 
up the “affiliated station” component of the network. These 
stations meet GSN’s design standards, but funding for 
operations is provided from other sources. 

This dual operator model of network operation allows the 
GSN to pursue a variety of international partnerships, both 
with government and private organizations. These orga-
nizations can, based on their situation and requirements, 

Figure 2.0. The Global Seismographic Network as of February 2015. Coverage provided by the IRIS/IDA  
and IRIS/USGS portions of the network are shown, as are the affiliate stations.
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The GSN is designed to provide robust, uniform, high- 
quality, very broadband, high-dynamic-range recording. It 
has long been a gold standard for the operation of other 
global, national, and regional seismographic networks 
whose stations help to fill in regions not covered by the 
GSN. It delivers continuous data in real time, the data are 
archived with their metadata, and these data are freely and 
openly accessible to all. The GSN has operated since 1988 
and provides valuable long-term observations of Earth 
processes as well as observations of infrequent but excep-
tional events such as great earthquakes. It also provides 
valuable long-term observations of Earth processes.

The GSN is managed and operated using a unique model. 
IRIS, with funding from the NSF manages the IRIS com-
ponent of the GSN and organizes the GSN Standing 
Committee; the USGS manages the USGS component of 
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either work directly with the US government via the IRIS/
USGS network operator, or work with an academic-based 
partner, via the IRIS/IDA network operator. The current sta-
tion distribution has been optimized to take full advantage 
of the dual network operator model, while ensuring that 
many of the decades-long relationships between operators 
and hosts are maintained, and stable operations are sus-
tained. Further, the operating model encourages a robust 
evolution of technology and network operations best prac-
tices, with both groups working toward the most efficient 
technical developments and then sharing ideas to achieve 
standardized operations (a major recommendation from 
the previous GSN review).

This document provides an overview of the current state 
and organization of the GSN and plans for the future. 
Section 3 details GSN design goals in the context of the net-
work’s current structure and objectives. Section 4 reviews 
the current GSN structure and its operational aspects. 
Section  5 highlights several research and operational 
applications of GSN data. Section  6 reviews GSN efforts 
to ensure and maximize data quality. Section 7 describes 
operational strategies to ensure the resilience of the GSN. 
Section 8 describes activities and objectives related to GSN 
renewal. Section 9 describes the management and gover-
nance structure of the GSN.
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The specific technical design goals have been met. All 
GSN stations have three-component sensors and provide 
observations (see Figure 3.0) across a wide frequency 
spectrum and dynamic range (a suite of sensors is used 
to achieve these goals). All but two stations now have 
real-time telemetry.

The broad coverage goal of the GSN is ~20 degree station 
spacing across the entire globe. This goal has largely been 
met on land. To uniformly cover the entire planet requires 
stations in the ocean basins, but this coverage has not yet 
been fully realized (see further discussion in Sections  4.1 
and 4.5). Some sites in ocean regions have had to com-
promise on site noise characteristics to bring the GSN 
closer to global coverage (e.g.,  oceanic island stations; 
see Section 4.1). 

Over the years many of the GSN’s design goals have been 
adopted as de facto global standards and have significantly 
influenced manufacturer and supplier developments.

In the GSN Science Plan, the technical characteristics of the 
future GSN were stated as:
• ~100 three-component stations
• Broadband observing, from periods of hours to a fre-

quency of ~10 Hz
• High dynamic range sufficient to resolve ground noise 

and to record large teleseismic signals (> 120 dB)
• Low-noise instrumentation and environment
• Real-time telemetry

The design goals for the GSN were revisited in 2002. The 
central design goal for the GSN instrumentation is summa-
rized in the 2002 design goals document:

The driving motivation for the GSN has been to record with 
full fidelity and bandwidth all seismic signals above the 
Earth noise, accompanied by some efforts to reduce Earth 
noise by deployment strategies.

3.0 Design Goals

GSN design goals were originally articulated in the GSN Science Plan (IRIS, 1984) and 
updated in 2002 (see Appendix B, GSN ad hoc Design Goals Subcommittee, 2002). They 
were motivated by the science objectives defined for the GSN by the user community. In 
most respects, the design goals have been met; quantitative assessment of data quality and 
efforts to meet remaining design goals currently motivates several aspects of GSN opera-
tions and maintenance.

Figure 3.0. Record section from the 
GSN for the 2011 Tohoku-Oki earth-
quake. Note the on-scale traces at 
GSN stations, from the first arrivals to 
beyond R4, with nearly uniform dis-
tance coverage from 20–160 degrees. 
Stations closer than 20  degrees are 
not included because their broad-
band records are saturated (though 
the strong motion records are on 
scale). Courtesy of Rick Aster
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Figure 4.1-3. Instrumentation used at GSN stations. The upgrade of data loggers at 
GSN sites to the Quanterra Q330HR is nearly complete, marking the conversion of the 
GSN to “next generation” systems.

Figure 4.1-2. Map showing the GSN and other stations of the international 
Federation of Digital Seismograph Networks (FDSN) backbone network.

IRIS GSN Australia Canada France Germany Italy Japan U.S. Other

1/2015

Figure 4.1-1. GSN station coverage as represented through geographical 
density of stations. Contoured values show the number of stations within 
20 degrees of each point on the map. Only GSN stations are used, which 
includes the IRIS/IDA and IRIS/USGS networks and affiliate stations. 
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4.0 The GSN Today

4.1 Network Configuration, Coverage, and Capabilities

COVERAGE

Figure 4.1-1 shows the current density of GSN coverage. 
The location of several other major international networks 
was factored into the siting of GSN stations. All of these 
networks together comprise the international Federation 
of Digital Seismograph Networks (FDSN). GSN contrib-
utes its entire 153 station network to the 206 station FDSN 

backbone (Figure 4.1-2). FDSN Working Group I is charged 
with coordinating the siting and instrumentation for this 
global backbone of high-quality seismic stations. The GSN 
has largely met its initial coverage goal of station spacing 
at ~20 degrees on land. The ocean basins still lack sufficient 
coverage (see Section 4.5).

INSTRUMENTATION

The GSN uses multiple sensors to meet the broad-
band and high dynamic range design goals. 
Figure 4.1-3 shows the entire suite of current 
GSN instrumentation. A major development in 
the evolution of GSN instrumentation has been 
the concept of primary and secondary sensors. 
The primary sensor, as the name implies, is the 
central sensor at a GSN site—it has the greatest 
bandwidth and is installed in a manner that pro-
vides the greatest reduction in noise, particularly 
in the ultra-long period band. The secondary sen-
sors were initially deployed to extend the short 
period performance of the GSN stations to bet-
ter aid in discrimination studies for nuclear test 
verification (funded by an augmentation from 
the DoD). As the technology of broadband sen-
sors advanced, the secondary sensor provided 
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some redundancy in bandwidth relative to the primary 
sensor, though with less sensitivity at the longest periods 
relative to the primary sensor. The secondary sensor may 
be installed in a lower-cost manner (e.g.,  if the primary 
sensor is in a 100 m borehole, the secondary sensor may 
be in a simple surface vault or shallow hole). The second-
ary sensor itself typically costs less than the primary sen-
sor. However, as the response curves in Figure 4.1-4 make 
clear, the secondary sensors provide some level of broad-
band performance for GSN stations. Thus, the secondary 

Figure 4.1-4. Amplitude response to ground velocity for sensors used in 
GSN stations. Note that these are responses only for sensors and do not 
show the effect of the anti-aliasing filters used in the data loggers.
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sensors provide some degree of backup when primary sen-
sors have failed and funding has not allowed for repair or 
replacement. Although such situations are not ideal, it does 
allow operation at a reduced level of capability while the 
primary sensor issues are solved. 

The GSN seismic sensor suite also includes strong motion 
sensors to extend the dynamic range of GSN stations. When 
large events are relatively close, records from the primary 
and secondary sensors may be clipped. The strong motion 
instruments have provided full dynamic range measure-
ments on several great earthquakes. Figure 4.1-5 illus-
trates this GSN station capability. All GSN sites can record 
to below local background noise over the frequency band 
of 20 Hz to hundreds of seconds.

The GSN also includes non-seismic sensors that may 
enhance station operation or may simply use the GSN as 
an observatory platform to extend global observations of 
other geophysical sensors. State-of-Health (SOH) transduc-
ers include internal temperature, humidity, and barometric 
pressure, as well as other measurements of seismometer- 
and acquisition-specific metrics (e.g.,  voltages, mass 
positions). Other geophysical sensors include microbaro-
graphs (now at most GSN stations), co-located GPS obser-
vatories, and geomagnetic transducers, and with current 
funding, the GSN is looking to add infrasound sensors to 
several GSN stations. 

Figure 4.1-5. GSN station MAJO (Matsushiro, Japan) is located less than 4 degrees from the rupture zone of the M9.0, March 11, 2011 Tohoku-Oki earth-
quake. It contains a STS-1 primary seismometer, STS-2 secondary seismometer, and ES-T accelerometer. These waveforms demonstrate the extremely wide 
dynamic range of recording provided by GSN stations. Enlarged sections show that the initial arrivals were clipped on the seismometers, but well recorded 
by the strong motion sensor. Additionally, the R2-arrival of the surface waves can be clearly seen on scale at ~180 minutes on the STS-1, illustrating the 
capability of GSN stations to record both strong and weak motion. Numerous large aftershocks are also visible.
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Figure 4.1-6. Typical GSN station installations. 
(a) Entrance to an underground vault (TAU, 
Tasmania); (b) instruments on pier (under 
square insulating covers) (also TAU); (c) equip-
ment hut on top of well head at a borehole sta-
tion (MSEY, Seychelles); (d) instrument pier in a 
tunnel vault (UOSS, United Arab Emirates); and 
(e) equipment building and solar panel array at 
a borehole site (EFI, Falkland Islands).

a e

b

c

d

INSTALLATION

The GSN uses a wide range of site installations (Figure 4.1-6), 
but in each case, the site is designed to achieve the lowest 
noise possible under the circumstances. However, as noted 
in the 2002 Design Goals Update (Appendix B), “The primary 
limitations at many GSN stations at this time are site noise 
related. Despite extensive effort, political and logistical sit-
uations have resulted in some GSN stations being located 
in noisy environments.” Most sites are either 100 m steel-
cased boreholes or are in vaults that have been tunneled 
underground (either purpose-built for seismic sensors 
or for other objectives, such as mining). Some vaults are 

Over that past seven years, the GSN has been upgrading 
to standardized systems based on the Quanterra Q300HR 
high-resolution data acquisition system (DAS). This new 
system specification was developed by the IRIS commu-
nity with input from the network operators and the GSN 
Standing Committee to ensure the GSN design goals could 
be met or surpassed with the new system. The new DAS 
records to 26 bits and allows for remote calibrations and 
lower power operations, improving operational efficiency 
and dynamic range. Funding for the upgrade was greatly 
enhanced by the American Recovery and Reinvestment Act 

of 2009 (ARRA) and NSF augmentations, and the rollout is 
virtually complete. More information on the GSN upgrade 
is presented in Section 4.4.

All GSN stations use GPS timing, with disciplined local 
clocks that can maintain a reasonable level of timing accu-
racy in the event of the loss of GPS signal. Acceptance test-
ing of the current generation of data loggers found timing 
errors (registration between the external time signal and 
the internal time tagging of samples) of less than 3 micro-
seconds for the 20 samples per second channel.

“surface style vaults,” with a building at the surface and a 
vault on bedrock at the foundation of the building. In vir-
tually all cases, the vault installations have a large concrete 
pier, typically isolated from the floor, upon which the pri-
mary sensors are placed. Some site locations date from the 
WWSSN era or before. However, most sites were purpose- 
built for the GSN, with the majority of sites installed in the 
1980s, including 21 of 41 IRIS/IDA (II) stations. Many sites 
are now nearly 30 years old and require investment in civil 
works at the site to keep the stations in good condition (see 
further discussion in Section 8). 
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COMMUNICATIONS AND DATA FLOW

Although GSN telemetry was initially developed on a 
station- by-station basis as Internet, VSAT, and other global 
remote telemetry capabilities evolved, the network has 
maintained a diverse telemetry topology, both to reduce 
costs and increase reliability. The GSN lowers the overall 
cost of telemetry by taking advantage of “free” teleme-
try (i.e.,  local Internet Service Providers or host-facilitated 
long-haul telemetry). Over half of the network benefits 
from no- to minimal-cost telemetry. The GSN’s diverse 
telemetry structure minimizes single-point-of-failure 
modes that could occur if the telemetry were all handled 
through a primary telemetry provider. At present, all but 
two GSN stations (ABKT in Alibek, Turkmenistan, and NRIL 
in Norilsk, Russia) transmit their data in near-real time. 
Both sites are considered closed due to political issues, 
and IRIS GSN management is working to relocate the sites. 
Station ALE has limited telemetry due to its presence on 
a Canadian military base, and IRIS is exploring an Iridium 
solution based on experience gained on other IRIS polar 
projects. The actual on-site communications typically use 
either a direct Internet connection, when available, a radio 
link to an Internet point-of-presence, or satellite telemetry 
directly from the station. 

Figure 4.1-7 illustrates the data flow from GSN stations to 
the IRIS Data Management Center (DMC). Some of the data 
flow through the Pacific Tsunami Warning Center (PTWC) 
or Comprehensive Nuclear-Test-Ban Treaty Organization 
(CTBTO) data hubs on their way to the DMC. The CTBTO 
Global Communications Infrastructure (GCI) provides a full 
communications link (at no cost to the GSN) for 19 GSN 
stations as well as redundant telemetry to another seven 
that are all part of the CTBTO’s International Monitoring 
System’s Auxiliary Seismic Network. This telemetry topol-
ogy is a direct result of the multiple uses of the GSN, with 
data that fulfill both the needs of the research community 
and mission requirements for earthquake hazard monitor-
ing, nuclear test-ban monitoring, and tsunami warning. 

Whether data flow directly from the station or through an 
intermediate hub, they then flow through one of two Data 
Collection Centers (DCCs) on their way into the IRIS DMC. 
While GSN network operations are funded through the IRIS 
and USGS GSN programs, the DCCs at the ASL and at UCSD 
are part of IRIS Data Services, and in the case of the UCSD 
DCC, funded by IRIS. The DCCs focus on data delivery to the 
DMC, providing and maintaining correct metadata for GSN 
stations, quality assurance of the data from the stations 
ASL and IDA operate, and addressing circumstances that 
require special data handling, such as backfilling following 

telemetry outages. DCC staff also provide direct feedback 
on data quality and problems discovered to the network 
operations staff. The segregation of duties between DCCs 
and field operations has proven important to the success 
of the GSN, as it provides an equal emphasis to field opera-
tions and data collection/delivery. 

The DCC operated by UCSD handles data from the IRIS/
IDA stations. GSN data from UCSD are transmitted using ISI 
protocol to a system at the DMC. The DMC system draws 
UCSD data into its real-time system using the SeedLink pro-
tocol. The USGS operates the ASL DCC and manages the 
USGS data. Data from the USGS portion of the GSN are 
transmitted to the IRIS DMC using a USGS communications 
protocol called RTP. These data come directly to the DMC 
from the National Earthquake Information Center (NEIC) in 
Golden, Colorado. Both UCSD and ASL DCCs send a quality- 
controlled version of the data to the DMC about one day 
behind real time. These quality-controlled data replace the 
real-time data delivered to users in a seamless manner, as 
they become available.

Figure 4.1-7. Data flow from stations to the IRIS Data Management Center 
and users. Multiple paths and technologies are used, based on availability 
and cost. In some cases, data flow is to or through key upstream data users 
who provide communications cost-sharing.
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Figure 4.1-9. Median power spectral density measurements (8 Hz to 
190 seconds) for 137 GSN stations (first row) and 36 G and GE stations 
(second row) for 2013-2014 (verticals on left, averaged horizontals on 
right). For GSN stations with malfunctioning primary sensors during this 
period, secondary sensor spectra are substituted. The bold black line rep-
resents the “median of the medians”, characterizing unweighted aggre-
gate performance. The bottom left plot shows medians for the GSN (blue- 
vertical solid, horizontal dashed), G and GE (black-vertical solid, horizontal 
dashed), and similar spectral means for the TA (red-vertical solid, horizon-
tal dashed). For the verticals at long periods, most network performance 
is similar. The spectral medians of short and long period horizontals on the 
GSN are considerably lower than equivalent G and GE medians. The bot-
tom right plot illustrates this difference; the GSN performs 4-8 dB better 
for horizontal channels and 2-8 dB better on vertical channels compared 
to G and GE stations.

PERFORMANCE

GSN performance can be measured in a variety of ways. 
Historically, the GSN was held to a Government Performance 
and Results Act (GPRA) goal of having 80% of the expected 
data available at the IRIS DMC. Figure 4.1-8 shows the 
availability of the primary and secondary sensors over the 
past 10 years. Prior to the upgrade of the GSN to the next 
generation systems, which has been occurring since 2007, 
data availability just met the targets, with network aver-
ages in the low 80% range. Since the upgrades (including 
improved data acquisition systems, sensors, infrastructure, 
and telemetry), the data availability metric has improved to 
around 90%. Note that prior to the upgrades, the primary 
sensors tended to outperform the secondary sensors in 
terms of data availability. However, the secondary sensors 
are now often outperforming the primaries as a result of 
the continued aging of the primary sensor fleet and the 
upgrading of secondary sensors that was part of the recent 
upgrade efforts. This highlights the need to replenish and 
reinstall the primary sensors in the network (discussed fur-
ther in subsequent sections).

With a revamping of the GSN Quality Assurance System 
(discussed in Section  6), the community has looked to 
extend performance metrics beyond just data availabil-
ity. For the SAGE award, a “calibration completions” qual-
ity metric has been added to ensure that the GSN stations 
are regularly calibrated and the metadata are updated 
accordingly. This metric is also set at 80% of the network 
to be calibrated annually, and our current performance is 
nearly 90%; some stations are still not totally accessible for 
calibration purposes. 

Figure 4.1-8. Plot of monthly GSN data availability for primary (red) and 
secondary (blue) seismometers. The overall improvement in network per-
formance, beginning in 2008, is driven by the next generation data logger 
upgrades and other station and instrument refurbishments.

2004 2006 2008 2010 2012 2014
70

75

80

85

90

95

100

Year

A
ve

ra
ge

 M
on

th
 P

er
ce

nt
 A

va
ila

bi
lit

y

 

 
Primary Sensor
Secondary Sensor

Other performance measures can be observed by plotting 
the median power spectra of the network, which provides 
insights into station noise levels, potential signal- to-noise 
levels for predicted events, and relative performance 
between similar networks. Figure 4.1-9 compares the spec-
tral performance of the GSN relative to the GEOSCOPE (G) 
and GEOFON (GE) global networks, as well as the EarthScope 
Transportable Array (TA). The GSN clearly outperforms 
these networks on both the vertical and horizontal channel 
noise levels, especially at long periods. The GSN’s superior 
performance is testament to the investment made in ultra 
low noise installations (boreholes and deep vaults) and pro-
vides a significant improvement in signal detection capabil-
ities across a wide spectrum.
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archive, the GSN data set is by far the most requested and 
the “out to in” data volume ratio is nearly a factor of seven 
(Figure 4.2-3).

IRIS has worked to establish and promulgate international 
standards for seismological data to facilitate access by all 
users. Both the GSN and IRIS Data Services played crucial 
roles in the development and propagation of the SEED 
format endorsed by the FDSN. SEED is now the domi-
nant format through which networks exchange data and 
seismologists receive data. Currently, IRIS Data Services is 
engaged in an effort to improve and modernize formats 
and approaches for distribution of data and metadata. 

All GSN data are freely and openly available, and most sta-
tions provide continuous data in near-real time. Since its 
inception, the GSN has archived all of its data in the interna-
tionally accepted Standard for the Exchange of Earthquake 
Data (SEED) format. These data are accompanied by all nec-
essary metadata. All GSN data are archived and distributed 
by the IRIS DMC, which is part of IRIS Data Services. 

The DMC archives approximately 2.7 terabytes of GSN data 
per year (Figure 4.2-1). A total volume of 26.8 terabytes of 
GSN data are available. All GSN data flow into the DMC via 
the GSN DCCs. The DMC supports multiple methods for 
receiving data.

The IRIS DMC supports three primary methods of distribut-
ing data to end-users: (1) real-time data through SeedLink, 
(2) traditional requests through email-based methods and 
a few Web applications, and (3) Web services, a method 
that seamlessly supports direct data-to-client applications. 
Table 4.2-1 summarizes the various tools. All GSN data 
transmitted from the DMC in near-real time are currently 
sent using SeedLink protocol.

The DMC distributed roughly 200 terabytes of GSN data in 
2014 (Figure 4.2-2) to a broad user community, with over 
52% shipped to international users—a strong indication 
of the breadth of GSN usage. Of the data held in the DMC 

Figure 4.2-1. Cumulative volume of GSN data archived for distribution 
annually at the IRIS DMC. Data from the GSN are currently increasing 
at 2.7 terabytes per year. Decreases in data volume are a result of DMC 
operations that remove replicated data from the archive periodically. The 
inflection in the archive growth in 2002 represents when the DMC started 
receiving data from many GSN stations in real time, resulting in multiple 
versions of data in the archive.
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Table 4.2-1. Summary of data access methods supported 
by the IRIS DMC for GSN data.

