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GSN: Science Relevant to Society

Overview
In testimony before the U.S. Senate, February 2, 2005,
on the Indian Ocean Tsunami of 2004:
“This disaster has raised awareness of and attention to the phenomena of earthquakes and tsunamis,
and their predictability. NSF has long funded scientiﬁc and engineering research infrastructure aimed
at detecting and understanding the impacts of these
phenomena. Prominent examples include the realtime Global Seismographic Network (GSN), the
data from which forged the critical core of the early
warning of the December 26, 2004, earthquake. This
Network, operated by the Incorporated Research Institutions for Seismology, is funded in partnership
by NSF and the United States Geological Survey,
and is the primary international source of data for
earthquake location and tsunami warning.”
Arden L. Bement, Jr., Director of the National Science Foundation (NSF)
The Global Seismographic Network is a cooperative partnership of U.S. universities and government agencies, coordinated with the international community, to install and operate
a global multi-use scientiﬁc facility as a societal resource for
Earth observations, monitoring, research, and education. The
GSN is also a state-of-the-art, digital network of scientiﬁc instrumentation and inheritor of a century-long tradition in seismology of global cooperation in the study of Earth. GSN instrumentation is capable of measuring and recording with high
ﬁdelity all of seismic vibrations from high-frequency, strong
ground motions near an earthquake to the slowest fundamental
oscillations of Earth excited by the largest megathrust earthquakes. Sensors are accurately calibrated, and timing is based
on satellite clocks. The primary focus in creating the GSN has
been seismology, but the infrastructure is inherently multi-use,
and can be extended to other disciplines of geoscience.
The concept of the GSN is founded upon global, uniform, unbiased Earth coverage by a permanent network of
over 130 stations with real-time data access. The equipment

is modular, enabling it to evolve with technology and the science needs. Equipment standardization and data formats create efﬁciencies for use and maintenance. GSN telecommunications are heterogeneous, utilizing both public and private
Internet links, as well as dedicated satellite circuits.
A cornerstone of the GSN is free data exchange with the
international community. All real-time GSN data are available to anyone in real-time, without restriction, via GSN
Data Collection Centers or the IRIS Data Management System (DMS). All GSN data are archived and openly accessible
through the DMS by anyone with an Internet connection.
The GSN is both benefactor and beneﬁciary of government-university cooperation involving the National Science
Foundation (NSF), U.S. Geological Survey (USGS), Department of Defense, NASA, National Weather Service (NWS)
and NOAA. The GSN is a foundation for the Advanced National Seismic System (ANSS) in the United States, and serves
as the critical core data for the Paciﬁc Tsunami Warning Center. Data from GSN stations are being used by the International
Monitoring System for the Comprehensive Test Ban Treaty.
The GSN is an ofﬁcial U.S. observing system component of
the Global Earth Observation System of Systems (GEOSS).
With IRIS a founding member of the international Federation
of Digital Broadband Seismographic Networks (FDSN), the
GSN serves as key component of the FDSN Backbone. Primarily operated and maintained through the USGS Albuquerque Seismological Laboratory and the University of California
at San Diego, the GSN is joined by independent national and
international Afﬁliate stations and arrays.
The GSN is an educational tool for the study of Earth.
With the ease of access to data and blossoming computer
technology, GSN data are now routinely used in introductory college courses and high school use is rising. The GSN
stations themselves are focal points for international training in seismology. Real-time access to GSN data has led to
rapid analysis of earthquake locations and their mechanisms,
bringing public awareness of earthquakes as scientiﬁc events,
not just news events.
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GSN management includes a far-reaching international
component of direct relationships with:
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•

Russian National Network
Chinese Earthquake Administration
Geoscience Australia
Geological Survey of Canada
University of Brazil
Germany’s GeoForschungsZentrum, Bundesanstalt fur
Geowissenschaften und Rohstaffe (Geological Survey),
and Alfred Wegner Institute for Polar Research
Italy’s Istituto Nazionale di Geofisica e Vulcanologia (INGV)
Mexican National Seismic Network
British Geological and Antarctic Surveys
Japan’s National Research Institute for Earth Science
and Disaster Prevention (NIED), University of Tokyo
Earthquake Research Institute, Japan Marine Science
and Technology Center (JAMSTEC)
France’s Institut de Physique du Globe de Paris and Dipartement Analyse et Surveillance de l’Environnement (DASE)
New Zealand Geological and Nuclear Sciences
Chile’s Fundacion Andes
Spain’s Instituto Geographico Nacional (IGN)
Singapore’s Meteorological Service
Comprehensive Nuclear Test Ban Treaty Organization
(CTBTO) International Monitoring System (IMS) and
Global Communications Infrastructure (GCI)
International Ocean Network (ION)
Federation of Broadband Digital Seismic Networks
Global Earth Observation System of Systems (GEOSS)

National partnerships include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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National Science Foundation (Earth, Oceans, Atmospheres and Polar Programs)
USGS (Albuquerque, Reston, Golden and Menlo Park)
National Oceanic and Atmospheric Administration (NOAA)
National Weather Service (NWS)
Pacific Tsunami Warning Center (PTWC)
National Aeronautics and Space Administration (NASA)/
Jet Propulsion Laboratory (JPL)
Air Force Technical Applications Center (AFTAC)
US State Department Verification Monitoring Task Force
UNAVCO Inc.
University of California at San Diego (UCSD)
Harvard University
Caltech/University of Southern California
Saint Louis University
Oregon State University
University of Arizona
University of California at Berkeley
Penn State University
University of Texas at Austin
Carnegie Institution of Washington
University of Hawaii at Manoa
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The GSN is a fundamental global resource for society.
Like a vigilant sentinel, the GSN listens, aware of Earthʼs
subtle vibrations. Its real-time, open data enables rapid reaction to earthquakes worldwide, whether for disaster response,
tsunami warning, or hazard mitigation. Living on this tectonically active planet, GSN data are critically useful in managing
mankindʼs proximity to earthquakes, volcanoes, and tsunamis.

The 1960’s WWSSN seismographic system is shown. The equipment is massive.
For example, the short-period Benioff seismometers in the upper-right are a meter in
length and weigh more than 100 kilos each.

History
International, global seismographic coverage was born
at the beginning of the 20th century when a network of more
than 30 Milne seismographs ﬁrst spanned the globe—in essence the ﬁrst global seismographic network. In 1960 analog
World Wide Standard Seismograph Network (WWSSN) of
100+ seismic stations was initiated to provide basic global
coverage for seismological research and monitoring nuclear
tests. The WWSSN formed the core data for modem seismology and the discoveries in plate tectonics. Entering the digital
age in the 1970s, legions of graduate students spent countless
hours digitizing WWSSN photographic records for observations to be compared with newly computer-generated models
of earthquake source dynamics and Earth structure. Global
digital seismology initiated with the USGS/ARPA Seismic
Research Observatories of both underground and borehole
seismometers and the NSF-sponsored UCSD University of
California at San Diego (UCSD) ultra-long-period International Deployment of Accelerometers (IDA).
The seeds of the GSN were planted around 1980 when
seismometers with feedback electronics became available
with very-broad bandwidth (from ~12-hour tidal periods to
frequencies of tens of Hz), high-dynamic range and linearity
for recording the largest earthquake signals, and instrumental noise below the lowest natural seismic background noise.
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Nascent digital seismic coverage of Earth prior to the first GSN deployments in 1986.

Digitizers were developed with more than 140 dB dynamic
range to encode the analog signals from these new broadband
sensors. Computer costs declined whereas processing speeds
and recording capacities increased exponentially. Global
telecommunications were advancing.
This strong technological foundation came at a time when
the science of seismology had advanced theoretically beyond
its observational capacity. The questions being posed by the

science could not be answered with the limited data available.
Furthermore, existing seismic stations were unevenly distributed about the planet and strongly biased in coverage—enormous areas of the oceans and large sections of continents were
not instrumented at all. The southern hemisphere was particularly poorly monitored. At the same time, the view of Earth as
a system was coming into focus. Seismology with its unique
vantage into the planet was called to image Earthʼs interior and
provide fundamental physical data for other branches of the
geosciences. Finally, the deaths of several hundred thousand
people in a single earthquake in Tang Shan, China, in 1976
and the billions of dollars lost worldwide in earthquake damage accentuated the need to understand better the dynamics of
earthquakes in order to mitigate their hazards.
Guided by the seismology communityʼs scientiﬁc requirements, with the concurrent technological developments as its
framework, the IRIS Consortium initiated the GSN in 1986
with funding from the National Science Foundation, and in
cooperation with the U.S. Geological Survey. The GSN built
upon the foundation infrastructure of WWSSN, SRO, and IDA
stations, which it extended to create new and more uniform
coverage of Earth. The USGS Albuquerque Seismological
Laboratory (ASL) and UCSD IRIS/IDA were established as
the prime Network Operators. Growing slowly at ﬁrst, then ac-

GLOBAL SEISMOGRAPHIC NETWORK

Current GSN station coverage of Earth is shown as of August 2005. Sites added in the past five years are noted in purple (stations) and orange (arrays). Sites planned
to be completed are noted with white stars. Cooperative sites are indicated by symbols on the upper right “shoulder” of the stars.
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This GSN “family portrait” shows the standard GSN seismometers (left & center) and
the IRIS/USGS data acquisition system (DAS) components (center & right). The DAS
is currently being upgraded by a next-generation DAS standardized for all IRIS/IDA
and IRIS/USGS stations.

celerating with funding from the nuclear veriﬁcation community in anticipation of the Comprehensive Test Ban Treaty, the
GSN is now the state-of-the-art digital network with terabytes
of multi-use data from its 138 stations on all parts of the planet,
extending even to the South Pole Remote Earth Science and
Seismological Observatory (SPRESSO).
The basic GSN instrumentation design goal is to record
with full ﬁdelity all seismic signals above Earthʼs background
noise. This has been accomplished using a combination of highquality seismometers and data acquisition systems deployed
in ways to minimize background noise. The bandwidth of the
GSN system meets the diverse requirements of the scientiﬁc
community, national/regional/local earthquake monitoring,
tsunami warning networks, strong-ground-motion engineering
community, and nuclear veriﬁcation programs. To achieve this
full coverage, several state-of-the-art seismometers are used in
combination with data acquisition systems, which time-stamp
the data from a GPS reference standard, provide an interface
for operator functions, format data, manage the communications interface, and store all data to a local recording medium.
All GSN data are locally recorded for trans-shipment to a Data
Collection Center, serving as back up for real-time telemetry
when such a link exists. Established for seismology, the GSN
infrastructure now serves as host for the worldʼs largest microbarograph network, one of the major global GPS networks, as
well as for geomagnetic and weather sensors.
GSN stations are deployed to provide uniform Earth coverage. Local noise conditions vary dramatically. Sites have
been selected to achieve the best possible quiet noise conditions, while balancing cost and logistical considerations. In
general, underground siting is best—isolated from wind-generated and diurnal temperature inﬂuence—if one can avoid
groundwater ﬂow and noisy pumps. Hard rock provides for
the best coupling of the sensor to Earth. Sediment sites tend to
I–4
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amplify noise in the surface layer, and also have spurious local
resonances. Boreholes work effectively to reduce long-period
(>20 sec) horizontal noise on both the continents and larger
islands, and also reduce high-frequency noise (>3 Hz) though
not as dramatically. However, ocean loading effects on very
small islands and atolls produces additional long-period noise
that is not mitigated by a borehole deployment. Noise level in
the “microseism” band from about 2 Hz to 20 sec is generated
by the oceans and is not mitigated by installation depth. Here
the distance from the sea is the determining factor, with the best
sites being within the continental interiors. Many GSN stations
are deployed in a split conﬁguration where a local radio link
exists between a remote seismometer/digitizer, deployed for
low noise conditions, and the computer system located at a local host organization where personnel are directly involved in
the operation and maintenance of the system.
The dream of global telemetry when the GSN began has
become a reality today through steady development, with
more than 80% of the stations now available through realtime connections. The GSN was a pioneer with open, dial-up
data from its ﬁrst stations. When the Internet became available, the GSN immediately began linking its stations, and
GSN and Monitoring:
Earthquakes, Tsunami Warning, Nuclear Treaty Verification
As the GSN has become a real-time network, its data are
routinely used by operational monitoring groups, both in the
U.S. and internationally. Nineteen GSN stations in the U.S. form
a core for the USGS Advanced National Seismic System. The
National Earthquake Information Center receives data from all
real-time GSN stations globally for earthquake locations. GSN
data are essential input to the USGS PAGER (Prompt Assessment of Global Earthquakes for Response) automated alarm
system being developed to rapidly and accurately assess the
severity of damage caused by an earthquake and to provide
emergency relief organizations, government agencies, and the
media with an estimate of the societal impact from the potential
catastrophe. Twenty-one GSN stations now participate in the
Comprehensive Test Ban Treaty International Monitoring system, nearly 50 will when communications arrangements are
completed. The GSN is used by AFTAC to augment data from
its U.S. Atomic Energy Detection System (AEDS). The Pacific
Tsunami Warning Center (PTWC) uses data from over 75 realtime GSN stations, distributed globally. The Japan Meteorological Agency augments their own stations with selected GSN
stations for their tsunami warnings. The twelve GSN stations
in Russia and the ten in China form a core for their respective
national seismic networks. Canada, Australia, and Kazakhstan
link to real-time GSN stations in their respective countries to
augment their national networks. In 2004 the GSN became an
official contribution of the U.S. as an observing system component of the Global Earth Observation System of Systems.
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helped to bring the Internet into remote regions of the world,
from Siberia and Mongolia to Gabon and the Galapagos. The
ﬁrst GSN satellite link started in 1990 between the Soviet data
collection center in Obninsk near Moscow and the IRIS/IDA
facility in La Jolla using a large INTELSAT C-band system.
With the advent of the very-small-aperture terminal (VSATs)
and growth in available satellite circuits, GSN moved rapidly
to utilize this new infrastructure, both through direct application of GSN funds and through a wide range of national and
international collaborations. There are now VSAT links to
GSN stations on all continental and oceanic regions.
As the eponymous global network for seismology, the
GSN has been international from its inception. Through IRIS,
the GSN is a founding member of the Federation of Broadband Digital Seismic Networks (FDSN), which has served to
help coordinate siting of global stations among member networks and to establish an international data exchange format
for seismic data (SEED). The GSN cooperates internationally
through its individual relationships in cooperation with over
100 host organizations and seismic networks in 59 countries
worldwide. Many GSN stations are cooperatively operated as
part of joint international collaboration with other FDSN member networks, or as a part of the national or regional networks
within the host nation. The GSN has established Afﬁliate stations—initially BFO Germany, BTDF Singapore, and LBTB
Botswana-—with organizations that provide all of the necessary equipment to meet GSN design goals, and fund their own
operations and maintenance following GSN standards. Cooperative efforts include the contribution of seismic equipment,
telemetry, and other support in kind that has enhanced GSN
stations above and beyond the funding from the United States.
International partners include Network operators in Australia,
Botswana, Canada, China, France, Germany, Great Britain,
Italy, Japan, Kazakhstan, Kyrgyzstan, Korea, Mexico, New

Pier at Seismic Station on Diego Garcia. Photo shows STS-1, STS-2 and Episensor
instruments as well as the IDA acquisition system and associated electronics in the
background.

Zealand, Norway, Peru, Russia, Singapore, Spain, and others.
On the broadest level, each GSN station represents a formal international partnership. In establishing the GSN, the
IRIS has entered into a wide range of agreements, from formal government-to-government documents to “a handshake”,
which illustrate the ﬂexibility with which IRIS can act in serving and furthering its scientiﬁc programs. With the ﬁrst signs
of glasnost and with the eventual breakup of the Soviet Union,
IRIS and its university members were able to move quickly
and effectively to establish the ﬁrst new GSN stations in this
vast territory. With private funding from the Green Foundation through UCSD, the IRIS/IDA component of the GSN was
been able to establish a seismic station in Pakistan, even when
formal government channels were blocked. With two Network
Operators, IRIS has been able to ﬁnesse regional conﬂicts such
as the Argentine-Falkland dispute by operating its Argentine
station through USGS and the Falkland station via UCSD.
The GSN has been and continues to be a major participant in the nuclear treaty monitoring. Prior to the Comprehensive Test Ban Treaty (CTBT), 44 GSN stations participated in United Nations Conference on Disarmament Group
of Scientiﬁc Experts Technical Test-3 veriﬁcation monitoring
experiment. Over 50 GSN stations have been designated in
the CTBT as sites for participation in the seismic component
of the International Monitoring System (IMS), and the GSN
is working actively with IMS to link its stations to the International Data Centre.

QSPA noise levels (shown for April 13, 2005) from the borehole and surface seismometers (symbols) are shown with respect to the extremal noise curves from all other GSN
station. Note the ultra-quiet noise for the QSPA borehole data at periods < 0.6 sec.

The GSN has collaborated with ﬁnancial resources from
IRIS member universities to establish higher-density of the
coverage of the GSN within the United States, which serve as
core infrastructure for the U.S. Advanced National Seismic
System Backbone, and a framework for the USArray Project
of EarthScope.
I–5
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the seismic station has been the longest continuous scientiﬁc
project since IGY in 1957-working with NSF Polar Programs
the GSN established a new “Quiet-sector” to insure minimal
noise conditions. Deploying seismometers in boreholes over
250m deep in the ice minimizes noise due to wind and other
sources, which gets trapped in the low-velocity, soft ice/snow
at the surface. The site, linked by electro-optical cable to the
Pole, achieved the worldʼs record for quiet seismic background noise above 1 Hz, where it is over 10 dB quieter than
any other place on the planet.
Two GSN stations have closed. The South Pole site SPA
has been replaced by QSPA. GSN is working with IGN Spain to
relocate the Canary Islands station on Taburiente (TBT), which
was closed due to environmental difﬁculties in operation.

SPRESSO Site development. 3 holes cored to ~1000 feet in the ice to install KS
54000, Guralp CMG-3Tb and GS-13 in a super quiet (and cold) environment.

Telemetry

Current Status
Stations
The GSN now consists of 138 stations. During the past
5 years, 20 sites have been added to the Network. Four of
these stations are collaborations with FDSN partners who
contributed equipment, including Raoul Island and Funatfuti in the Paciﬁc (with NEID Japan) Tristan da Cunha (with
GEOSCOPE France), and Macquarie Island (with Geoscience
Australia) which is an Afﬁliate station. Site preparations on
Raoul Island and Tristan da Cunha were coordinated and cofunded through CTBTO IMS. Three arrays in Alaska, Texas,
and Wyoming, and two stations in the Aleutians and Antarctica joined the GSN as Afﬁliates, which are independently
operated and maintained by the U.S. Air Force Technical
Applications Center. An array in Nevada operated by
IMS and Southern Methodist University jointed
as GSN Afﬁliate. These Afﬁliate sites meet
+
GSN design goals, and data are distributed via the IRIS DMS as a part of
+
+
+++
the GSN. An additional site at Scott
+
+
+
+
Base, Antarctica–which serves as
+
+
a backup to the AFTAC Vanda
site–has joined the GSN via the
+
USGS.
+
In additional to the new
sites near McMurdo, Antarctica, a new site at the South
Pole, QSPA, was installed 8
km from the Pole as part of
the South Pole Remote Earth
Science and Seismological
Observatory (SPRESSO). Because seismic noise levels had
increased dramatically with
human activity at AmundsenScott South Pole Station-where
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GSN real-time communications have experienced fundamental, revolutionary improvements in the past 5 years. The
network has evolved from one primarily based on telephone
dial-up and tape-based media with less than 25% real-time
coverage, to a dominantly real-time network with over 80% of
the stations real-time-capable. These tremendous strides have
come without concomitant cost increases, primarily through
resourceful partnerships both national and international. GSN
has beneﬁted from the overall growth of the Internet, which
has brought local Internet Service Providers (ISP) into closer
proximity to some GSN stations, and has improved backbone
transfer speeds. The ﬁgure shows both the extent of GSN communication improvements as well as the diversity of the communications providers that the GSN utilizes.

GSN Telemetry
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+
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+
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+
+ +++ +
+
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+
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+
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+
+
+
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+
+
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+
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+
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+
+
+
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+
Russia

AFTAC/DoD

CTBTO

GSN Host

VSAT –
Internet –

The extent and diversity of GSN real-time telemetry are shown. Sites highlighted in yellow circles were established
or upgraded in the past five years.