WEB SERVICES: REST-like computer-to-computer data requests 
over the Web
• Web Service Interfaces
• Java API: Java Client Access Toolkit for FDSN and IRIS Web 

Services
• MATLAB Library: Java Client Access Toolkit 

for FDSN and IRIS Web Services
• JWEED: Java UI client allows users to interactively access data 

via Web Services
• Fetch Scripts: Scripts for allowing convenient downloads of 

data via Web Services

REAL-TIME STREAMING SERVICE:
• SeedLink

EMAIL-BASED REQUESTS: Send a specially formatted email. 
The most popular tools for this are:
• BREQ_FAST: Batch REQuests, FAST – request gigabytes 

of SEED data by sending formatted email queries
• miniSEED: Email to get miniSEED returned
• Dataless: Request dataless SEED volumes

WEB-BASED REQUESTS: Online form submission
• Buffer of Uniform Data (BUD): Tools for examining the current 

real-time data archive
• Web Request: A Web form for submitting BREQ_FAST requests 

for data
• Wilber3: Web-based event explorer allowing you to view earth-

quake waveforms and access data in various formats
• Metadata Aggregator: An online interface for exploring station 

metadata
• gmap: A Google Map interface to IRIS station data
• SeismiQuery: A set of pre-formatted database queries 

that allow users to access data and information stored in 
the DMC database

• FetchEvent: A Perl script to fetch event metadata via Web 
Services

• FetchMetadata: Get station metadata using a Perl script to Web 
Services

• IRIS Earthquake Browser (IEB): IEB makes it easy to drill down 
for earthquakes on a zoomable map

4.2 Data Distribution and Archiving
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Working closely with the FDSN, IRIS is leading an effort to 
implement an FDSN standard called Station XML. Station 
XML contains station metadata and miniSEED-formatted 

Figure 4.2-3. The GSN normally has more data sent to users by the DMC 
than any other type of network data, likely a result of the broad geo-
graphic distribution of stations and high GSN data quality. In 2014, an 
unusually large percentage of data distribution was attributed to the GSN. 
Note that the FDSN column represents data from 65 networks that do not 
belong to the GSN.
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Figure 4.2-2. Volume of GSN data distributed annually by the IRIS DMC 
from 11 subnetworks (AU, BK, CI, CU, GT, HK, IC, II, IM, IU, MS). About one-
third of all the data leaving the DMC in 2014 came from the GSN networks 
and totaled just under 200 terabytes.

time-series data. Presently, five data centers in Europe 
and two data centers in the United States support 
these mechanisms.

4.3 Cooperative NSF/IRIS-USGS Relationship 

of the network via a subaward to Project IDA at UCSD. The 
inter-agency NSF-USGS collaboration helps to advance the 
different needs within the relevant agencies and with dif-
ferent sectors of Congress—an important point in sustain-
ing long-term support for the GSN.

A key element of the NSF-USGS collaboration is the coordi-
nated management of the GSN. Responsibility for operation 
of the GSN rests within the respective management struc-
tures of IRIS and the USGS, with each employing its own 
management policies, procedures, regulations, and points 
of interface. However, both organizations utilize the IRIS 
GSN Standing Committee as a joint external advisory com-
mittee, both agree to follow the GSN Standing Committee 
advice to the extent possible within the practical consider-
ations of available funding, and both mutually coordinate 
their activities. This system enables the GSN to leverage the 
best of both academic and government operations, tak-
ing scientific input from the seismological research com-
munity that drives the GSN forward as a state-of-the-art 

The GSN is operated as a partnership between IRIS (funded 
by NSF) and the USGS. This partnership is crucial to allow-
ing the GSN to serve both its research and operational mis-
sions, optimize operations by the distribution of stations 
between university and government agencies, and take a 
two-pronged approach to technical challenges. 

Details of the cooperative relationship between NSF/IRIS 
and the USGS are documented in a GSN-specific Annex 
to the NSF-USGS Memorandum of Understanding (MoU) 
(Appendix C). The NSF/IRIS–USGS partnership was part of 
the original plan for the GSN: NSF would fund the construc-
tion of the GSN (both civil works and the initial hardware 
procurements) and then the USGS would take on a por-
tion of operations and maintenance (O&M). IRIS played an 
important role in establishing a GSN line item in the USGS 
budget that was specifically for operation of the USGS por-
tion of the network. The funding history chart in Section 9 
(Figure 9.2-1) shows the increment to the USGS budget 
that began in 1998. IRIS operates the non-USGS portion 
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network and avoids a narrow focus on any single opera-
tional mission. The balance of research and operational 
objectives and perspectives ensures the network evolves 
to meet research community needs while maintaining the 
operational stability to meet monitoring requirements. 
For instance, W-phase analyses now routinely utilized by 
the USGS hinge on the coverage and broadband capacity 
of the GSN; they were initially developed by community 
researchers using these data, and would otherwise not be 
possible with a short-period monitoring network.

The IRIS GSN Program Manager has been instrumental in 
coordinating the two separate network operations groups, 
with the goal of improved, efficient GSN operations. This 
has been particularly important in the standardization of 
the instrumentation deployed over the past several years. 
IRIS coordination enabled a simplified procurement pro-
cess with oversight from the overall community and the 
development of new components (interface devices) to 
make best use of the new acquisition systems and sen-
sors. The IRIS GSN Program Manager also coordinates the 

important process of raising external funds for the pro-
gram. As discussed in Sections 8 and 9 below, the NSF and 
USGS have provided minimal direct funding for instrumen-
tation recapitalization since ~2006, so external fundraising 
has been imperative to the health of the network.

Bringing together government- and academic-based net-
work operators, via the USGS ASL and Project IDA, respec-
tively, provides different perspectives, capabilities, and 
expertise. The USGS presence helps to ensure that other 
government agency needs (e.g.,  the tsunami monitoring 
mission of the PTWC) are addressed, as well as the gov-
ernment’s international obligations (e.g.,  participation in 
the CTBTO International Monitoring System). Further, the 
dual-operations model leverages international engage-
ment. For example, there are situations where an academic- 
based network operator can operate more readily than a 
government organization. Conversely, there are other sit-
uations where a government-to-government operational 
model serves best. 

4.4 Current Efforts and Short-Term Plans 

An important recent effort in the GSN has been the 
upgrade of station data loggers to next generation sys-
tems. This new hardware represents a major modernization 
and recapitalization effort within the GSN, which stemmed 
from recommendations following the 2003 review and has 
resulted in standardizing a major network component. 
The work is essentially complete (Figure 4.4-1), with only 
three stations left to be upgraded at the most challenging 
sites. This process demonstrates that reaching 100% com-
pleteness in any upgrade of a large, distributed network is 
approached asymptotically, and for some period of time, 
multiple generations of equipment may be present. The 
next generation equipment has had a measurable impact 
on reliability, and thus the uptime/data availability of GSN 
stations (Figure 4.4-2).

Efforts are underway to further augment the GSN with 
other geophysical sensors—to complement and/or to 
enhance the seismic signals. Already the GSN has a vari-
ety of other geophysical sensors co-located at GSN sites, 
including microbarographs, GPS receivers, magnetometers, 
and weather sensors (e.g., wind speed, direction, humidity, 
temperature). Currently, the GSN is deploying a suite of 
state-of-the-art barometric pressure, infrasound, and mete-
orological instruments at nine stations. The design of these 

specific sensor packages was developed and field proven 
by deployment at over 1,000 EarthScope Transportable 
Array sites. These nine stations are a prototype effort for the 
GSN, and if it works well and the data prove useful, there 
may be further deployments of this particular sensor suite. 
Co-located low-frequency pressure recordings are particu-
larly relevant to GSN observations. These channels record 
low-frequency pressure fluctuations; the tilt introduced by 

Figure 4.4-1. Cumulative number of GSN stations (currently 141) upgraded 
to the next generation hardware configuration, which constitutes 98% of 
the planned upgrades.
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these pressure fluctuations is one of the largest sources of 
noise on low-frequency horizontal seismometer channels. 
The deployment of these instruments to the GSN provides 
the opportunity to remove pressure-related noise from 
seismic time series during data processing, potentially 
enhancing the already high quality and utility of GSN data.

Revamped calibration procedures have been put into 
effect across the GSN network to improve the overall cal-
ibration and to incorporate capabilities available with 
the new generation of equipment (see Section  6.2 for 
further discussion). 

The GSN is also taking advantage of station relocations 
necessitated by external situations (e.g., a station becom-
ing inaccessible due to changing political conditions; a 
station experiencing cultural encroachment) or the oppor-
tunity to add affiliate stations. For example, from time to 
time, GSN stations have been closed due to civil unrest 
(e.g., II.GAR in Garm, Tajikistan, in 1992) or for political rea-
sons (II.NVS in Novosibirsk, Russia, in 1994). The hardware 
at these sites is typically repurposed as part of new GSN 
deployments. Following recent political developments in 
Turkmenistan, IDA was forced to terminate operations at 
station II.ABKT, opening a critical gap in coverage across 
central Asia. In response, IRIS and IDA were able to leverage 
new and existing contacts in Tajikistan and Uzbekistan, and 
are working to replace the Turkmenistan site with two new 
GSN stations. Instruments for the Tajik site were obtained 
with funding from the Department of Energy. The Uzbek 
station is funded under the standard IRIS award to UCSD 

and will utilize, as possible, the equipment from the II.ABKT 
station. Work is progressing well, and both sites should be 
operational by the end of 2015.

Presently, the GSN is working to replace borehole sensors. 
This effort is critical, as the current GSN primary borehole 
sensor, the Teledyne Geotech KS-54000, is aging and a 
number of units are experiencing problems for which 
one-to-one replacement solutions are no longer available. 
IRIS, through a coordinated effort of the IRIS Director of 
Planning, GSN Program Manager, and the GSN community, 
responded to long-term Congressional interests in support-
ing the GSN through a coordinated effort to fund replace-
ment of primary borehole sensors. In 2012, Congress pro-
vided $5.7M to the Department of Energy’s (DOE) National 
Nuclear Security Administration to replace aging GSN sen-
sors. Although the funds were allocated to support both 
the IRIS and USGS GSN subnetworks, DOE transferred 
these funds to USGS for ease of managing the funds trans-
fer. These funds are for the development and purchase of 
new borehole seismic sensors across the GSN. The sensor 
specifications used as the basis for this procurement were 
established by the IRIS Instrumentation Committee, which 
includes representation from both network operators. 

The USGS is working with the selected vendor, Kinemetrics 
Inc., to obtain an instrument that meets GSN specifications, 
and will then procure sensors to be installed at both USGS- 
and IDA-operated GSN stations. If funds remain after the 
borehole sensor procurement, the USGS is authorized to 
spend the remaining funds on vault sensors. Once the bore-
hole sensors are procured, the GSN will need to conduct an 
installation campaign. Enhanced funding will be required 
to support the installation of borehole sensors, upgrade 
borehole civil works, and improve test facilities to get the 
new instruments to suitable field sites more quickly. IRIS 
has been working with Congress in response to an interest 
in increasing the Department of Interior budget to fund the 
focused installation efforts. The President’s FY2016 budget 
request to Congress for the USGS GSN contains a one-time 
increase of $4.9 million to support the installation of bore-
hole sensors and to repair vaults. For now, the new sensors 
will be installed on maintenance trips-of-opportunity, until 
such time as augmented funding is received.

Figure 4.4-2. Impact of next generation data loggers on data availability. 
In FY11 there was a significant population of both legacy and next gen-
eration data acquisition systems deployed, allowing a direct comparison 
of data availability between the two generations of hardware, with the 
newer hardware clearly outperforming the old.

GSN DATA AVAILABILITY – FY11
Legacy DAS Next Generation DAS (Q330HR)
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4.5 Opportunities for Global Seismological Observing

The established GSN framework presents a number of opportunities to enhance global 
observations to achieve the full scientific objectives of the GSN. Although some of the 
GSN’s design goals remain a challenge, the GSN has fundamentally advanced seismol-
ogy in many ways. Science gains from initiatives such as the EarthScope Transportable 
Array suggest additional opportunities for the GSN. Technological improvements to 
sensor emplacement and telemetry, especially related to the many aspects of oper-
ating seismic stations underwater, may fundamentally change how the GSN oper-
ates in the future.

advanced chemistry formulations (being driven by the 
consumer market), to increase OBS bottom time. Finally, 
the development of wave gliders equipped with acoustic 
modems, or autonomous underwater vehicles equipped 
with acoustic or optical modems, may be able to address 
real-time, or at least periodic, data telemetry from OBS 
instruments. If these continuing advancements can be lev-
eraged, then there are many potential impacts. From the 
perspective of monitoring, this would improve the ability 
of the GSN to characterize tsunamigenic events. The GSN 
is already heavily used by various tsunami-ºg systems, and 
the addition of stations (whether on land or on the ocean 
bottom) near potential tsunami sources would be a major 
advancement. From a more basic perspective, additional 
GSN stations, particularly to fill gaps in coverage across the 
ocean, would improve whole-Earth tomography and asso-
ciated mantle dynamics studies as well as better resolve 
the rupture processes of globally distributed seismicity.

OBSERVATIONS IN THE OCEAN

Long-term observations in the ocean basins are fundamen-
tal to achieving the GSN’s design goal of full global coverage 
with stations separated by about 20 degrees. To the extent 
practical, islands have been used to achieve coverage in 
the ocean basins. But to complete the full global coverage 
requires a number of long-term ocean bottom stations 
(Figure 4.5-1). To this end, the GSN Standing Committee 
and the Ocean Bottom Seismograph Instrument Pool 
(OBSIP) Oversight Committee are developing a joint strat-
egy document that addresses the topic of enhanced long-
term observations from the ocean basins. Recently, several 
technical developments have put long-term ocean bot-
tom seismometer (OBS) observations within reach. These 
developments include an increase in cabled ocean floor 
observatories, which can address data access, power, and 
timing issues. For stand-alone stations, the development of 
chip-scale atomic clocks can provide a significant improve-
ment in timing accuracy. With long-term timing addressed, 
it becomes more feasible to add more batteries, using 

Figure 4.5-1. Map showing existing GSN stations (black circles) and the 
notional distribution of approximately 34 additional oceanic stations 
(white circles) required to meet the GSN design goal for global coverage 
of stations at 20 degree separation. Circles have a radius of 10 degrees.

GSN Coverage Required for Ocean Basins
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BROADBAND ARRAYS

Broadband arrays have the potential to advance a broad 
set of seismological topics, including both deep imaging of 
Earth’s interior and the detailed characterization of earth-
quake rupture processes. A 2013 workshop on this topic 
[Koper and Ammon, 2013] identified numerous potential 
scientific advancements that would result from increased 
deployment of broadband arrays. 

Tomographic models of Earth’s mantle agree at long wave-
lengths, but there remains significant uncertainty at scales 
of tens to hundreds of kilometers. To address fundamental 
questions related to the Earth’s composition and dynam-
ics, detailed imaging at this scale requires multi-array anal-
yses. Additionally, arrays are valuable in detecting small 
seismic events and can be exploited to achieve resolution 
beyond the classical diffraction limit when estimating rela-
tive locations of similar sources. Array-based techniques for 
studying short-period energy radiation during earthquake 
rupture propagation allow studies of large earthquake rup-
tures without requiring specific a priori information, such 

Figure 4.5-2. Data from regional networks/arrays 
(world map) were separately used in an automated 
coherency analysis to estimate the rupture location 
(top six figures on right) for the onset of the M7.4 
Java earthquake on September 2, 2009. These source 
characterizations are then combined to produce a 
high resolution model of the rupture (bottom right). 
Figure and caption modified from Roessler et al. [2010]
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Figure 4.5-3. Example of strategic station deployment. The contour map 
indicates locations that have a preferential ability to observe phases that 
sample the core-mantle boundary from deep earthquakes. The map 
contours the number of events that would be recorded at seismic sta-
tions placed on a uniform 1° x 1° grid, based on a catalog of deep events 
(red stars) occurring between 1990 and 2010 with depths ≥ 100 km and 
Mw ≥ 5.7. Color shading on the map indicates the percentage of all earth-
quakes (1,095 total events) that would be recorded at each grid point. 
For reference, current GSN stations are shown as beige triangles. The 
analysis considered the following seismic phases (and distance ranges): 
(1) SPdKS [Δ=105°-115°], (2) ScS [Δ=70°-85°], (3) ScP [Δ=30°-50°], and 
(4) Sdiff [Δ=100°-130°]. Courtesy of Gavin Hayes, USGS

as source-receiver Green’s functions or fault-plane geom-
etry. These techniques have the potential to address some 
of the outstanding questions in source physics, such as why 
and how large earthquakes start and stop (Figure 4.5-2). 
Another concept is to place arrays or individual stations 
at locations selected so as to increase the observations 
of important seismic phases (Figure 4.5-3). Such sites can 
maximize the potential observing power by placing sta-
tions at critical distances from seismically active areas.

Discussions at the 2013 workshop highlighted the special 
need for broadband arrays in the Southern Hemisphere, 
especially in Africa, in order to regularize global coverage. 
Additionally, participants agreed that the greatest scien-
tific potential would come from three-component, broad-
band arrays, deployed over the long term (at least half a 
decade), over up to hundreds of kilometers aperture. The 
GSN provides the natural framework of international sites 
and collaboration to serve as the foundation for deploy-
ment of arrays. 
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5.1 Research Uses

GLOBAL SEISMICITY UNIFORMLY CHARACTERIZED 

The GSN provides real-time, continuous, high-quality, very-broadband data obtained over a 
long time period and reliably archived with required metadata. These characteristics allow 
the GSN to serve as a multi-use network. GSN data are used for studies of earthquakes and 
non-earthquake seismic sources and other natural hazards, for studies of Earth structure 
on multiple time and length scales, and for operational earthquake and explosion moni-
toring. The results from such studies provide central inputs to investigations in fields across 
the Earth sciences, including characterization of the inner and outer core, mantle dynamics, 
evolution of the continents and ocean basins, volcanology, surface deformation and the 
hydrological loading response, and disciplines which increasingly utilize seismic data, such 
as glaciology and geomorphology.

5.0 GSN Data Usage

Figure 5.1-1. (top) Map showing the locations of the GSN and other international stations 
that contributed seismograms to GCMT analyses in 2010. (bottom) Centroid locations and 
moment tensors for the 38 largest (Mw ≥ 7.5) earthquakes of 2004–2010. Plate boundaries 
are shown by gray lines. The full moment tensor is shown by shading; the nodal lines of the 
best-double-couple focal mechanism are also shown. Figures from Ekström et al. [2012]

Ekström et  al. [2012] use global seismic 
activity recorded at IRIS/USGS GSN stations 
in a systematic effort to determine earth-
quake moment tensors (Figure 5.1-1). These 
solutions are part of the global centroid- 
moment-tensor (GCMT) project, which main-
tains and extends a catalog of global seismic 
moment tensors beginning with earthquakes 
in 1976. Starting with earthquakes in 2004, 
the GCMT analysis leverages advancements 
in the mapping of propagation characteris-
tics of intermediate-period surface waves and 
includes these waves in the moment- tensor 
inversions. This modification of the CMT algo-
rithm enables the globally uniform determi-
nation of moment tensors for earthquakes as 
small as Mw = 5.0. For the period spanning 1976 
to present, over 42,000 centroid- moment ten-
sors have been added to the catalog. 
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2004 SUMATRA-ANDAMAN EARTHQUAKE
Strainmeter data recorded at the Gran Sasso Observatory, Italy, 
recorded seismic free oscillations from the December 26, 2004, 
Sumatra–Andaman earthquake. These measurements resolve 
toroidal free oscillations with periods > 1000 s. Park et al. [2008] 
reconstructed their time evolution, comparing with synthetic 
seismograms that include normal mode coupling effects from 
Coriolis force, attenuation, and ellipticity. Several scenarios 
explained their observations, including a slow-slip component 
of the seismic moment release, errors in the composite-CMT 
source model, unmodeled coupling effects to Earth’s secu-
lar modes, and feedback from the earthquake’s tsunami on 
Indian Ocean coastlines. To examine these hypotheses, Park 
et al. [2008] reviewed data from several GSN stations, including 
ASCN (Ascension Island, Central Atlantic Ocean) (Figure 5.1-2). 
The observed oscillatory motion at ASCN was far lower than the 
predicted amplitude for over 10 hours after the earthquake, but 
rose to a peak at 25 hours after onset. The time delay showed 
that the high noise level of the horizontal seismic records 
at ASCN is far from a stationary stochastic process. The long- 
period wave train illustrated that Ascension Island experienced 
a substantial oscillatory displacement or tilt by tsunami-related 
water motion in the Atlantic Ocean.

Figure 5.1-2. Seismic data from the 2004 Sumatra-Andaman earth-
quake recorded at GSN station ASCN in the Atlantic Ocean. (upper 
panel) Demeaned VH-channel data, sampled every 10 s. (lower panel) 
A low-passed version of the same data with a corner frequency at 
0.5 mHz (2000 s period), obtained with eight passes of a Butterworth 
filter. Note the arrival of tsunami-related motion roughly 24 hours 
after the earthquake. This signal is prominent on the horizontal com-
ponents, but modest on the vertical. Figure from Park et al. [2008]

Figure 5.1-3. (left) Total slip contours (in m), shown with focal mechanisms of the foreshock, 
mainshock, and two normal-faulting aftershocks. Red symbols show the mainshock (star) 
and aftershocks (circles); blue symbols show the largest foreshock (star) and foreshocks (cir-
cles). The inset shows the moment-rate function. (right) Snapshots of slip rate at different 
times during the earthquake. Figure from Ide et al. [2011]

2011 TOHOKU-OKI EARTHQUAKE
The GSN has played a critical role in 
understanding the fifteen great (M > 8) 
earthquakes that have occurred since 
2005, including the M9.1 Tohoku-Oki, 
Japan earthquake on March 11, 2011 
(Figure 5.1-3). With recent advances in data 
processing and improved GSN data avail-
ability, rupture modeling and back-pro-
jection imaging using seismic array data 
for great earthquakes can now be done 
quickly after large events [Kiser and Ishii, 
2011]. Results show that seismic wave exci-
tation is often strongly depth dependent, 
with high frequencies generated more 
efficiently down dip and low frequencies 
dominating up dip. Several mechanisms 
have been proposed to explain different 
rupture behaviors, including pore-fluid 
pressurization, resistance from subducted 
seamounts, and combinations of dynamic 
nonlinear effects. GSN records from a wider 
range of such earthquakes are required to 
be confident of such new inferences. 

0

10

20

30

In
st

. C
ou

nt
s 

(x
 1

0
3 )

0 10 20 30 40 50 60 70 80
Time Relative to Sumatra-Andaman Onset (Hours)

GSN Station ASCN

Lowpassed at 2,000 secondsvertical 

north 

east 

0

10

20

30

In
st

. C
ou

nt
s 

(x
 1

0
6
)

0 10 20 30 40 50 60 70 80
Time Relative to Sumatra-Andaman Onset (Hours)

VH-channel Seismic Data 
GSN Station ASCN

KS-54000 Sensor

Ascension Island, South Atlantic 
vertical 

north 

east 



21

THE LITHOSPHERE-ASTHENOSPHERE 
BOUNDARY
High-fidelity broadband records over long time 
spans at GSN stations combined with dense 
spatial arrays have led to the surprising discov-
ery of discontinuous decreases in seismic wave 
speeds at depths of 50 to 130 km [Rychert and 
Shearer, 2009]. In the ocean and in tectonically 
active areas, this discontinuity is likely related 
to the lithosphere-  asthenosphere boundary 
(Figure 5.1-5). But, a similar discontinuity is 
also observed midway through old continental 
lithosphere, where it is associated with several 
layers of distinct heterogeneity and anisotropy 
measured from long-period surface wave and 
overtone waveforms and SKS splitting data. 
Understanding this structure, which is difficult to 
explain through normal thermal mechanisms, will 
lead to fundamental new understanding of how 
melting is distributed, how plate motions affect 
and are influenced by variations in composition 
and rock fabric, and how continents are formed. 

IMAGING EARTHQUAKES AND SLAB STRUCTURE
Zhan et  al. [2014a,b] modeled complex waveform pat-
terns for a portion of the Kuril subduction zone. The best 
fitting slab models have relatively fast cores with smooth 
edges that are compatible with thermal modeling. They 
have also discovered a super-shear rupture process for 
the Mw  6.7 aftershock of the 24 May 2013 Mw 8.3 Sea of 
Okhotsk deep earthquake (Figure 5.1-4). The aftershock 
ruptured downward along a steeply dipping fault plane at 
an average speed of 8 km s–1, suggesting efficient seismic 
energy generation. 

Figure 5.1-4. (top) The 2013 Okhotsk Mw 8.3 mainshock and Mw 6.7 after-
shock are displayed as the black and red beach balls, respectively. The two 
red stars connected with two smaller beach balls represent the empiri-
cal Green’s functions (EGF) events used in this study. The inset shows the 
GSN stations used in this study and their P wave vertical displacement 
seismograms (green lines). (bottom) The three columns display vertical- 
component seismograms of the Mw 6.7 earthquake, the EGFs and the 
deconvolved source-time functions (STFs). The black and red traces in the 
first column are the data and predictions, respectively. The two numbers 
beneath the station names are distance and azimuth in degrees. In the 
third column, the STF durations are defined by the red shading, which 
includes most of the energy. Figures are from Zhan et al. [2014b]

Figure 5.1-5. Cratonic cross section that shows the departure of the fast 
axis of azimuthal anisotropy from the direction of absolute plate motion 
of the North America plate in the hotspot reference frame. The mid- 
lithospheric discontinuity occurs in the depth range where a low- velocity 
layer is detected from receiver function studies. Figure from Yuan and 
Romanowicz [2010]
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SURFACE WAVE ANISOTROPY IN THE 
UPPER MANTLE
Yuan and Beghein [2014] analyzed azimuthal anisot-
ropy of the upper 800 km of the mantle, deter-
mined from horizontally polarized SH wave energy 
(Figure 5.1-6). The results from this study have 
important implications for mantle transition zone 
phase changes and possible constraints on man-
tle flow fields and mantle layering. The contrast of 
the SV and SH results presents particularly inter-
esting signatures (or lack thereof ) associated with 
ocean age as well as the depth of the lithosphere- 
asthenosphere boundary beneath Archean cratons. 
Studies like this depend critically on large compi-
lations of Love and Rayleigh wave phase velocity 
measurements that are assembled from decades 
of observations [e.g.,  Trampert and van Heist, 2002; 
Visser et al., 2008; Yuan and Beghein, 2013]. Typically, 
these studies can include hundreds of thousands 
to millions of observations taken from decades of 
network operation. The GSN, with its global station 
distribution, high-quality recordings, and long-term 
operation provide a critical mass of observations for 
all of these studies. The investigators obtain the bulk 
of their waveforms from the IRIS DMC both for the 
GSN and other networks. 
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Figure 5.1-6. The lateral variation in azimuthal anisotropy at 100 km 
depth. Crosses show fast directions, with maximum scale corresponding 
to 3.9%. The background gray scale also represents the lateral variation 
in anisotropy. Figure modified from Yuan and Beghein [2014]

LOWERMOST MANTLE STRUCTURE AND 
COMPOSITION
Seismologists are collaborating with geodesists, geody-
namicists, and material scientists to determine density, 
temperature, and other mantle properties that cannot be 
measured based on seismic wavespeeds alone. This prog-
ress comes in part from resolving the structure of large, 
low-shear velocity provinces at the base of the mantle 
using high-quality broadband data from the GSN and its 
international counterparts (Figure 5.1-7). This work reveals 
the distinct average velocity profiles within and outside 
irregularly shaped high- and low-velocity provinces in the 
lowermost mantle. Modeling of broadband waves that 
propagate along and across the province borders show 
that they are sharp, indicating that the distinctive prop-
erties cannot be due to temperature differences alone. If 
large and chemically distinct reservoirs continue to exist 
in the mantle, then occasional reorganization of mantle 
circulation could profoundly alter the cycling of volatiles 
between Earth’s interior and the ocean and atmosphere. 

5
4
3
2
1
0

Figure 5.1-7. Map showing that five well-regarded models have a Vs profile 
that cluster analysis identifies as distinctly slow. The analysis demonstrates 
consensus on two large low-shear wave speed provinces, the African and 
the Pacific, within a single, globally contiguous faster-than-average lower 
mantle. Figure from Lekic et al. [2012]
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The radially anisotropic shear velocity struc-
ture of Earth’s mantle provides a critical win-
dow on the interior dynamics of the planet, 
with isotropic variations that are interpreted 
in terms of thermal and compositional 
heterogeneity and anisotropy in terms of 
flow. Building on the significant progress 
made in more than 30 years of global seis-
mic tomography, French and Romanowicz 
[2014] expanded the insight on the radi-
ally anisotropic shear velocity structure of 
Earth’s mantle (Figure 5.1-8). Using wave-
form data, they develop a whole-mantle 
model, the first model derived from numer-
ical forward modeling based on a spectral 
finite element method. 

Figure 5.1-8. Map views of global shear-wave velocity 
variations at a range of depths throughout the man-
tle for models SEMUCB-WM1 [French and Romanowicz, 
2014], S40RTS [Ritsema et  al., 2011], and S362ANI 
[Kustowski et  al.,2008]. Variations are plotted in per-
cent with respect to the global mean at each depth, 
with the exception of 2800 km, plotted with respect 
to the 1-D model PREM [Dziewonski & Anderson, 1981]. 
Inset values (upper-left corner of each panel) repre-
sent maximum peak-to-peak variation for each model 
at the corresponding depth. Figure from French and 
Romanowicz [2014]

WHOLE MANTLE ANISOTROPIC SHEAR VELOCITY STRUCTURE

GLOBAL SHEAR WAVE VELOCITY MODELS
Models of global shear-wave velocity (Figure 5.1-9) were 
obtained through a variety of modeling and regulariza-
tion algorithms, yet yield highly consistent patterns and 
amplitudes. These results illustrate the significant impact 
of the GSN’s global data coverage. The models have 10 to 
20 times the resolving power of models developed during 
the early years of the GSN and exhibit consistency even in 
smaller details, such as the variation in structure beneath 
West Africa or northern Eurasia. Other models are embed-
ding dense regional data sets, such as those collected by 
the USArray Transportable Array, within the global data 
sets to create self-consistent global-regional models.+7%-7%

Shear Velocity Variation

S362ANI

SAW642AN TX2008

S40RTS

Figure 5.1-9. Maps of the variation in shear-wave velocity at a depth of 
100 km for models (upper left) S40RTS [Ritsema et al., 2011], (upper right) 
S362ANI [Kustowski et  al., 2008], (lower left) SAW642AN [Panning and 
Romanowicz, 2006], and (lower right) TX2008 [Simmons et al., 2009]. 
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Figure 5.1-10. Topographic maps for discontinuity 
depths and transition zone thickness in our Pacific 
study region. The depths are plotted relative to 
average values of 418 km, 656 km, and an average 
transition zone thickness of 242 km. Figure from 
Schmerr et al. [2010]

DEEP MANTLE PLUMES AND CONVECTIVE UPWELLING
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Lateral variations in temperature and composition pro-
duce topography on the 410 and 660 km seismic discon-
tinuities, which arise from solid-to-solid phase changes 
in the mineral olivine. Schmerr et  al. [2010] used under-
side reflections of shear waves, a technique that requires 
the stacking of hundreds to thousands of seismograms 
(Figure 5.1-10). This method has flourished from the 
deployment of the GSN and regional seismic arrays. By ana-
lyzing over 130,000 broadband seismograms that sample 

beneath the Pacific Ocean, they find the discontinuities to 
be relatively flat beneath most of the Pacific, except under 
subduction zones and volcanic hotspots. Beneath Hawaii 
and volcanic hotspots of the South Pacific, they found the 
phase boundaries to be closer together, consistent with 
a warm upwelling originating in the lowermost mantle 
impinging upon the 660 km discontinuity. This feature may 
be related to large volume volcanic eruptions, such as the 
Cretaceous Ontong Java Plateau flood basalts.
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HOTSPOT–RIDGE INTERACTIONS
Gaherty and Dunn [2007] probed variations in man-
tle temperature, composition, and fabric along 
hotspot–influenced sections of the Mid-Atlantic 
Ridge (Figure 5.1-11). They inverted for frequency- 
dependent surface wave phase delays of nearby 
ridge earthquakes recorded on broadband island-
based seismic stations, and used these data to 
estimate one-dimensional mean shear velocity 
and radial shear anisotropy profiles in the upper 
200 km of the mantle within two seafloor age inter-
vals: 5–10 Ma and 15–20 Ma. The velocity variations 
observed between Ascension, the Azores, and 
Kolbeinsey are consistent with approximately ±75° 
potential-temperature variation among these sites. 
The fabric near the Azores and the Kolbeinsey Ridge 
is stronger, suggesting that the hot spot increases 
mantle deformation beyond that produced by slow 
seafloor spreading in these regions. 

Figure 5.1-11. (a) Observed (black) and synthetic (colored) seismograms for a typical source-receiver pair for a Mid-Atlantic Ridge earthquake recorded at 
17° epicentral distance on GSN station CMLA (Azores, Portugal). Top traces are tangential component waveforms, with the Love wave arriving at 3–4 min. 
Bottom traces are vertical component, dominated by the Rayleigh wave arrival. Time scale is relative to the predicted P wave arrival time. The broadband 
P wave is clearly visible and provides source static for this event. (b) Frequency-dependent phase delays (travel time residuals) for these two waveforms, 
measured by cross correlation between the observed and synthetic waveforms. Blue circles depict frequency-dependent Love wave travel times, while 
green circles show phase delays for the Rayleigh wave. (c) Partial-derivative (sensitivity) kernels for both Love and Rayleigh phase delays in three frequency 
bands. At 15 mHz, the phase delays are sensitive to average velocity structure in the upper 150–200 km, while at higher frequency, the sensitivity is concen-
trated at shallower depths. Figure from Gaherty and Dunn [2007]
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SEISMIC INTERFEROMETRY
Lin and Tsai [2013] examined continuous 
data from all GSN stations between 2000 
and 2009, and demonstrate that sev-
eral body wave phases (e.g.,  PP, PcPPKP, 
SKSP, and PPS) that propagate between 
nearly antipodal station pairs can be 
clearly observed without array stacking 
using the noise/coda cross-correlation 
method (Figure 5.1-12). Based on tempo-
ral correlations with global seismicity, they 
showed that the observed body waves are 
clearly earthquake related. From single 
earthquake analyses, they also confirmed 
that earthquake coda energy observed 
between ~10,000 and 30,000 s after a large 
earthquake contributes to the majority of 
the signal. The PKIKP phase, which does 
not benefit from the focusing effect near 
the antipode, can now also clearly be 
observed for long-distance station pairs. 

Figure 5.1-12. Ambient noise cross correlations for five nearly antipodal GSN station pairs. 
(a) The triangles mark the locations of the stations with antipodal pairs colored the same. 
(b) Schematic plot of the PKIKP (black), PP (blue), PcPPKP (red), and SKSP (green) raypaths. 
The star and filled triangle denote source and receiver locations, respectively. (c) The 
observed broadband ambient cross correlations sorted by distance. Several observed body 
wave phases are indicated. Figure from Lin and Tsai [2013]
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GLOBAL STORM ANALYSIS
Storm-generated gravity wave energy transfers to the seismic 
wave field and generates globally ubiquitous seismic back-
ground noise peaks near 7 s and 14 s periods, called micro-
seisms. Aster et  al. [2010] used continuous digital ground 
motion data recorded by the GSN and precursor instrumenta-
tion to chronicle microseism power extreme events for 1972–
2009 (Figure 5.1-13). Because most land-observed microseism 
surface wave energy is generated at or near coasts, microseism 
metrics are particularly relevant to assessing changes in coastal 
ocean wave energy. Extreme microseism winter storm season 
event counts reveal the widespread influence of the El Niño-
Southern Oscillation. The double-frequency (7 s) microseism 
is particularly volatile, suggesting that the weaker single- 
frequency microseism (14 s) directly generated by ocean swell 
at coasts is likely a more representative seismic proxy for broad-
scale ocean wave energy estimation. 

Figure 5.1-13. (right) Map shows the locations of the GSN and predecessor seismic 
stations. (above) L2 regression analysis of winter-month annual average 95th percen-
tile microseism index trends for the primary and secondary microseisms, respectively. 
Average microseism index hours per year are indicated. Figures from Aster et al. [2010]

1975 1985 1995 2005

0

1000

CASY (38)
COLA (80)

KONO (216)

PAB (166)

QSPA (49)
TATO (59)

KIP (60)

ANMO (70)

CTAO (31)

PFO (23)
GRFO (71)

CHTO (26)

MAJO (23)

GUMO (26)
KEV (156)

SSPA (67)

SJG (99)
HRV (168)

ESK (71)

SDV (16)
NWAO (82)

SNZO (38)

KBS (155)

Year

In
de

x 
H

ou
rs

 

Primary Microseism

1975 1985 1995 2005

0

2000

ANMO (199)

CASY (61)
HRV (244)

KIP (254)

SSPA (225)

MAJO (201)

SJG (171)

GRFO (290) 

CTAO (144)
PFO (97)

QSPA (35)

KBS (174)

KEV (218)

CHTO (93)

TATO (44)

SNZO (133)
COLA (217)

GUMO (101)
ESK (100)

KONO (223)

PAB (210)

NWAO (143)

SDV (142)

Year

Secondary Microseism

COLA

PAB

GRFO

QSPA

KBS
KEV

KONO
MAJO

TATO

CHTO

GUMO

KIP
SNZOCTAO

NWAO

CASY

PFO

SSPA

HRV
ANMO

SJG
SDV



26

The primary mission of the NEIC is to operate 24/7 and deter-
mine, as rapidly and as accurately as possible, the location 
and size of all significant earthquakes that occur worldwide. 
The NEIC disseminates this information immediately to con-
cerned national and international agencies, scientists, crit-
ical facilities, and the general public. Earthquake alerts are 
e-mailed to over 300,000 recipients. Additionally, the NEIC 
directly phones and provides situational awareness to 24/7 
US operation centers, including Department of Homeland 
Security, the State Department, and the White House.

The NEIC collects and provides a comprehensive cata-
log of earthquake source information, which serves as 
a solid foundation for scientific research. The NEIC pur-
sues an active research program to improve its ability to 
characterize earthquakes and understand their hazards. 
These efforts are all aimed at mitigating the risks of earth-
quakes to humankind.

The GSN, along with the Advanced National Seismic 
System (ANSS) US backbone, form the core station set that 
is required to fulfill NEIC’s monitoring mission. The NEIC 
receives data from 1,700 seismic stations but relies heavily 
on GSN data because of its stations’ unparalleled low-noise 
levels and low-frequency response. Low-noise stations are 
used to detect smaller signals and provide more accurate 

timing and amplitude measurements necessary for accu-
rate location and magnitude estimates. The low-frequency 
response enables the use of advanced techniques to accu-
rately model the magnitude and source characteristics 
through algorithms such as W-phase moment tensors and 
finite fault modeling. These detailed source parameters 
improve USGS real-time products such as ground shaking 
estimates (ShakeMap) and estimates of fatalities and eco-
nomic loss (PAGER).

Network improvements over time have facilitated the 
rapid dissemination of earthquake information to the pub-
lic. In 2011, accurate information about the great size of 
the Tohoku-Oki earthquake was available within minutes 
to hours compared to the 2004 Sumatra-Andaman earth-
quake, which took hours to days for dissemination. This dra-
matic improvement is a direct result of investments made 
in the GSN and the NEIC, and the research and develop-
ment of rapid characterization of great earthquake sources.

GSN stations are used significantly more often than other 
real-time global stations in W-phase inversions, which are 
helpful for rapidly characterizing potential tsunamigenic 
events, more accurately estimating earthquake magnitude 
estimates than other methods, and rapidly providing event 
focal-mechanisms. The fairly uniform station distribution of 
the GSN relative to events, as well as overall data quality, 
improves the utility of this process. An examination of 3,261 
events shows that the use of GSN stations dominates the 
calculation of NEIC W-phase moment tensors (Figure 5.2-1) 
and the global coverage improves the response time in 
critical seismically active areas (Figure 5.2-2).

5.2 Monitoring/Hazards Uses 

Large = GSN
Hit Count (5-90 deg)

0 3,0001,000 2,000 0.00 1.000.50

Ratio Used:Requested

M >= 6.0 (3,261 Events)

Small = Other data

How many times a grid node on the
surface of the Earth  has ‘seen’ a M6+ EQ

How many times a station was used 
to perform a W-phase inversion

Figure 5.2-1. Hit count for points within 5-90 degrees of a M6 or higher 
earthquake. Station colors indicate how often they are used in a W-phase 
inversion. GSN stations in the central and eastern the Pacific Ocean cap-
ture many candidate events for W-phase analyses. Overall GSN data are 
used at a much higher rate for W-phase inversions than other networks. 
Courtesy of Gavin Hayes, USGS

GSN
Other

0 5 10 15 20

Minimum Response Time (min)

Figure 5.2-2. Idealized minimum response time required for calculating a 
reliable W-Phase inversion based on global station coverage. GSN stations 
are marked. Regions colored yellow to red are likely targets for future stra-
tegic growth of the GSN and would improve overall W-phase responsive-
ness. Courtesy of Gavin Hayes, USGS
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assessing future earthquake hazard potential. A recent 
study following the 2014 Mw 8.2 Iquique earthquake 
leverages finite fault models and shows the potential 
for a M≥8 megathrust earthquake still exists in northern 
Chile (Figure 5.2-4).

The continued operation and maintenance of the GSN is 
essential for NEIC to successfully produce products used 
for emergency response and hazard analysis. Reduction 
in coverage, real-time access, or instrument quality would 
directly impact the quality and timeliness of NEIC products.