+
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Establishing Internet links requires active efforts by
GSN ﬁeld teams canvassing local possibilities during site
visits and arranging for the “last km”-setting up the radio,
leased-line, or other access connection-between the ISP and
the site. In Australia, these have been aided by the direct efforts of our partner, Geoscience Australia, which also helped
set up a satellite link to their Antarctic base at Casey and at
Macquarie Island. In Russia, where IRIS helped established
the basic infrastructure to our stations in Siberia, GSN has
seen improvements in connectivity and lower costs as more
people and commercial trafﬁc joins the shared Internet. Additionally, the Russian National Network provides leased-lines
from GSN sites to their Network Operations Center near
Moscow, which forwards the GSN data to the Internet.
The GSN has expanded its VSAT coverage in South
America, starting in the late 1990ʼs. Multiple inbound routes
share a common outbound route via the GSN hub in Houston,
packaging and lowering satellite link charges to the group of
stations. This also provides for easy data sharing for Ecuadorian partners between sites in Galapagos and Ecuador.
Working with VSATs and a satellite hub provided in our
cooperative partnership with Japanʼs National Research Institute for Earth Science and Disaster Prevention (NIED), the
GSN has arranged with the National Weather Service (NWS)
to provide GSN data from 5 sites in the Paciﬁc directly to the
Paciﬁc Tsunami Warning Center (PTWC) on Oahu, Hawaii.
NWS pays for the satellite link charges, and PTWC hosts the
GSN Hub earth station. Data are then relayed onto the Internet
from PTWC. This link serves PTWC as a direct data source for
tsunami warning in the event that Internet connectivity to the
mainland US (and other GSN data sources) is temporarily lost.
One of these VSATs was deployed on Pitcairn Island, where
GSN has also arranged for access to Internet service for the
local school and Pitcairn Islanders (a service which GSN has
provided elsewhere in the Network for our host partners).
The USGS Advanced National Seismic System provides
both the VSATs and satellite connectivity to 8 GSN sites in the
United States. GSN and NASA/JPL/UNAVCO share connectivity and maintenance from our joint VSAT installation site in
Uganda. U.S. Department of Defense circuits bring their GSN
Afﬁliate stations and arrays to IRIS DMS, as well as funding
the link to our GSN station in Pakistan through Norway. NSF
Polar Programs provides communications links to GSN sites
in Antarctica at McMurdo, Palmer, and South Pole.
The GSN ﬁrst proposed real-time links to our 10 joint
stations with the New China Digital Seismic Network and
then collaborated with our Chinese partners in connecting their VSATs to their National Network System. For ten
months, the beneﬁts of real-time data were enjoyed by all.
However, China then revoked access to 4 sites and delayed
transmissions for 100 minutes at the 6 others (all data still
ﬂow unfettered to the Chinese National Seismic Network).
GSN has been working with the international community, but
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there have been no achievements in re-opening access due to
objections that are attributed to “relevant authorities,” which
is a euphemism for the Chinese military.
Starting in 2000, the GSN initiated discussions with
CTBTO on joint uses of their Global Communications Infrastructure GCI being established to bring data to their International Data Centre in Vienna. Over 50 GSN stations were
to become participants in the IMS as Auxiliary Stations with
VSAT equipment. Under the Treaty, however, IMS could provide no operations and maintenance support for its Auxiliary
Network, even though high data availability was required.
GSN noted that to provide for reliable data, access to the data
streams was a necessity for the Network Operations. At the
same, GSN noted that it made no sense for CTBTO and GSN
to be installing VSATs side-by-side in remote locations. This
concept of “GCI sharing” was carefully nurtured to fruition
over several years through a series of phased implementation
tests to establish the practicality and security, as well as through
the Working Group B and Preparatory Commission political
structure of the CTBTO. The concept was formulated not only
for GSN, but also for FDSN and other potential users.
The arrangement is very helpful to the GSN. CTBTO
provides the purchase, installation, maintenance, and satellite circuits for the GCI. GSN works with IMS to install their
computer connected to the GSN stations (which formats and
authenticates data to their CD.1 protocol), which forward data
to Vienna. In a parallel ﬂow over the same circuit, all GSN data
channels are forwarded over GCI to a virtual-private-network
(VPN) link to the GSN Network Operators in Albuquerque and
San Diego. The GSN data utilizes “spare” extra capacity that
is built into GCI system. While this lower priority does sometimes create bandwidth limitations, which are being addressed,
the free access to this global communications system is a remarkable achievement. Currently 18 GSN sites that are IMS
Auxiliary Stations use the GCI sharing. In addition, through
a close cooperative, working relationship with CTBTO, GSN
also has access to GCI sharing at the GSN sites in Kenya and
Tristan da Cunha, which are co-located with other IMS stations.
Finally, at our Seychelles Island GSN station, which is not colocated with any IMS facility, GSN has been permitted to use
the shared GCI, after purchasing and installing our own VSAT,
working with Hughes Network Systems (the GCI contractor).
GCI sharing is in part recognition of the signiﬁcant resource
that the GSN brings–its data, equipment, stations, and Network
operations–to CTBTO, which is complemented by their global
communications infrastructure. In return for its contribution of
telemetry to the GSN, the CTBTO has seen increases in data
availability from these stations due to the faster maintenance
response times that follows real time data monitoring and quality control.
The diversity of GSN communications is both a positive
attribute as well as a challenge. By having redundant communications infrastructure in large parts of the world, if a par-
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ticular component-whether the Internet, or a satellite circuit,
communications provider-goes down, the GSN still has other
nearby sites utilizing alternate communications providing the
real-time data. This avoids being “blinded” suddenly in all of
Africa or the Paciﬁc, for instance. However, this beneﬁt requires the dedication of Network personnel and resources to
work with and manage the diversity of the communications
resources that the GSN uses.
Operations and Maintenance
The Operations and Maintenance (O&M) of the GSN
remains key to the core facility that has been created. The
O&M continues to be a shared responsibility between IRIS
and the USGS, with IRIS operations performed through a
subaward to the UCSD project IDA group (40 stations) and
USGS through ASL (85 stations). The funding for routine operations and maintenance support of the IRIS/USGS component of the GSN by ASL is provided separately by the USGS,
coordinated with IRIS under a 2001 annex to a Memorandum
of Understanding between NSF and USGS The remaining
13 stations are operated as part of the University Networks or
as Afﬁliate stations to the GSN. O&M consists of monitoring the performance of the stations, telemetry systems and
data ﬂow and the maintenance of the stations as necessary
to maximize the performance. This includes depot and ﬁeld
support of the hardware and software systems, identiﬁcation of station problems and the response to these problems.
This requires an infrastructure of highly skilled personnel,
facilities for testing, integration, shipping/receiving, and depot equipment, travel, communications and cooperation with
host country operators and other collaborators.
The past ﬁve years have shown a signiﬁcant increase in
the availability of the data from the GSN. In the last 5-year
proposal, we placed an emphasis on maintaining the investment NSF has made in the GSN by refreshing the equipment at
a rate of 5%/yr to ensure the station assets would remain state-

Historic Data Availability for the GSN
Percent Data Availability or Number of Stations

100%
95%
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75%
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65%
60%
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50%

1996
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1998

1999

2000

2001

2002

2003

2004

GSN data availability has improved in the past five years due to emphases on spare
equipment and real-time telemetry. The percentages show available data in given
years, and approximately relate to the percentage of GSN stations operational at
a given time.
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of-the-art and in good repair. Along with this, the importance
of adding telemetry to stations was identiﬁed as not only a
valuable feature for the monitoring community, but also an essential tool for the rapid detection, identiﬁcation and response
to station problems. With the combination of the ability to spot
problems with stations, and having equipment on hand to deal
with equipment failures, the performance baseline for the entire GSN has changed. For the years 1996 to 2000, the average
data availability for the network was a little over 75%. With
the resources at hand, this was an upper limit we had grown to
expect. Beginning with this last cooperative agreement, however, we used NSF funds to expand telemetry (as discussed in
the previous section) and amortize the equipment. Equipment
funds were initially used to create depot level equipment pools
at both network operators facilities. In successive year funds
were used to replenish this pool as well as forward spare equipment at extremely remote sites where shipping times were excessive. The combination of these additions to the operations
and maintenance of the GSN stations had an immediate affect.
By the end of 2001, data availability was up to nearly 80%.
By 2002, this rose to nearly 85% and by 2003, data availability
over the entire network is approaching 90%.
Historically, the two network operators have taken different approaches to GSN station design. This allowed for
more diverse approaches to station operational challenges,
which has been beneﬁcial in the research and development
of the GSN as the network has evolved and grown. However, as operations have stabilized and new installations are
less frequent, the merits of these approaches have been reviewed. Based on the information learned from these varied
approaches, and reviewing the GSN design goals, we have
initiated an effort to standardize the data acquisition systems
incorporating the best concepts from both groups. GSN has
already procured prototypes for a next generation data acquisition system, and following testing and evaluation, will make
a selection and begin procurement and integration before
July 2006. Standardization of all GSN equipment improves
efﬁciency and reduces long-term operations and maintenance
costs. We anticipate that the new data acquisition system, together with real-time telemetry from nearly all stations, will
enable us to keep station uptime above 90%.Review
The Global Seismographic Network underwent two signiﬁcant reviews during the last ﬁve years. The ﬁrst was an
internationally constituted, external review in 2003 mandated
by NSF as part of its ﬁve-year Cooperative Agreement with
IRIS, to “Carry out and report by July 1, 2003 an in-depth
study of the operation, personnel and instrument costs, and
support of the Global Seismographic Network, in collaboration with NSF, USGS, representatives of the Federation of
Digital Seismic Networks (FDSN) and GSN network operators.” The second was the giant (Mw~9.0) Sumatra-Andaman earthquake of December 26, 2004. In both instances, the
GSNʼs performance was viewed as exemplary.
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The Review Committee of the Global Seismographic Network (RCGSN), Chaired by Henry Pollack of the University
of Michigan, met in February 2003 in Albuquerque NM and
La Jolla CA, with site visits to the GSN Network operators,
USGS/ASL and UCSD IRIS/IDA, respectively. The charge to
the committee included 1) to provide an assessment of the operational quality and state of health of the GSN, 2) to provide
recommendations and advice to the IRIS Executive Committee and President and to the National Science Foundation on
ways to maintain the quality and improve the operations, efﬁciency and scientiﬁc return of the network, and 3) take a longterm perspective and consider how to ensure the continued viability of the network and quality of operations over the next
decade. Key questions that the RCGSN addressed included
1) GSN Goals, 2) Technology, 3) Management, Coordination
and Oversight, 4) Costs, 5) Partnerships, 6) GSN expansion, 7)
Data Management. On April 15, 2003, the RCGSN issued its
report (the full text and IRISʼ responses to questions may be
found on-line at http://www.iris.edu/about/GSN/docs/GSN_

GSN map of stations used by the PTWC centered on Sumatra, with tsunami onehour isochrons (yellow contours). Stations marked with white stars were available
in real time while pink stars indicate GSN stations with no (or delayed) telemetry.
Seismic travel times to the GSN stations (paths marked with blue lines) were on the
order of 3 to 15 min for the stations shown. Therefore the seismic energy greatly
outpaced the tsunami wavefront.

Review.doc). In its introductory remarks, the RCGSN state,
“At the outset the Review Committee is obliged and pleased to
note that this community enterprise, the GSN, has been an extraordinary success. The establishment of a high-quality global
digital network has been achieved, and it now serves as the
primary source of data for seismologists worldwide. This data
has revolutionized the solid Earth sciences. It is becoming ever
clearer that understanding the way our planet works requires
a whole-Earth perspective, and the highly successful GSN,
along with the International Ocean Drilling Program, illustrate
the immense value that international research facilities present
to the entire Earth science community.”
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The GSN has taken speciﬁc steps toward implementing the recommendations of the RCGSN. Recognizing that
the GSN is essentially completed, focus is shifted towards
operations and maintenance, while coordinating internationally with efforts to improve coverage on land and within the
oceans. Standardization of equipment and closer collaboration
between GSN Network Operators has begun, starting with
a review of GSN design goals (http://www.iris.edu/about/
GSN/docs/GSN_Design_Goals.pdf and selection of new
proto-type data acquisition systems to be jointly installed and
maintained. Along with the IRIS Instrumentation Committee,
GSN continues to be a proponent of developing a new ultralong-period sensor to replace the Streckeisen STS-1, a key
GSN sensor that is no longer in manufactured. In the short
term, the GSN has arranged for equipment swaps for STS-1s
(China and Canada), and is developing a pressure/temperature/magnetic shielded deployment mode for the STS-2 to
improve its ultra-long-period performance. The GSN continues unabated its growth toward 100% real-time telemetry, and
already provides the core data to tsunami warning efforts. Six
new collaborative GSN sites have been installed with FDSN
partners. AFTAC arrays and stations are now afﬁliated with
the GSN, and an AFTAC observer participates on the GSN
Standing Committee. The recent closure of the GSN site SPA
at the South Pole in favor of the site QSPA in the Quiet-sector
8 km from the Pole reﬂects the GSN continued commitment
to improved station quality. An EOS reference article on the
GSN (Butler et al, 2004), and press coverage on the GSN
subsequent to Indian Ocean tsunami have placed the GSN in
the media favorably. GSN management has been augmented
to meet both day-to-day operational requirements and longterm planning and coordination needs.
In the next ﬁve years the GSN presents several management challenges. With the land-based network largely
installed, our focus shifts toward developing efﬁciencies in
maintenance and operations. At the same time, to expand permanent seismological observatories to the seaﬂoor and the
cryosphere we face great technological and organizational
challenges. A GSN Operation Manager has been hired to
oversee network operations and maintenance, to establish
standard equipment, practices, and costs, and to examine
new efﬁciencies and approaches for GSN reliability. The Operations Manager also will have responsibility for IRIS involvement in the projected 100-station permanent backbone
network that now is being installed as part of EarthScopeʼs
USArray. Complementing the focus on daily O&M of the
network by the new Operations Manager, the GSN Program
Managerʼs attention and leadership are focused toward keeping the GSN at the forefront of seismological data collection.
The expansion of the GSN on the seaﬂoor and the cryosphere
will only be possible through interagency partnerships and
through international coordination and collaboration, developing new technology and new resources, participating in
GEOSS and IMS, encouraging shared infrastructure for geoI–9
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physical observations, advocating GSN open data standards
internationally, motivating the development of new-generation instrumentation, and engaging the GSN Standing Committee and IRIS scientiﬁc community in creating and planning new directions for the GSN facility. It is possible that
at some future date GSN management responsibilities will
recede to straightforward coordination of a group of network
operators. However, in the next ﬁve years IRIS must develop
and deﬁne management protocols for stations in extreme environments while at the same time manage and upgrade the
existing land-based network, and this motivates the management structure for the GSN with both an operations manager
and a program manager.
The second and in some respects, more challenging,
review of the GSN was the giant Sumatra-Andaman earthquake, which struck without forewarning on December 26
during the holiday season. As the largest earthquake since the
1964 Alaskan Earthquake, this event was the canonical earthquake for which the GSN was designed and engineered to
record with full-ﬁdelity. The disastrous tsunami generated by
this megathrust earthquake focused the interest of the world
on seismology and tsunami warning. During the January 14
press conference announcing the Presidentʼs new Tsunami
Warning System, the GSN had a sufﬁciently prominent role
that John Marburger III, Science Advisor to the President,
mentioned the “Network of the Incorporated Research Institutions for Seismology”.
The technical performance of the GSN was assessed favorably by Park et al (2005), but the truest measure of the
GSNʼs success rests in the number of papers resulting from
the data gathered by the GSN, the diverse scientists who have
used the data, and the sense of excitement in the scientiﬁc
debate. The educational impact was considerable: by pooling
together computer graphics and PowerPoint presentations,
university seismologists across the US brought the latest data
and ﬁndings into their classrooms. The technical measure of
GSN performance for the Sumatra-Andaman earthquake can
be judged with respect to its Design Goals for which the network was engineered (http://www.iris.edu/about/GSN/docs/
GSN_Design_Goals.pdf). At the time of the event, the GSN
extended to 137 stations worldwide, providing truly global
coverage. Supplemented with other FDSN stations, there
were over 200 broadband sites available for global studies
of the event. Equipment for the GSN stations was selected to
create redundancy, and all sites have multiple sensor packages. The equipment operated under widely diverse environmental conditions from the polar to equatorial regions. The
remarkable ﬁdelity of GSN stations is displayed in the ﬁgure
from Park et al, 2005. With this particularly large earthquake
there were instances of clipping in sensor transducers before
their expected full scale, but no data were lost due to this
clipping as other on-site sensors recorded in full ﬁdelity. Of
the 125 stations under the operational control of UCSD and
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Full fidelity recording of simultaneous megathrust and microearthquakes (Park et al.,
2005). a) The first three hours of seismic waves from the Mw~9 Sumatra-Andaman
earthquake recorded at ANMO Albuquerque, New Mexico at 136° angular distance
from the epicenter with a peak-to-peak maximum ground displacement of ~1.25 cm.
b) Time expanded view of the surface energy arriving ~85 minutes after the event
origin. c) High-pass filtered version of the data with clear P and S microearthquake
arrivals from a local event with a peak-to-peak ground displacement of ~440 picometers (~30 million times smaller than surface wave displacement). This small event
occurred ~25 km from ANMO with a duration magnitude of ~0.5. This clearly shows
that local and regional data recorded during the Sumatra event are not lost due to
dynamic range limitations. The GSN was able to record all aspects of the Sumatra
wavefield while still providing valuable data from concurrent events.

USGS, more than 88% (110) were functional at the time of
the Sumatra-Andaman earthquake. “Nonfunctional” stations
include cases where clipping or nonlinear waveform response
marred a small portion of the record.
Of the 137 GSN stations at the time of the Sumatra-Andaman event, 114 or 83% were equipped for real-time telemetry.
Of these, 88 stations (64%) provided real-time data feeds. The
remaining 26 telemetric stations were not available in realtime for this event due to delays in transmission for technical
and political reasons, or simple failure. Stations in China were
the only real-time capable stations that recorded the event but
did not contribute to the early alert, because they are subject to
100-minute telemetry delays imposed by the Chinese government. Using dial-up protocol following the initial NEIC alert,
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an additional 7 stations, or 95 total GSN stations were available
within 89 minutes of the event original time. These data were
available in real-time not only to the USGS National Earthquake Information Center (NEIC) and NOAA Paciﬁc Tsunami
Warning Center (PTWC), but also, via the IRIS DMC, to anyone with access to the public Internet.
The availability of real-time data has emphasized an
essential role for the GSN in global earthquake hazard and
tsunami monitoring. Until the 2004 Sumatra-Andaman
megathrust earthquake, the tsunami warning system had not
responded to an earthquake that rivaled the massive, tsunamigenic 1960 Chile (Mw=9.5) and 1964 Alaska (Mw=9.2)
events. The GSN data usage timeline (Park et al., 2005) for
the Sumatra-Andaman earthquake underscores the GSNʼs
essential role in the evolving understanding and response to
the event as the seismic waves propagated outward from the
source region. Using its real-time data, the Paciﬁc Tsunami
Warning Center (PTWC) and National Earthquake Information Center (NEIC) were able to respond immediately as
seismic energy reached successive GSN stations. Indeed, 74
GSN stations were monitored in real-time by PTWC, and 86
by NEIC for the Sumatra-Andaman event. The PTWC geophysicist on duty observed the signals as they arrived at station COCO (Cocos Keeling Islands), the closest GSN station
to the epicenter, three and a half minutes from origin time.
The ﬁrst PTWC automatic alert (Mw~8.0) was triggered by
two GSN stations in western Australia, MBWA (Marble Bar)
and NWAO (Narrogin), and was actually issued prior to the
end of the rapid, tsunamigenic portion of the long fault rupture (< 600 sec, Lay et al, 2005). The initial NEIC alert was
based on real-time GSN data recorded in Mongolia, Japan,
Australia, Korea, Guam and Taiwan. NEIC made its ﬁrst automated hypocenter estimate 2.5 minutes prior to the seismic
waves reaching stations in the continental US. These immediate alarms and solutions were performed solely on the basis
of GSN data. As the waves continued to propagate around
Earth, more GSN data were used to reﬁne the initial estimates
as more energy was recorded. With the size and complexity of this earthquake, standard automatic procedures were
inadequate to estimate its true magnitude. This required the
collection of more than one hour of data, as well the intervention of a human analyst. A Harvard centroid moment tensor
solution with a magnitude of 8.9 was calculated and distributed four hours after the earthquake (revised to 9.0 nineteen
hours after rupture onset). Any earthquake estimated to have
Mw = 8.0 or more, however, is potentially tsunamigenic, so
the delay in obtaining the larger magnitude estimate was not
in principle an impediment to a tsunami warning.
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GSN has grown into the essential, ﬁducial framework for global seismological and geoscientiﬁc studies of our planet. This
state-of-the-art facility serves not only science, but also beneﬁts mankind. With the advent and incorporation of real-time
telemetry into the system, a concomitant and incipient monitoring mission for the GSN has evolved naturally. Designed to
record with full-ﬁdelity all seismic signals above the quietest
Earth noise, the GSN is fully capable for nuclear treaty monitoring, tsunami warning, and global earthquake and volcano
monitoring. GSN data have become fundamental for these operations. This recognition of the GSNʼs role as a societal beneﬁt is evidenced in its designation as a U.S. observing system
contribution to the Global Earth Observing System of Systems
(GEOSS). Notwithstanding these monitoring responsibilities,
the GSN remains at its core a scientiﬁc network. Scientiﬁc vision in designing the network and its instrumentation has engendered its multi-use capabilities. To keep this core strong
and vital, the GSN must look both inward and outward.
Operations and maintenance (O&M) of the GSN is
the sine qua non of success. Improved productivity will be
achieved through greater integration and collaboration between our IRIS/IDA and USGS/ASL network operators,
initiated through the joint incorporation of low-power, standardized data acquisition equipment throughout the GSN. Enhanced O&M support for the GSN through USGS/ASL from
Congressional action following the Indian Ocean tsunami is
welcomed. Internationally, through collaboration the GSNʼs
maintenance burden may be shared with Nations (particularly those of the ﬁrst world) which host GSN stations, operate
comparable equipment in their respective national networks,
and achieve the GSNʼs high standards for data availability
and quality. However, the GSN cannot be sustained scientiﬁcally simply through maintenance. The development of new
seismic instrumentation must be fostered to meet the needs
of the science. This recognition focuses IRISʼs NSF funding
request for the GSN to engage in the development of the next

The Next Five Years
In the next ﬁve years, funding is requested to reach the full
potential of the extraordinary scientiﬁc mission of the Global
Seismographic Network. From a vision twenty years ago, the

Experiment to super-isolate a high gain STS-2. Includes warpless baseplate, temperature, pressure and magnetic isolation. Preliminary results show marked improvement over standard STS-2 installation.
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generation GSN seismic sensors to replace aging STS-1 vault
sensors, which are no longer manufactured, and to replace
other station equipment that becomes increasingly difﬁcult to
maintain. Remarkable GSN telemetry growth was achieved in
the past ﬁve years through modest investment of NSF funds.
The GSN will focus the next ﬁve years toward continuing to
leverage funding from other national and international interests in open GSN data to achieve growth toward 100% coverage with robust telemetry. Not only must the equipment of
the GSN be maintained, but also the physical infrastructure.
GSN data quality will be improved through upgrading infrastructure at sites, or through closing and relocating stations.
Shared GSN telemetry and infrastructure continues to be the
foundation for the GSNʼs geophysical observatory efforts. Innovation grants to Universities harness the breadth of talent
of this community for GSN.
The GSN has led efforts in establishing GSN stations
and scientiﬁc observatories on the sea ﬂoor—the Hawaii-2
Observatory, H2O—and in the remote Antarctic ice—the
South Pole Remote Earth Science and Seismological Observatory, SPRESSO-through collaboration with both NSFʼs
Division of Ocean Sciences (OCE) and Ofﬁce of Polar Programs (OPP), respectively. Seismological coverage within
the oceans is essential for the truly uniform global coverage
required to study Earth. The paucity of observations within
the Antarctic interior limits the resolution of tomographic imaging and continental seismicity, as well as features such as
inner-core anisotropy and differential rotation of Earthʼs core
with respect to its mantle—both of which require observation of seismic waves that travel parallel to Earthʼs rotation
axis. Both oceanic and polar regions represent the frontier for
improving seismological coverage of the planet. Expanded
GSN collaboration with OCE and OPP is proposed during
the coming 5 years to bridge the disciplinary and environmental boundaries between the solid earth, oceans, and polar
regions.
O&M and Sensor Development
The strength of the GSN is not only derived from the scientiﬁc ﬁndings achievable with the high quality instrumentation, but also from dependable operations. The emphasis
for the next ﬁve years will be to ensure the core of the GSN
remains strong and the dependability of the data ﬂow to the
user community is assured, while beginning the upgrade of
the data acquisition systems to the next generation.
The responsibilities for the core operations and maintenance (O&M) of the GSN will continue to be shared through
the very successful partnership between IRIS and the USGS.
The USGS supports the ﬁeld operations of 85 of the GSN stations through the Albuquerque Seismological Laboratory (90
after planned installations are completed) while IRIS supports the remaining ﬁeld operations through a subaward to
the UCSD. The IRIS/IDA subaward will concentrate on the
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continued maintenance of the 40 stations (42 after planned
installations are completed) of the GSN that falls under their
responsibility. This includes adequate staff, facilities and
funds for travel, host stipends, telemetry and equipment to
maintain the stations with a performance goal which has been
85-90% data availability. GSN will also continue to assess
the condition of the station infrastructure at each location
and propose upgrades and enhancements to the civil works
to assure the quality of the data from these stations is not
adversely affected by aging. Quality control and assurance
of the data are the sine qua non of success for the GSN, and
these essential functions are managed under the IRIS DMS
program in close collaboration with GSN.
In addition to the maintenance of the existing systems,
the next ﬁve years will begin the implementation of the next
generation data acquisition system (DAS). The selection and
procurement process is currently underway and the network
operators have begun working together on how to integrate
the new DAS into the GSN. Based on guidance from the
GSN review panel, the new DAS are to be implemented not
only to keep the GSN state-of-the-art, but to also allow for a
transition to a standardized GSN station design. The original approach of the GSN had both operators taking separate
paths on DAS design to take best advantage of the expertise in both groups to ﬁnd independent solutions to the same
problem. However, as the land-based network stabilizes, it is
clear that there can be efﬁciencies gained from bringing the
two network operators together and coalescing their experience into a single standardized GSN station design.
IRIS will also continue to provide for the replenishment
and recapitalization of the rest of the equipment for both network operators to ensure the design goals of the GSN continue to be met and the network remains at a sustainable stateof-the-art. The current equipment refreshment plan has been
proven successful at improving the performance of the GSN
by having spare parts available to ﬁx station problems as they
arise. However, the rate of this refreshment has only been
funded to a 5% level which has the equipment replaced over
a 20 year life cycle. As critical station equipment (data acquisition systems and sensors) are coming to the end of their life
cycle, it is clear that the low replacement rate is inadequate to
design and implement the next generation of equipment. Although the next generation acquisition systems are commercial-off-the-shelf, replacing these on a 20-year plan will not
be adequate to ensure the entire network is upgraded prior to
its obsolescence. Additional funding is required to upgrade
the systems in a more reasonable timeframe.
The next generation sensors pose more of a problem, as
there are currently no known replacements for the primary
GSN sensor for vault installations (Streckeisen STS-1). Replacing the vaults with borehole installations is not only
impractical because of their great cost, but also because all
existing borehole sensors have inferior ultra-long-period per-
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In addition to sustaining equipment, we must also ensure our sites remain in good physical repair. Although civil
works at a site do not deteriorate as rapidly as the electronics, there are still occasions when sites need to be upgraded,
reconstructed, or outright moved to ensure high quality data
and operations. We will program adequate funds to repair or
move a site at the rate of ~1 per year, including both USGS
and IDA components of the GSN.
Communication links to stations originally established
to provide data segments, state-of-health monitoring, and remote access for maintenance have evolved into a telemetry
system to provide GSN data to the scientiﬁc and monitoring communities in real or near real time. Not only has this
reduced the response time to identify and respond to station
problems, but it also has expanded the usefulness of the GSN
data as a part of global seismic monitoring systems including
those for earthquake and tsunami hazards as well as a part of
the Comprehensive Nuclear-Test-Ban Treaty Organizationʼs
International Monitoring System for the detection and identiﬁcation of nuclear events. As the GSN data have become
so useful to these communities, they have come to rely on
the dependable nature of the GSN operations. In order to
continue as a useful monitoring tool, these data need to be
assured. Therefore, the most critical investment we can make
in the GSN is the continued strong support of the operations
and maintenance.
Telemetry

Telecommunications hub installed at the Pacific Tsunami Warning Center supports
real time data telemetry from GSN stations in the Pacific region.

formance relative to the vertical component of the STS-1. A
complete development program for the engineering design of
a replacement to the STS-1 is most likely beyond the scope of
funding available for the GSN, but IRIS proposes to program
funds to 1) develop the means to maintain and refurbish the
existing STS-1 inventory to ensure maximum life expectancy,
2) seek out other users of the STS-1s who no longer require
an instrument with such a response and trade for or procure
these instruments, 3) research and evaluate sensors and sensor emplacement techniques to ﬁnd a suitable replacement,
4) to work with manufacturers to guide new sensor development, 5) cooperate with sensor developments opportunities being discussed with DoDʼs AFTAC. There are many
STS-1s deployed in various other networks around the world
and if those other groups determine they no longer require
an instrument with the STS-1 response, we will be in a position to bargain, trade or outright purchase those instruments
as they become available. As a result of all these equipment
related requirements, GSN proposes to increase the funds for
equipment to ~$1.9M which equates to a ~10% refreshment
rate (or about a 10 year life cycle).

The goal of the GSN is robust real-time data from 100%
of the network. Our current coverage exceeds 80%, orchestrating a diverse suite of national and international, satellite
and Internet arrangements. Both the bandwidth and robustness of many links need improvement to carry all available
channels reliably. Following the Indian Ocean tsunami, there
is strong national (via the USGS) and international (Australia and Japan) interest in expanding, upgrading, and enhancing GSN telecommunications. The availability and quality
of global telemetry continues to progress rapidly, driven by
commercial, national, and public interest in telecommunications. GSN will focus its telecommunications funds toward
collaboration with these opportunities, and will continue
making incremental improvements to its infrastructure.
GSN Station Enhancements and Geophysical
Observatories
The GSN is not a static collection of stations. While there
is recognition that data from a site collected over a long time
has greater value, poor performance cannot be accepted. The
goal of the GSN is to provide real-time access to excellent,
very-broadband seismic data with uniform coverage from a
ﬁducial reference global network that is efﬁciently operated
and maintained for science. No station should be deemed sacred. Nor should stations be moved or changed precipitously.
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$100K per station spent in building the GSN infrastructure,
requested funding at $100K/yr would permit refreshing infrastructure at a rate of less than 1% of the total investment
annually.
In response to the Sumatra-Andaman earthquake and
subsequent tsunami, the USGS has received funds to install
9 new seismic stations in the Caribbean region in 2006 and
2007. These stations will have real-time telemetry, meet the
design goals for the US Advanced National Seismic System,
and may become Afﬁliate stations in the GSN.
The existing gap in GSN coverage in northern Africa
presents a challenge for U.S. organizations that face the current political turmoil of the region. GSN continues to work
quietly with our FDSN partners to encourage the establishment of new broadband stations with openly shared data.

During its first operational phase between October 1999 and May 2003, the H2O
GSN station at the Hawaii-2 Observatory on the sea floor between Hawaii and California produced 287 Gbytes of real-time data with over 96% data availability. As of
June 2005, over 3000 users have requested more than 107 Gbytes of H2O data.

The vast infrastructure of the GSN serves as a platform
for other geophysical instrumentation. Simplifying the power
and communications interfaces will ease and enable the installation new, co-located sensors systems, and will improve
integration of the GSN as an in situ framework for GEOSS.
Funding is requested to develop this standard interface for
GSN stations. Continuing the installation of microbarographs
throughout the network fulﬁlls the GSN scientiﬁc quest to
measure simultaneously both sides of the seismo-acoustic
interface for long-period, globally propagating signals, and
complements higher-frequency infrasound array measurements made by the International Monitoring System for
regional distances. The combined power of the GPS and
seismic observations for understanding the Great Sumatra
earthquakes underscores the value of a common approach.
The quasi-static and slowest components of earthquake deformation monitored via GPS naturally extend and complement the seismic information. Seventeen GSN stations currently have GPS. Enhancing the GSN with real-time GPS at
all stations emphasizes this inherent synergy via co-located
data streams. Funding is requested to begin this undertaking
in coordination with the geodetic community.

The current collection of stations and their network operator
afﬁliation grew out of logistic necessity and historical context in rolling out the new GSN. It is time now to reﬂect upon
the network conﬁguration and make appropriate adjustments
that will enhance the GSN goals and O&M efﬁciency. Efforts
are underway to assess site noise characteristics and overall
station importance for scientiﬁc applications. This information will guide decisions regarding instrumentation ﬂexibility, station upgrades or relocation, and new siting.
Just as equipment must be refreshed and upgraded to
preserve the quality of the GSN, the physical infrastructure
of GSN stations – vaults, boreholes, buildings, etc. – requires maintenance. For a network of 138 stations located in
all climates and environments, problems arise which affect
both GSN data availability and quality. At an average cost of
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Sign at South Pole station that marks the edge of the Quiet Sector stating “Help us
keep it quiet”.
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Success in Sharing Scientific Infrastructure:
The High Energy Transient Explorer (HETE-2) Satellite
From: jsvilla@space.mit.edu
Subject: HETE-2
Date: April 1, 2004 7:04:20 AM HST
To: dlambert@nsf.gov
Cc: rhett@iris.edu, grr@space.mit.edu, roland@space.mit.edu, gbc@space.mit.edu
Dear David,

New discoveries and scientiﬁc publications will create
demand for more data, and
our present situation of inertia can become forward momentum. Progress is necessary, even as it starts slowly.
To create momentum over
the coming ﬁve years, several
approaches must be taken together.

To garner the necessary
logistical resources in the
oceans for global seismic
coverage, the GSN will focus
its resources toward providing seismic instrumentation
for existing and planned oceanic programs, coordinating
with oceanic telemetry opportunities, and collaborating with the marine mammal
and biological communities.
Collaboration and coordination with international partners are essential. The GSN
will coordinate with the International Ocean Network
(ION) efforts to instrument
several boreholes of the International Ocean Drilling
Project (IODP) in conjunction with the Ocean Research
Interactive Observatory Networks (ORION) and Ocean
Observing Initiative (OOI)
global network of buoys for
telemetry. GSN will provide for borehole seismic
instrumentation
packages.
The GSN will also provide
and designate for global use
several sets of broadband
ocean bottom seismometers
to be managed under the
NSF/OCE Ocean Bottom Seismometers Instrumentation
Pool (OBSIP). To minimize ship costs and yet provide for
improved, new oceanic coverage, sensor deployments will
be explored in conjunction with routine ships which service
NOAA Deep-ocean Assessment and Reporting of Tsunamis
(DART) buoys, ORION ocean buoys, and Antarctic bases.
As an in situ observing system of GEOSS, GSN will seek
access to oceanic logistical resources operated under this coordinated framework as counterpart to shared land-based lo-

It’s been a long time coming, but we here at the HETE-2 project would like to thank you and the
IRIS GSN for making internet connections to our stations at Galapagos and Gabon possible. Giving
us a portion of your space segment allows our computers at these remote locations to be connected
to the net, and thus relay our satellite’s messages in real time. The live coverage is essential to
HETE’s mission, which is to alert the astronomy community of the occurrence of enigmatic Gamma
Ray Bursts, or GRBs.
Rapid follow up observations (including some of the world’s largest telescopes) are key to
solving the GRB mystery, since these transients fade away quickly. Prior to HETE, several hours
to days passed before any kind of observations were conducted, and quite often no burst source
identification was ever made.
Since its launch into low earth orbit in Oct. 2000, HETE has relied on a belt of equatorial VHF
ground stations to relay GRB burst alerts within seconds of outburst. The Galapagos station covers a
large segment of HETE’s ground path in the Pacific, and the Gabon station covers portions of Africa.
One burst, which occurred on Dec. 11, 2002, was detected and localized by HETE, and the coordinates relayed by the Galapagos station within seconds. Automated cameras reacting within seconds
caught the optical transient associated with the GRB, and its subsequent fading was followed by
other telescopes. This GRB was a singular event in proving that so called “dark bursts” (GRBs without traceable optical transients) may well be a result of our inability to look at the GRB fast enough,
and that HETE and its system of VHF stations are on their way to solving this mystery.
The current successes of the HETE program is already acknowledged within the astronomy
community, and is making inroads with the public as well; Science magazine for example, has rated
the discoveries directly attributable to HETE as one of the top 10 science stories for 2003. We hope
that your continued support of our activities will further allow us to rapidly disseminate burst alerts,
and extend the contributions of HETE to resolving the mystery of GRBs.
Best Regards,
Joel Villasenor
37-414 • MIT Center for Space Research
70 Vassar St., Cambridge, MA 02139|
(617) 252-1667 • jsvilla@space.mit.edu
Oceans
Though the oceans are vast and essential for seismological coverage of Earth, the paucity of seismological data from
the sea ﬂoor and the inherent challenges in deploying and
maintaining instrumentation have led to inertia in progress.
If we increase the global seismo-acoustic data sets available
from sea ﬂoor (with the free and open data policy advocated
by the GSN) over time the seismological community will collect sufﬁcient data in new areas available to more scientists.
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gistics which the GSN provides globally. Through a nascent
Arctic/Antarctic Biological and Earthquake Science (ABES)
collaboration, GSN will work to achieve independent funding from NSF/OPP toward adding OBSs to existing acoustic
recording packages currently being deployed by the marine
mammal and biological communities, using seismometers
meeting OBSIP standards. This collaboration between biology and seismology will make dual-use of ships already being used in the polar regions. All data from GSNʼs oceanic
efforts will be freely and openly available, without any proprietary restriction. GSN will coordinate its oceanic efforts
with OBSIP centers and with international efforts underway
in Japan, the European Union, Australia, and elsewhere, to
achieve a more open and uniﬁed infrastructure for seismic
data from the oceans.
Polar Regions
Seismological coverage of the polar region of the southern hemisphere is sparse and limited to Antarctic coastal
bases, plus the South Pole (U.S.) and Dome C (Italy/France).
Both the SPRESSO site (cabled 8 km to South Pole station)
and remote VNDA station (telemetered by AFTAC to McMurdo Base) highlight the value of siting stations away from
human-generated noise. Cabling is impractical over large
distances, and the VNDA thermo-electric power source is
very costly and challenging to maintain (even for the US Air
Force). To expand GSN coverage into the Antarctic interior
requires the development of an autonomous power and telemetry capability. Recent power reductions in GSN equipment engender a coordinated approach with PASSCAL and
the UNAVCO/GPS community to develop a remote, autonomous power/telemetry capability. Funding for this capability,
which will have substantial applicability beyond seismology,
will be sought from the NSF Ofﬁce of Polar Programs (OPP).
GSN will provide funds for the sensors to be used for GSN
deployments, coordinated with NSF/OPP logistics.
In Antarctica, a new remote GSN site is proposed in West
Antarctica where there is current logistical support during
the austral summer. Additional coverage (2-3 sites) is sought
between South Pole and the coast, which can be supported
by ﬁxed-wing aircraft deployed from the Pole. Over the ﬁveyears of this proposal, we anticipate phased improvements
in both the power and telemetry capabilities, growing from
initial summer operation with internal recording to eventual
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year-round operation with real-time telemetry. Initial testing
can be conducted at SPRESSO. In order to shorten the development/test cycle, collaboration will be sought with the
Arctic Program of OPP to utilize the existing base at Summit,
Greenland, and summer camp at the North Pole.
GSN seismological plans in Antarctica integrate closely
with A VISION FOR THE INTERNATIONAL POLAR
YEAR 2007—2008 (see http://www.us-ipy.org/). Additional
GSN coverage provides a ﬁducial backbone framework to
PASSCAL portable deployments, similar to the relationship
of the USArray Backbone and the Flexible Arrays within the
EarthScope project. Tomographic imaging beneath the Antarctic ice cap constrains 3-D velocity and anelastic structure
of the Antarctic lithosphere, which aid estimates of heat ﬂow,
temperature, mantle viscosity, and dynamic buoyancy in the
mantle. Knowledge of these parameters affect coupled climate-icesheet models, as well as glaciation models. Establishing new GSN stations in Antarctica also serves IPY long-term
goals through its legacy of infrastructure and technology that
serves a wide range of scientiﬁc studies for decades to come.
University Innovation
Considerable talent and expertise reside in the University community, which operate state-of-the-art regional seismic networks, participate in international projects, and maintain cross-disciplinary contacts in the broader geophysical
sciences. This community is an independent resource for the
GSN to tap. Modest funding is requested to encourage collaborations with University partners, which will enhance the
GSN program.
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PASSCAL SECTION

PASSCAL: Experiment Resources for National
and International Seismology

Overview
The PASSCAL facility provides the seismological community with state-of-the-art low-power portable seismic instrumentation and advanced ﬁeld and database management tools
in support of portable array seismology worldwide. PASSCAL
instrumentation and support services have revolutionized the
ability of the seismological community to image Earth structure
and earthquake processes. The keys to PASSCALʼs success as a
scientiﬁc facility include performance, reliability and simplicity
– of instrumentation, of ﬁeld support, and of data management
– all of which have made it possible for the university community
to routinely undertake large broadband and active source experiments that would have been unthinkable before PASSCAL. The
PASSCAL resources have transformed seismology as measured
by the rapid expansion in the scope of experiments, the number of
investigators involved, and the output of scientiﬁc publications.
Outstanding PIʼs from both large and small universities and
colleges now routinely participate in innovative scientiﬁc research and provide unique educational opportunities and training for their students. The PASSCAL facilities, and the experiments conducted as a result of their development, have made
possible three-dimensional imaging of the deep Earth with
unprecedented resolution. PASSCAL operates and maintains a
portable pool of instruments for use by the academic research
community. Funding for the scientiﬁc experiments in which
those facilities are used is provided by NSF, USGS, DOD, DOE
and other federal agencies, through a peer review proposal process. PASSCAL currently has a complement of more than 1000
portable, digital seismic recording systems with over 2200 recording channels, comprised of approximately 600 3-channel
recorders, 420 single-channel “Texan” instruments and 4 multichannel reﬂection/refraction systems. An additional 150 Texans will be delivered in late 2005. In addition to the instruments
owned by IRIS, PASSCAL provides maintenance support for
the 440 “Texan” instruments owned by the University of TexasEl Paso in return for the use of these instruments in PASSCAL
experiments. All of the IRIS instruments are supported by a
dedicated staff of 13 full-time personnel at the PASSCAL Instrument Center located at the New Mexico Institute of Mining
and Technology in Socorro, New Mexico.