GSN stations also are also heavily used in the production 
of finite fault models that show the extent and details of 
a fault’s rupture. These models are important for real-time 
response because the extent of rupture is a critical element 
in properly estimating the spatial extent and amplitude 
of ground shaking. These calculations of ground shaking 
are used in PAGER estimates of fatalities and economic 
loss (Figure 5.2-3). Finite fault models are also useful for 

Figure 5.2-3. PAGER results for the 2014-04-01 Iquique earthquake. See 
http://earthquake.usgs.gov/earthquakes/pager for more information.

Figure 5.2-4. The modeling of potential for future megathrust earthquakes 
in Northern Chile relied on GSN data to assess the seismotectonics of the 
March–April 2014 Iquique sequence, including analyses of earthquake 
relocations, moment tensors, finite fault models, moment deficit calcula-
tions and cumulative Coulomb stress transfer. Figure from Hayes et al. [2014]
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TSUNAMI WARNING

The GSN plays a vital role in tsunami warning. Seismic 
signals from earthquakes propagate over 20 times faster 
than a tsunami travels. Well-recorded earthquakes serve 
not only to provide early warning and location, but also to 
characterize the tsunamigenic potential of the event. Large 
earthquakes are of particular concern because the area of 
the fault rupture and coincident displacement of the sea-
floor often relate to tsunami size.

Tsunami warning centers (TWCs) base their initial tsunami 
warnings strictly on seismic data analysis (e.g., Figure 5.2-5). 
Seismic data are used for the critical first alert because 

tsunami warnings must be issued prior to the tsunami 
arriving at the nearest coasts and direct tsunami observa-
tions are usually not available until after that point. While 
there is not a one-to-one relationship between the size of 
an earthquake and the size of the resulting tsunami, the 
earthquake parameters provide the information necessary 
to estimate whether or not a dangerous tsunami may have 
been generated. The long period and high dynamic range 
of GSN instrumentation, as well as its real-time telemetry, 
is ideal for providing the fast, accurate data essential for 
timely response to a tsunami threat.

http://earthquake.usgs.gov/earthquakes/pager
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VERIFICATION SEISMOLOGY

Seismology plays an important role in the discrimination of human-
caused explosions, especially resulting from the use of nuclear and 
chemical weapons. Data from the GSN make a critical contribution in the 
effort to verify worldwide compliance with the Comprehensive Nuclear-
Test-Ban Treaty. Countries that have tested weapons recently (India, 
Pakistan, North Korea) do not report data from local seismographic net-
works; the closest openly available data are from GSN stations. The com-
pletely open nature of the GSN means that events cannot be hidden by 
censoring data from a single station. 

Both the CTBTO and Air Force Technical Applications Center (AFTAC) 
operate independent detection networks, the International Monitoring 
System (IMS) and United States Atomic Energy Detection System 
(USAEDS), respectively. However, over 50 GSN stations are officially des-
ignated as Auxiliary IMS Stations, and GSN data are frequently used to 
supplement analyses for specific events for both the CTBTO and AFTAC. 
In collaborative fashion, four IMS and two USAEDS stations contribute to 
the GSN footprint.

GSN data also indirectly support the monitoring and treaty verification 
activities of these agencies. The long recording periods, geographic dis-
tribution, and good quality of GSN stations have resulted in improved 
models for seismic velocities and attenuation at local to regional scales 
across the Middle East, Central Asia, North Africa, and Europe. The con-
straints provided by these products are vital for understanding the 
wave propagation effects of the lithosphere on source waveforms at 
regional distances, improving the overall quality of verification studies 
(e.g., Figure 5.2-6).

The National Tsunami Warning Center uses a large number of 
GSN stations in its real-time analyses. Out of 652 stations, it uses 
65 IRIS/USGS and 36 IRIS/IDA stations. These stations are espe-
cially important for international regions where data from other 
networks are sparse. GSN stations comprise a large proportion 
of the NTWC’s data coverage for the ocean. GSN station distri-
bution across the Atlantic, Pacific, and Indian Ocean basins is 
vital to this effort.

Figure 5.2-5. GSN stations used in real time for Sumatra-Andaman earthquake 
and tsunami warning. Due to GSN station proximity, the first alarm at the 
Pacific Tsunami Warning Center (PTWC) was sounded before the earthquake 
source rupture was complete (eight minutes from origin time). Figure modified 
from the PTWC
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Figure 5.2-6. (a) Waveforms of two earthquakes (shown in green and cyan) and one nuclear explosion (shown in red) 
recorded at GSN station II.NIL (Nilore, Pakistan) and filtered between 1–2 Hz. (b) Shear-wave attenuation model of the 
crust from amplitude topography of regional phases. This map is primarily sensitive to the attenuation of the direct 
crustal shear-wave Lg. Black triangle is GSN station II.NIL, red star is the 1998 Indian nuclear explosion, and circles are the 
earthquakes near the Indian test (green) and in Kyrgyzstan (cyan). The importance of understanding attenuation in the 
lithosphere aids source discrimination studies. Figure and caption modified from Pasyanos and Walter [2009]
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GSN STATIONS – ANCHORING OTHER NETWORKS

Because GSN data are telemetered, they can be directly 
incorporated into outside networks for analyses. There 
are numerous examples where GSN station data are used 
by national networks, particularly in developing coun-
tries with earthquake monitoring programs, including 
Venezuela (IU.SVD), Panama (CU.BCIP), the Dominican 
Republic (CU.SDDR), Ecuador (IU.OTAV), Peru (II.NNA), 
and Chile (IU.LVC and IU.LCO). Even countries with well- 
established seismic networks will often incorporate GSN 
stations, such as New Zealand (IU.SNZO).

GSN stations have also been used as anchors, reference 
stations, or additional points for analysis for portable 
seismic deployments, such as those facilitated by the IRIS 

PASSCAL program. Recent examples of this use include the 
Africa Array (II.MBAR, IU.LSZ), the Madagascar and Comores 
Seismic Experiment (II.ABPO), the North Anatolian Fault 
and Central Anatolian Tectonics deployments (IU.ANTO), 
Peru Lithosphere and Slab Experiment (II.NNA), Program 
to Investigate Convective Alboran Sea System Overturn 
(IU.PAB), and the Northeast China Extended Seismic Array 
(IC.MDJ). These examples encompass only US-deployed 
temporary experiments from over the last decade. The GSN 
also contributed two IRIS/IDA and 13 IRIS/USGS stations to 
establishing the permanent Reference Network compo-
nent of the EarthScope USArray.



30



31

6.0 GSN Data Quality

Making high-quality observations has always been a key GSN goal. Over the past 10 years, however, aging of GSN equip-
ment and the discovery of GSN data problems have highlighted the importance of quantifying, validating, and maintaining 
GSN data quality. This has motivated the creation and implementation of a more holistic approach to ensuring GSN data 
quality, igniting a discussion across all of IRIS, and spawning several key IRIS activities during 2014–2018. While the GSN’s 
focus on quality may have been re-energized by the discovery of problems, it has had the effect of putting the GSN at the 
forefront of devising and evaluating quality control efforts that span all aspects of network operation: instrumentation, 
routine monitoring and analysis of waveform data to detect and/or track problems, action plans that address station qual-
ity issues as they are found, and effectively communicating data quality issues to users. This section presents a brief history 
of the issues that motivated the GSN’s renewed focus on quality, and details the GSN’s approach to achieving improved and 
assured data quality.

and 2007 also indicated there were ongoing issues related 
to metadata inaccuracies. This latter work focused primarily 
on observations of radial normal modes and tides. 

IRIS responded to the quality issues by organizing a Quality 
Assessment Team (QAT) to review the state of data quality 
policies, practices, and procedures across all of IRIS’ observ-
ing activities. IRIS also appointed a GSN Data Quality Panel, 
with outside membership, to review GSN QC issues and the 
GSN’s response. The QAT assembled a comprehensive set 
of materials documenting QC practices and procedures, 
and the Data Quality Panel reviewed these materials and 
provided feedback. The GSN went on to develop a Concept 
of Operations as well as an Implementation Plan for the GSN 
Quality Assurance System that is currently being executed. 
The GSN has also developed a Data Quality Goals docu-
ment that guides the current GSN quality objectives and is 
intended to be updated at regular intervals. 

A number of activities related to GSN data quality have 
been undertaken over the past nine years. These include:
• Deployed new STS-1 feedback electronics boxes (FBEs)
• Implemented a new calibration policy, which will ulti-

mately include guidelines for when metadata are 
updated based on calibration results

• Deployed next generation equipment to overcome 
limitations and aging issues of the legacy GSN station 
hardware

• Developed a guide to sensor orientation best practices 
and onsite “absolute” calibrations

• Developed and began implementing the Data Quality 
Assessment (DQA) tool at the ASL Data Collection Center

• Implemented the Modular Utility for Statistical 
Knowledge Gathering (MUSTANG) tool at the IRIS DMC 
for computing quality metrics

6.1 Recent History

Indications of problems with the long-period response 
of the STS-1 sensors used in the GSN began to emerge 
in the mid-2000s. These issues were identified by the 
Waveform Quality Center (WQC) at the Lamont-Doherty 
Earth Observatory (LDEO) and were observed as scaling 
problems when performing their ongoing global cen-
troid moment tensor analyses (Figure 6.1-1) [Ekström 
et al., 2006]. In 2010, the WQC issued a series of 10 reports 
detailing performance issues that were observed at 10 dif-
ferent GSN stations since installation. In addition to prob-
lems associated with the degradation of the STS-1 sensors, 
maintenance issues such as high noise levels, channel 
polarity, orientation, and metadata accuracy were also 
identified. Two studies published by the IDA group in 2005 

Blue - observed seismograms
Red - synthetic seismograms

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Sc
al

in
g 

Fa
ct

or

S =
N
i =1 s2

i

N
i =1 oi si

Figure 6.1-1. Example of the GSN sensor performance issue identified by 
the WQC. The scaling factor between the observed and synthetic wave-
forms indicates that the vertical component seismometer is not function-
ing correctly. Figure from Nettles and Ekström [2009]
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Figure 6.1-2. Station amplitude response as a function of time for IU.KIP in 
Hawaii. Symbols indicate the scaling factor between data and synthetics 
for earthquakes with Mw ≥ 6.5 in the body wave band (blue, ~60 s) and 
the surface wave band (red, ~175 s). The primary vertical channel (top 
panel, symbols labeled LHZ-00) shows scaling issues that were rectified 
with the replacement of the vertical component feedback electronics 
box in 2006. A complete station upgrade was performed in 2010. Figure 
from Gee et al. [2014]

• Implemented the Latest Assessment of Seismic Station 
Observations (LASSO) tool for aggregating MUSTANG 
data metrics into actionable reports

• Implemented a problem-tracking system at ASL to inte-
grate QC and field-engineering efforts

These efforts have had a positive impact on both data and 
metadata quality and improved disclosure of quality related 
data metrics to the user community. In a follow-up paper in 
2012, the IDA group found, using the same methodology as 
their earlier studies, a measurable improvement in metadata 
accuracy for those sensors whose responses were checked 
using the new quality assessment tools. In a recent study, 
Gee et al. [2014] showed improvements in data quality due 
to recent upgrades of seismometers, feedback electronics 
boxes, and data loggers (Figure 6.1-2) as well as improved 
calibration procedures and policies. They also showed that 
with careful analysis of the data and station records it is pos-
sible to correct metadata for some historical station epochs.

6.2 GSN Approach to QA/QC

6.2.1 SHORT- AND INTERMEDIATE-TERM PLANS

GSN data quality goals are discussed in detail in the Data 
Quality Goals document. These goals address:
• Station location accuracy
• Sensor orientation accuracy
• Timing accuracy
• Sensor frequency response
• Data availability
• Complete and accurate ground motion recording
• Minimization of seismic noise

These goals are derived primarily from the original GSN 
design goals and the 2002 update. The Data Quality Goals 
document has begun to quantify metric targets against 
which performance can be evaluated.

Implementing the calibration policy, in which all broad-
band sensors must be calibrated at least once per year, 
has resulted in a significant number of recent calibrations, 
as can be seen from the table on the IDA website (http://
ida.ucsd.edu/web/WhatsNew/recalibration/html/GSN_ 
recalibration_table.html). Calibration information for USGS- 
operated GSN stations can be accessed with the cali-
bration tab for specific stations (e.g.,  http://earthquake.
usgs.gov/monitoring/operations/station.php?network= 
IU&station=TUC#calibration). Analysis of these calibrations 

(e.g.,  Figure 6.2-1) has led to many updates to station 
response metadata and provides an additional tool for 
identification of problem sensors. 

Figure 6.2-1. GSN network operators refine sensor response models by 
analyzing the output of known signals injected into the sensor’s calibra-
tion coils. Shown here is the magnitude of the transfer function between 
pairs of time series: (1) the coil input convolved with the modeled instru-
ment response and (2) the observed sensor output, for examples of broad-
band sensors used in the GSN. A well-modeled response should yield 
unity across the passband. Dashed lines denote instrument responses 
based on the manufacturer’s nominal model, which fit poorly in many 
cases. Solid lines represent models whose parameters were adjusted to fit 
the observed output. In all cases, these fit to 1% accuracy.
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EXAMPLES FROM SOFTWARE AND TOOLS

Figure 6.2-3. LASSO displays metrics, either singly or in related groupings, 
and can also calculate derived metrics such as seismometer mass posi-
tions. In this example, mean GSN mass positions for 2014 are displayed, 
and clicking on “m3” for IC.BJT.00 shows a single mass position channel 
for that seismometer. The change in voltage from a re-centering pulse can 
clearly be seen. LASSO also provides default rule sets for ranking selected 
metrics, which can be modified by users and incorporated with weights to 
create qualitative or quantitative ranking schema. This provides ways to 
evaluate network performance using structured criteria.

Implementation of MUSTANG and DQA systems has 
been a significant undertaking. In parallel, LASSO and the 
MUSTANG Data Browser were developed as publicly avail-
able software clients to visualize and analyze the MUSTANG 
metrics. The DQA was created as an in-house quality assess-
ment tool for the ASL, in collaboration with IRIS. As is often 
the case with software engineering, these tools took lon-
ger to develop than originally anticipated. However, all of 
these tools are now online and are being used routinely as 

development continues. The quality metrics computed by 
MUSTANG are available via Web services functionality. The 
IDA DCC incorporates MUSTANG metrics into its data qual-
ity analyses using Web services.

These tools and software enable both network operators 
and end users to quickly characterize stations and networks, 
as illustrated through examples in Figures 6.2-2–6.2-5.

Figure 6.2-4. The DQA summary page for the New China Digital 
Seismographic Network (network code IC) for 2013 shows the table 
entries for metric summaries and the data quality aggregate. Four plots 
of summary metrics are shown, where the daily values have either been 
averaged or summed over the channels at each station. Figure and caption 
modified from Ringler et al. [2014] 
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Figure 6.2-5. IDA DCC calibration analysis tools, some reliant on MUSTANG, 
are used operationally to identify station quality issues across the GSN. 
The plot shows a computed gain ratio of BHZ-00:BHZ-10 channels at 
II.WRAB centered on the microseismic peak compiled using MUSTANG. If 
the relative gains of the KS-54000 and the STS-2 (later TR-240) were per-
fectly characterized, this quantity would be 1.0. Inspection of this plot and 
subsequent investigation uncovered two metadata issues: (1) a miscon-
figuration of the DAS in early 2007 introduced an incorrect DAS sensitivity 
for BHZ-10 for one year, and (2) a database entry error was introduced in 
2013 that created a 1% offset in BHZ-10 gain from 2009–present.

Figure 6.2-2. MUSTANG’s data browser enables users to generate quick 
plots of MUSTANG metrics and can be adjusted to display station or 
network views, plot one or more metrics, and show either single chan-
nels (e.g.,  BHZ) or sets of channels (BH?). Options allow users to scroll 
through multiple metrics for a station or set of channels and define dif-
ferent time windows.
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Operationally, the central goal of using MUSTANG, LASSO, 
DQA, and related software is to identify and incorporate 
actionable QC results in operations and maintenance plan-
ning and decision making. The GSN management is iden-
tifying and experimenting with ways that these software 
tools are best incorporated into management and opera-
tions activities. These tools will also be used to assemble 
and summarize information on longer-term or chronic 
issues for the GSN Standing Committee, so that prioritiza-
tion of stations and issues can be performed in an objec-
tive and quantitative way that has not been possible until 
now. Such an approach is needed to enable resources to be 
strategically allocated to ensure the highest possible data 
return. The goal of presenting summary QC information to 
the Standing Committee partially motivated the creation 
of the LASSO QC tool.

Overall, the current multipronged approach to data quality 
represents a partnership among the two network opera-
tors and the IRIS DMC, combined with external input and 
oversight from the GSN Standing Committee. The under-
lying metrics, analytical techniques, and presentations will 
be used throughout IRIS observational programs, and the 
MUSTANG metrics are being computed for all data in the 
IRIS DMC (current and archived). As previously noted, the 
tools and metrics are openly available and network opera-
tors everywhere will be encouraged to use them to assess 
(and improve) the quality of their network operations.

6.2.2 LONGER-TERM PLANS AND CHALLENGES

The longer-term plan for implementing the quality system 
is to ensure that all facets of data quality are addressed—
upgrades to station equipment and infrastructure, service 
visits, calibrations, monitoring of waveform quality, man-
agement response to identified issues, transparency to 
data users, and governance oversight for the entire pro-
cess, including providing guidance on long-term issues 
and directions. The IRIS Instrumentation Services programs, 
spearheaded by the Instrumentation Services Standing 
Committee, has developed a set of “Quality Principles” 
(Appendix D) that guides the overarching approach to data 
quality across all IRIS programs. These principles articulate 
key operating practices for the network and provide a sort 
of “Bill of Rights” for data users.

One challenge for maintaining the quality of any estab-
lished network is cost. O&M budgets are tight and have 
been declining, causing tension between preventative 
maintenance via regular service visits and condition-based 
maintenance responding to issues as they arise. Running 
current generation equipment helps substantially, but the 
cost of ongoing recapitalization is not built into the GSN 
O&M budget, and even small parts stretch the budget.

The impact of hardware modernization is clearly demon-
strated by the upgrade to next generation data loggers. 
As Figure 4.1-8 illustrated, deployment of new data log-
gers resulted in a measurable and significant increase in 
station reliability. 

For O&M, the primary cost drivers related to maintaining 
data quality include:

• Labor, travel, and materials and supplies to perform 
preventative maintenance or effect repairs when issues 
are detected

• Labor and software to analyze and assess data quality
• Investments in equipment and infrastructure to main-

tain quality and realize efficiencies

With the possibility of flat funding for GSN O&M in the 
coming several years, the GSN may need to balance geo-
graphical coverage and the cost of optimal maintenance of 
individual stations.

An unsolved challenge in data quality is communication 
with data users. GSN users need clear and reliable infor-
mation about known data problems, about metadata 
changes, and about the reliability of data during any given 
time period. Some information is available through the 
USGS and IDA websites. An increasing amount of informa-
tion is available via MUSTANG and LASSO, but much work 
remains to be done.

An additional challenge is obtaining feedback from the 
GSN user community that can be used in network quality 
management. IRIS has maintained a Data Problem Report 
(DPR) tool for some time, and this tool allows problems to 
be flagged via a simple, standardized report that is parsed 
into a searchable database. To date, input via this tool has 
been restricted to a specific list of data quality experts to 
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ensure the integrity, and maximize accuracy, of the reports. 
The GSN and IRIS Data Services programs have initiated 
discussions about how to address this challenge.

It is worth noting two nascent IRIS programs that may help 
address several of the challenges described above:

• Research Ready Data Sets (RRDS). In this initiative, IRIS 
Data Services will develop tools, based on metrics com-
puted by MUSTANG, that allow users to subset their data 
requests based on values (or ranges) of data metrics. For 
example, a user might request data for only those peri-
ods when timing is known to be locked, or when RMS 
noise levels are below a given threshold. Development 
of the RRDS tools will rely heavily upon MUSTANG met-
rics. Development of the RRDS project will begin in 
year 3 (FY16) of SAGE.

• Dirt-to-Desktop (D2D). The goal of this initiative is to 
simplify and streamline the process of moving data from 
the sensor (the “dirt”) through to the DMC and then to 
the user’s “desktop.” Wherever possible, sensors should 
be self-documenting and self-describing, and all efforts 
should be made to minimize the number of human 
“touches” of the data and metadata between the sensor 
and the archive. The benefit will be improved data qual-
ity, fewer errors, and lower costs. D2D is still at the con-
ceptual stage, and IRIS is working to articulate the goals 
and framework as a guide to vendors, software develop-
ers, and network managers.