While a basic metric used to measure PASSCALʼs progress has been the number of instruments available for use in
experiments, the scope of the facility extends well beyond
hardware alone. Underlying the hardware pool, PASSCAL
maintains an extensive support structure for instrument design,
maintenance, ﬁeld support, software development and training.
PASSCAL operates as a resource for the research community,
in effect serving as a “lending library” for specialized seismological equipment, but also providing technical support and
user training. Operations supported by PASSCAL include:
•
•
•
•
•
•
•
•
•
•
•

Experiment Mobilization Support
Logistical Assistance
Equipment Repair
Equipment Testing and Design
User Training
Software Development and Documentation
User Software Access
Administrative Organization
Shipping and Receiving support for Instrumentation
supplied to ﬁeld experiments
Support for ﬁeld data processing in preparation for data
archiving at the DMC
Public Relations and Local Education and Outreach.

Laying cable for active source experiment in Northwest Nevada.
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The number of PASSCAL-supported experiments is growing and likely to exceed 60
again in 2005

In the original 1984 IRIS proposal, we estimated that
about 1000 instruments with 6000 recording channels would
be needed to support the experimental requirement for ﬁeld
programs in seismology. Since that time, PASSCAL has supported over 500 experiments, leading to a host of new discoveries about the Earth, some of which are summarized in
the one-pagers that accompany this proposal. The range of
investigations that has been made possible with the PASSCAL facilities has far exceeded those envisioned at the start
of IRIS. PASSCAL resources remain fully subscribed for use
in peer-reviewed research programs – conﬁrmation of the importance and success of the PASSCAL facility to the Earth
science community. In each of the ﬁve-year reviews of the
IRIS programs, the assessment of PASSCAL has been clear
and consistent – the founding vision of a pool of portable of
seismic recorders as a means of advancing our understanding of Earth processes continues to be validated through the
breadth and quality of the research supported by the facility
and, more recently, by the funding of Earthscope. Experiments to use the PASSCAL instruments continue to be highly
ranked in peer review and funded by the NSF. Indeed, despite
continued growth in the size of the instrument pool, demand
for instruments and technical support continues to exceed
capacity. The gap between demand and capacity remains a
major concern of the PASSCAL community, where the queue
for broadband instruments now exceeds two years. Thus, as
in the past, a priority focus of the current IRIS proposal is
on the health of the PASSCAL core facility and its ability
to support the experiment needs and scientiﬁc goals of the
seismological community. Meeting those needs and goals
requires additional support for operation and maintenance,
replacement of aging instruments, and continued investment
in new generation equipment.

I–18

History
The Program for Array Seismic Studies of the Continental
Lithosphere (PASSCAL) was launched as part of the original IRIS
initiative in the mid-1980ʼs to develop, acquire, and maintain a new
generation of portable instruments for seismic studies of the crust
and lithosphere. PASSCAL formed the portable array complement to the permanent observatories of the Global Seismographic
Network. During the First Cooperative Agreement between IRIS
and NSF (1985-1990) the primary emphasis was on the careful
speciﬁcation of design goals and the development and testing of
what became the initial 6-channel PASSCAL data loggers. The
initial set of 35 portable seismic systems was delivered in 1989
and maintained through the ﬁrst PASSCAL Instrument Center at
Lamont-Doherty Geological Observatory of Columbia University. During the Second Cooperative Agreement (1990-1995) the
Lamont facility, which focused on the newly available broadband
sensors used primarily in support of passive source experiments,
grew to more than 100 instruments. Starting in 1991, a second
Instrument Center was established at Stanford University, to concentrate on support of a newer, 3-channel data logger designed for
use in active source experiments. By 1995, almost 300 of these
instruments were available.
In 1998, after proposal solicitations and exhaustive review, the instrument centers were relocated and consolidated
as a single operation at New Mexico Tech in Socorro, New
Mexico. This consolidation of experiment-supported efforts
resulted in substantially improved efﬁciency and lower operational costs. The present status of the Instrument Center
and the size and composition of the PASSCAL equipment
pool are described below.
The composition of the PASSCAL instrument pool and
its modes of ﬁeld and software support have continued to
evolve as new scientiﬁc opportunities arose and as advanced
technologies developed. The scope of the PASSCAL facility has grown through time, not only in the total numbers of
instruments, but also in the kinds of instruments available for
use and the services provided to users. The facility now encompasses a full spectrum of instruments: telemetered broadItem
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PASSCAL has acquired and taken on management of additional instruments
over the past five years.
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band arrays, high-resolution, multi-channel seismic systems,
single-channel reﬂection/refraction instruments, as well as
short-period, intermediate period and broadband sensors for
passive-source array seismology.
The growth in the instrument pool over the last ﬁve years
includes 250 new single-channel “Texans” at the PIC, which
are used for active-source experiments. The instruments at
the PIC are operated in conjunction with 440 Texan instruments that were purchased by the University of Texas, El
Paso and are partially supported under a PASSCAL contract.
EAR/IF has recently provided funds to UTED to upgrade
these instruments.
Telemetered Arrays
The telemetered broadband array was developed in the early
1990ʼs under the IRIS Joint Seismic Program (JSP) for deploy-

In the last 5 years there have been 242 experiments with 235 distinct PIs,
representing 65 IRIS members and a total of 105 institutions world wide.
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ment in the former Soviet Union for nuclear test-ban veriﬁcation calibration tests. When the JSP program was completed,
the equipment and expertise necessary to operate the array were
transferred to PASSCAL. The original PASSCAL telemetered
broadband array consists of 32 broadband sensors and digitizers
that telemeter the data via spread-spectrum radios to a concentrator site located up to 80 km away. At the concentrator, the data are
routed to a conventional computer network for transmission back
to a central facility with a common time base. The central computer facility is conﬁgured to locate earthquakes in real time, to
write the data to permanent archive and to provide the user with
data for further analysis. PASSCAL currently has the capability
to ﬁeld 3 broadband arrays. Broadband arrays have been used in
Colorado and South Africa, California, Montana and for the last
several years in Parkﬁeld with great success. The PASSCAL telemetered broadband arrays have provided a look into the future
of real-time seismology. Transmitting data back to a central dis-

Locations of PASSCAL experiments with data at the DMC

Locations of the almost 2000 portable broadband stations with data in SEED format at the DMC.
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tribution facility in near real-time will make it possible to create
virtual seismic networks, provide real-time analyses, effectively
monitor stations and schedule maintenance, and will greatly enhance quality control of the data and ease the processing preparatory to archiving the data.
Additional telemetry developments
Over the last few years, communications technology has
begun to have a signiﬁcant impact on the PASSCAL program.
While it is still impractical to transmit all of the data from
low-power instruments at remote ﬁeld locations, advances
in satellite telemetry and other communication technologies
make us optimistic that signiﬁcant advances, of direct application to PASSCAL, will emerge in this area over the lifetime
of the next IRIS Cooperative Agreement.
PASSCAL has experimented with low-power, low-bandwidth satellite-based systems to provide researchers with critical state-of-health information from instruments in remote
locations. Thirty low-power ARGOS satellite-telemetry units
are available that can transmit daily state-of-health information from remote stations anywhere on the globe. While these
units only allow one-way communication, they provide PIʼs
with daily updates on the health of the linked stations. These
units have been used successfully in Antarctica, Fiji, Indonesia, South Africa and Chile.
Instrumentation Development
In 1998, a special IRIS Instrumentation Committee was
formed to evaluate the growing need for new instrumentation

Examples of active source equipment.

within IRIS. The committee consists of members from the IRIS
community with broad experience and interests in instrumentation issues, and includes USGS personnel to coordinate with
the USGS efforts in instrument development. This committee
has focused on three principal areas: data loggers, sensors and
communications, with an emphasis of improving reliability, performance, and simplicity. The acquisition of sufﬁcient numbers
of new-generation passive- and active-source systems that are
cheaper, smaller, more reliable, and easier to operate will make
possible the increasingly dense deployments of instruments required for high-resolution imaging of the Earth, from shallow to
deep. Advances in technology coupled with larger numbers of
simple and reliable instruments available for experiments make
it increasingly possible for the academic community to carry out
large-scale three-dimensional projects anywhere on the globe.
Design goals for a new generation of data loggers were
developed during the period covered by the last Cooperative
Agreement in coordination with the PASSCAL user community and the requirements of USArray and have evolved to
incorporate the deployment modes used by GSN. By capitalizing on recent advances in computer and communications
technology, a new generation of data loggers is now available
with the following capabilities:
•
•

Examples of broadband equipment.

I–20

•

Power requirement about one-half that of the previous
instrument,
Enhanced communication capability that allows the new
data logger to act as a node on the Internet.
Simpliﬁed system for integrating auxiliary data streams.
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Starting in FY01 the PASSCAL program has received
signiﬁcant support from the Department of Energy. Congress appropriated $9.5M through DOEʼs National Nuclear
Security Administration Nonproliferation and Veriﬁcation
research and development account. This money has allowed
for the purchase of a new generation 25 element telemetered
broadband array and the replacement of the original PASSCAL dataloggers with the new generation data loggers. During the last few years PASSCAL has signiﬁcantly increased
the support of DOE experiments and as a part of the agreement between DOE and NSF, DOE now has equal priority
in the instrument scheduling process. Various proposals for
retiring obsolete data loggers are currently being reviewed
by PASSCAL.
Scientiﬁc Impact of PASSCAL
Since the ﬁrst active- and passive-source PASSCAL
experiments in 1986 and 1988 (respectively), the breadth of
new information about Earth structure and dynamics developed through PI-driven PASSCAL experiments is astounding. In just the past 15 years, over 500 large- and small-scale
PASSCAL arrays have been deployed worldwide to image the
planetʼs major plate boundaries, cratons, orogenic systems,
rifts, faults, and magmatic systems. The advances made possible by PASSCAL are driven by the creativity of scientists
using the PASSCAL facilities, by the technology and services that PASSCAL makes available, and by the ﬂexibility of
the instrument pool to foster innovative research. While we
sometimes measure the success of the PASSCALʼs program
by the number of instruments available and the number of experiments conducted, the real measure of success of the program lies in the diversity of important science that has been
accomplished. With the explosion of high-quality datasets
has emerged a wealth of new techniques that take advantage
of those data to image the earth, examples of which can be
found in advanced tomography, receiver function migration,
and the integration of on-shore and off-shore observations,
to name just a few. The true scientiﬁc impact of PASSCAL
is seen in the advances described in the project descriptions
that comprise this proposalʼs Accomplishments Section,
which provide a snapshot of the exciting science supported
by the PASSCAL program. In addition to the types of studies typical of PASSCAL-supported experiments over the past
decade, PASSCAL has opened up exciting new opportunities
for forging broad partnerships and interdisciplinary and international research collaborations.
Hazards and Environmental Research
Volcano Monitoring and Volcanic System Imaging
PASSCAL facilities plays an essential role in future efforts to monitor and image volcanic systems. Better equipment will permit detailed, real-time data acquisition and
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could provide a means for densiﬁcation of 3-D monitoring
arrays during RAMP (Rapid Array Mobilization Program)
deployments or for detailed subsurface imaging.
Fault-Zone Studies
Delineating the geometries and physical properties of
active and fossil fault zones provides important new information on earthquake processes and controls. Use of new
generations of PASSCAL instrumentation – from real-time
arrays of broadband receivers to Texans deployed for 3-D
acquisition, to rapid-response earthquake monitoring using
RAMP instruments – enables higher resolution at lower cost.
Integrated experiments, made easier by improved PASSCAL
facilities, are better able to span multiple scales of interest for
such studies.
Basin Hazards
Experience with Kobe, Northridge, Loma Prieta and
other destructive earthquakes points out the need for seismic
studies in a number of heavily populated sedimentary basins
to calibrate structure and hazard models. Earthquake wave
propagation analyses and hazard parameterizations for incorporation into hazard-mitigation plans are natural areas for PI
collaborations using PASSCAL instrumentation. In particular, this is an important area for cooperation and interaction
with the USGS ANSS initiative.
Hydrologic Studies
The importance of groundwater and other water supplies
is worldwide. PASSCAL instrumentation has been useful in
both local and large-scale, seismological studies of the geometries and physical properties of aquifers and impacts on
agricultural and municipal water supplies.
Environmental Seismology
Mapping the geometries of subsurface contaminant
plumes and reservoirs, and characterizing channel-controlled
ﬂow, increasingly utilize seismic techniques in concert with
other tools. For some applications, seismic techniques provide
critical data on physical properties of lithologies and pore ﬂuids; other applications may rely on seismically determined
properties and geometries to constrain inﬁltration analyses.
As with so many applications relevant to the science of the
Earth and to societal concerns, PASSCAL facilities play an
important role in better understanding environmental factors
that affect human lives.

Current Status
Instrumentation
The size and composition of the PASSCAL inventory
has evolved through a continuing reassessment of the balance
between technical and scientiﬁc pressures. While standardizaI–21
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tion of equipment, data formats and operational procedures
is an essential ingredient in the success of all IRIS programs,
PASSCAL must handle special challenges in the trade-offs
between standardization, specialization and optimization.
The wide variety of experimental conﬁgurations supported by
PASSCAL, and the need for performance optimization under
extreme ﬁeld conditions, have led to the development of a
number of “standardized” ﬁeld systems. On the technical side,
desires to keep the equipment “state-of-the-art” are balanced
by issues of reliability, simplicity and cost. In a facility that
provides equipment for use by operators with a wide range of
technical skills and training, there are advantages in minimizing the number of different types of instruments. Nevertheless, the wide range of ﬁeld conditions and scientiﬁc problems
to be addressed requires an appropriate variety of instrument
characteristics. On the scientiﬁc side, the PASSCAL Standing
Committee, with input and oversight from other IRIS committees and staff, continually addresses the balance of resources
provided to support the special needs of different sectors of
the research community: passive vs. active source; short period vs. broadband; long term vs. short term.
Instrument Center
The core facility for support and maintenance of the
PASSCAL instruments is the PASSCAL Instrument Center
(PIC) located at the New Mexico Institute of Mining and
Technology in Socorro, NM. The Center is housed in a custom designed building that includes a major new extension
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•
•
•
•
•
•

1-Director
1- Ofﬁce Manager
2-Admin Assistant
2-Seismologists
3-Software Engineers
4-Hardware Engineers

The IRIS PASSCAL Program Manager and Deputy Program Manager are also located in Socorro.
The Texan Instrument Center is located at the University
of Texas-El Paso. This center receives support at the 1.5 –
FTE level and in return makes the 400+ UTEP Texans available to PASSCAL experiments and provides maintenance
and ﬁeld support for the instruments.
The Broadband Array Center is located the University of
California San Diego. This center receives support at the 1.5
– FTE level and in return has led the development of the BB
Array technology and supported ﬁeld experiments.
User Services, Training and Field Support
For most passive-source broadband experiments, PASSCAL provides researchers with pre-experiment planning,
help with special hardware that may be needed for the experiment, customs documentation and pre-experiment personnel
training. It also provides one or more ﬁeld engineers to assist
in the initial deployment. PASSCAL personnel in the ﬁeld
do not conduct the experiment, but provide training and assistance so that researchers can. In addition, the instrument
center provides repair services and is available by phone and
e-mail throughout the experiment.
Active-source experiments are of shorter duration and
are much more time-critical. PASSCAL usually provides one
or more engineers during large active-source experiments.
These ﬁeld-support personnel provide expertise to maintain
the equipment, oversee training of ﬁeld personnel, programming of the instruments, downloading of the data and help
with problems associated with handling large numbers of instruments and very large data volumes.

The core facility for support and maintenance of the PASSCAL instruments is the
PASSCAL Instrument Center, located at New Mexico Tech in Socorro, NM.

completed in early 2005. The entire facility provides approximately 19,000 sq. ft. of lab space and an additional 19,500 sq.
ft. of warehouse space. The centralization of the facility has
allowed us to provide improved services while maintaining
the same number of outstanding employees even as the number of instruments maintained and experiments supported
grows.
The staff at the Instrument Center supported under subaward to New Mexico Tech consists of:
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In addition to critical ﬁeld engineering support, PASSCAL provides users with large amounts of documentation
covering all aspects of the equipment and operations. The User
Guide and Training Manuals provide information for personnel training and practical suggestions for experiment design
and operation. All of the PASSCAL software is documented
on line (at http://www.iris.edu/about/PASSCAL/) and resident
on all ﬁeld computers, as well as in the equipment manuals.
Software
PASSCAL software provides researchers the tools necessary to extract, quality control and format data from PASSCAL
recording systems for further processing and interpretation.
Typical long term passive broadband experiments involve
the use of 40 to 60 instruments recording continuously, effec-
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tively representing arrays that are larger than all but a handful
of the permanent seismic networks. Rapid technological advances, and the consequent ability to record ever larger volumes of data, means that, without appropriate software support, researchers could soon become overwhelmed with data.
To handle large data volumes in the ﬁeld, PASSCAL provides
PIʼs with one or more ﬁeld computers, a database software
system, technical support, and coordination with the DMC
to insure proper archiving of the data. The PASSCAL software system allows PIs to retrieve data from the acquisition
systems, perform quality-control functions such as applying
timing corrections on the data, and output the data in SEED
format for permanent archival, as well as other formats the PI
may require for further processing. The success of this system
is demonstrated by the fact that data are reaching the DMC
for permanent archiving considerably more quickly than even
just a few years ago. Software development is coordinated
with complementary efforts by GSN, DMS and E&O.
RAMP (Rapid Array Mobilization Program)
PASSCAL reserves ten instruments for the RAMP instrument pool for rapid response in recording aftershocks of
large earthquakes. PASSCAL instruments were ﬁrst used in
an aftershock study at Loma Prieta, less than three months
after the ﬁrst instruments were delivered in 1989. During the
past few years, instruments have been deployed after important domestic earthquakes such as Mendocino, Joshua Tree,
Landers, Hector Mine, Northridge, Yellowstone, Denali and
Parkﬁeld as well as after major foreign events in Venezuela,
Indonesia and Turkey.
The pool continues to be used not only for aftershock
studies, but also for special short-term projects that otherwise
could not get access to instruments. In the event of a signiﬁcant earthquake requiring an aftershock response, all RAMP
instruments are available for shipping within 24 hours. In addition to the ten instruments reserved for RAMP, PASSCAL
makes instruments available for such studies if they are not
immediately required for other experiments. For example, in

Preparing for the deployment of active source equipment in Venezuela.
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the case of the Hector Mine deployment, up to 80 instruments
were made available for over a month to record aftershock
seismicity.
Pressures on the Facility
Pressures for increase in the number of the PASSCAL
instruments come from two main sources: the need for unaliased, high-resolution images to capture the true complexity
of solid-Earth systems, and the backlog of requests for equipment. The backlog has produced lengthy wait times for PIs
trying to organize and conduct large-scale experiments. We
have achieved spectacular scientiﬁc results to date, but for
the most part, we are still recording aliased wave-ﬁelds and
our images do not reﬂect the true heterogeneities in the solid
Earth. Even though the broadband instrument pool has grown
in size over the last ﬁve years, the wait time for instruments
for broadband experiments has not decreased, thus demonstrating a strong science-based demand from the research
community.
Long-Term Passive Deployments
Much of PASSCALʼs effort centers around the ﬁelding
of long-term deployments of arrays of 50-80 broadband sites
focused on dense spatial sampling of the teleseismic, regional
and local seismic waveﬁeld. These large, densely sampled
experiments are effective for studying lithospheric and upper-mantle structure, lower-mantle and core-mantle-boundary structure, earthquakes and aftershocks that reveal faultzone properties, and volcanoes. Thus, demand for broadband
instruments is driven by the growing number of stations per
experiment as well as the increasing number of experiments.
This year, PASSCAL is supporting four large passivesource deployments consisting of 75, 50, 50, 46, 40 and 40
broadband recording stations each. In addition, 20 other experiments totaling 350 passive-source sites are in operation.
The largest PASSCAL passive-source experiment (to date)
involved 80 broadband seismometers deployed in South Africa in 1999. With more than 300 broadband instruments constantly in the ﬁeld, many in long term deployments, PASSCAL is supporting a combined array more than twice the
size of the GSN, with most of the data being archived at the
DMC within months of their ﬁeld collection. While the increasing demand for instrumentation has been partially alleviated by the acquisition of new generation data loggers, the
attrition of broadband sensors through simple wear and tear
from extensive use and frequent shipping around the world
is an increasingly serious impediment to PASSCALʼs ability
to instrument large-scale broadband experiments. Increased
experiment efﬁciency made possible by digital communications capabilities will expand the range of what researchers
propose and ultimately are able to accomplish. The new data
loggers, in tandem with real-time telemetry, will make larger
experiments more feasible. We anticipate that the broadband
I–23
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ﬁeld labs. The number of experiments supported by this pool
of instruments is now on the order of 20 per year, with many
experiments utilizing multiple systems.
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Graph showing the growth in the number of large broadband experiments over the
last few years.

sensor pool needs to be increased by at least 70 stations to
achieve the resolution envisioned in the original IRIS proposal 20 years ago and demonstrated repeatedly by experiments in the intervening years. This level of instrumentation
would make it feasible for researchers to conduct broadband
experiments with 100 or more instruments.
Active-Source Experiments
During the past decade, there has been growing pressure from the active-source community for more standardized instruments that are smaller and easier to deploy. The
REFTEK 125 “Texan” instrument was designed speciﬁcally
to meet this need. This lightweight, compact, single-channel recorder has been used very effectively in the ﬁeld since
early 1999. Acquisition of the newly designed Texans began
in 1995 the pool will comprise approximately 1000 units by
the end of 2005. Unlike the broadband instrument pool, the
typical active source experiment employs the entire pool of
Texan instruments. Direct extrapolation of the largest PASSCAL active-source experiments conducted previously (approximately 1000 channels), and plans under development
for upcoming PASSCAL active-source experiments, indicate
that the increased efﬁciency of deployment of the Texan instruments alone will lead to requests for at least 2000 of these
instruments in a single experiment as soon as they become
available. The larger numbers of instruments means that
fewer shots are necessary and stations can remain in place
for longer time periods, substantially reducing the logistical
requirements (and cost) of the experiment.
The ﬁrst two PASSCAL multi-channel recording systems were purchased with support from the Basic Energy
Sciences program of the Department of Energy. Since that
time, two additional systems were purchased and demand for
their use has kept pace. The equipment, each of which recorders 60 channels on a single recorder, has been used very
effectively for crustal imaging and a number of shallow studies of fault zones, aquifers and hazardous-waste sites, as well
as training and education in undergraduate classrooms and
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The multichannel equipment is intended to supplement
similar systems already in the research community. In most
of the major experiments, the PASSCAL equipment will be
used along with similar equipment owned by the PI or the
USGS. At the present time, the hardware is no longer being manufactured and replacement parts are not available. If
PASSCAL is to maintain a capacity for multichannel recording the units will have to be replaced with new generation
systems over the next ﬁve years.

The Next Five Years
Core Program
As is reﬂected in the ﬁve-year budget, the highest priority
for PASSCAL continues to be to ensure the continued health
of the core program, which is to provide the IRIS research
community with state-of-the-art low-power portable instrumentation and high-level technical expertise to maintain and
assist in operating that instrumentation. Among the primary
consideration for maintaining and enhancing PASSCAL instrumentation is funding to assure adequate maintenance and
upgrade capabilities as well as replenishment of lost, damaged, and aging equipment.
The keys to PASSCALʼs remarkable success as a scientiﬁc facility include performance, reliability and simplicity
– of instrumentation, of ﬁeld support, and of data management. The composition of the PASSCAL instrument pool
and its modes of ﬁeld and software support evolve as new
scientiﬁc opportunities arise and as advanced technologies
develop. Sustaining state-of-the-art instrumentation thus entails adopting new technologies, notably in communications,
power sources, and sensors as they become available and
pursuing the development of lower cost instrumentation in
general. In concert with advancing instrumentation, funding
over the next ﬁve years will also be used to build and streamline simpler and more sophisticated ﬁeld and data handling
tools and improve methods for user training, aspects of which
are discussed below.
The day-to-day operations of the core program are largely
implemented through the PASSCAL Instrument Center (PIC)
in Socorro, New Mexico, as described above. The PIC houses
the staff and facilities for instrument maintenance, experiment
support, software development and user training. The PIC is
co-located with the USArray array operation facility and there
is close coordination between the two facilities for instrument
maintenance and development and for experiment support.
The PASSCAL Standing Committee reviews budgets and allocations of PASSCAL resources and the relationship between
PASSCAL and USArray in-depth twice annually.
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Building on the Core Program
•

•

•

•

Development of Antarctic infrastructure. This is a programmatic integration opportunity where PASSCAL and
IRIS can help lead in the development and usage of
communications technologies in Polar Programs-related
deployment of deep-field geophysical observatories in
Antarctica. Development of an autonomous seismic and
geophysical deployment that would require field support a
few times per decade could contribute important efficiencies to PASSCAL operations in general. Such systems
also offer a platform for partnering with other types of
broad geophysical sensors, such as weather, magnetics,
infrasound, and geodetic GPS. This initiative is of significant interest to both PASSCAL and GSN and would
be coordinated with funded PASSCAL Antarctica initiatives and with IRIS/GSN development of the South Pole
CRYSTAL project.
Additional IRIS/USGS staff to facilitate permitting for active-source explosive shooting and land use and contracting of industry crews where appropriate. This is needed
to maintain the capability of explosion source seismology
within the academic community. PASSCAL will seek to
establish a formal partnership with the USGS.
Acquisition of 10-20 GPS sensor-orienting tools. Newly
developed sensor-orienting devices make it possible to
attain NS/EW orientation to ~1 degree absolute accuracy,
eliminating a major source of uncertainty in horizontal
component data from PASSCAL deployments.
Acquisition of a small number of complementary geophysical instruments, including infrasound sensors and
data-logging gravimeters and auxiliary RTK GPS systems
to supplement active source, volcanological and hydrological seismic experiments. This instrumentation would
provide a completely new capability within the PASSCAL
community to obtain high-resolution gravity data at relatively small incremental cost.

The PASSCAL instrumentation pool, coupled with technical support from the PIC, has given IRIS seismologists
the capability to pursue innovative research anywhere in the
world. This ability to organize experiments in even the most
remote corners of the globe is perhaps the greatest success of
the PASSCAL program over the last 20 years. The number of
broadband portable stations deployed to Tibet over the past
two years, for example, exceeds the total number of GSN
stations worldwide. USArray is a natural extension of this
success but it is in no way a replacement for the PASSCAL
core program. USArray functions as a single integrated experiment focused exclusively on the US. Instrumentation in
large transportable and ﬂexible arrays that make up the seismic component of USArray will be deployed in a coordinated
fashion for a ten-year period. We anticipate that a potential
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outcome of USArray will be to increase the demand for similar dense deployments elsewhere in the world. Thus, we seek
to maintain and slowly expand the PASSCAL pool to meet
this demand. We emphasize that despite a heightened international focus for PASSCAL resulting from USArray, PASSCAL remains fully global in scope.
One area of concern for the next ﬁve years is that broadband sensors, the acquisition of which began in 1989, have
not been replaced. While those sensors remain state-of-theart, equipment failures are on the increase due largely to the
wear and tear of nearly continuous use in difﬁcult locales. The
gradual loss of aging systems, coupled with ever increasing demand for their use in experiments, is the PASSCAL instrument
poolʼs greatest challenge. We propose to alleviate that pressure
on broadband equipment and provide growth sufﬁcient for one
additional experiment per year through acquisition of an additional 105 broadband systems over the next ﬁve years.
Additional instrumentation acquisitions over the next
ﬁve-year period includes 100 Texans per year to replace lost
or damaged units and provide modest growth for the active
source pool. This plan is based on the assumption that the
USArray program will acquire 2,000 Texans and these will
be available on a non-interference basis to the PASSCAL program. As part of our increased emphasis on integration with
other areas of geophysics, we propose to acquire a data-logging gravimeter.
In addition to an enlarged active source instrument pool,
increased scientiﬁc demand for 3-D and 3-C (component)
high resolution imaging of the deeper earthʼs interior depends
on ever-larger artiﬁcial sources. PASSCAL will play an active role in facilitating permitting for seismic shooting and
land use, and contracting of industry crews where appropriate. To maintain the capability of explosion source investigations, PASSCAL will seek to establish a formal partnership with the USGS. Funding for these activities has been
requested in the budget.
Advanced Performance Instrumentation
Improved performance and reliability of instrumentation
and data ﬂow remain major PASSCAL objectives. The demands of advancing science necessitate higher quality data
at higher spatial and temporal resolution. Higher spatial and
temporal resolution is constrained by the size of the instrument pool itself. Quality control, however, can be improved
substantially by implementing relatively simple tests, such
as noise spectra and arrival coherence across the array. Some
of these tests can be implemented while the PI is in the ﬁeld
and can still make repairs or changes. Others will be done
after the data are ready for archive. Over the next ﬁve years,
PASSCAL will work with the DMS to implement a full suite
of procedures to assure strict quality control of portable array
data such that the data can be used with conﬁdence by the
broader seismic community.
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Dataloggers: The PIC provides instrumentation to support high-resolution active-source seismology both with
multi-channel and single-channel seismographs (data acquisition systems; dataloggers), and intermediate-period and
broadband sensors coupled with 3-channel, 24-bit dataloggers for passive-source seismology. Recently acquired, newly developed 3-channel dataloggers are designed as network
nodes that will allow for easy integration in real-time data
collection. Importantly these dataloggers have increased both
the reliability of remote recording and improved the quality of the data recorded in part by decreasing power requirements and improving GPS timing. These improvements are
realized as increased efﬁciencies during deployment and data
recovery. Delivery of newly developed single-channel instruments began in 2005. These single-channel dataloggers will
improve ﬁeld operations by simplifying the instrument interface and increasing data recovery speed.
Although datalogger improvements have been recently
realized, the expectation is that near the end of this cooperative agreement (2011) PASSCAL will be actively engaging the community for development of a new generation
of dataloggers; the dataloggers, which are microprocessor
based, have a typical lifetime of 7-10 years. Past strategies
used by IRIS to spur development have included paying for a
development program, issuing speciﬁcations for a major purchase with possible development, and paying for prototypes
and testing. As in the past, we request funds for purchase of
prototypes and testing of new dataloggers. A future goal for
datalogger systems is high precision internal clock systems,
reducing or perhaps even eliminating the need for an external
GPS clock. We continue to monitor battery technologies that
could reduce the need for solar panels and thus contribute to
the simplicity and efﬁciency of station siting and operation.

Preparing geophones for deployment in Venezuela.

Telemetry: Our recent experience with the new broadband array, and the USArray Transportable Array, has demonstrated that real-time data recovery dramatically increases
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data return and data quality from remote seismic stations and
drastically reduces operational costs to the PI. Real-time data
allows the PI to detect events and associate them with catalogues on a systematic and regular basis. This makes it possible to monitor the operation of the array and detect problems as they occur. Real-time delivery of data also relieves
the massive sort problem associated with creating network
volumes from station tapes and thus considerably improves
timely delivery of data to the DMC.
With the second generation PASSCAL instrument pool,
many new capabilities are present and can be developed
to improve telemetry options. In particular, all new broadband data loggers are telemetry-ready (i.e., IP capable). The
global Internet communications system is rapidly changing:
although universal low power Internet service does not exist today, this will be much closer to reality in the next ﬁve
years. The new-generation hardware now incorporated in the
PASSCAL data loggers will allow IRIS to adapt to changes
in communications technology as these changes emerge in
the next ﬁve years.
PASSCAL will continue to acquire moderate numbers
of “state-of-health” communication systems such as ARGOS
and Iridium to meet critical needs for remote and foreign
deployments, as well as to expand and improve capabilities
during the next few years. As the technology improves and
power and transmission costs make it possible to acquire
low-power telemetry systems that can transmit all of the data
from a remote station, we plan to integrate such new systems
as rapidly as possible.
Software development in support of telemetry and ﬁeld
operations will be done in cooperation and coordination
with the other IRIS programs. For instance, major problems
introduced with telemetry will be related to remote station
control and data quality control, problems that are important
to PASSCAL, GSN and DMC, and require both coordinated
and program-speciﬁc software development.
Broadband Sensors: PASSCALʼs current broadband
sensors are capable of recording high-quality broad-spectrum data. Although the sensors have proven highly reliable, the aging sensor pool suffers from repeated shipping
and deployment under less than ideal conditions. For these
reasons, a smaller, more robust and ﬁeld hardened sensor is
desirable. PASSCAL will be actively seeking new generation broadband sensors before the end of this proposal period.
Several leading-edge technologies, speciﬁcally nanotechnology, are promising but have yet to reach their economic and
performance potential. PASSCAL will closely monitor development of new sensor technology and requests funds to
purchase prototypes and carry out testing of new broadband
sensors within this 5-year agreement. Particular attention will
be paid to obtaining more portable, more rugged, lower cost
broadband sensors that may signiﬁcantly enhance our ability
to deploy larger broadband arrays.
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GPS Sensor-Orienting Tools: One of the most difﬁcult
tasks in ﬁeld installations is assuring the accuracy of horizontal
component orientation. Ideally, all sensors should be oriented
with respect to true north. In practice this is commonly problematic for a variety of reasons, including uncertainty in magnetic
declination, presence of magnetic materials or rock formations
in the vicinity, and difﬁculty of translating surface orientations
to the base of the sensor vault. As a result, poor sensor orientation remains a major quality control issue. The recent development of a GPS sensor-orienting device with accuracy to about
1 degree has the potential to eliminate the most common causes
of poorly oriented sensors. We have requested 10-20 of these
units to be acquired over the next ﬁve-year period.
Intermediate-Period Sensors: There is an immediate
need for PASSCAL to spur development of an intermediateperiod sensor. The existing pool of intermediate-period sensors is varied and each type of sensor has signiﬁcant drawbacks. Efforts with the manufacturers will to be continued
to encourage the development of new intermediate period
sensors, prototypes of which will be purchased and tested to
determine if they are compatible with PASSCALʼs needs.
Beyond the Core Program
As PASSCAL has matured as a facility, it has responded
aggressively to changing needs of the scientiﬁc community.
Recent workshops have served to identify innovations within
PASSCAL that will build on the core program over the next
ﬁve-year period. These fall broadly under the headings (1) integration and enhancements; (2) international collaborations
and partnerships; (3) new efﬁciencies; and (4) education and
training.
Integration and Enhancements
During the next ﬁve years, PASSCAL will play an active role in strengthening portable seismology through strong
emphasis on integration, both within PASSCAL and through
collaboration or partnerships with external programs and facilities. This integrating approach, which we detail below,
will provide the Earth sciences with higher quality data, a signiﬁcant reduction in ambiguity of seismic results, and more
well constrained Earth models.
Broadband Seismology: Over the last 20 years, PASSCAL broadband experiments have evolved from a handful of
moderate-scale experiments incorporating few (10-30) instruments, to a signiﬁcant number of experiments each year that
involve 50 or more instruments deployed over large geographic
areas. Increasing experiment size has been motivated by science and made possible by the improved simplicity, capability,
and reliability of broadband instrumentation. This expansion is
unlikely to slow, and over the next ﬁve years the PASSCAL
community will strive to streamline these large data collection
operations, while continuing to improve the quality of the resulting data. Increased efﬁciencies, in conjunction with the de-
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velopment of more powerful imaging techniques, make it likely
that experiment size will continue to increase. We therefore expect little relief from the current heavy demand for instrumentation. Thus, in addition to steady expansion of the instrument
pool through NSF funding, PASSCAL and IRIS will seek to
obtain new instrumentation through additional sources of funding and via partnerships with other geophysical facilities.
Active Source Seismology: Active source projects involving multi-channel data recording of seismic waves generated by artiﬁcial sources (either explosives or vibroseis) have
similarly grown in scope over the years. With the acquisition
of a large pool of highly portable single component seismic
recorders, the costs for active source experiments have decreased signiﬁcantly and made them more competitive for
academic funding. Increasingly, active source and broadband
experiments are carried out jointly and the results integrated
into new and higher resolution images.
Programmatic Integration: Since its inception PASSCAL
has been the union of two subgroups of the seismology community that we commonly call the “active” and “passive” source
communities. At the birth of IRIS a major justiﬁcation for the
PASSCAL program was that a new generation of standardized
instrumentation was needed to provide fundamentally new data.
The ﬁrst PASSCAL instruments from Reftek were designed to
record in a variety of different modes of operation. With time,
however, it became clear that although these instruments could
achieve much of this uniﬁed objective, they were less than ideal
for active source experiments. As a result, the ﬁrst second-generation PASSCAL instrument was a modiﬁed form of the original instrument (the “Texan”) aimed at large-scale active source
experiments. Eventually the instrumentation ﬁssioned further
with the introduction of a set of second generations instruments
that now form the PASSCAL pool: Quanterra Q330 and Reftek
RT130. These instruments are used primarily for passive array
experiments while “Texans” and Geometrics systems are the
primary tools for active source experiments. Although the instrumentation has diversiﬁed during the evolution of PASSCAL, this
has been driven by the scientiﬁc needs of the community.
Motivation: There are several technical themes regarding improved integration that provide substantial scientiﬁc
opportunities for PASSCAL-associated science but will require close coordination between PIs and PASSCAL.
Seismic imaging with various kinds of experimental geometries (passive and/or active) and different waveﬁeld components (P, S, P to S conversions, and/or surface waves) provide estimate of seismic properties on multiple scale lengths.
Integrated, multiscale inversions that can effectively utilize
higher density, active source experiments and passive array
measurements hold promise for advancing the ﬁeld.
There is growing recognition that the imaging problems
that drive the science in both active source and passive array seismology are closely linked. Both depend on two basic
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themes: (a) modiﬁcation of wave properties in transmission
(e.g. travel time tomography or attenuation tomography); and
(b) imaging the scattered waveﬁeld (e.g. standard reﬂection
methods and teleseismic “receiver function” imaging). Uniﬁed theories and methodologies for imaging that combine tomographic and waveﬁeld scattering technologies are likely to
have a major impact on the ﬁeld in the next 5 years.
Improved imaging technologies will inevitably strengthen the scientiﬁc merits of the facility. That is, a key to improving the scientiﬁc usefulness of seismic data is obtaining more reliable estimates of earth properties from the data
(the inversion problem). The next ﬁve years is certain to see
a substantial increase in integrated experiment designs that
maximize the information extracted from combined active
and passive source experiments.
Implementation: Programmatically PASSCAL can improve active and passive array data integration through improvements in the data handling software available to PASSCAL PIs. This has two main elements:
PASSCAL will work in concert with the IRIS DMS to establish a common framework for handling all types of seismic
data in ﬁeld computers. The aim is to develop uniﬁed methods
for handling all seismic data jointly. This would provide several important beneﬁts. First, it could signiﬁcantly reduce the
software maintenance and training overhead for the program.
Secondly, it would encourage active and passive source data
integration by making it easier to handle all the data. The goal
will be to minimize data conversions and streamline processing for the PI community and PASSCAL staff overall.
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Extra-programmatic Integration: PASSCAL seeks to
encourage the trend in the Earth sciences toward more interdisciplinary science. For the seismology community an
important scientiﬁc opportunity is the uniﬁcation of multiple
geophysical data sets to address speciﬁc scientiﬁc questions
while reducing non-uniqueness inherent in seismic and other
geophysical inversions. We recognize a need to organize the
diverse geophysical communities to simplify the process of
data exchange and, ultimately, scientiﬁc collaboration. Most
of these groups of specialists identify with their own formal
or informal organization and facilities. For this reason a useful model for fostering this goal is to establish a federation of
geophysical instrumentation facilities. A partial list of potential members that may be encouraged to collaborate in such a
federation includes:
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A promising programmatic integration opportunity for
IRIS and UNAVCO is in the development of power and telemetry systems suitable for deep ﬁeld Antarctic deployments.
This is of great scientiﬁc interest and the NSF OPP has a great
logistical incentive in reducing costly and difﬁcult deep-ﬁeld
support. For example, an autonomous seismic and general geophysical observatory that would only require ﬁeld support a
handful of times per decade would contribute to efﬁciencies
of PASSCAL in general, not solely for Antarctic deployments.
Because seismic systems typically involve relatively high data
rates for the various types autonomous remote instrumentation
that are of interest for Antarctica, such systems offer a platform
for partnering with other types of broad geophysical sensors,
such as weather, magnetics, infrasound, and geodetic GPS. The
unique ﬁeld concerns in Antarctica suggest that this have a special projects status within IRIS. This initiative is of signiﬁcant
interest to both PASSCAL and GSN (e.g., SPRESSO/CRYSTAL). Plans are underway to develop a coordinated proposal
to OPP in collaboration with UNAVCO.
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With previous deployments in Antarctica, PASSCAL PIs and instrument center staff
have the experience needed to develop equipment that could operate reliably and
autonomously in that harsh environment.
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•

The Electro-Magnetic Studies of the Continent EMSOC
(http://vortex.ucr.edu/emsoc/index.html) (magnetotelluric studies).
UNAVCO (http://www.unavco.org) consortium (GPS
and other strain methods).
Light Detection and Ranging national facility (LIDAR:
http://www.lidar.com/links.htm) (precision mapping and
surface imaging)
OBSIP (Ocean Bottom Seismometer Instrument Pool in
support of basic research in Earth and Ocean Sciences
(http://obsip.ucsd.edu).
IIC (International Infrasound Consortium) (This group
held its second workshop in association with the 2005
IRIS/UNAVCO joint workshop, and likely instrumentation and science collaboration with the IRIS community
are already under consideration.)