Much longer term, it is likely that the GSN’s efforts in 
enhancing data quality will have a broader impact than on 
the GSN alone. Over the years, the GSN has been adopted 
by many as a global standard in areas such as techni-
cal design goals, open access data, and long-term data 
archiving. This has led to a significant increase in the quality 
and quantity of global data available for research and mon-
itoring. While many networks have adopted these techni-
cal and operational goals, many remain significantly below 
achieving GSN data quality—with a resulting lost opportu-
nity in global data resources. As the GSN works to set spe-
cific goals and procedures for quality assessment, it would 
be a natural progression that this leads, as past experience 
in technical and operational standards indicate, to a sig-
nificant increase in data quality and resources throughout 
global, national, and regional networks.
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7.0  GSN Resilience

A key strategy for GSN operation is the concept of “resilience”—making the network robust to 
failure and identifying and mitigating risks and vulnerabilities. Resilience may be considered 
in two ways. First is the technical approach to resilience—the specific technologies or opera-
tional practices that make the GSN more robust. Second is the management and organizational 
approach to resilience—providing an operating structure for the GSN that enhances resilience 
through diverse capabilities and approaches. Of course, both of these elements of resilience are 
critically dependent on stable and adequate funding for the network, which is discussed in the 
next section on GSN Renewal.

Technical resilience is a fundamental element of GSN sta-
tion design. The GSN implements primary and secondary 
broadband sensors (Figure 7.1), uses both high-gain and 
low-gain sensors to ensure signals remain on scale, and 
uses both on-site data recording and telemetry (and, in 
some cases, multiple telemetry paths). In order to main-
tain technical resilience, it is important to ensure that GSN 
equipment remains up to date and that obsolete equip-
ment is replaced with maintainable systems. For example, 
some of the current “next generation” systems are already 
more than 10 years old. Therefore, an important task for 
the GSN program in the next five years will be to begin the 
search for the next “next generation” acquisition systems 
with concomitant recapitalization funding.

Station locations and coverage are periodically reviewed 
with respect to cultural encroachment, the changing polit-
ical landscape, property ownership and access, natural 
disasters, and other variables in order to increase the net-
work’s technical resilience. 

Figure 7.1. The surface vault at IU.CASY (Casey, Antarctica) houses three 
STS-1 components as well as a STS-2 secondary sensor. This arrangement 
demonstrates the redundancy built into GSN station design.

The current dual-operator structure of the GSN enhances 
resilience by providing a diverse approach to both the 
operational and technical challenges faced by the GSN. 
For example, IRIS and USGS testing of sensor emplace-
ment strategies and thermal insulation (Figure 7.2), evalu-
ation of prototype sensors (Figure 7.3), and development 
of calibration techniques and other QC measures have 
benefited from the different but complementary exper-
tise of the two operators and the environments in which 
each is embedded. As new techniques are developed by 
one of the operators, they are vetted and often improved 
through ongoing technical interchange between the oper-
ators. Many current best practices used across the network 
were developed in this way. In addition, as mentioned in 
Section  4, having diversity in communications and data 
paths (i.e.,  separate and distinct data collection “centers” 
allow for multiple paths and mitigation of points of failure 
in the data flow from the GSN. There have been instances in 
the past when one or the other DCC were shutdown tem-
porarily. However, due to having diverse data flow topolo-
gies, data from the complete GSN were not lost. 

As discussed in the previous section, there has been a great 
deal of effort applied to data quality assurance. With new 
tools, metrics, and monitoring procedures applied not only 
at the DCCs, but also the DMC, data from the GSN are more 
robust, problematic stations are identified more quickly, 
and the actual state of data are more transparent to the 
end users. Tools developed for DMC usage are now applied 
to the entire IRIS archive, allowing data quality assessments 
for all the contributed dataset. This raises the bar on all data 
quality and helps in the resiliency of all data sets.

Global seismology resilience is also protected by interna-
tional partnerships in global seismic station operations. 
With the FDSN, several International partners contribute 
to global seismic observations and the GSN has lead the 
way in establishing quality standards and practices that 
have vastly improved the quality and availability of the 
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international partners in global seismology. Although com-
plete loss of the GSN is unlikely, if this were to occur, there 
still exists a substantial network of high-quality stations 
that would provide partial global coverage.

Further, the government-academic partnership can be 
used to navigate and enhance international relationships 
and partnerships. There are some situations where a non-
governmental organization (such as IRIS) or an academic- 
based organization (such as Project IDA at UCSD) can pursue 
agreements or partnerships that would be much slower to 
realize between government organizations. For example, 
IDA was able to use its endowment to establish a station 
in Pakistan at a time when the Pressler Amendment legally 
barred sending government-owned equipment there. In 
other situations, the US government, as represented by the 
USGS, can create government-to- government agreements 
and collaborations that would not otherwise be possi-
ble. The USGS’ establishment of GSN affiliate stations in 
Afghanistan and throughout the Caribbean illustrates this 
capability very well. 

Figure 7.3. Metrozet M2166-VBB triaxial seismometer on the left and 
M2166-EM electronics module on the right. Metrozet seismometers have 
been deployed for testing at three GSN stations and ASL to evaluate their 
potential as a replacement vault instruments. Performance has been 
documented and subsequent work with Metrozet has resulted in further 
modifications to improve overall instrument performance.

Figure 7.2. Thermal isolation tests on M2166 seismometers at ASL utilize 
water- or sand-filled containers to dampen the effect of temperature on 
seismometer noise performance. Preliminary results show considerably 
slower thermal noise perturbation rates when using water-filled bricks in 
additional to a standard foam covering.
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8.0  GSN Renewal

The science that motivates the operation of the GSN requires continuous, high-
level, long-term network performance. However, equipment and infrastructure age, 
and new technology and installation approaches provide new observing possibili-
ties, leading to the need for ongoing and regular renewal of network components. 
Leith [2008] notes that: “Network completion is a beginning, not an end, and there 
is a need for continual rejuvenation of such a network, both to improve operational 
capabilities and to open new avenues for scientific exploration.”

Broadly, there are three ranges of serviceable lifetimes of 
infrastructure fielded by the GSN. Typically, electronics and 
field computers have the shortest working lifetimes. The 
GSN has realized significant lifetimes with these systems, 
with the average age of data loggers (at II and IU stations) 
reaching 15 years prior to the next generation upgrade 
campaign (Figure 8.0-2 illustrates the average ages of the 
II component of the GSN.) This was a remarkable service 
life, and it is prudent to assume a shorter life in the future 
because field computers and electronics have many of the 
same characteristics that lead to obsolescence (with typi-
cally much shorter working lifetimes) in other information 
technology equipment. 

Sensors have a typical working lifetime of at least 10 to 
20 years and sometimes more. At numerous GSN locations, 
the original sensors are still in service (Figure  8.0-2). As 
noted earlier, many of the original GSN borehole sensors 

Stable funding is critical to ensure basic network operations 
are provided consistently and reliably. Figure 8.0-1 illus-
trates network evolution for the WWSSN, a precursor net-
work to the GSN. A period of intense spending during con-
struction and capitalization rapidly expanded the number 
of stations, followed by a prolonged period during which 
the network operating budget was slowly reduced and the 
network decayed, with the number of stations reduced to 
save costs. Long-term, high-quality observations require a 
level of funding that sustains and renews the network. To 
this end, IRIS has advocated for the GSN with the NSF, the 
USGS, and the other organizations within the federal gov-
ernment that benefit and/or rely on GSN data as part of 
their operations. To date, NSF and USGS funding for the GSN 
has been augmented by funds from DoD, DOE, DoS, NOAA; 
funds from ARRA; and contributions from host nations in 
terms of land use and security. IRIS will continue to cultivate 
funding from those agencies that benefit from GSN data.
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Figure 8.0-1. Comparison of WWSSN and GSN network evolution. The evo-
lution of the number of WWSSN stations illustrates a sort of network decay 
curve that is often discussed in the context of large observing networks. A 
challenge for the GSN is to avoid the WWSSN’s fate. 

Figure 8.0-2. Age progression of hardware at GSN stations operated by 
Project IDA. By 2013, primary sensors at II stations were nearly 16 years 
old. Reduction in the age of secondary sensors and data loggers demon-
strates the impact of renewal efforts
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8.1 Process and Plans for Network Renewal

instrumentation needs and define specifications for the 
next “next generation” systems and begin cultivating fund-
ing sources for recapitalization.

As discussed earlier, the USGS is presently engaged in 
procuring replacement borehole sensors, and these units 
will be deployed at both USGS and IDA operated sites. 
Deployment of these sensors will be challenging for multi-
ple reasons, including the need to make special installation 
trips as an effort above and beyond normal O&M activities, 
and the need to address infrastructure issues that must be 
rectified before the new sensors can be installed. 

Although it is clear that some of the vault sensors are in 
need of replacement, there are no specific funds available 
for this task. If the USGS procurement of borehole sensors 
comes in under budget, there may be some funds left for 
procurement of vault sensors.

Civil works at a number of GSN sites are in serious need 
of remediation. Issues include boreholes that leak water, 
vaults with decaying piers, and vault buildings or equip-
ment “huts” that leak and need repair. Most of these sites 
have been identified and roughly prioritized. IRIS has been 
working hard to obtain funding for these GSN activities, 
and it has recently been learned that President’s FY16 bud-
get includes augmented funding for the USGS to address 
these needs.

 

The GSN renewal process involves community, governance, 
and management working together. GSN management 
monitors GSN performance, flags issues, identifies immedi-
ate service priorities, and projects long-term service cycles 
and needs. The GSN program manager presents this infor-
mation to the GSN Standing Committee at least twice per 
year. Near-term issues are dealt with as a routine manage-
ment task, with little need for further review or discussion 
with the Standing Committee. Intermediate- and longer- 
term issues require greater discussion—because such deci-
sions implicitly involve the relative prioritization of existing 
work and the budget for such efforts is extremely limited. 
The Standing Committee, through its diverse membership 
and background, represents the needs and objectives of 
the GSN user community in this planning process.

At a high level, the present GSN renewal plans are focused 
around several major objectives:
• Replacement of the data acquisition equipment
• Replacement of the primary borehole sensors 
• Replacements (as needed) of the primary vault sensors
• Repair/replacement of infrastructure
• Strategic relocation or infill of station sites
• Improvement of installation methods

Within the next five years, the current generation of data 
loggers used in the GSN will no longer be commercially 
available (even though the several year rollout of these 
systems was just completed) as this model of hardware 
will be roughly 15 years old. It will be necessary to project 

are now failing and require replacement. Installation condi-
tions are also a factor in the service life of a station. It is clear 
that conditions at many GSN stations are not ideal—with 
(unavoidable) high levels of humidity being a particular 
culprit that degrades the performance of both mechanical 
and electrical systems. 

Finally, civil works have working lifetimes of decades, 
but eventually all man-made construction exposed to 
the elements requires repairs and improvements—for 
example, roofs leak, concrete erodes, cables corrode, 
and typhoons happen. 
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8.2 Challenges 

Obtaining funding for new equipment and site repair/
improvement is a first-order challenge for the mainte-
nance and renewal of any network. IRIS, NSF, and the USGS 
have been successful in obtaining external funds required 
for several aspects of renewal, funds that are above and 
beyond normal operating budgets—roughly $22M since 
2006 (see Section  9 for further discussion). The GSN con-
tinues to seek funding for recapitalization and the deploy-
ment of new equipment.

A key tension that arises when seeking extra funds is how 
to achieve balance between (re-)capitalization and O&M. 
When extra funds are obtained, they are often designated 
strictly for capital costs. A challenge that must be faced 
is how to deploy a large quantity of new equipment in a 
timely fashion, when such deployment “campaigns” are 
typically above and beyond normal O&M activities. Often 
such deployment campaigns require other deferred main-
tenance to be addressed (e.g., trying to avoid the situation 
of a new data logger being connected to an aging and fail-
ing power supply).

Another challenge is identifying how, and at what level, the 
GSN should take advantage of opportunities to develop 
enhanced international support for its stations. When the 
GSN was founded, there were few resources within host 
countries to adopt or support stations with GSN goals or 
to maintain stations to GSN standards. That situation has 
changed. Over the past 30 years, many host countries have 
developed national and regional networks that, in various 
ways, are based on GSN standards and procedures (a credit 
to the GSN). The advent of new techniques, such as the 
adoption of W-phase analysis, has changed how national 
networks view the importance of very broadband sensors. 
A challenge going forward is to identify how best to lever-
age these international efforts and interests. 

The need for standardization is a challenge of running a 
large network. Standardization is critical to ensure high 
data return, enable consistent and predictable operations, 
and to control costs. It typically takes several years to com-
plete upgrades, with the result that the upgraded hardware 
evolves through one or more models during the course of 
the upgrade. This challenge can best be addressed by com-
pleting upgrades quickly and well—which requires the 
ability to employ expert staff of sufficient size. The tension 
between network evolution and tight configuration con-
trol also existed throughout the 10 years of the EarthScope 
Transportable Array in the lower 48 states. Transportable 
Array results provide IRIS with a good case study that 
demonstrates the benefit of closely managing the evolu-
tion of station configuration.

Creating a routine process for projecting instrumentation 
needs and requirements, identifying the corresponding 
specifications, and communicating with vendors is always 
a challenge. This process tends to be used episodically, 
as funding is available. However, it is to the GSN’s advan-
tage to project desired targets and encourage vendors 
to spend their own research and development dollars 
towards reaching these targets. This process only works on 
an ongoing basis if development directions generally lead 
towards procurement activities.

A key role for IRIS and the USGS in managing the GSN is 
to address the challenges identified above. The GSN must 
serve the scientific community, and this community contin-
uously drives network evolution—to make more, increas-
ingly diverse, and better observations. However, the GSN 
must also meet steady-state operational objectives. It is 
important that a focus on bottom line costs does not drive 
the network toward stasis. 
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9.0 GSN Management and Governance

This section provides an overview of the GSN management, budget, and governance 
structures. Coordination between IRIS and USGS operations are discussed, including the 
benefits and challenges of a multi-operator approach.

Upon the departure of previous GSN Program Manager 
Rhett Butler, Kent Anderson became the acting GSN 
Program Manager, then permanent GSN Program Manager, 
but he still carried the Polar Coordinator duties. This split 
position did not allocate sufficient time to the GSN Program 
Manager duties, and in 2013, IRIS decided that the Polar 
coordination duties should be staffed separately. 

In 2014, and in response to opportunities created by staff 
departures, IRIS settled on a new structure for the manage-
ment of the GSN and PASSCAL programs as well as Polar 
activities. A new position, Portable Programs Manager, 
would oversee both the PASSCAL program and Polar 
activities, as these two sets of activities are closely inter- 
related. This person would be assisted by a newly created 
Project Associate position. The GSN Program Manager posi-
tion would then be solely dedicated to managing the GSN. 
These changes had the effect of organizing the work more 
efficiently and logically, and staffing the work with a cost- 
effective mix of senior and junior personnel. Kent Anderson 
agreed to take on the new role of Portable Programs 
Manager. Following IRIS policy, the IRIS Board of Directors 
appointed a committee to conduct a search for a new GSN 
Program Manager. Katrin Hafner was selected, beginning 
in this role on January 20, 2015, and bringing significant 
experience in network operations to the GSN from her 
experience as the Transportable Array Chief of Operations.

Within Project IDA at UCSD, the Director provides overall 
guidance for the project, and the Executive Director pro-
vides day-to-day management (Figure 9.1-2). This struc-
ture has been in place for over 10 years and has worked 
very efficiently. Both the Director and Executive Director 
attend GSN Standing Committee meetings to ensure com-
munication across both program management and gov-
ernance. The Executive Director provides direct line man-
agement for both the GSN network operations and data 
collection center teams.

9.1 Management

Figures 9.1-1 to 9.1-3 display organization charts and 
staffing levels for relevant GSN operations at IRIS, IRIS/IDA, 
and the USGS ASL.

In 2010, IRIS restructured its management to create three 
directorates, encompassing Instrumentation Services (IS), 
Data Services (DS), and Education and Public Outreach 
(EPO). The Instrumentation Services directorate brings 
together all of IRIS’ observing programs under one umbrella, 
with the goal of taking greater advantage of commonalties 
across them, and improving the efficiency of interactions 
with the other IRIS directorates. With this new structure, the 
IS management team is able to share expertise to the ben-
efit of each program and work together on pan-IRIS proj-
ects. The senior managers within IS include the IS Director, 
the GSN Program Manager, the Portable Program Manager, 
the Ocean Bottom Seismograph Instrument Pool Project 
Manager, and the Transportable Array Manager (see red 
boxes in Figure 9.1-1). Some examples of areas where the 
IS management team have collaborated include major pro-
curements, developing a common approach to data qual-
ity, subrecipient monitoring, and instrument testing. Some 
of these nascent efforts, particularly related to data quality 
and instrument testing, will continue to develop under the 
SAGE award.

Over the past 10 years, the IRIS GSN Program Manager posi-
tion has evolved significantly. Currently, the GSN Program 
Manager oversees the Project IDA subaward activities, 
coordinates with USGS staff on procurements and activi-
ties, interfaces with GSN stakeholders, coordinates with 
other IRIS programs, and works with the IRIS Director of 
Planning to develop external recapitalization funding. In 
response to the 2003 external review, GSN management 
was expanded from one position to two, with the creation 
of a GSN Operations Manager position. Kent Anderson was 
hired for this new position, and his time was split among 
the GSN, USArray Permanent Array, and serving as the IRIS 
Polar Coordinator managing various IRIS Polar activities. 



44

IR
IS

 H
ea

dq
ua

rt
er

s 
(D

C 
Lo

ca
tio

n)
Co

nt
ra

ct
or

s 
D

at
a 

Se
rv

ic
es

 (
D

S)
 

Ed
uc

at
io

n 
an

d 
Pu

bl
ic

 O
ut

re
ac

h 
(E

PO
)

I n
st

ru
m

en
ta

tio
n 

Se
rv

ic
es

 (
IS

)

Ro
b 

Ca
se

y,
D

ep
ut

y 
D

ire
ct

or
, Q

ua
lit

y 
As

su
r a

nc
e 

an
d 

An
al

yt
ic

s

M
oh

am
m

ed
 T

ah
er

,
D

BM
S 

Ad
m

in
is

tr
at

or

Sa
nd

y 
St

ro
m

m
e,

Re
al

 T
im

e 
Sy

st
em

s 
Ex

te
rn

al
 O

pe
ra

tio
ns

Ad
am

 C
la

rk
,

D
at

a 
D

is
co

ve
ry

 W
eb

 
Pr

es
en

ta
tio

n

Ro
b 

N
ew

m
an

,
D

ep
ut

y 
D

ire
ct

or
, 

IR
IS

 W
eb

 A
rc

hi
te

ct
ur

e

Ri
ck

 B
en

so
n,

D
ep

ut
y 

D
ire

ct
or

, 
D

M
C 

O
pe

ra
tio

ns

An
h 

N
go

,
O

pe
ra

tio
ns

 P
ro

gr
am

m
er

M
ar

yA
nn

 W
oo

d,
D

at
a 

Co
nt

ro
l T

ec
hn

ic
ia

n

M
ar

y 
Ed

m
un

ds
,

D
at

a 
Co

nt
ro

l T
ec

hn
ic

ia
n

U
n 

Jo
e,

D
at

a 
Co

nt
ro

l T
ec

hn
ic

ia
n

In
ge

 W
at

so
n,

Se
ni

or
 S

ys
te

m
s 

Ad
m

in
is

tr
at

or

Lo
nn

y 
Jo

ne
s,

Sy
st

em
s 

Ad
m

in
is

tr
at

or

Br
en

t 
Ev

er
s,

O
BS

IP
  

 