The active source community envisions implementing
several partnerships with other earth science communities.
PASSCAL can continue to foster the nascent partnership
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with the Network for Earthquake and Engineering Simulation (NEES) consortium for use of their vibrator sources in
collaborative reﬂection/ refraction, surface wave, and related
investigations.
New partnerships may include near-surface areas such
as neotectonics, paleoseismology, and geothermal energy,
all of which will beneﬁt by enhanced high-resolution seismic imaging capability within PASSCAL. The groundwater
consortium, Consortium of Universities for the Advancement
of Hydrologic Science Inc. (CUAHSI) is potentially a viable
partner.
The concept is that IRIS would work with these groups
to address common scientiﬁc goals, data exchange, hardware
and software issues. The primary early budget impact of this
effort would be sponsoring periodic meetings and workshops.
A somewhat different area is gravity, for which we know
of no organized group that deals with potential ﬁeld data.
Acquiring gravity data as a component of many experiments
(e.g. active source, volcanological, and hydrological) offers
complementary information that is currently not being collected. New generations of digitally recording gravity meters
are too expensive for most single institutions to purchase.
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geosciences are rapidly migrating to a paradigm of large, integrated data management as a cornerstone of scientiﬁc analysis. IRIS has long embraced this approach through the archival and distribution methodologies pioneered by the DMS.
In the near future, the broader, multi-disciplinary scope of
these activities is likely to lead to breakthroughs that are fundamentally integrative rather than solely technique-oriented.
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general), as cm level elevation precision is needed to match
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practice, this means a modern RTK GPS system will be a
necessary part of this facility.
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CAL-based imaging provides a foundation for constraining
the composition and thermal structure of the earth, which
cannot be well understood without integrating other geological observations (e.g. petrology, mineral physics, geochemistry, heat ﬂow, potential ﬁelds). This is a key focus of several
interdisciplinary programs within NSF, such as Earthscope
or MARGINS, which use PASSCAL or similar instrument
pools and emphasize such data integration.
As a successful consortium, IRIS/DMS will continue
these efforts through associations with complementary consortia and IT initiatives such as GEON. The most direct approach is to strengthen and develop the formal exchange and
joint assembly of data and metadata between the IRIS DMS
and other communities (e.g., Earthchem, NavDat, MGG/
MARGINS/RIDGE2K, UNAVCO, CUAHSI, IODP, GEON,
Chronos, SCEC-ITR, Geoinformatics, and others). These initiatives provide platforms for using data and doing new science, rather than merely serving as data repositories. A clear
area for PASSCAL is in increased coordination of PASSCAL
experiments with complementary efforts by other communities. PASSCAL can provide an important technical resource
in management of large, community-owned instrument
pools. Avenues for PASSCAL to contribute to enhancing
the broader instrumentation capabilities of the earth science
community include assisting nascent consortia, sounding out
existing communities, and perhaps ultimately partnering in
the formation of a federation of geophysical instrumentation
facilities.
International collaborations and partnerships
Developing world: Through twenty years of supporting experiments, the PASSCAL Instrument Center (PIC) has
evolved from a small support group for instrument maintenance into a major technical resource to seismology. Today,
the PIC is probably the largest, most talented concentration of trained technical expertise in ﬁeld seismology in the
world, and provides the seismological community with an
outstanding human resource beyond that needed to maintain
the instrument ﬂeet. Although this resource has been primarily designed to support NSF-funded experiments, and will
continue to be so, opportunities exist at little cost to expand
the purview of this resource to beneﬁt seismology broadly
through the world.
In parallel with this growth of expertise, through numerous ﬁeld programs, PASSCAL through its PIs has developed
a web of international scientiﬁc contacts throughout most of
the scientiﬁcally interesting regions of the planet, in the context of supporting US-led ﬁeld experiments. A residue of local understanding and technical expertise is left in the wake
of most PASSCAL experiments. In some instances, particularly in areas of long-term scientiﬁc interest such as Central
Asia, Africa, or Latin America, opportunities exist to develop
more formal working relationships with groups of internaI–30

Local villagers assisting in the construction of a broadband station in Tibet.

tional partners. Researchers there have developed a longterm relationship with both US PIʼs and the PIC, and have
both the experience and interest to make use of PASSCAL
technologies. Thus, a pool of contacts exists in some of the
most scientiﬁcally signiﬁcant parts of the planet. In addition,
some science initiatives in the U.S., such as the NSF-MARGINS program, have selected a few of these areas as Focus
Sites for multiple, multi-disciplinary research programs.
In many cases, PASSCAL ﬁeld personnel have provided
technical advice and assistance to foreign collaborators on an
ad hoc basis, as it seems appropriate to the particular experiment being supported. As these contacts mature, it is clear
that the technical contacts with PASSCAL are often among
the most important beneﬁts to foreign collaborators, particularly in developing countries with little in-country resources
to support seismology. We propose that in a small number of
carefully selected cases this relationship could be extended
on a more formal basis. This can happen in two ways. First,
PASSCAL can provide an equipment resource, through longterm loans of depreciated equipment (e.g. the RT72A series
of dataloggers) as appropriate. The collaborations with AfricaArray form an excellent example of this sort of collaboration. Second, PASSCAL can serve as a pool of expertise
to frequent foreign collaborators who are also operators of
in-country seismic equipment. We approach this suggestion
with caution; the form of technical assistance must be carefully thought out, so as not to adversely impact core missions
or affect other core IRIS principles (e.g. open data access).
Of necessity, assistance would have to be carefully measured and, at least initially, restricted to a small number of
well-qualiﬁed partners. Such initiatives could take the form
of technical training sessions at PIC for groups of regional
collaborators, assistance with hardware or software development, minor repairs of PASSCAL-compatible instrumentation, or a variety of other technical areas in which PASSCAL
traditionally excels. To the extent that such a program would
provide international technical assistance, opportunities ex-
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ist for funding outside the NSF Instrumentation and Facilities program, for example through International Programs
and perhaps a wide variety of non-NSF development-related
programs. Such an approach to the non-NSF programs done
from IRIS rather than at an individual PI level may have a
greater likelihood of success.
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and exchange issues. In part because of PASSCALʼs example,
many new opportunities exist for collaboration in the next ﬁve
years. Central repositories of seismic sensors, similar to the
PASSCAL pool, now exist in Canada and many European and
Asian countries. Moreover, large-scale projects modeled after
U.S. initiatives, such as EuroArray (equivalent of USArray in
Europe) have started to develop. Therefore, a larger, complementary, international collaboration rather than competition is
sought in the next 5 years through the use and sharing of the
PASSCAL instruments and technical support overseas. This
collaboration may be two-fold: (1) use of PASSCAL equipment
overseas, and (2) use of foreign equipment in the U.S. By combining instruments, technical expertise, and efforts, we can ensure a larger efﬁciency in terms of amount of data acquisition,
reduction of waiting time, and exchange of technical expertise.
New Efﬁciencies

Installing broadband equipment at a station in Tibet.

Developed world: PASSCAL has been involved in past
international projects through combining equipment with
foreign collaborators for research in the U.S (e.g. CD-ROM
with the Germans) and elsewhere (e.g. virtually every experiment not on U.S. soil). While the science derived from these
projects excelled, there are a few chronic issues, which have
often led to such joint projects becoming more competitive
than collaborative. A primary issue is the variable international standards for data access. From its inception, IRIS has
espoused a standard of free and open data availability, and
both scientiﬁc advances and broad support of the program
owes much to maintaining this standard. However, the level
of open data availability is often lower or absent with many
partner countries, leading in some cases to a one-way ﬂow of
data from the US to international partners. A partial solution
to this problem is to develop a global culture of open data
access, something that IRIS has been actively working on,
through the FDSN and other international bodies. Other technical issues arise, for instance the lack of the data management resources comparable to the DMS in other countries,
an area where IRIS has also been pro-active in driving improvement. As other paths emerge toward a global standard
of open-access data IRIS/PASSCAL will pursue them.
Several other issues have emerged in the integration of
PASSCAL projects with international partners, including (1)
coordination of ﬁeld acquisition based on mutual funding/
equipment schedules, (2) exchange visits and graduate students,
and (3) a general formalized collaboration. While the latter two
items are typically the responsibility of the PI, PASSCAL will
continue to work where possible to facilitate the coordination

Over the next ﬁve years, PASSCAL will engage the seismological community in developing end-to-end efﬁciencies
that simplify the overall operation of active and passive deployments. These efﬁciencies promise improved data recovery and
reduced cost, including simpliﬁed site construction and more
reliable sensor orientation for passive deployments, increased
training of PIs and students, real-time telemetry, and coordination with IT and metadata initiatives. Increased communication
between the PIC and the PIs will improve ﬁeld operation and
data recovery. PASSCAL is working with the USGS to ensure
that expertise in active source technology continues to be available to the community. PASSCAL is also working to help track
instrument shipping particularly when instruments are going
from one project to another without returning to the PIC. Efforts
are underway to streamline the data reduction process to help
PIs vector their data to the DMS archive in the most efﬁcient
way possible. All of these efforts will lead to better data at a reduced cost to the community. The recent purchase of new acquisition hardware offers a fresh opportunity to implement many of
the new efﬁciencies as new software is being developed.
Automated Processing and Analysis Tools: In concert with the new SEED-compliant PASSCAL dataloggers,
signiﬁcantly improved ﬁeld-to-DMC processing and quality
assessment software is coming on-line. These new protocols have already resulted in substantial reduction in ﬁeldto-DMC data latency. Further development of these tools
should relieve much of the routine burden in data processing
and thus allow scientists to focus more on science. One area
where the efﬁciency of software support and analysis can be
improved is in the reconciliation of active and passive source
data handling and formatting to allow integrated analyses.
The migration to higher level preprocessing software
opens the door to development of substantial new analysis
tools by bringing modern database infrastructures and enhanced signal-processing capabilities into standard PASSCAL processing. We anticipate that the seismic community,
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with IRIS coordination, will greatly expand the scope of
higher-level tools, which ultimately allow much more efﬁcient processing of large data volumes. PASSCAL can further promote the advancement of science through training
sessions, both real and virtual, in the processing and analysis
of seismic data. PASSCAL, in association with the E&O program, will work to enhance both distance-training/learning
opportunities for the community and coordinated workshops
in response to community needs. This training should also
expand IRIS outreach to international PIʼs and collaborators
to advance international projects.
Information Technology Enhancements: New usable
information technologies (IT) are rapidly becoming available
and can signiﬁcantly improve the way seismologists collect and
analyze large amounts of data. Formalization of seismological
metadata will allow for improved interconnectivity of the major
steps of data retrieval, reduction, archive, analysis, and communication of resulting knowledge products. While this task
is largely the domain of the DMS, IRIS-wide formal metadata
will facilitate exchange of data between all the IRIS programs.
As a result, new data query and data mining tools developed
within the Information Technology community can be applied
to PASSCAL data by research scientists via the DMC.
IRIS will exercise a leadership role in partnering with the
geo-informatics community (membership in which overlaps
that of IRIS) to capitalize on new opportunities in emerging
information technologies. IT will offer IRIS scientists advanced methods to access, query, and analyze seismological
data. In these early stages of IT development, PASSCAL in
conjunction with the DMS will endeavor to adapt its own
data and software systems to the demands of IT databases.
Such joint efforts can be implemented incrementally and
situate IRIS programs to capitalize on future information
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Education and Training
Ultimately, every PASSCAL experiment must meet two
goals: (1) produce strong science for the PIs (and their students) who conceived and executed the experiment; and (2)
provide high-quality data for use by the Earth science community. While the greater PASSCAL community has proven
adept at achieving these goals with the current mode of PI/
PIC operation, it is clear that increased efﬁciency and performance can be attained in many cases simply through increased education and training of the PI community by the
PASSCAL facility. This education and training can take a
variety of forms:
Feedback to the PI at the proposal stage on options for instrument availability (sensor types, telemetry, etc.), as well as
the costs and beneﬁts of PIC support for the ﬁeld program;
•
•

Accept PI SEED data

•

DVD

Delivery Verification

•

Check SEED Veracity

•

Create datasync and
update Sent db
Bundle &
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Verify Delivery
and Data Archiving
PASSCAL support available the get data archived at the DMC.
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Enhanced PI/PIC Communication: Efﬁcient use of
the broadband pool can be improved in a number of ways by
better PI/PIC communication. At the proposal stage, feedback
on the instrument request could lead to a reduction of the instrument demand, in quantity and instrument type, as well as
to more accurate cost estimates for proposed studies. At the
deployment stage, training in and adoption of standardized
vault construction will reduce costly ﬁeld time. Improved
availability of telemetry and simpliﬁed on-site data collection
strategies will likewise reduce ﬁeld time and improve data
recovery. Finally, continued streamlining of the data collection, processing, and archiving system will allow scientists
and students to turn more quickly to scientiﬁc problems and
will decrease the delay in releasing data to the community.

Tape

dataless

PI

technologies. Because of its active community involvement,
IRISʼs embrace of IT can illustrate new capabilities and be an
example for other Earth science communities.

Involvement of PIC personnel in the vault design and
construction stage;
Education of the PI and reviewers on the capability and
necessity of various instrument types;
Education of the PI and reviewers on the importance of
PIC personnel assistance for experiment success;
More effective means of training and support for the data
archiving process.
Involve the next generation of seismologists in ﬁeld opportunities, through IRIS and PASSCAL
summer internships.

DMC

ftp

bob

In the broader science community, successful internship programs
will continue to be of high value to
the IRIS/PASSCAL community in
attracting and retaining top student
prospects, enhancing community diversity, and generally expanding the
visibility of seismology throughout a
broader segment of the academic and
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larger community. In furtherance of these goals, IRIS E&O
has recently obtained new NSF support for undergraduate
summer research that will form the basis for an evolved Research Experience for Undergraduates (REU) program. As is
historically the case, a large proportion of these students will
work with IRIS members on PASSCAL-supported science
projects. PASSCAL will also continue to support summer
graduate interns and undergraduates (approximately 12/year)
speciﬁcally involved with technical developments and program support at the Instrument Center under the supervision
of the PASSCAL staff.
The inception of USArray and other EarthScope activities offers a substantial expansion of education and outreach
activities associated with PASSCAL and PASSCAL-like activities. These range from siting outreach now underway both
generally and in speciﬁc regions (such as Arizona, where diverse cultures and land management not only offer unique
challenges, but also presents unique opportunities for enhancing diversity).
The USArray-PASSCAL relationship
With the advent of Earthscope, a question that naturally
arises is whether USArray subsumes most of the domestic
PASSCAL ﬁeld programs, so that PASSCAL becomes, at
least temporarily, a non-US program. However, a review of
the past 20 years of past and planned experiments supported
by PASSCAL shows that the program has continually supported a balance of US and non-US projects at a variety of
scales, and that for the foreseeable future PASSCAL will be
an important player in US ﬁeld-based seismology. Almost
since its inception, international-based programs have been
an important element of PASSCAL, with large international
ﬁeld programs constituting 30-60% of all experiments the
PIC supports. In the U.S., programs continue to be supported
at a variety of scales. Some examples include major ﬁeld
efforts in Alaska and the Paciﬁc Northwest, RAMP deployments of a variety of sizes throughout the U.S., site and explosion-source characterization studies, small-scale tests of
novel seismological applications, and frequent class uses of
PASSCAL equipment. All of these U.S. types of deployments
should continue with USArray, or even increase to the extent that USArray fosters a broadening of interest in seismology. Given the focused and geographically moving nature of
USArray, we also anticipate a continued role for large-scale
PASSCAL experiments in the continental U.S., as seismology science is broader than just that envisioned by the admittedly vast USArray science plan.
One area where we expect signiﬁcant interaction between
USArray and PASSCAL involves the active source systems

PASSCAL SECTION

(Texans). Active source experiments are short-term deployments, where very large numbers of instruments are typically
set out for 2-3 weeks. Therefore, it is likely that these instruments can be shared between the USArray science program
and the PASSCAL program. The purchase schedule for Texans in this proposal assumes that the USArray will purchase
2000 units and that they will be available to PASSCAL experiments on a non-interference basis.
Amortization – Protecting Past Investments
The PASSCAL instrument pool has grown signiﬁcantly
over the last 15 years. The instruments are in the ﬁeld almost
continuously. To achieve this, a signiﬁcant investment must
be made in maintenance. However, even the best maintenance cannot keep instruments in the ﬁeld forever. Moreover,
after a certain time the electronic components are no longer
manufactured. Our experience has been that this happens
after about 10 or 15 years, after which it becomes difﬁcult
if not impossible to maintain the instruments. The ﬁrst example of this need to replace the old instruments came with
the original dataloggers. To start the process, PASSCAL notiﬁed the manufacturers of its desire to obtain a new generation
data logger and published speciﬁcations for the instruments.
Proposals were received and prototypes tested. Once the selection process was ﬁnished PASSCAL received the money
from DOE and was able to replace the original data loggers.
This process took about 7 years. Thus by the end of this 5
year proposal we need to be started on the process of replacing the data loggers we have just received.
A more immediate need is the replacement of the broadband sensors. The initial purchase of these instruments was
made in 1991. These instruments have been subjected to signiﬁcant wear and tear through the process of getting them to
and from the ﬁeld. PASSCAL has been following developments in the sensor industry by purchasing and testing prototypes to try to identify a new lighter weight instrument that
will be more rugged in the ﬁeld.
The case for instrument replacement funding is unassailable and thoroughly documented by increasing demand for
the instruments, gradual degradation of instruments through
ﬁeld use, and advances in technology and instrumentation
with time; however, funding has not been identiﬁed for replenishing aging equipment. While NSF EAR is the major
user of the instrument pool there are other NSF divisions and
government agencies that utilize the instruments. PASSCAL
will continue to work with NSF and other partners to seek additional funds for instrument acquisition and replacement.
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DMS: Data Resources for
Global Earth Science
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The IRIS Data Management System plays a key role in
the international seismological community in that it is the
Archive for Continuous Data for the Federation of Digital
Broadband Seismographic Networks (FDSN). As such it
ingests, archives, curates and distributes data from a large
number of permanent seismic networks around the globe that
are operated through non-US resources. While data from the
FDSN networks are not the most voluminous in terms of the
numbers of available samples, they are a key component that
insures good geographic distribution of seismological stations with available data.

The IRIS DMC has also become the primary node archiving data from regional seismic networks in the United
States. Of the eighteen networks supported by the USGS to
perform regional monitoring of earthquakes, all have data archived at the IRIS DMC and in most cases the
Dual Sorted Archive as of July 2, 2005
DMC acts as the primary archive for data from
these regional networks. Due to the DMS requirement that data be made available in SEED
format these monitoring data can normally
PASSCAL
US Regional
be used for a much broader class of scientiﬁc
Other
problems due to the availability of metadata.
JSP

1992

Terabytes

The IRIS DMSʼ primary role is to receive, provide quality assurance, archive and distribute data from the IRIS GSN,
the IRIS PASSCAL programs and more recently data from
EarthScope/USArray. These data are now available seamlessly through the IRIS DMC and as such researchers can
easily access all IRIS data applicable to a given scientiﬁc
problem. By actively developing, supporting and promoting
the FDSN SEED standard as the method of data interchange,

the DMS has played a key role in insuring that properly documented data can be available with a minimum of interoperability problems.
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Overview
18

The amount of data the DMC manages in the dual sorted archive. The DMC was established in
Seattle in 1992 and the dual sorted archive now exceeds 70 terabytes in size. The GSN and PASSCAL contributions are shown on as the bottom and top segments in the above graph. The most
voluminous data are now from US Regional networks shown in red.

During the past ﬁve year period, regional
network data overtook both PASSCAL and
GSN data in terms of the amount of data entering the IRIS DMC. The USGS is now deploying the Advanced National Seismic System,
and developing a Data Collection facility at
the NEIC in Golden. Colorado. We anticipate
ANSS and regional network data will continue
to be a signiﬁcant data source that will be managed at the IRIS DMC.
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The rate at which data are being added to the IRIS archive is shown in the above figure. GSN data
have now stabilized at roughly 2.5 terabytes per year, PASSCAL data at 6.8 terabytes per year,
FDSN at just under 1 terabyte per year and regional networks at 8.2 terabytes per year.

Current Status
Components of the IRIS Data Management System

The University of Washington acts as
the host of the IRIS DMC and is actively
This figure shows the major computational, storage and
networking systems at the IRIS DMC as of June 2005.
The Storage Array Network is represented by the 4.5
terabyte RAID attached to JBOD and acts as a centralized disk resource.
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involved in using the systems and data available
through the DMC. In addition to providing the
infrastructure required to operate a state-of-theart data center, the University of Washington has
actively developed specialized data access tools
for the IRIS DMC, routinely analyzes data at the
DMC in the process of picking phase arrivals
of seismograms and continues to actively work
with IRIS data and develop new software tools
that can be used by the broad community.
Harvard University uses large subsets of
data managed at the IRIS DMC in routine studies that provide considerable added value to
the quality of the waveform data and metadata
managed at the DMC. Harvard is an excellent
example of how IRIS keeps research scientists
well connected to data management problems in
a way that results in a higher quality product.

2006 IRIS 5-YEAR PROPOSAL

DMS SECTION

The University of South Carolina has taken the lead in
the development of sophisticated new approaches of data request and data management techniques. An outgrowth of the
FISSURES initiative from the 1990s, this system has now
grown into one that is capable of streaming data to interested
scientists and monitoring agencies around the globe as well
as being able to be conﬁgured into a system whereby complex
Standing Orders for Data can be established and data meeting
complex criteria be automatically returned to an end user.
The IRIS DMS continues to provide support to international centers such as the Kazakh National Nuclear Center in
Almaty, Kazakhstan. Kazakhstan is the ninth largest country in the world and recognized as a location that produces
incredibly high quality seismic data. By providing a small
amount of infrastructural support, IRIS is able to help make
the Kazakh data available to the global community.
The Computational Infrastructure at the IRIS DMC
Servers
The IRIS DMC relies heavily upon servers from SUN
Microsystems. Server technology generally relies upon midrange servers such as V880 technology. While not inﬁnitely
expandable we ﬁnd that these servers are scalable to the extent the DMC requires. We use servers of this class for such
things as:
•
•
•
•
•

Oracle Database Servers and backup servers
Real Time Servers
– Data Ingestion such as BUD
– Quality Control Estimation as found in QUACK
Web and ftp servers
Mass Storage Control Systems
User Request Processing

In general IRIS holds maintenance contracts on all servers
that are required to make data available to users. We strive for
data availability at ʻmostʼ times and never to have prolonged
outages.
Mass Storage System
The IRIS DMC operates a StorageTek Powderhorn Robot equipped with 10 T9940B high performance tape drives.
The DMC presently actively manages nearly 200 terabytes of
data when one includes the various backup copies we retain.
With this system we can get to any given ﬁle in roughly one
minute and, due to the way that we control the sort order of
data, most requests for even thousands of seismograms can
be serviced in a matter of minutes.
The total capacity of the Powderhorn is more than 1.2
petabytes (1,200,000,000,000 bytes) and allows the IRIS
DMC to effectively manage all conceivable observed seismological data for the foreseeable future. The DMC is very well
positioned to take on the data management of all interesting
seismological data sets with this tremendous resource.