Je
ss

ic
a 

Lo
de

w
yk

,
Pr

oj
ec

t 
As

so
ci

at
e

IR
IS

 F
IN

AN
CI

AL
 S

ER
VI

CE
S

IR
IS

 P
RO

G
RA

M
S

Ke
nt

 A
nd

er
so

n,
Po

rt
ab

le
 P

ro
gr

am
s

LE
G

EN
D

O
R

G
A

N
IZ

A
TI

O
N

 C
H

A
R

T

In
co

rp
or

at
ed

 R
es

ea
rc

h 
In

st
itu

tio
ns

 fo
r 

Se
is

m
ol

og
y

G
ill

ia
n 

Sh
ar

er
,

Le
ad

 D
at

a 
An

al
ys

t

TB
D

,
TA

 C
hi

ef
 o

f 
O

pe
ra

tio
ns

H
ow

ar
d 

Pe
av

ey
,

TA
 S

ta
tio

n 
Sp

ec
ia

lis
t

Je
re

m
y 

M
in

er
,

TA
 S

ta
tio

n 
Sp

ec
ia

lis
t

Ry
an

 B
ie

rm
a,

St
at

io
n 

Sp
ec

ia
lis

t

M
ax

 E
nd

er
s,

St
at

io
n 

D
ep

lo
ym

en
t

 C
oo

rd
in

at
or

Ap
pr

ov
al

 S
ig

na
tu

re
Ef

fe
ct

iv
e 

D
at

e

Ka
tr

in
 H

af
ne

r,
G

SN
 M

an
ag

er

Bo
b 

Bu
sb

y,
 

TA
 M

an
ag

er
, 

CE
U

SN
, C

hi
le

Ti
m

 A
he

rn
,

 D
ire

ct
or

 o
f 

 
D

at
a 

Se
rv

ic
es

G
al

e 
Co

x,

M
an

oc
he

hr
 B

ah
av

ar
,

Pr
od

uc
t 

Sp
ec

ia
lis

t

Al
ex

 H
ut

ko
,

Pr
od

uc
t 

Sp
ec

ia
lis

t

Ro
be

rt
 W

ee
kl

y,
Q

ua
lit

y 
As

su
ra

nc
e 

&
 

D
ep

lo
ym

en
t 

En
gi

ne
er

Br
uc

e 
W

ee
rt

m
an

,
W

eb
 S

er
vi

ce
s 

 
Q

ua
lit

y 
Sy

st
em

s

M
ik

e 
Va

n 
Fo

ss
en

,
W

eb
 S

er
vi

ce
s

TB
D

,
Ea

rt
h 

Cu
be

 D
ev

el
op

er

Ya
za

n 
Su

le
im

an
,

W
eb

 S
er

vi
ce

s

M
ic

ha
el

 S
tu

lts
,

Ea
rt

h 
Cu

be
 D

ev
el

op
er

Ch
ad

 T
ra

ba
nt

,
D

ep
ut

y 
D

ire
ct

or
, 

D
M

C 
Pr

oj
ec

ts
 

Jo
hn

 T
ab

er
,

D
ire

ct
or

 o
f 

Ed
uc

at
io

n 
 

an
d 

Pu
bl

ic
 O

ut
re

ac
h

An
dy

 F
ra

ss
et

to
,

Pr
oj

ec
t 

As
so

ci
at

e
D

an
ie

lle
 S

um
y,

Pr
oj

ec
t 

As
so

ci
at

e

Bo
b 

W
oo

dw
ar

d,
 

D
ire

ct
or

 o
f 

In
st

ru
m

en
ta

tio
n 

Se
rv

ic
es

Ro
bi

n 
M

or
ris

,
Pr

oj
ec

t 
Co

st
 C

on
tr

ol
le

r

D
av

id
 F

ill
eb

ro
w

n,
Ac

co
un

tin
g 

M
an

ag
er

Jo
se

ph
in

e 
Ak

a,
A/

P 
M

an
ag

er

Ro
be

rt
 A

us
tin

,
Bu

si
ne

ss
 A

na
ly

st
(P

ur
ch

as
in

g)

D
ee

 M
an

n,
St

af
f 

Ac
co

un
ta

nt
 (

A/
R)

Ca
nd

y 
Sh

in
,

Ra
y 

W
ill

em
an

n,
D

ire
ct

or
 o

f 
Pl

an
ni

ng
Le

sl
ie

 L
in

n,
Ex

ec
ut

iv
e 

 A
ss

is
ta

nt

Te
re

sa
 S

aa
ve

dr
a,

M
ar

y 
Ba

ra
no

w
sk

i,
M

ee
tin

g 
Pl

an
ne

r

Bo
b 

D
et

ric
k,

IR
IS

 P
re

si
de

nt

IT

PU
BL

IC
AT

IO
N

S

H
R

SP
O

N
SO

RE
D

  
PR

O
JE

CT
S

TB
D

,
W

eb
 D

ev
el

op
er

G
le

n 
Fo

st
er

,
N

et
w

or
k 

Ad
m

in
is

tr
at

or

El
le

n 
Ka

pp
el

,
G

eo
 P

ro
se

Tr
ay

ce
 T

ur
ne

r,
 H

R 
G

en
er

al
is

t/
Ad

m
in

is
tr

at
iv

e

Ru
th

 S
ob

el
,

Se
ni

or
 G

ra
nt

 &
 C

on
tr

ac
t 

Ad
m

in
is

tr
at

or

Ro
b 

W
oo

lle
y,

 
D

ire
ct

or
 o

f 
Pr

og
ra

m
 

Su
pp

or
t 

&
 S

pe
ci

al
 P

ro
je

ct
s

Sa
ra

h 
As

hm
or

e,
Q

ua
lit

y 
As

su
ra

nc
e

Te
ch

ni
ci

an

M
ar

y 
Te

m
pl

et
on

,
D

at
a 

Co
nt

ro
l A

na
ly

st

Ju
st

in
 S

w
ee

t,
Pr

oj
ec

t 
As

so
ci

at
e

Pe
rle

 D
or

r,
Pu

bl
ic

 O
ut

re
ac

h
M

an
ag

er

M
ic

ha
el

 H
ub

en
th

al
,

Se
ni

or
 E

du
ca

tio
n 

Sp
ec

ia
lis

t

Ru
ss

 W
el

ti,
So

ft
w

ar
e 

En
gi

ne
er

Pa
tr

ic
k 

M
cQ

ui
lla

n,
Ed

uc
at

io
n 

an
d 

O
ut

re
ac

h
 S

pe
ci

al
is

t

Ta
m

m
y 

Br
av

o,
Se

is
m

ol
og

y 
Ed

uc
at

io
n 

 
an

d 
O

ut
re

ac
h 

Sp
ec

ia
lis

t

Je
nd

a 
Jo

hn
so

n,
Vo

lc
an

o 
Vi

de
o

Pr
od

uc
tio

ns

IR
IS

 H
ea

dq
ua

rt
er

s 
(D

C 
Lo

ca
tio

n)
Co

nt
ra

ct
or

s 
D

at
a 

Se
rv

ic
es

 (
D

S)
 

Ed
uc

at
io

n 
an

d 
Pu

bl
ic

 O
ut

re
ac

h 
(E

PO
)

In
st

ru
m

en
ta

tio
n 

Se
rv

ic
es

 (
IS

)

Ro
b 

Ca
se

y,
D

ep
ut

y 
D

ire
ct

or
, Q

ua
lit

y 
As

su
ra

nc
e 

an
d 

An
al

yt
ic

s

M
oh

am
m

ed
 T

ah
er

,
D

BM
S 

Ad
m

in
is

tr
at

or

Sa
nd

y 
St

ro
m

m
e,

Re
al

 T
im

e 
Sy

st
em

s 
Ex

te
rn

al
 O

pe
ra

tio
ns

Ad
am

 C
la

rk
,

D
at

a 
D

is
co

ve
ry

 W
eb

 
Pr

es
en

ta
tio

n

Ro
b 

N
ew

m
an

,
D

ep
ut

y 
D

ire
ct

or
, 

IR
IS

 W
eb

 A
rc

hi
te

ct
ur

e

Ri
ck

 B
en

so
n,

D
ep

ut
y 

D
ire

ct
or

, 
D

M
C 

O
pe

ra
tio

ns

An
h 

N
go

,
O

pe
ra

tio
ns

 P
ro

gr
am

m
er

M
ar

yA
nn

 W
oo

d,
D

at
a 

Co
nt

ro
l T

ec
hn

ic
ia

n

M
ar

y 
Ed

m
un

ds
,

D
at

a 
Co

nt
ro

l T
ec

hn
ic

ia
n

U
n 

Jo
e,

D
at

a 
Co

nt
ro

l T
ec

hn
ic

ia
n

In
ge

 W
at

so
n,

Se
ni

or
 S

ys
te

m
s 

Ad
m

in
is

tr
at

or

Lo
nn

y 
Jo

ne
s,

Sy
st

em
s 

Ad
m

in
is

tr
at

or

Br
en

t 
Ev

er
s,

O
BS

IP
  

 

Je
ss

ic
a 

Lo
de

w
yk

,
Pr

oj
ec

t 
As

so
ci

at
e

IR
IS

 F
IN

AN
CI

AL
 S

ER
VI

CE
S

IR
IS

 P
RO

G
RA

M
S

Ke
nt

 A
nd

er
so

n,
Po

rt
ab

le
 P

ro
gr

am
s

LE
G

EN
D

O
R

G
A

N
IZ

A
TI

O
N

 C
H

A
R

T

In
co

rp
or

at
ed

 R
es

ea
rc

h 
In

st
itu

tio
ns

 fo
r 

Se
is

m
ol

og
y

G
ill

ia
n 

Sh
ar

er
,

Le
ad

 D
at

a 
An

al
ys

t

TB
D

,
TA

 C
hi

ef
 o

f 
O

pe
ra

tio
ns

H
ow

ar
d 

Pe
av

ey
,

TA
 S

ta
tio

n 
Sp

ec
ia

lis
t

Je
re

m
y 

M
in

er
,

TA
 S

ta
tio

n 
Sp

ec
ia

lis
t

Ry
an

 B
ie

rm
a,

St
at

io
n 

Sp
ec

ia
lis

t

M
ax

 E
nd

er
s,

St
at

io
n 

D
ep

lo
ym

en
t

 C
oo

rd
in

at
or

Ap
pr

ov
al

 S
ig

na
tu

re
Ef

fe
ct

iv
e 

D
at

e

Ka
tr

in
 H

af
ne

r,
G

SN
 M

an
ag

er

Bo
b 

Bu
sb

y,
 

TA
 M

an
ag

er
, 

CE
U

SN
, C

hi
le

Ti
m

 A
he

rn
,

 D
ire

ct
or

 o
f 

 
D

at
a 

Se
rv

ic
es

G
al

e 
Co

x,

M
an

oc
he

hr
 B

ah
av

ar
,

Pr
od

uc
t 

Sp
ec

ia
lis

t

Al
ex

 H
ut

ko
,

Pr
od

uc
t 

Sp
ec

ia
lis

t

Ro
be

rt
 W

ee
kl

y,
Q

ua
lit

y 
As

su
ra

nc
e 

&
 

D
ep

lo
ym

en
t 

En
gi

ne
er

Br
uc

e 
W

ee
rt

m
an

,
W

eb
 S

er
vi

ce
s 

 
Q

ua
lit

y 
Sy

st
em

s

M
ik

e 
Va

n 
Fo

ss
en

,
W

eb
 S

er
vi

ce
s

TB
D

,
Ea

rt
h 

Cu
be

 D
ev

el
op

er

Ya
za

n 
Su

le
im

an
,

W
eb

 S
er

vi
ce

s

M
ic

ha
el

 S
tu

lts
,

Ea
rt

h 
Cu

be
 D

ev
el

op
er

Ch
ad

 T
ra

ba
nt

,
D

ep
ut

y 
D

ire
ct

or
, 

D
M

C 
Pr

oj
ec

ts
 

Jo
hn

 T
ab

er
,

D
ire

ct
or

 o
f 

Ed
uc

at
io

n 
 

an
d 

Pu
bl

ic
 O

ut
re

ac
h

An
dy

 F
ra

ss
et

to
,

Pr
oj

ec
t 

As
so

ci
at

e
D

an
ie

lle
 S

um
y,

Pr
oj

ec
t 

As
so

ci
at

e

Bo
b 

W
oo

dw
ar

d,
 

D
ire

ct
or

 o
f 

In
st

ru
m

en
ta

tio
n 

Se
rv

ic
es

Ro
bi

n 
M

or
ris

,
Pr

oj
ec

t 
Co

st
 C

on
tr

ol
le

r

D
av

id
 F

ill
eb

ro
w

n,
Ac

co
un

tin
g 

M
an

ag
er

Jo
se

ph
in

e 
Ak

a,
A/

P 
M

an
ag

er

Ro
be

rt
 A

us
tin

,
Bu

si
ne

ss
 A

na
ly

st
(P

ur
ch

as
in

g)

D
ee

 M
an

n,
St

af
f 

Ac
co

un
ta

nt
 (

A/
R)

Ca
nd

y 
Sh

in
,

Ra
y 

W
ill

em
an

n,
D

ire
ct

or
 o

f 
Pl

an
ni

ng
Le

sl
ie

 L
in

n,
Ex

ec
ut

iv
e 

 A
ss

is
ta

nt

Te
re

sa
 S

aa
ve

dr
a,

M
ar

y 
Ba

ra
no

w
sk

i,
M

ee
tin

g 
Pl

an
ne

r

Bo
b 

D
et

ric
k,

IR
IS

 P
re

si
de

nt

IT

PU
BL

IC
AT

IO
N

S

H
R

SP
O

N
SO

RE
D

  
PR

O
JE

CT
S

TB
D

,
W

eb
 D

ev
el

op
er

G
le

n 
Fo

st
er

,
N

et
w

or
k 

Ad
m

in
is

tr
at

or

El
le

n 
Ka

pp
el

,
G

eo
 P

ro
se

Tr
ay

ce
 T

ur
ne

r,
 H

R 
G

en
er

al
is

t/
Ad

m
in

is
tr

at
iv

e

Ru
th

 S
ob

el
,

Se
ni

or
 G

ra
nt

 &
 C

on
tr

ac
t 

Ad
m

in
is

tr
at

or

Ro
b 

W
oo

lle
y,

 
D

ire
ct

or
 o

f 
Pr

og
ra

m
 

Su
pp

or
t 

&
 S

pe
ci

al
 P

ro
je

ct
s

Sa
ra

h 
As

hm
or

e,
Q

ua
lit

y 
As

su
ra

nc
e

Te
ch

ni
ci

an

M
ar

y 
Te

m
pl

et
on

,
D

at
a 

Co
nt

ro
l A

na
ly

st

Ju
st

in
 S

w
ee

t,
Pr

oj
ec

t 
As

so
ci

at
e

Pe
rle

 D
or

r,
Pu

bl
ic

 O
ut

re
ac

h
M

an
ag

er

M
ic

ha
el

 H
ub

en
th

al
,

Se
ni

or
 E

du
ca

tio
n 

Sp
ec

ia
lis

t

Ru
ss

 W
el

ti,
So

ft
w

ar
e 

En
gi

ne
er

Pa
tr

ic
k 

M
cQ

ui
lla

n,
Ed

uc
at

io
n 

an
d 

O
ut

re
ac

h
 S

pe
ci

al
is

t

Ta
m

m
y 

Br
av

o,
Se

is
m

ol
og

y 
Ed

uc
at

io
n 

 
an

d 
O

ut
re

ac
h 

Sp
ec

ia
lis

t

Je
nd

a 
Jo

hn
so

n,
Vo

lc
an

o 
Vi

de
o

Pr
od

uc
tio

ns

Figure 9.1-1. IRIS organization chart. 
Red boxes identify the Instrumentation 
Services Directorate staff.
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Figure 9.1-2. Organization chart for the Project 
IDA group at Scripps Institution of Oceanography, 
University of California, San Diego.

The USGS component of the GSN is one of six  
science programs within the USGS Natural 
Hazards Mission Area, and is a line item in 
the USGS budget. The GSN is operated by the 
Albuquerque Seismological Laboratory, which 
is managed by the Geologic Hazards Science 
Center in Golden, Colorado. Lind Gee served as 
the scientist in charge of ASL until December 
2014 and was succeeded by David Wilson in 
January 2015. Programmatic responsibility 
for the GSN is overseen by the Senior Science 
Advisor for Earthquake and Geologic Hazards 
and by the Associate Coordinator for the GSN at 
the USGS headquarters in Reston. 

The collective leadership provided by the GSN 
Program Manager, the GSN Standing Committee, 
and the management of the USGS and IDA net-
work operations groups is key to making the 
GSN structure work. This structure brings both 
scientific- and mission-centric perspectives to 
the operations, and leverages both government 
and academic R&D environments. 
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9.2 Budget

Figure 9.2-1 shows the history of NSF and USGS GSN fund-
ing and documents the substantial investment that both 
organizations have made. The figure shows the ongoing 
annual core funding from both IRIS and USGS, though for 
historical reasons, the IRIS core funding in this graph does 
not include the IDA DCC activity. Special funding augmen-
tations have contributed to the periodic recapitalization of 
the network. Since 2005 (post Sumatra earthquake), there 
has been over $22 M in external recapitalization funding. 
This total may, in fact, be an underestimate. In the early 
1990s, there was additional DoD funding that was used as 
part of the IRIS Joint Seismic Program for activities in the 
Former Soviet Union. Because these funds covered a vari-
ety of activities (some PASSCAL-like, others more GSN and 
DMC related), they were not strictly tracked against the 
GSN. More recently, the President’s 2016 budget also con-
tains a proposed ~$5 M increase in the USGS GSN budget 
to assist in the installation of next generation borehole sen-
sors (see details in Section 8). 

Tables 9.2-1 to 9.2-3 provide a more detailed view of 
how the core IRIS and USGS budgets are allocated and 
expended. Labor makes up the biggest component of both 
the IRIS expenditures (via the subaward to UCSD) and USGS 
expenditures. Note that Tables 9.2-1 and 9.2-2 do include 
the costs of the IDA DCC activity. During this five-year 
period (July 1, 2009, to June 30, 2014), an augmentation of 
$5 M was received (beginning in FY10) by IRIS, and these 
funds were used to fund the upgrade to next generation 

Figure 9.2-1. Funding of the GSN over time. The green bars show the total GSN funding, which is the sum of 
IRIS and USGS core funding plus any special augmentations. The major augmentations of the GSN budget are 
labeled, and total $20.5 M over the past ten years.
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data loggers. The augmentation funds were used both 
to acquire data loggers and to implement a deployment 
campaign to get these instruments into the field in a timely 
fashion. The USGS received an ARRA augmentation of 
~$5  M as well, to similarly procure and deploy next gen-
eration equipment. The “next generation” recapitalization 
plan was formulated after the Great Sumatra Earthquake. 
When the ARRA funds became available, the GSN recapital-
ization plan was deemed “shovel ready” and was funded in 
part. In 2011, the Department of Energy National Nuclear 
Security Administration provided $5.7 M to develop and 
procure next generation primary borehole sensors. These 
funds were distributed to the USGS and can only be used 
for the purchase of equipment and not for enhanced 
deployment activities.

Table 9.2-1 summarizes the IRIS GSN expenditures. 
Most costs for operating the IRIS/IDA portion of the GSN 
are included within the IDA subaward, which is further 
detailed in Table  9.2-2. Among IRIS’ non-subaward costs 
are funds for “ASL”, which is a small pool of funds that 
are used when, for various reasons, it is most efficient to 
have IRIS purchase items for the IRIS/USGS component of 
the network. The “communications” costs cover routine, 
recurring satellite telemetry costs. The “site prep” funds 
are used to perform civil works at station sites—typically 
to repair aging infrastructure. The “hardware” funds cover 
equipment (items that cost more than $5 K) and materials 
and supplies, and these items may include sensors, power 
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Category YR 1
7/1/09-6/30/10

YR 2
7/1/10-6/30/11

YR 3 
7/1/11-6/30/12

YR 4
7/1/12-6/30/13

YR 5
7/1/13-6/30/14

Total
7/1/09-6/30/14

Program Management  
and Governance  $548,909  $422,705  $293,966  $318,106  $308,401  $1,892,088 

ASL  $224,265  $-  $7,918  $150,384  $144,428  $526,995 

Communications  $48,716  $120,452  $60,833  $38,326  $57,581  $325,908 

Site Work (ASL/IDA)  $24,424  $55,247  $149,543  $30,153  $74,797  $334,164 

Hardware  $-  $-  $89,250  $5,325  $229,447  $324,022 

Array Workshop  $-  $-  $-  $42,609  $-  $42,609 

QC Enhancements  $-  $-  $-  $-  $22,002  $22,002 

IDA - GSN Operations  $2,396,356  $1,897,905  $2,118,272  $2,049,685  $2,535,766  $10,997,984 

IDA - Data Collection Center  $754,998  $729,305  $608,738  $638,572  $508,055  $3,239,668 

Augmentation  $2,488,652  $1,489,467  $976,103  $353,852  $-  $5,308,074 

Total  $6,486,320  $4,715,081  $4,304,624  $3,627,012  $3,880,477  $23,013,513

Table 9.2-1. Summary of the IRIS core GSN expenditures for the past five years.

Category YR 1
7/1/09-6/30/10

YR 2
7/1/10-6/30/11

YR 3 
7/1/11-6/30/12

YR 4
7/1/12-6/30/13

YR 5
7/1/13-6/30/14

Total
7/1/09-6/30/14

Operations  $2,390,826  $1,854,089  $2,107,253  $2,043,862  $2,523,260  $10,919,290 

Site Work  $-  $-  $21,397  $22,756  $21,429  $65,582 

DCC  $754,998  $729,305  $608,738  $638,572  $508,055  $3,239,668 

Augmentation  $247,393  $339,611  $304,884  $6,039  $-  $612,477 

Total  $3,393,217  $2,923,005  $3,042,271  $2,711,229  $3,052,744  $15,122,467 

Table 9.2-2. Summary of the IDA expenditures for the past five years. 

Table 9.2-3. Summary of the USGS core GSN expenditures for the past five years. 

Category FY11 FY12 FY13 FY14 FY15 Total

GSN station O&M  $2,688,690  $3,086,005  $2,991,401  $2,838,143  $2,844,423  $14,448,662 

Data QC  $624,933  $745,328  $755,645  $489,130  $489,948  $3,104,984 

ASL facilities  $300,460  $256,440  $317,114  $343,795  $339,279  $1,557,088 

Instrument Testing  $314,073  $377,600  $240,381  $283,684  $283,152  $1,498,890 

Total (net)  $4,000,143  $4,496,261  $4,304,540  $3,954,752  $3,956,803  $20,712,499 

Net allocation  $4,271,326  $4,114,658  $3,989,735  $3,980,801  $3,974,743  $20,331,263 

Gross Allocation $5,379,220 $5,321,490 $4,852,969 $4,853,000 $4,853,000  $25,259,679 

Note: Actual expenditures can differ from net allocation from year to year due to funds being carried over from one fiscal year (FY) to the next.

systems, communications equipment, data loggers, and 
other ancillary equipment. The “array workshop” was held 
as an adjunct to the 2013 EarthScope National Meeting to 
bring global seismologists together to discuss the state-of-
the-art in international array seismology.

The IDA subaward budget expenditures cover two primary 
activities, GSN operations and the Data Collection Center. 
Within these two tasks, the majority of the budget goes 

into labor, then equipment and travel. As Table 9.2-2 indi-
cates, during the five-year period presented here, some of 
the augmentation funds were spent directly by IDA, via 
their subaward.

Table 9.2-3 presents the USGS core GSN expenditures. 
Station O&M comprises almost 75% of the budget, with the 
Data Collection Center and data QC activities (“Data QC” in 
the table) being the next largest item.
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The core operating budgets do not have any large-scale 
investment in recapitalization for the GSN. As noted above, 
these funds have successfully been obtained from external 
sources. A lower bound estimate for the replacement value 
of the equipment deployed at GSN sites is $15 M to $20 M. 
Assuming an optimistic estimate of 10 to 15 year lifespan for 
most of this equipment, the annualized investment in recap-
italization should be $1 M to $2 M or more. This is roughly in 
line with the external recapitalization funding rate shown in 

Figure 9.2-1. Another item of note is the IRIS and USGS bud-
gets do not have a specific line item for research and devel-
opment (R&D). R&D activities are funded at a very modest 
level as part of operational activities and testing. 

In addition to the USGS and IRIS/IDA budgets, in-kind 
contributions come from other organizations, particularly 
station host organizations that provide services related to 
station operations at no cost.
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Figure 9.3-1. The IRIS community-based governance structure. Instrumentation 
Services directorate brings together all of IRIS observational facilities under a single 
umbrella to take maximum advantage of cross-program interactions.

9.3 Governance 

Figure 9.3-1 shows the IRIS governance structure. 
Governance for the GSN is provided first and most directly 
by the GSN Standing Committee, which meets in person 
twice per year. The GSN Standing Committee advises the 
Board of Directors and the GSN program managers at IRIS 
and USGS on policies to deploy and operate the GSN, to 
ensure its integrity and long-term viability, to rapidly dis-
seminate data collected by it, and coordinate linkages 

with other networks around the world. The GSN Standing 
Committee includes nine members selected from the IRIS 
community and rotates one-third of this membership 
per year. The IRIS Board of Directors appoints incoming 
members to three-year terms based on recommendations 
developed by the GSN Standing Committee. Members are 
selected to provide diverse community representation—in 
terms of disciplines, gender, and institution and geography.
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The charge for the GSN Standing Committee is provided 
on the IRIS website (http://www.iris.edu/hq/about_iris/ 
governance/gsn) and includes a number of very specific 
activities as well as this broad direction:

 …advises the Board of Directors and the GSN program 
managers at IRIS and USGS on policies to deploy and oper-
ate the Global Seismographic Network, to ensure its integ-
rity and long-term viability, to rapidly disseminate data col-
lected by the GSN, and coordinate GSN linkages with other 
networks around the world. 

A key aspect of the GSN Standing Committee is that it serves 
a dual role—advising both the IRIS Board of Directors and 
the USGS with respect to operation of the GSN. The USGS 
participates directly in the GSN Standing Committee via an 
ex officio, voting member (Appendix C), a position held by 
the USGS ANSS Coordinator and Associate Coordinator for 
Earthquake Hazards, Global Seismographic Network, and 
Geomagnetism Programs (Cecily Wolfe). IRIS-USGS coor-
dination is further strengthened by having the USGS ASL 
Director sit as an observer on the GSN Standing Committee 
and via a long tradition of appointing a staff member of the 
USGS NEIC as a regular committee member.

The GSN Standing Committee interacts closely with the 
recently established Instrumentation Services Standing 
Committee to ensure that GSN activities are coordinated 
with the rest of IRIS’ instrumentation activities, and vice 
versa. The GSN Standing Committee chair is an ex officio 
member of the IS Standing Committee. The first IS Standing 
Committee meeting took place in October of 2014 and 
will continue to convene in person twice per year. The 
two standing committees interact with other programs, 
committees, and directorates through the Coordinating 
Committee. Budgets and key decisions are forwarded to the 
IRIS Board of Directors for approval, but the GSN Standing 
Committee reports directly to the IRIS Board of Directors. 

The IS Standing Committee was created as part of a restruc-
turing of the IRIS governance when its traditional (core) 
programs and USArray activities were merged under the 
SAGE award. IRIS recognized that it has a broad range of 
observing programs (PASSCAL, Transportable Array, OBSIP) 

that were making similar observations, in many cases with 
similar (or the same) equipment, installation techniques, 
and the like. This new standing committee is intended to 
leverage better, and derive synergy from, these multiple 
capabilities. The committee’s terms of reference state that 
the IS Standing Committee will:

 … identify crosscutting instrumentation needs and services, 
develop activities and initiatives across Instrumentation 
Services programs, and ensure effective and efficient use of 
resources. The committee will undertake strategic planning 
to ensure the best use of existing resources and to identify 
future needs and opportunities. 

As noted earlier, the managers within the Instrumentation 
Services directorate have already derived significant benefit 
from sharing expertise across programs, and it is expected 
that the same will be true of the new governance structure. 
As this updated IRIS governance proceeds, it will be evalu-
ated and modified to ensure that it is fulfilling its role.

All service by community members on IRIS governance 
committees is on a pro bono, volunteer basis. As other 
organizations have emulated IRIS’ community governance 
model, many community members find themselves serv-
ing on committees for multiple organizations. Thus, a con-
tinuing challenge for IRIS governance is not overtaxing 
community members. However, community governance 
is critical to effective management of the GSN. As part of 
the restructuring of IRIS governance, the Board of Directors 
paid careful attention to the requirements for meeting 
attendance, trying to balance in-person meetings and 
Web-based meetings. 

http://www.iris.edu/hq/about_iris/governance/gsn
http://www.iris.edu/hq/about_iris/governance/gsn
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9.4 Partnerships 

A variety of national and international partnerships are 
vital to achieving GSN objectives. The GSN is itself a part-
nership between NSF, IRIS, and the USGS. At the operations 
and mission level, the partnerships with NOAA and CTBTO 
are intimately connected to data flow and data delivery. 
Through the FDSN there are partnerships with global and 
national networks operated by other countries that are 
essential to achieving the GSN’s worldwide coverage. 

At the individual station level, the network operators have 
cultivated long-standing relationships with local hosts. The 
hosts provide access to the land and are key to site secu-
rity, infrastructure, and communications, and are essential 

in allowing permanent installation permits and customs 
clearances. There are numerous MoUs related to the sta-
tion host relationships. These MoUs are executed by the 
GSN with agencies/departments of foreign governments 
as well as public and private universities and other insti-
tutions. On the GSN side, the signatories to these MoUs 
and agreements include various combinations of IRIS, NSF, 
USGS, and IDA (e.g.,  IRIS plus IDA plus the foreign institu-
tion, or sometimes just IRIS and the foreign institution, or 
sometimes just IDA and the foreign institution).
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10.0 Summary

The preceding sections have provided an overview of the GSN to facilitate the 2015 
review of the GSN program. The information that has been provided makes clear that 
the GSN fulfills both scientific and operational missions via a multifaceted international 
program that is operated as a partnership between NSF/IRIS and the USGS.

statistics indicate that the research and operational utili-
zation of the data is healthy and vibrant and the GSN has 
the highest volume of requested data from the entire 
IRIS DMC archive.

The management and operational partnership between 
NSF/IRIS and the USGS is an inter-governmental collabora-
tion success story. Through this partnership the GSN serves 
the interests and needs of both research and operational 
communities, to the benefit of both. The dual network 
operator structure has provided the flexibility, adaptabil-
ity, and redundancy necessary to deal with unique circum-
stances and has increased the resilience of the GSN.

The utilization of GSN data for scientific research is broad 
and deep. Studies have focused on the entire planet, or 
a single earthquake, and from the Earth’s crust to core. 
Studies have used the entire multi-decade record of the 
GSN, or single narrow windows of time. Yet the science 
research vignettes presented in Section 5 are only a small 
sampling of the range of research that is based on GSN 
data, as the extensive bibliography in the appendix makes 
clear. While some of the science results from GSN data were 
considered as part of the original science justification for 
the GSN, there have been numerous unanticipated uses of 
the GSN (e.g., glacial earthquakes or the teleseismic detec-
tion of landslides) and this report made no attempt to iden-
tify or catalog these. 

Data from the GSN are used every day as part of the opera-
tional missions of the USGS NEIC, tsunami warning centers, 
the Comprehensive Nuclear-Test-Ban-Treaty Organization, 
and other organizations. The characteristics of the GSN 
that are so critical for research, such as high quality, global 
distribution, real time telemetry, are no less important to 
these operational activities.

Data quality has been a significant focus of the GSN in recent 
years. The GSN has responded to quality challenges by 
developing new processes, procedures, tools, and metrics 

The design goals of the GSN have largely been met. The GSN 
generates high dynamic range, very broadband, continu-
ous, real time data from a global network of stations. The 
GSN is a standard for international, national, and regional 
network design, capability, and operations. The GSN coor-
dinates coverage, instrumentation, and practices with 
network operators worldwide by participating in interna-
tional efforts, like the FDSN. GSN stations often serve as key 
elements in national and regional observing capabilities. 
Continued well-established host country relationships at 
all GSN stations have allowed multi-decadal scale observa-
tions from high quality stations around the world.

A review of the current state of instrumentation in the GSN 
highlighted the success of the recent upgrade to a “next 
generation” standardized data logger. Current hardware 
upgrade plans are focused on the VBB borehole instru-
ments. The challenges of operating aging hardware were 
discussed, though the overall network uptime is good. In 
particular, the upgrade of the data loggers demonstrated 
the positive impact that upgrading aging equipment can 
have on uptime. Further, quality-related measurements are 
now being incorporated into the network operations met-
rics to go beyond uptime as a measure of network perfor-
mance. Station performance at GSN sites, as measured by 
background noise levels, compares very well with peer net-
works. This result is notable since global coverage some-
times necessitates favoring station location and distribu-
tion over optimizing site noise. A review of GSN coverage 
indicates that the planet is generally well-covered, though 
stubborn gaps remain in the coverage of the ocean basins. 
There is significant reliance on international partners in 
some key areas of the globe (particularly in the southern 
Indian Ocean region). 

The management of GSN data works well and is success-
fully archiving and distributing a large volume of data. The 
data are distributed to a large number of users both nation-
ally and internationally, with the entire GSN data volume 
being distributed multiple times over. The data distribution 
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to better manage quality in all aspects of network opera-
tion. The tools, practices, and results developed for the GSN 
are being shared, and it is hoped that the GSN will be seen 
as an international gold standard in data quality process 
and practice, as it already is in technology and operations.

It is an important concept that an international network 
must be resilient. There are many difficulties, large and 
small, that must be overcome on an almost continuous 
basis. In many aspects of the GSN resilience is built in—
dual operators, dual DCCs, multiple telemetry paths, mul-
tiple sensors, and so on. The operational structure that is 
fundamental to the GSN is fundamental to its resilience.

Network renewal is key to resilience, to quality, and to the 
continued evolution that is essential to remain a state-of-
the-art global network. Renewal of the GSN requires care-
ful attention to instrument replacement needs, evolving 
requirements, new technology, as well as the recapitaliza-
tion that is essential to pay for these activities. The GSN has 
been almost continuously engaged in renewal, has critical 
renewal activities under way at present (such as the bore-
hole sensor replacement), and has a governance structure 
that is engaged on the topic. But renewal is not easy and 
several challenges exist, such as establishing the opti-
mum level of standardization and developing an ongoing 
process for projecting equipment needs and capabilities 
into the future.

This report identified the management structures of the 
IRIS, Project IDA, and USGS organizations that are respon-
sible for the GSN. These structures benefit the GSN by 
bringing the research and monitoring objectives to bear in 
a coordinated, mutually beneficial fashion. The successful 
funding history of the GSN—both the internal core funding 
from NSF/IRIS and the USGS, and the external recapitaliza-
tion funding—has enabled stable operations throughout 
the GSN’s life. A well-established common structure, the 
GSN Standing Committee, advises both IRIS and the USGS. 
This Standing Committee leverages IRIS’ robust community 
governance model, and has benefited from wide participa-
tion within the IRIS community as well as broader national 
and international research and operational monitoring 
activities. The diverse IRIS community has been able to 
engage with and respond to congressional interest in fund-
ing the GSN for the benefit of the research community, the 
USGS, and other agencies and partners. Both the manage-
ment and governance of the GSN benefit from synergies 
with IRIS’ other instrumentation activities.

Taken together, the aforementioned structures and activ-
ities ensure that the GSN is a state-of-the-art facility for 
observational seismology. The results from the research and 
operational activities that rely on GSN data are a testament 
to this. But improvements are always possible. In fact, a key 
feature of the GSN over the decades is that it has evolved 
and adapted to improve its capabilities and operation.
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Charge to the Review Committee for the Global Seismographic 
Network 

 

GSN Review 

The Review Committee for the Global Seismographic Network (GSN) is charged 
with providing a full external review of the GSN, including its goals and scope, its 
management and operations, its technology and data quality, and its costs. The 
Committee is asked to provide recommendations and advice to the IRIS Board of 
Directors and President, and to the National Science Foundation (NSF), on ways to 
maintain the quality and improve the operations, efficiency and scientific return of 
the network.  The review should take a long-term perspective and consider how to 
ensure the continued viability of the network and quality of operations over the 
next decade. 

While the primary purpose of the committee is to review and report on those 
activities that fall under the IRIS/NSF program, it is recognized that the GSN is a 
collaborative project that includes the U.S. Geological Survey (USGS) and 
international partners.  It is also recognized that GSN data are used by other U.S. 
government agencies such as NOAA and DOE.  NSF and IRIS will work closely 
with the USGS to ensure that the deliberations of the committee and the 
implementation of its recommendations are coordinated with those activities of the 
GSN that involve the USGS and other U.S. government agencies.  International 
GSN partners and the Federation of Digital Seismographic Networks (FDSN) will 
be informed of the review, invited to provide input and provided with a summary 
of the Committee’s recommendations. 

Major emphasis will be placed on the Global Seismographic Network itself – i.e. 
“operations, personnel and instrument costs” as supported through the IRIS GSN 
Program. However, the review also should include those activities related to 
quality control and data management and distribution related to the GSN that fall 
under IRIS Data Services.  

Mandate 

The Cooperative Agreement (CA) between the IRIS Consortium and the National 
Science Foundation requires IRIS to: “By the end of the second year of this CA, 
conduct a full external review of the GSN, including all associated subawards, and 
exploring alternative configurations, management approaches, and the possible 
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scientific impacts.  The review will be developed and carried out in collaboration 
with the USGS.  The Awardee will keep the NSF Program Officer informed 
throughout the process.” 

Membership 

The committee will be appointed as specified under Article V, Section 4 of the 
IRIS By Laws, which states: “The President may appoint advisory committees or 
panels to assist in carrying out the business of the Corporation”. 

The Review Committee for the Global Seismographic Network will consist of a 
Chair plus six members. Members of the committee will be appointed by the IRIS 
President in consultation with the IRIS Board of Directors, the Program Director 
for SAGE (Seismological Facilities for the Advancement of Geoscience and 
Earthscope) award at the National Science Foundation and the Program 
Coordinator for the GSN program at the USGS. 

Members will be chosen to minimize real or perceived conflicts of interest with 
IRIS or the GSN network operators 

Schedule 

It is anticipated that the committee will require one or more meetings in the first 
quarter of 2015. A final report will be presented to IRIS and NSF by April 15, 
2015. 

The committee will be briefed by IRIS Program staff and governance (including 
representatives of the Board of Directors, GSN and DMS Standing Committees), 
representatives of the GSN network operators, and other interested parties. If 
required, site visits will be arranged to network operations centers in San Diego 
and Albuquerque and the Data Management Center in Seattle. 

The Committee will be provided with written documentation on the history and 
current status of the GSN and budgetary information. 

Key Questions 

In fulfilling its charge to conduct “a full external review of the GSN, including all 
associated subawards, and exploring alternative configurations, management 
approaches, and the possible scientific impacts”, the committee is asked to address 
the following questions.  The committee has the latitude to address other questions 
if they are relevant to this charge. 
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GSN Goals 
The original concept for the GSN set forth the following goals: "a global network 
of uniformly spaced stations (~2000 km spacing), capable of recording the full 
range of seismic signals, with data collection in real time". 

• Are these goals still appropriate in light of advances over the past 10 years in 
availability of new sensors and data types (e.g. availability of high-quality 
regional and international seismic networks, geodetic networks)? 

• Are these goals appropriate given community research and monitoring needs 
for the next decade? 

• How well does the GSN support/enable discovery science through long-term, 
high-quality data acquisition on a global scale?   

Technology   
The GSN technical specifications, established in 1985 and updated in 2002, 
established new standards for seismological instrumentation both nationally and 
internationally.  

• Has GSN instrumentation kept pace with technological development?  

• Are there investments in new technology that could enhance the scientific 
return, performance or efficiency of the GSN?  

• What should be the process by which technology R&D is supported and new 
technology is brought into the GSN?   

Management, Coordination and Oversight   
The Global Seismographic Network includes two sub-networks, IDA and USGS, 
operated by IRIS and USGS respectively, plus a limited number of independent 
university-operated stations. Capital equipment, installation and operational costs 
are supported by the NSF and the USGS. Management coordination for IRIS is 
provided by the IRIS GSN Program Manager. Policy oversight is provided by the 
GSN Standing Committee.  Both IRIS and the USGS accept the GSN Standing 
Committee as a joint advisory committee and agree to follow the advice of the 
committee in good faith and to the extent possible within the limits of practical 
considerations and available funding.  

• Is the current management structure appropriate and efficient?  Can it be 
improved, and if so, how? 

• What significant advantages or disadvantages would there be to a substantially 
different management structure or mode of operation?  
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• Are subawards appropriately structured and adequately reviewed?  

• How effective is the facility oversight by the scientific user community, 
especially in facilitating intermediate and long-term planning?   

Data Quality   
The quality of data provided by the GSN is critical to achieving the scientific goals 
motivating the operation of the GSN.  

•  Does the GSN provide data of sufficient quality to meet the scientific and 
monitoring needs of the community? 

• Are quality assurance systems adequate?  

• Are there new or different strategies the GSN should adopt to ensure high-
quality data?   

Costs   
A major challenge for the long-term sustainability of the GSN will be to contain 
operational and maintenance costs.  

• Are current costs appropriate and well substantiated?  

• Are current staffing levels appropriate and well substantiated?  

• Are there alternative management or operational models that could 
significantly reduce costs without negative impacts?  

• Are there investments in new technologies that could help minimize future 
operational and maintenance costs?  

• The current model for recapitalization is to obtain support outside regular core 
funding. Is this model adequate to meet the future needs of the network? Are 
there other models that should be considered?   

Partnerships   
In addition to the IRIS-USGS partnership, partnerships with other FDSN networks 
are essential to provide global coverage in areas not covered by the GSN.  GSN 
data are also utilized by other U.S. government agencies, including NOAA and 
DOE.    

• Are there ways in which improved collaborations between the GSN and other 
global or regional networks could enhance global seismological observations 
and/or improve the efficiency of the GSN?  

• Are there other collaborations with U.S. government agencies (e.g. NOAA in 
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tsunami early warning) or international organizations that should be developed 
or improved?   

Scope of GSN   
The GSN now consists of 153 stations. Combined with stations of cooperating 
FDSN networks (especially GEOSCOPE, Pacific 21, GEOFON and MedNet) and 
cooperation with the CTBT IMS network, the coverage on land has reached that 
envisioned in the original GSN siting plan. Coverage in oceanic regions remains 
sparse.  

• What are the most important challenges that the GSN faces over the next 10 
years? 

• Is the process for re-evaluation of the GSN siting plan adequate?  

• What efforts, if any, should be undertaken to encourage the installation of 
sustained seismic observatories on the seafloor?  

• Are activities to encourage the installation of other types of sensors at GSN 
sites adequate and appropriate?  

 

Data Management and Services   
IRIS Data Services (DS) has the responsibility to provide access to all GSN data. 
In addition, as part of its commitment to the FDSN, IRIS is a permanent FDSN 
archive for continuous data from the FDSN Backbone Network and provides 
coordinated access to data from many FDSN stations.  

• Are there ways in which interaction between IRIS DS (including the Data 
Collection Centers operated by the USGS and IRIS) and the GSN program could 
improve data quality or accessibility? 

• Could the data collection system be streamlined to reduce costs without serious 
negative impacts? 

• Are there different or additional capabilities for data access or data quality that 
the GSN and DS should provide? 