The key component in the IRIS DMC’s storage system is a Powderhorn Robot manufactured by StorageTek. The capacity of the robot is 6,000 tapes each capable of
holding 200 gigabytes. The total capacity of the system is 1.2 petabytes. The DMC’s
Powderhorn presently is configured with 10 T9940-B tape drives.

Storage Area Networks and RAID Systems
During the past several years the DMC has shifted from
using disk sub-systems that are directly attached to speciﬁc
servers to Storage Area Networks (SAN) that allow us to
concentrate disk resources in major RAID systems that are
used to implement the SAN. At the present time we operate
two large Hitachi RAID systems that are conﬁgured within
a SAN at the IRIS DMC. At the present time the SANs are
conﬁgured with Serial Advanced Technology Attachment
(SATA) disk drives where the cost per terabyte is less than
$3,500 as conﬁgured in the RAID systems. Only a year ago,
the more expensive disks we used in our RAID systems cost
more than $20,000 per terabyte.
With this drastic reduction in the cost of acceptable
performance RAID systems, the DMC is in the process of
changing the paradigm by which we store data. A single copy
of most of the data we manage will be kept on the SAN and
management of and access to the data at the DMC will be
greatly simpliﬁed. The Powderhorn robot will continue to act
as a backup system for these data in the event of a problem
with the RAID system.
It does not make sense for some data to be stored in the
more expensive SAN if their access patterns indicate they
will likely be infrequently requested. For these data sets, the
data will be transferred directly to the Powderhorn system.
This combination of on-line and near-line data management
will allow the DMC to provide efﬁcient access and management of most of our holdings while still retaining the ability
to manage voluminous but less frequently accessed data.
Local Area Networking and connections to the Internet
The IRIS DMC currently runs a gigabit network interconnecting the primary servers and storage systems. The
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Accessing Data at the IRIS DMC
The IRIS DMC has pioneered many of the methods used
by researchers for accessing seismic data. Access methods
fall into three general categories:
•
•
•

Email based
Browser based
Client Application based

We do not go into the details of the various access tools
in this proposal but more information can be found in the
IRIS DMC Data Access Tutorial available at http://www.iris.
edu/manuals/DATutorial.htm.
The DMC data access developments have been emulated at a large number of data centers around the world. Data
centers that have adopted various data request mechanisms
developed by IRIS include:

Wide area network. The IRIS DMC relies upon the University of Washington Internet
connections for data distribution and some data reception. The UofW is well connected in the Abilene and Internet 2 environments.

SAN and Powderhorn drives are connected via Fibre channel
connections to various servers resulting in very high bandwidth data paths within the DMC. All of the servers are interconnected with gigabit Ethernet connections.

•
•
•
•
•
•
•
•
•
•

The IRIS DMC is located next door to the University
of Washingtonʼs Computer and Communications Division.
As such we are connected at gigabit speeds to the Internet
II and Abilene Backbone that currently operates at OC-192
or roughly 10 gigabits per second. As the above map shows,
the University of Washington is one of the ﬁrst 11 nodes of
Abilene operating at 10 gigabits per second.

ORFEUS Data Center (deBilt, the Netherlands)
GEOSCOPE (Paris, France)
GEOFON (Potsdam, Germany)
MedNET (Rome, Italy)
Paciﬁc 21 (Tokyo, Japan)
China National Seismic Network (Beijing, China)
BATS, (Taipei, Taiwan)
CNSN, (Ottawa, Canada)
NCEDC, (Berkeley, California)
SCEDC, (Pasadena, California)

Desktop computers
Historically the DMC operated SUN
workstations for development and operations work. During 2004 most of these
workstations were converted to Macintosh
computers running OS X. We have found
that the combination of SUN servers and
Macintosh desktop units work extremely
well and generally at a lower cost. This has
also provided DMC staff with easy access
to traditional desktop tools. While some
of the major data management and analysis tools such as Antelope run on the SUN
servers, the Macintosh operating system
allows very easy access to server applications running on the SUN servers since the
Macintosh operating system and the SUN
Solaris operating systems are both forms
of the Unix operating system. Nearly all
the software development now takes place
on the Macintosh computers and operates
trouble free on the SUN servers.
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The above diagram shows the four data repositories operated by the IRIS DMC. The Archive is the tape based
mass storage system, BUD is the real time data acquisition and distribution system, SPYDER® and FARM are
disk based waveform products organized by events. The ovals on the right side of the diagram show the eight
(4 web-based, 3 email based and one client-server based) data request tools. The DHI clients on the left hand
side of the diagram show the 3 DHI services (Waveform, Network and Event) that can provide access to most
of the holdings of the DMC by several DHI clients.
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er could send a single request and receive data from a large
number of data centers. At the present time NetDC runs at
4 data centers in North America, 3 data centers in Europe
and has been installed at 2 data centers in Asia. While still
email based, it has proven to be a viable request mechanism
that provides global access to data for researchers around the
globe. One must remember that the proliferation of high speed
Internet connections in the United States has not always been
replicated in emerging countries around the globe.

NetDC is a networked data center concept. The NetDC concept is presently installed
at 8 locations worldwide. A data requester can send a single email request to one
address (netdc@fdsn.org) and the NetDC system will coordinate the servicing of the
request in a seamless manner.

Similarly IRIS has been able to leverage data access
and distribution methods developed by other communities
and organizations. For instance the autoDRM system was
developed at Eidgenössische Technische Hochschule Zürich
ETH in Switzerland, adopted by the Comprehensive Test Ban
Treaty Organization (CTBTO) and has been successfully installed at the IRIS DMC to provide access to all data in the
IRIS real time BUD system.

While the NetDC request mechanism is effective and
working it is also based on very old technology, email. Beginning in 1998 the DMC began to encourage the Earth sciences
community in a new direction by exploring a more robust distributed computing environment upon which to build the next
generation of data request tools. The FISSURES initiative was
developed with broad input from the community with the lead
coming from the University of South Carolina. The broad focus
and high capability of the FISSURES initiative were reduced
as the DMS focused on the data delivery capabilities of FISSURES and speciﬁcally the Data Handling Interface (DHI).
Based upon the output of a community workshop, the
IRIS DMS began supporting the development of a distributed
data access system based upon the Internet Inter-ORB Protocol (IIOP). The Common Object Request Broker Architecture
(CORBA) lies at the heart of this technology. One key aspect
of the CORBA approach to distributed computing is that distributed services are accessed through an Interface Deﬁnition
Language (IDL). This IDL makes services at all DHI enabled
seismic data centers accessible in a standard way. It basically
standardizes the interface between client applications and
distributed servers. Once a client has been developed that can

The IRIS DMC has also adopted the SeedLink technology
developed at by the GEOFON program at GeoForschungsZentrum Potsdam (GFZ) to provide real time data distribution for
data at the IRIS DMC. This has proven to be a very cost effective and efﬁcient system for the real time distribution of seismic data and all real time data the DMC receives is available
through SEEDlink servers running at the IRIS DMC.
Networking Seismological Data Centers
The IRIS Data Management Center has become the preferred repository for seismological data from a wide variety
of seismological networks and the DMC now maintains the
largest seismic data archive in the world. Of the 73 terabytes
presently managed by IRIS, fully 1/3 of it comes from other
networks both global and US Regional seismic networks.
To encourage more interactions between data centers,
the DMS has taken the lead in developing technologies that
enable researchers to seamlessly access data from multiple
data centers around the globe. More than 10 years ago IRIS
developed the NetDC protocol. The goal at that time was to
link data centers on a variety of continents so that a research-

CORBA based distributed access. The FISSURES/DHI system is based upon CORBA and involves standardizing the interfaces to services at existing data centers. One
the DHI has been installed a DHI knowledgeable client can talk to any of the centers
in a seamless manner. Presently four centers have been DHI enabled including the
IRIS DMC, NCEDC at Berkeley, SCEDC at Caltech, and SCEPP in South Carolina.
We have plans to install servers at ORFEUS in Europe, International Seismological
Center (ISC) and the National Earthquake Information Center (NEIC).
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A New Paradigm in Data Storage at the IRIS DMC
Beginning in 2005, the IRIS DMC will have one copy of
most of the data it manages in on-line disk RAID systems. Until
recently it has not been economically feasible to consider managing the several tens of terabytes of data on-line in RAID systems but with the recent availability of SATA disks the costs are
now acceptable. We anticipate having a single copy of most of
the seismic data the DMC manages on-line in RAID systems.
Data Classes
The current method of data storage involves placing two
copies of all data in the tape based mass storage system. The
ﬁrst copy is a time-sorted order and the second copy is a station-sorted order. With data storage moving to a random access device, the need to have the dual sorted order will no
longer be needed at the DMC. Instead a single copy of the
data will be kept on the RAID systems and the tape-based
Powderhorn Robot will be used to keep two backup copies of
all data in the event that a major failure of the RAID system
occurs. We consider these data to be Tier-1 data.

VASE Example. This example shows data from a SCEDC stations (BAR) as data
were accessed in real time from both the NCEDC at Berkeley and the IRIS DMC
in Seattle.

talk to the DHI servers at the IRIS DMC, they will also talk to
the DHI servers at any other DHI enabled data center.
The IRIS DMC chose to adopt industry standard solutions to this problem, whereas other NSF funded initiatives
are developing them from the ground up. This standardization in the interfaces has allowed a suite of clients to be developed that can seamlessly talk to multiple data centers,
at the same time. While the implementation of this concept
sounds straightforward it requires very close cooperation between the participating data centers and has required support
from IRIS for the implementation of the services at other data
centers. That said, there are ﬁve data centers that now run or
will soon operate DHI servers. These include IRIS, NCEDC,
SCEDC, SCEPP and ORFEUS in Europe. The International
Seismological Centre in England has also expressed interest
in operating a DHI event server.

We anticipate that some data will be so voluminous and
may be so infrequently accessed that it does not warrant the
higher cost of keeping the primary copy of data in the RAID
systems. These data may include higher sample rate strong motion data, voluminous industry reﬂection seismic data that will
be infrequently accessed or other datasets whose origin or access patterns do not warrant more expensive media for storage.
We consider these data to be Tier-2 data. The nomenclature is
not intended to reﬂect the value of the data.
By having the most frequently accessed data on RAID
systems we believe that several functions at the IRIS DMC
actually become simpler. For instance we currently have online disk systems to support the real time data collected in the
BUD. We migrate these data to the tape based mass storage
system after one week. In the future the real time data can be

Request Servicing continues to grow at the DMC
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Shipments from the IRIS DMC
Projected as of June 30, 2005

Shipments from the IRIS DMC have been doubling for the past few years. In
2003 the DMC serviced about 50,000 requests for data, in 2004 about 100,000
requests, and we project we will ship just under 200,000 requests in 2005.

2005(projected)
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We project that more than 150,000 requests
for seismic data will be serviced during 2005
with roughly 120,000 of them coming from the
archive. We also have noted an increase in the
amount of data that is transmitted and in 2004
we shipped more than 160 million seismograms,
which is roughly 5 seismograms shipped every
second during the entire year of 2004. Through
February, 2005 the rate for 2005 was more than
16 seismograms per second.

Number of Shipments

The DMC has stressed automation for many years. The
operations group at the DMC is still at roughly the same size
it has been for several years. A total of four people are responsible for the routine archiving of
data and processing of requests to the user com200,000
munity. Software engineers have been added to
180,000
develop new access methods at the DMC and
160,000
so much of the growth in data shipments has
140,000
come by increasing the number of requests that
120,000
are processed automatically.
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This becomes largely a hardware equipment acquisition
issue. We would require the following subsystems.

Several DHI clients now exist that can tap into the data at multiple data centers
seamlessly. The clients include:
Client

Purpose

jWEED

Map Based data request tool

VASE

Real time data access and viewing

SOD

Standing Order for Data

Production release V2.7
Production V2.1
2.0

GEE
F2Matlab

•

2.0.8
Direct connection to MatLab

0.91

jPlotResp

1.2

jEvalResp
SOSA

•

Status

•

1.1
Compare synthetic and observed data

1.0 beta

•

REV

•

moved directly to the large primary RAID system. The access
tools can be greatly simpliﬁed since we know that all data
will reside on the primary RAID. We recognize that there are
likely cost efﬁciencies that will be gained by going to this
simpliﬁed data storage system.

Enhanced User Services

The Next Five Years

Requests Using Pre-computed Attributes

Development of an Active Offsite Backup Archive

The key to being able to do this in an affordable manner is to have the system automated without staff at the remote location. In
the event of a catastrophic failure, staff would
relocate to the backup location for a period of
a few months while the primary system at the
DMC is rebuilt.

Number of Seismograms

The IRIS DMC has a well-deﬁned mechanism for backing
up data it manages. At the DMC we keep a copy of all data in a
time-sorted order in the Powderhorn as well as a station sorted
order. While this is done for request servicing reasons this does
provide redundancy in the data. Each of the time sorted and
station sorted data have a duplicate copy in the Powderhorn.
A ﬁfth copy of the data is copied to a smaller robotic system
where the data are written to LTO tape technology. These
tapes are sent weekly to the UNAVCO facility
in Boulder. In this manner we can be sure that no
data will be lost in the event of a ﬁre, earthquake
350,000,000
or other event that can cause the DMC to cease
operations.
As the DMC matures and as requirements for
closer to 100% up time are encountered, it is time
that the DMC moves to a more proactive system.
We are proposing to develop an offsite, unmanned
system that will normally be controlled by staff at
the IRIS DMC but will be capable of assuming
data ingestion, data archiving, and request processing functions in the event of a catastrophic
failure [earthquake, ﬁre, etc.] at the IRIS DMC.

Servers
– Web
– Real time data ingestion system – BUD
– Oracle Data Base Server
– Backup server
Disk Resources
– 2 terabyte expandable RAID system
– Data replication software for RAID
Mass Storage System
– 100 terabyte capacity tape based
Communication Networks
– DMC to Backup Archive
Control Software
– Over Internet RAID mirroring
– Sam-FS
– Oracle
– Veritas

Historically the IRIS DMC has employed a model where
users ask for all data they need blindly. If the DMC has the
data, it is returned to them but the quality of the data and suitability for the scientiﬁc purpose they requested it for can not
be assessed until the data are returned to the user.
We propose to develop a framework within which users
can make requests for data that have certain attributes. The
QUACK system currently makes routine measurements on a
large fraction of the data entering the DMC in real time. We

Seismograms Per Year Through July 2005
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The shipment of seismograms from the DMC for the past 5 years. In 2005 we project that we will ship more
than 500,000,000 seismograms. The figures for 2005 are not projected. By the end of May 2005 we had
already shipped more seismograms than for the entire year of 2004. It also shows that while most data still
comes from the archive, the use of the DHI access to waveforms is increasing.
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will extend DMS request mechanisms so that they support
data selection based upon these pre-computed data metrics.
QUACK currently measures the following metrics
•
•
•
•
•
•
•
•
•

Signal RMS
Signal Mean
Number of gaps per day
Data availability by channel
Percent of data above high noise model
Data overlaps
Number of overlaps per day
Timing quality
McNamara Power Density Function (PDF) estimates

After data metrics are determined, they are for the most
part inserted into the Oracle Data Base Management System operated by the IRIS DMC. For this reason it should be
straightforward to implement this capability at the IRIS DMC.
The more difﬁcult thing to do will be to incorporate this in a
manner that does not make it more difﬁcult for our existing
customer base that does not wish to use this capability.
QUACK is a framework that allows us to easily incorporate additional algorithms to measure other metrics. For
instance we anticipate having signal to noise ratio estimates
available for all the data we receive in real time. Users will be
able to request data from speciﬁc station channel time window
selections but only have the data returned to them if the estimated signal to noise ratio exceeds a speciﬁc value. Another
example would be where a user could request a time series
but only if it contains no gaps or fewer than some number of
gaps in a 24-hour period. As the DMC continues to mature,
the types of pre-computed measures that can be used for data
request purposes will also continue to grow.
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The project to extend request mechanisms to consider
pre-calculated data metrics will largely be done using existing DMC software engineering resources.
Requests Based Upon Dynamically Determined Data Metrics
The amount of data at the DMC is large in terms of the
capabilities available to most IRIS researchers. While the
available bandwidth will continue to increase it is unlikely
that large amounts of waveform data will be able to be easily
moved around the Internet from the DMC to end researchers.
This issue becomes even more important when one considers
that the IRIS DMC has active users from all over the world. It
is generally acknowledged that for more data-intensive enterprise applications, data bottlenecks between compute intensive applications and the datasets can present problems when
the data and compute engines are geographically distributed.
It is our goal to allow data requestors to better reﬁne their
requests for data, insuring that most of the data that gets returned to them will be suitable for their scientiﬁc application.
For this reason, we propose to develop a ﬂexible framework
that will support certain types of computationally intensive
data selection at the DMC. We will give priority to those applications that can mine the raw waveforms for information
needed for enhanced data request mechanisms at the DMC.
Our goal is to allow users of the DMC to submit algorithms
that will extract data metrics from time series in an “on-demand” manner. The primary function is to insure that the usability of the waveforms that the DMC returns to the end user
is improved as compared to making blind requests for data.
In this manner the limitations of Internet throughput can be
better addressed as the data the DMC sends to data requestors
will be better suited to address their scientiﬁc questions.
We propose to develop
methods by which data requestors can submit requests
that include more complicated
data selection criteria. These
criteria will be based upon data
metrics that are measured during the request servicing process at the DMC. For instance,
if a researcher wishes to only
request data whose signal to
noise ratio exceeds an estimate
made by their own algorithm,
that would be possible in this
environment.

This diagram shows how a user of the IRIS DMC might use Enhanced Data Selection Services. A researcher would make a traditional data request to the DMC. They would then invoke enhanced data selection services including in the example; rotation of
the seismic data, apply band-pass filters to the rotated data; calculate 1-d synthetic seismograms; perform a correlation between
the observed and synthetic seismograms and only return seismograms if the correlation coefficient meets specific criteria.
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The requestors will also
be able to invoke a variety of
standard DMC processes as
part of their request processing. For instance we hope to
have standard instrument de-
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convolution techniques based
upon SAC available. We will
have a variety of signal to noise
ratio algorithms available that
can be applied to the waveform
segments the users are requesting. A variety of such tools will
be available.
During the process of servicing a request for data, user
supplied algorithms as well as
DMC provided algorithms will
be applied to the data being considered by the researcher and a
data metric calculated for the
speciﬁc waveform segments of
interest. If the data metrics returned by the algorithms meet
the criteria set by the requestor,
the waveforms will be included
in the data returned to the end
user. If the criteria are not met,
then the data will be excluded
from the data shipment.

The above diagram shows the major components that will comprise the offsite hot backup system. We have configured the system with 4 Sun servers; a small amount of disk and a 100-terabyte tape based mass storage system. Staff at the DMC will control
the system. In the event of a catastrophic failure at the DMC in Seattle this system would be able to assume the responsibility of
data ingestion and archiving. It would also be able to distribute data but perhaps not with the full suite of data access tools.