• How effective are the linkages between the IRIS DMC and other global, 
national and regional data centers?  
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Introduction

The GSN Design Goals Subcommittee (DGS) agreed that the appropriate approach was for us to
couch this effort in terms of an update of relevant portions of the 1985 document "The Design
Goals for a New Global Seismographic Network" prepared by the SCGSN Instrumentation and
Data Collection Subcommittees.  That document was redistributed, and studied by the DGS.  Our
focus is directed at updating the GSN design goals to provide input to the Instrumentation
Committee, which will then be tasked to develop technical specifications.  Design goals are framed
by the context of both scientific goals of the research community and by general philosophy of
network design and recording system attributes that service the scientific applications of the data.

From the perspective of today's GSN, major elements of the 1985 Design Goals document have
been implemented in several respects.  That document emphasized 20 sample/sec broadband digital
recording with real-time or near real-time data telemetry of all teleseismic ground motions
(assuming about 20 degrees station spacing) for earthquakes as large as Mw  = 9.5 (equivalent to the
1960 Chile earthquake) by a uniform global network of about 100 stations, with low noise
instrumentation and environment, standardization of system modules, and linearity of response.
The intent was for total system noise to be less than the ambient ground noise over the operating
bandwidth.

Some provision was made for the possibility of additional short-period data channels to record local
signals or high frequency teleseismic signals, as well as for low-gain channels, possibly with
additional sensors, to record the largest accelerations experienced by the stations.  Over the ensuing
17 years, the GSN has achieved significant global coverage (large gaps persist within oceanic
regions and continental coverage is non-uniform), and high dynamic range, broadband
instrumentation has been deployed at all formal GSN stations.  Short-period recording has extended
beyond the general statements of the 1985 document to encompass 40 sample/sec continuous
recording at most stations, along with 80 to 125 sample/sec triggered recording, with short-period
sensors supplementing the basic broadband instrumentation.  Strong ground motion instrumentation
and triggered channels have been added to stations in earthquake prone areas, and low-gain 1
sample/sec channels are continuously recorded.

Limitations

The driving motivation for the GSN has been to record with full fidelity and bandwidth all seismic
signals above the Earth noise, accompanied by some efforts to reduce Earth noise by deployment
strategies.  The primary limitations at many GSN stations at this time are site noise related.  Despite
extensive effort, political and logistical situations have resulted in some GSN stations being located
in noisy environments.  The 1985 Design Goal framework does not address the reality of
compromised site selection.  The most useful stations are those that provide abundant high signal-
to-noise ratio data, but there is always some trade-off with geographic coverage.  While the goal
should be to have low noise sites in general, there will be compromises.  Site selection and site
construction should be such that there is reasonable assurance of substantial data return, with the
goal being to maximize the bandwidth and useful dynamic range of the GSN signals.
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In particular, many stations with useful vertical component signals have horizontal components that
are much lower in quality.  Further development of strategies for improved horizontal component
stability and noise reduction is recommended.  Discussion of procedures for installation involving
shielding of sensors from temperature and pressure variations should be undertaken to define
practices that optimize horizontal component stability in vaults and boreholes.

A significant concern is that as new station deployment has given way to long-term operations and
maintenance of the network, we find that there are significant non-uniformities in the
instrumentation comprising the GSN today, largely as a result of the historical evolution of the
network.  This seriously complicates maintenance of the network.  As GSN renews and expands its
instrumentation, efforts toward network-wide standardization of instrument performance, if not
instrumentation, should be a priority, even as flexibility is retained due to variable site attributes.
The extent to which compromises in individual station performance are tolerated must be weighed
against the scientific gains to be had and the increased complexity of network O&M.

Future Directions

So, is sustaining the status quo the recommendation of the DGS?  There are actually several major
concerns that warrant a re-articulation of the design goals for the network and a vigorous effort to
develop next generation instrumentation for the GSN.

Adaptation of GSN design goals to accommodate emerging scientific directions has been, and
should continue to be, an ongoing process.  However, since 1984 there has not been a community-
wide discussion of scientific directions to guide or modify a future vision of GSN instrumentation.
Renewal proposals for IRIS funding from NSF have included updated applications of GSN data,
but there has not been a forum for broad thinking on expanded roles or capabilities for GSN in the
future.  Thus, the present work of DGS is framed by a general sense that, at a minimum, the
existing instrumentation strategy is serving the community rather well and the original design
criteria need to be sustained.

Two sorts of network enhancements have been considered: enhancements improving network
performance, maintainability, and flexibility within existing design goals and enhancements
expanding the scope of the GSN design goals.  The most obvious enhancement of maintainability is
to select new instrumentation to replace aging and/or obsolete equipment currently in the field.  The
most obvious enhancement to performance and flexibility would be to seek equipment that can be
operated under a wider variety of site conditions.  Lower power equipment, in particular, would
make many potentially lower noise sites viable as well as reducing power related maintenance
problems.

For stations that are intrinsically excessively noisy (to the point where the advantage of geographic
siting is outweighed by the paucity of useful signal recovered) it may prove viable to pursue noise
suppression strategies.  For example, if auxiliary channels for pressure, temperature and tilting need
to be recorded to suppress noise on the horizontals, this should be pursued.  Alternatively, mini-
arrays may prove useful for signal enhancement in specific pass bands.  The potential
improvements in signal recovery using array deployments for GSN island stations and possibly for
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ocean bottom stations warrant detailed consideration in the context of specific scientific
applications.

In addition, enhancements of the GSN may be intrinsically desirable.  In particular, the exploration
of geophysical platform concepts, modified station density design (e.g., the fixed NSN/GSN
network accompanying USArray), and improved ocean environment coverage are all obvious
candidates.  Further, there is increasing scientific interest in ultra-long period signals, such as the
Earth's spectrum of continuously excited modes and tides. For example, super conducting
gravimeters have demonstrated superior response to existing GSN instrumentation for very long-
period free oscillations, and inclusion of a subset of these gravimeters at very quiet sits in the GSN
may prove very attractive in the future.  The value of high fidelity recording throughout the tidal
band is not self-evident, and community discussion of the role GSN should play in data collection
at frequencies below the normal mode band (as for some ocean oscillations) should be undertaken.

Overall Criteria for the GSN

The current characterization of optimal GSN instrumentation capabilities is shown in the attached
Figure 1.  A combination of sensors is utilized to realize this full response, and if advances in
sensor design can achieve greater performance (while retaining linearity, resolution, bandwidth and
dynamic range) over the full seismic spectrum it would be attractive to incorporate such
instrumentation into the GSN in the future. Definition of scientific enterprises that 'push' the
margins of the GSN capabilities, such as in the very long period range, the very high frequency
range, or the low noise range is worthy of discussion, but the DGS does not have a clear sense of
major enterprises that are inadequately serviced by the existing level of instrumentation. The DGS
recommends that in the best possible situation (not limited by local noise conditions), the GSN
design goal is to achieve at least the bandwidth and dynamic range indicated in this figure, as is
presently achieved by the optimal GSN instrumentation.  This should guide the development of
instrumentation specifications for all future GSN instrumentation.

Design Goals

The following design goals are derived from the scientific mission of the GSN.

1. Maintain a global network of at least 140 uniformly spaced stations (adequate to resolve
lateral heterogeneity to about angular order 8).  GSN stations are to be coordinated with
other Federation of Digital Broadband Seismic Network stations.

2. Provide high fidelity digital recordings of all teleseismic ground motions (adequate to
resolve at or near ambient noise up to the largest teleseismic signals over the bandwidth
from free oscillations (10-4 Hz) to teleseismic body waves (up to approximately 15 Hz)).

3. Bandwidth to record regional earthquake waves at all stations (up to about 15 Hz or higher,
as warranted by regional wave propagation considerations).

4. Extend the bandwidth and/or the clip level at selected stations (i.e. those with high
probability of nearby activity) to include local events and/or strong ground motions.

5. Provide real-time or near real-time data telemetry (to support event monitoring, provide
data for scientific analysis in a timely manner, and improve maintenance response time).
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6. Equipment must be robust, sustaining high up-time performance.

7. Data return must be high.

8. System environmental requirements should not constrain site selection.

Extensions for ocean bottom stations:

1. Hydrophones should be included.

2. Bandwidth for both seismic sensors and hydrophones extended to about 100 Hz. (The upper
limit has not been definitively determined.  The few observations that exist suggest that P
and S waves may propagate in the oceanic lithosphere to distances of 4000 km with
frequencies of up to 35 Hz.  Coupled seismoacoustic T waves in the seafloor have been
observed with frequencies of 80 Hz at 2000 km distance.  Local microearthquakes in the
oceanic crust have frequency contents exceeding 80 Hz.)

Functional Specifications

The functional specifications are derived from the design goals by considering detailed limits of the
general scientific goals.  Note that at this stage, discussions of how well we can do are irrelevant.  If
the state-of-the-art isn’t adequate, we need to improve it.  It it’s better than we need, we’re paying
for a capability we’re not using.  In general, it’s worth making the instrumentation about an order
of magnitude better than our ability to model the parameters being measured.  Thus, if we hope to
model amplitudes to 20%, the aggregate sources of amplitude error (gain stability, cross axis
coupling, and cross talk) should be less than 2% and individual contributions should be less than
that.

1. On-scale broadband recordings of earthquakes as large as Mw  = 9.5 (equivalent to the 1960
Chile earthquake) at 30 degrees. On-scale low-gain recordings of all earthquakes at 1
sample/sec.

2. Noise below ambient earth noise.

3. Bandwidth spanning all solid earth free oscillations and regional body waves (up to 15 Hz
or higher as regional wave propagation considerations dictate).

4. Linearity sufficient to record signals near ambient noise in the presence of signals near
clipping at well separated frequencies.

5. Response known to 1% across the bandwidth (adequate for amplitude modeling which at
best is good to about 20%).

6. Sensor cross axis coupling less than about 1% (adequate for amplitude modeling).

7. DAS channel cross talk less than about 1% accounting for the difference in gains between
adjacent channels (adequate for amplitude modeling).

8. Timing adequate to measure teleseismic body wave arrivals to 0.01 s.

9. Optional high frequency sensors must record the full bandwidth of small local events.

10. Optional low gain sensors must record the largest expected free field ground motion.

11. System should provide robust, low cost telemetry of all data in real-time.
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12. DAS should be sufficiently modular in design as to permit variable channel configuration
for differing numbers of sensors at GSN sites.

13. Equipment must be isolated from environmental problems including corrosion, water
damage, dust, radio frequency interference, electrical surges, atmospheric pressure changes,
and to some extent temperature changes.  The equipment should be highly reliable.

14. On-site data storage must be provided for telemetered sites and removable non-volatile
storage must be provided for non-telemetered sites.

15. Equipment should be operable in extreme temperatures, corrosive environments, small
vaults, and sites without mains power.

Trade-offs

The task of translating functional specifications into a finished system inevitably leads to
compromises.  In particular, the availability and cost of instruments as well as the cost of site
preparation are always factors at some level.

1. Given digital data and precise transfer functions, it is no longer necessary for stations to
provide uniform responses.  Given the wide range of site conditions and ambient noise
characteristics encountered throughout the GSN, the level of uniformity of equipment
becomes a trade-off between the cost of capitalization and the cost of maintenance.
Requiring uniform equipment at all sites increases capital costs because less capable and
hence less expensive equipment would be adequate for the noisier sites (perhaps the
majority of sites).  Heterogeneous equipment requires stocking more spares and more
training for maintenance personnel.  Experience indicates that if the increase in capital costs
is small for homogeneous equipment, the reduction in out-year costs and improved network
stability is worthwhile.  On the other hand, if the increase in capital cost is large, it may be
that the cost of allowing some heterogeneity is offset by the lower cost of amortization.
Customizing sensors to individual sites would require rather extensive site noise survey, and
would add time to site deployment so it may be useful to define threshholds for different
system configurations.

2. Providing the horizontal performance of the best broadband borehole sensors while
retaining the vertical performance of the best surface mounted broadband sensors is a
complex tradeoff.  Boreholes and borehole sensors are expensive to procure, install, and
maintain.  However, tilt compensation for surface mounted sensors, while intriguing, has
yet to be adequately developed.  Ultimately, this trade-off will depend on the characteristics
of available sensors and the development of compensation technologies.

3. Lower power systems are desirable because they make sites without mains power more
accessible and reduce maintenance issues at all sites.  However, lower power designs may
compromise system performance and mixing high and low power equipment makes the
network more heterogeneous.

4. Because long distance telemetry equipment (e.g., satellite) sometimes requires significant
power, separating sensors from telemetry systems by short haul communications links is
attractive.  However, such systems add significant complexity and reduce reliability.  In
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some locations, lower power long distance telemetry options would reduce complexity, but
might also require unattended operation.

5. At many sites, display and processing facilities are provided for the local host.  While it is
recognized that an interested host increases station up-time, not all stations have hosts or
even caretakers.  Developing systems that can operate unattended is desirable. The
reliability of an unattended system can be enhanced by eliminating unused sub-systems
(e.g., the operator workstation), however, this increases network heterogeneity.

6. Telemetry with suitable on-site storage can be as reliable as non-volatile, removable storage
in some cases.  It is attractive to consider eliminating removable storage in such cases to
avoid the cost of maintaining the recording equipment, changing the media, and processing
the media at a DCC.  However, there will always be situations where on-site recording will
result in higher data recovery.

7. In separated systems, data is currently recorded on a hard drive when the telemetry link to
the recording facility is down.  This results in improved data recovery, but requires frequent
visits to the digitizer and special processing at the operator workstation.  In designing a new
system, the cost effectiveness of greater flexibility versus complexity in such situations
needs to be carefully considered.

Suggested Technical Specifications

The Instrumentation Committee will derive technical specifications from the functional
specifications after considering available technology and the relevant trade-offs.  However, some of
the technical specifications follow so directly from the functional specifications that it seems
worthwhile to list them here.

1. Clip level of 5.8 mm/s rms over the band 10-4 (or below) to 15 Hz, while resolving the
USGS low-noise model.

2. Resolution of 3 dB below the NLNM is sufficient, but not necessary at all sites (or at any
site at all frequencies).

3. Bandwidth of 10-4 (or below, depending on priority for tide and very low frequency earth
motion resolution) to about 15 Hz (or higher as warranted by regional wave propagation
considerations).

4. Digitizer linearity of ~140 dB.  Seismometer linearity of 90 dB or greater.

5. Calibrations good to 1% and gain stability of 1% between calibrations.

6. Sensor sensitive axis orientation accurate to 0.6 degrees (minimum).  Note, cross axis
coupling goes as the sine of the angular error between components. Three mutually
orthogonal components of motion should be recorded.

7. DAS channel cross talk –135 dB (maximum).  This is difficult to guesstimate because the
shaping of the signals is different between the high gain and the low gain sensors.

8. The DAS must provide a free running oscillator sufficiently stable to maintain a timing
accuracy of 1 ms across a 3 hour interval without absolute time (~.1 ppm).  Note that a
typical crystal oscillator will do .1 ppm/degree C and .1 ppm/year at constant temperature.
So we either need a really good oscillator or really good temperature stability.
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9. Optional high frequency sensors must provide a bandwidth of 1 to 35 Hz (at least 100 Hz
for ocean sites).

10. Optional low gain accelerometers must provide a clip level of 2 g over a bandwidth of just
above 0 to 50 Hz (From an operational point of view, an instrument with flat acceleration
response all the way to DC is very nice because it lends itself to easy on-site calibration
check: turn it upside-down and you should have a 2g change on the vertical component;
turn it 90 degrees and you should have 1 g on the corresponding horizontal component.)
Optional low gain velocity sensors must record the largest expected free field ground
motion and be able to detect surface waves from teleseismic events as small as M6.0.

11. All intra- and inter-site communications must be by means of IP protocols.

12. Equipment must meet relevant standards for packaging and radio frequency interference.  It
must have no appreciable sensitivity to atmospheric pressure and temperature changes
(except for clock sensitivity which is specified elsewhere).  The equipment should have a
MTBF of 10,000 to 20,000 hours.

13. Telemetered data must be buffered for 3 days (minimum), ~48 MBytes.  Non-volatile,
removable storage should have a capacity of at least 1 year, ~12 Gbytes.

14. Equipment must be operable over a temperature range of -25 to +75 degrees C.  All sensors,
the DAS, and (at least local) telemetry should be designed for low power requirements.

We hope that this input updates the GSN design goals that will guide development of specifications
for the next generation GSN systems.  We encourage SCGSN to consider workshop activities that
may extend the vision of GSN instrumentation beyond the current concept, as warranted by
evolving scientific applications and priorities.
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Figure 1 (adapted from Figure 2 of Peterson, USGS OFR 89471).  Idealized recording range of the 
GSN system.  The approximate recording ranges of the WWSSN LP and SP channels are shown 
for comparison.  Earthquake spectra from sources at 30 degrees distance were provided by H. 
Kanamori, California Institute of Technology.  The low Earth Noise model is from Jon Peterson 
[Observations and Modeling of Seismic Background Noise, USGS Open File Report 93-322, 
1993].  The lowest and highest acceleration levels shown are for an ideal combination of Very 
Broad Band (STS-1), High Frequency Broad Band, Low Gain Seismometers, and 24-bit digitizers.  
While Low-Gain Seismometer response may be flat all the way to DC offset, the very large 
displacements implied for long period high acceleration motions are not achieved in normal Earth 
motions.
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Appendix D. IRIS Quality Principles for 
Data Collection, Distribution, and Use

Quality	  Principles,	  v3,	  October	  19,	  2014	  
Draft	  –	  Draft	  –	  Draft	  

	   1	  

IRIS	  Quality	  Principles	  for	  Data	  Collection,	  Distribution,	  and	  Use 
	  
The	  goal	  of	  the	  following	  IRIS	  Quality	  Principles	  is	  to	  address	  the	  whole	  process	  of	  collecting	  and	  
distributing	  high-‐quality	  data,	  as	  this	  impacts	  the	  eventual	  quality	  and	  usability	  of	  the	  
waveforms	  that	  are	  the	  end	  product.	  These	  quality	  principles	  are	  intended	  to	  be	  organization	  /	  
operator	  neutral,	  and	  may	  be	  promulgated	  both	  nationally	  and	  internationally	  as	  a	  means	  of	  
improving	  all	  data.	  Organizations	  that	  adhere	  to	  these	  principles	  provide	  a	  means	  of	  “quality	  
assurance”	  to	  their	  data	  users.	  To	  achieve	  greatest	  impact,	  the	  mechanisms	  and	  tools	  used	  to	  
implement	  these	  quality	  principles	  should	  be	  efficient,	  easy	  to	  operate,	  and	  scalable.	  Here,	  IRIS	  
commits	  to	  adopting	  these	  principles,	  and	  indicates	  which	  part	  of	  the	  organization	  is	  primarily	  
responsible	  for	  their	  implementation.	  
	  

1. All	  users	  shall	  have	  information	  available	  to	  them	  that	  identifies	  the	  processes	  and	  
methods	  by	  which	  the	  data	  were	  collected.	  (responsibility:	  	  IS)	  

2. All	  users	  shall	  have	  information	  available	  to	  them	  that	  identifies	  the	  data	  quality	  
assurance	  process	  utilized	  by	  the	  facility.	  (responsibility:	  	  IS,	  DS)	  

3. There	  shall	  be	  mechanisms	  for	  operators	  to	  pass	  through	  to	  data	  users	  key	  information	  
obtained	  as	  part	  of	  their	  data	  collection	  and	  quality	  assessment	  processes,	  including	  
information	  that	  quantifies	  the	  integrity	  and	  state	  of	  the	  data	  time	  series	  and	  the	  
validity	  and	  goodness	  of	  metadata	  and	  data	  time	  series.	  (responsibility:	  IS,	  DS)	  	  

4. All	  users	  of	  data	  shall	  have	  metrics	  describing	  data	  quality	  available	  to	  them,	  in	  a	  
manner	  that	  allows	  use	  either	  directly	  by	  humans	  (e.g.,	  web	  browser)	  or	  through	  
computer	  interfaces	  (e.g.,	  web	  services)	  where	  metrics	  can	  be	  directly	  included	  in	  
workflows.	  (responsibility:	  DS)	  

5. The	  facility	  shall	  always	  strive	  to	  provide	  the	  most	  accurate	  metadata	  possible,	  and	  will	  
update	  metadata	  when	  new	  information	  becomes	  available.	  (responsibility:	  IS,	  DS)	  

6. There	  shall	  be	  a	  mechanism	  for	  data	  users	  who	  register	  to	  report	  data	  quality	  
information	  into	  the	  system.	  (responsibility:	  DS)	  

7. There	  shall	  be	  a	  mechanism	  for	  data	  users	  to	  obtain	  updates	  regarding	  data	  or	  metadata	  
changes.	  (responsibility:	  DS)	  

8. IRIS-‐sponsored	  network	  /	  station	  operators	  shall	  have	  a	  quality	  plan,	  and	  implement	  
quality	  processes	  that	  adhere	  to	  the	  larger	  facility-‐wide	  plan.	  1	  (responsibility:	  IS)	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  The	  quality	  plan	  will	  at	  least	  include	  these	  sensor-‐specific	  requirements:	  Data	  providers	  shall	  maintain	  
acceptance-‐testing	  protocols	  to	  verify	  instrument	  operational	  parameters	  prior	  to	  deployment;	  Regular	  in-‐situ	  
calibrations	  will	  be	  conducted	  to	  validate	  key	  operational	  parameters.	  
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