The ability to offer these enhanced user services relies
heavily upon two assumptions. First the data must be on-line in
the Tier-1 RAID system and secondly there exists a signiﬁcant
computational engine at the DMC. In this ﬁve-year proposal,
IRIS is proposing to acquire a signiﬁcant cluster computer that
will be directly attached to the data stored in the Tier-1 Raid.
This system will leverage the web services based processing
framework that is also being proposed in this proposal.
Computation on Demand: Closely Coupling Processing
Cycles and Data Storage
During the next ﬁve years we wish to begin developing a
signiﬁcant data mining capability at the IRIS DMC. With the
ability to put all data on-line in SATA based RAID systems
and assuming that a cluster compute facility with signiﬁcant
capabilities can be acquired, we believe that this can easily
reap signiﬁcant rewards and streamline the manner in which
researchers utilize data from the IRIS DMC.
One of the problems present in the GRID concept is that
for large data sets such as those found in seismology, the present bandwidth that connects data users with supercomputing
centers is inadequate to transfer multi gigabyte data sets. For
this reason we propose to acquire a modest Linux Cluster for
operation at the IRIS DMC with high speed networking to the
RAID system used to manage the Tier-1 data at the DMC as
described earlier.
As mentioned in the previous section, one of the primary
uses of the cluster will be to calculate data metrics resulting from applying user-supplied algorithms and processing

ﬂows to the Tier-1 data at the DMC as part of the enhanced
data selection service. It is important to remember that the
IRIS DMC currently services about 550 individual requests
for data composed of roughly 1.5 million seismograms every
day. Adding the ability to measure on-demand data metrics
on this data volume is non-trivial and this capability will not
be able to be done effectively on the existing SUN servers installed at the DMC. This warrants the installation of a cluster
closely coupled to the Tier-1 data set.
Other uses for the cluster would be to make routine
computations on seismic data through user supplied algorithms that are not tied directly to data selection. One example would be to implement the algorithm developed by
the Paciﬁc Northwest Seismic Network to measure harmonic
tremor. Appropriate stations near Mt. St. Helens could then
be analyzed in real time and alerts generated when tremor
is detected. The QUACK framework already in operation at
the DMC could be used for these types of problems quite
easily but the generation of alarms based on data characteristics could make good use of a cluster. We anticipate the IRIS
community will contribute several other routine algorithms
as well. The IRIS DMSSC will be the group responsible for
determining what algorithms are ultimately selected for routine operation at the DMC.
With the advent of EarthScope and USArray a greater
emphasis is being placed on products. At the present time the
DMCʼs only products other than Level 0 (Raw observations)
and Level 1 (Quality Assured) waveforms are collections of
seismograms in the FARM and SPYDER® data repositories.
With the advent of USArray the concept of standard products
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has become very important. The IRIS DMC wishes to leverage
these developments in a way that products are produced for all
data held at the IRIS DMC, not just for USArray data. This
cluster will be used for the generation of products at the DMC.
For instance it is reasonable that the DMC begins calculating
1-D, 2-D or potentially 3D synthetic seismograms for all events
above a certain magnitude threshold using a community agreed
upon velocity model. The most difﬁcult decision to be made in
this activity is which velocity model will be adopted. Again we
will rely upon the DMSSC for this decision. Additionally synthetics could be computed on demand when a particular user
desires to have them computed for smaller events. This “on
demand” processing is used in several DMC processes behind
the scenes already so we understand the methods for managing
on-demand services. IRIS is having discussions with the Computational Infrastructure for Geodynamics (CIG) as well as being involved in some of these deliberations within the SCECITR project based at the University of Southern California. We
have received considerable encouragement from the CIG to
acquire this cluster computing capability and to work closely
with them in the development of the system. (See www.geodynamics.org:8080/cig/workinggroups/seismo/workarea/report).
The CIG group, funded by the NSF, is in the process of
standardizing and improving the way applications are developed, maintained and distributed. Speciﬁcally the Seismology Working Group, a component of the CIG, has expressed
an interest in working with IRIS to implement several capabilities at the DMC. IRIS will work with the CIG consortium
to develop a ﬂexible framework that users can invoke to measure data attributes dynamically at the time of the request.
For instance if a user has a particular algorithm that measures
signal to noise and they would prefer to use their algorithm
rather than a predetermined one that QUACK uses they could
dynamically conﬁgure that algorithm into a processing system at the DMC, make the measurement and only return the
data if it surpasses certain user deﬁned tests.
A speciﬁc interest of the Seismology Working Group
is to develop the ability to have 1-D synthetic seismograms
produced at the DMC for all earthquakes meeting certain
constraints and for all stations that the DMC has observed
waveforms available. We may implement this in stages. The
ﬁrst stage may to have the CIG compute the Greenʼs functions and for the DMC to combine this information with the
Centroid Moment Tensor solutions to generate the synthetic.
The second stage may be to have the DMC produce the entire
solution itself. This ﬁts well with the planned acquisition of
a cluster computer in the second year of this proposal. In the
early years, we can perform this calculation on a modest SUN
server and then migrate the capability to a cluster environment after the proof of concept is demonstrated.
Requesters of data from the DMC can leverage the availability of the 1-D synthetics by using the correlation between
the synthetic and the observed seismograms as a constraint that
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will determine if candidate observed seismograms should be
included in the data request or not. Additionally the synthetics
themselves will be useful to most researchers to assist them in
the use of the data. IRIS is already working with the SPICE
group in Europe and the Earth Simulator group in Japan in
conjunction with the FDSN to develop the metadata required
to document the synthetic metadata and will be developing
methods for distribution of synthetic seismograms and metadata. The SCEC-ITR program has expressed an interest in seeing if the IRIS DMC would be able to manage the synthetic
seismograms for scenario earthquakes for stations in Southern
California. In general the IRIS DMC would like to continue
working within the FDSN framework to establish the standards required for synthetic seismograms and to develop the
ability to manage synthetic seismograms at the DMC.
In addition to algorithms developed in collaboration
with groups such as the CIG, IRIS intends to develop a system whereby individual researchers can execute their own
algorithms on the cluster computer to perform data mining
of attributes from the data at the DMC. In some cases the
data mining will act as a trigger indicating when waveforms
should be returned to the researcher and in others the attributes themselves will be returned to the researcher. It is not
our intention to become a signiﬁcant computational resource
for the community. We will restrict algorithm processing to
either those that are related to data mining from the seismograms or those that can be used as methods to assist in the
selection of waveform data for further research.
Web Service Processing Framework
The concepts discussed in the previous two sections
(Dynamically determined data metrics and Computation on
Demand: Closely Coupling Processing Cycles and Data Storage) will require a processing framework. We plan to develop
a processing framework within a web services environment
at the DMC. The DMC will develop several general-purpose
applications, available as web services that will run on the
cluster. To begin with we will make most of the Seismic
Analysis Code (SAC) functionality available as web services
running at the DMC. We will leverage the work already done
by the South Carolina Group (that developed FISSURES/
DHI) in their BAG initiative in this effort. The DMC will also
make a large number of data manipulation routines available
through this framework.
As part of the routine activities at the DMC we have already begun wrapping the various FISSURES/DHI services
and presenting them as web services. All of the current DHI
network, event and waveform services will be available to
the framework.
Web services by their very nature support a distributed
environment. By using Web Services in this context, it will
be possible for certain algorithms to be computed on remote
systems either at the requestorʼs location, on other machines
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within the community or potentially on GRID machines. It
is possible that the results of some data mining performed
at the DMC could be forwarded to a remote server where
further processing could be performed and results returned to
the DMC as an aid to data selection. It is unlikely that we will
see large volumes of waveforms moving between distributed
Web Services on the Internet, that is why we are proposing
to put the cycles close to the data and developing a mechanism where different algorithms can be incorporated within
the processing framework at the DMC.

ﬁt to the IRIS community, and the global scientiﬁc community,
is that these workshops help to make data from a large number
of other networks available for scientiﬁc research.

We hope to be able to work closely with groups such as the
CIG in the development of this framework. We are aware of a
variety of models that will be investigated as ways in which
a ﬂexible processing framework can be developed. While the
framework may not be able to support all conceivable processing ﬂows, by focusing on data mining and data selection utilizing pre-computed metrics or dynamically measured metrics
such a framework can be developed efﬁciently.

We propose to support one or two workshops a year
in international locations. Following the workshop in Palmanova, Italy, the next workshop is scheduled for 2006 in
South America. The Palmanova workshop brought together
a large number (~40) of participants from Africa, the Middle
East and Central Asia. We hope to focus on participants from
South America and Central America in the South American
venue. We would then hope to follow up with a workshop
in Central or Southeast Asia. These must include very good
international participation of both the students and the lecturers. The IRIS/ORFEUS workshop is an excellent example of
how this might be done and we hope to follow on with this
model.

International Workshops
The IRIS DMS has a short but excellent history of organizing workshops on a variety of topics. Traditionally we
have done this by organizing training courses where people
from all over the world come to the DMC for a few days or a
few weeks. During the past year we teamed with ORFEUS,
from the Netherlands and jointly convened a workshop on
Managing Data and Metadata from Seismic Networks in Palmanova, Italy. This workshop was very successful.
These workshops are of tremendous beneﬁt to organizations all over the globe in assisting them in applying modern
data management techniques to data from their networks. The
workshop not only demonstrates tools that they can use to
manage their data, but
portions of the workshop also focus on
why management of
the metadata is important and necessary for
the scientiﬁc research
community. The bene-

In the future we would like to add participation from the
IRIS GSN and IRIS PASSCAL programs to insure that GSN
station operators understand the importance of the GSN stations they are involved with. In the PASSCAL case, training
worldwide scientists in the management of data from temporary deployments can assist in opening up these assets to the
global community as well.

The main change to previous DMS activity in this area
is that to reach a broader international audience we need to
conduct these workshops in international locations rather than
at the IRIS DMC. This helps us to focus on regional needs and
settings and also makes it easier and more affordable to get
participants to the training courses. We need to be more proactive than in the past and it is essential that these workshops be
conducted in various locations around the globe, each one with
a regional focus. The DMS will focus on management of metadata and waveform data in the operation of an experiment or
a network and the GSN and PASSCAL components can focus
on data acquisition. Together IRIS could produce a very effective workshop that would be of interest to most groups.
Collaborations
The IRIS DMS is positioned very well to work with a
variety of current partners as well as new scientiﬁc groups
where joint developments and cooperation will
be of great beneﬁt to the broader community.
EarthScope (NSF)

The processing framework will primarily be implemented on a cluster computer operated at the DMC. The
framework will allow execution of IRIS developed processes, standard community algorithms that have
been wrapped in Web Services and installed at the DMC on the cluster, user developed algorithms that
are temporarily loaded on the cluster and potentially web service enabled applications that are geographically separated from the DMC.

The IRIS DMS will continue to be closely
involved with EarthScope both in the management of USArray data as well as data from
PBO and SAFOD. The IRIS DMC will develop much of the IT infrastructure but EarthScope will fund these developments. We are in
a unique position to have EarthScope projects
and developments transitioned into normal
DMC operations as well. A good example of
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this is in the development of a product management system
that will be able to be utilized by the traditional activities of
the IRIS DMS.
EarthScope IDAS (NSF)
Signiﬁcant resources will be focused within the EarthScope project to develop an Integrated Data Access System
(IDAS). The IRIS DMC is already heavily involved in a variety of EarthScope developments and will be involved in
the IDAS as well. As part of the EarthScope MRE efforts,
IRIS is developing a web services based infrastructure for
managing data products. The Uniform Product Distribution
System (UPDS) will allow the ingestion of products form
multiple sources, automatically characterize them in the form
of searchable XML encoded metadata, manage the products
in a distributed product archive, and develop tools that will
assist in user discovery of the products.
The DMC staff will insure that the technology developed
for EarthScope will also be applied to other products at the
IRIS DMC. We are a component of EarthScope and we will
insure that EarthScope activities beneﬁt the broader IRIS
community through shared IT development activities.
Advanced National Seismic System (USGS)
The USGS continues to seek funding for the Advanced
National Seismic System (ANSS). A key component of this
ANSS is the development of a data archiving and distribution
system for all ANSS data, including broadband seismic stations, free ﬁeld strong motion stations and strong motion sensors in structures. The total data volume from a fully funded
ANSS is large, on the order of up to 18 terabytes per year.
These volumes are large and only the IRIS DMC presently
deals with data volumes of this magnitude.
The IRIS DMS should be prepared to respond to any
request by the USGS to participate in the USGS ANSS Archiving and Distribution System. Any incremental costs
required to manage ANSS data should be provided by the
USGS and as such should remain cost neutral for the IRIS
DMS. We would recommend managing these data as Tier-1
data.
The value to the scientiﬁc community for IRIS to be
involved in the archiving and distribution of ANSS data is
extremely high and again certain activities within ANSS can
be used to aid IRIS in other management arenas. In particular
the activity of the USGS in the area of ANSS products can
be used as a model for further product development within
IRIS.
Engineering Community (NSF and USGS NSMP)
The IRIS DMS currently has two examples of managing
data from strong motion sensors installed in or on structures.
These include the FACTOR building on the UCLA campus
and the Cape Girardeau Bridge in Missouri. We believe that
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these data should be of great interest to the engineering community. While we can manage data from these example projects with little extra effort, our focus should be to demonstrate
a model of how these valuable data can be managed.
We should seek funding from NSF Engineering and
USGS NSMP for this activity. We have the seed projects
now. If we are to continue in this area of data management
we should develop the proper interfaces with the engineering
community so that the waveform data in SEED format can
be presented to the engineering community in a format they
are used to working with. The current IRIS linkages with the
ANSS and the NSMP should be beneﬁcial in this arena.
Computational Infrastructure for Geodynamics
The Computational Infrastructure for Geodynamics is a
recently funded NSF initiative. IRIS proposes to work closely
with them in the development of the cluster computer component and ﬂexible processing frameworks described elsewhere
in this proposal. The CIG will be staffed with a group of up to
10 professional software engineers and close collaborations
with the software engineering group at the DMC should be
very beneﬁcial to both organizations.
The CIG has expressed an interest in working with IRIS
closely in the development of the generation of synthetic
seismograms and we will be able to use their expertise and
resources in this proposed new activity.
UNAVCO & UNIDATA (NSF EAR and ATM)
The IRIS DMS will work closely with UNAVCO and
UNIDATA to develop data and metadata connections to the
various visualization capabilities. This may include activities such as methods to manage volume data such as earth
models and the ability to automatically transform them into
NetCDF ﬁles. The UNIDATA Consortium has developed the
Interactive Data Viewer (IDV) intended for use with atmospheric sciences data but there are clear uses for IDV in the
geosciences. UNAVCO has already leveraged some of these
strengths of IDV and IRIS will work with UNAVCO and UNIDATA to allow streamlined data throughput from the IRIS
DMC FISSURES DHI systems into the IDV arena.
Integration of Earth Sciences Data (NSF, GEON, OBSIP)
The current popular IT approach for data integration is
web services. This technology has strengths and weaknesses.
One of its greater strengths is the potential to ease access to
data sets from broad disciplines. During the next ﬁve years,
IRIS will take an active role in deﬁning the XML based systems to characterize data in the seismological ﬁeld. It will also
characterize data in closely related ﬁelds such as magnetotelluric, super-conducting gravimeters, geomagnetism, and
other observations made at GSN and PASSCAL stations.
In many cases these streams can be converted into the
familiar SEED format and the DMS will provide tools and
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resources when needed to assist the appropriate groups to enable this. Once the data are ingested at the IRIS DMC we will
be able to make them visible across broader domains leveraging the XML based Web services that we are developing.
While IRIS has been very effective in managing seismic data, and similar time series observations we intend to
reach out to other communities that do not have formal data
management systems. We will work with them in a manner
that will allow their data from their domain to be managed
effectively.
We will insure that the web services approach that we
are implementing at the DMC will be able to be extended to
these other data holdings. If possible we will attempt to make
activities cost neutral and the DMS Standing Committee will
retain tight advisory control in deﬁning the areas where IRIS
will be involved.
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E&O: Growing A Diverse Community

Overview
IRIS members have increasingly recognized the crucial
need to communicate the results of scientiﬁc research to the
public more effectively, to advance science literacy for greater understanding of our rapidly changing and increasingly
technological world, and to attract more students to study science. To address these issues, IRIS created the Education and
Outreach (E&O) program to augment its existing three core
programs in 1998. Since that time, the program has grown to
3.5 IRIS staff managing a number of subcontract and consultant awards, with signiﬁcant contributions from members of
the IRIS community.
Since its inception, the E&O program has explored the
needs of the different audiences it must serve and has adaptively developed the program to address them. In 1998, the
IRIS E&O committee convened a conference with representatives from diverse science and science education disciplines, funding agencies, and other Earth science E&O programs to develop a broad vision of how IRIS could uniquely
contribute to science education and outreach. The discussions
and collaborations that developed during the conference have
guided IRISʼ E&O efforts ever since and formed the basis for
a program plan published in 2002.
The IRIS E&O course of action is to provide products
and programs for a variety of audiences, including the general public, K-12 students and educators, and post-secondary
students at our nationʼs colleges and universities. At the core
of all IRIS E&O activities is a focus on the use and explanation of seismic data. Programs range from those that impact
large numbers of people for brief time periods to those that
impact smaller numbers of people through extended interactions. IRISʼ E&O program also looks inward to develop the
talent within the ranks of IRISʼ member institutions to enfranchise them and draw on their talents in building an education program of national scope and prominence.
Our mission is to help create a new generation of Americans with a greater understanding of Earth science and seismology, while helping to attract the best and brightest to our
discipline. To stimulate an interest in science requires high

quality educational resources for teachers in K-12 and for
college faculty in undergraduate programs. Providing accurate and efﬁcient professional development and resource
materials in Earth science and seismology is especially important for teachers in middle and high school grades who
currently teach the bulk of the Earth science concepts that the
majority of Americans will ever learn.
We focus on efﬁcient use of resources and enhanced impact by working closely with people who can help us make a
difference, and in developing products that support the efforts
of those same people. Both formative and summative evaluations of all IRIS E&O activities play a critical role in ensuring
the continuous improvement of both the activities and the IRIS
E&O program as a whole. By engaging the full membership
of IRIS in E&O activities, we capitalize on our numbers, geographic diversity, and especially the wealth of creativity and
knowledge within our community. While IRIS can make advances in science education through seismology, a concerted
effort to link seismology across the scientiﬁc disciplines helps
achieve an even greater impact. In this, we recognize the need
to coordinate with other organizations to leverage our impact
and seek opportunities to openly collaborate on education and
outreach activities where mutual interests exist.
In the next 5 years we will maintain some successful
activities in their current form, improve activities that show
the greatest opportunity for increased impact, and develop
several new initiatives. The continuing activities are: IRIS/
SSA distinguished lecturers, publications including 1-pagers and posters, the creation of classroom modules, and the
dissemination of materials, activities and data via the IRIS
Web site. The expanded and improved activities will be IRIS/
USGS museum exhibits, professional development for teachers and college faculty, promotion of the collection and use of
seismic data, undergraduate internship program, products for
Educational Afﬁliate members, and international leadership.
New initiatives will include development of on-line classes,
visualization and animation of seismic data and models, and
video products for major media distribution. Enhancing the
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participation of underrepresented groups will be one of the
goals for every activity. Each of these activities will be described in the following sections.

History and Current Status
IRIS/ USGS Museum exhibits
One of the earliest IRIS E&O activities focused on a
traveling museum exhibit designed in collaboration with the
USGS. This display has been on loan to the Franklin Institute
Science Museum for use in their Powers of Nature exhibit and
has traveled to 12 museums since 1998. Since that time the
museum program has expanded to four permanent exhibits
as well as the traveling display. Our museum partners include
the Smithsonian Institution National Museum of Natural
History, the American Museum of Natural History (AMNH)
in New York, Carnegie Museum of Natural History in Pittsburgh, and the New Mexico Museum of Natural History and
Science in Albuquerque. The most recent addition was a new
Museums participating in the IRIS/USGS-ASL museum program with customized,
permanent real-time earthquake exhibits. Numbers in parenthesis indicate the year
an exhibit has been installed.
Participating Museum

Annual Attendance

American Museum of Natural History (2000, 2004)
New York, NY

4,000,000

Carnegie Museum of Natural History (2000)
Pittsburgh, PA

3,000,000

New Mexico Museum of Natural History (1999)
Albuquerque, NM
Smithsonian Institute Natural History Museum (2003)
Washington, DC
Total Potential Annual Audience

300,000
8,000,000
15,300,000

Museums hosting the portable Museum Display as part of the Powers of Nature
Exhibit (April 1998 – May 2005)
Date

Museum

Apr 1998

Franklin Institute Science Museum, Philadelphia, PA

450,000

Oct 1998

California Museum of Science and Industry, Los Angeles, CA

500,000

Apr 1999

Center of Science and Industry, Columbus, OH

350,000

Oct 1999

Ft. Worth Museum of Science and History, Ft. Worth, TX

600,000

Apr 2000

St. Paul Science Museum of Minnesota, St. Paul, MN

375,000

Oct 2000

Boston Museum of Science, Boston, MA

550,000

Apr 2001

US Space and Rocket Center, Huntsville, AL

400,000

Feb 2002 Denver Museum of Nature and Sciences, Denver, CO
Oct 2002

North Carolina Museum of Natural Sciences, Raleigh, NC

Attendance

500,000
450,000

Mar 2003 Moody Gardens, Galveston, Texas

500,000

Jan 2004

Franklin Institute Science Museum, Philadelphia, PA

450,000

Oct 2004

Cincinnati Museum Center, Cincinnati, OH

Jan 2005

Pacific Science Center, Seattle, WA

Jun 2005

Nauticus, Norfolk, VA
Total Audience
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25,000

5,000,000

plasma screen display
and triple-drum recorder in the Hall of
Planet Earth (HoPE)
at AMNH. In the next
year, more than 15
million visitors will
have the opportunity
to view and learn from
these exhibits in museums around the US.
The exhibits portray earthquakes not
as destructive events,
but as part of the Earth
system, and as signals
of near real-time geological processes that IRIS/USGS display in the American Museum of
build our mountains Natural History Hall of Planet Earth
and shape our landscape. The real-time aspect of the displays allow visitors to
see the location and size of global and local earthquakes that
occur every day and to see the recorded movement of the
ground as seismic waves travel around the globe. The success of the displays, as indicated by recent assessment efforts
(see below), is attributed to: 1) real-time global data streams,
2) state-of-art electronic displays combined with traditional
“three-dimensional” mechanical displays (retired drum recorders), 3) on-going evaluations and upgrades, and 4) sustaining strong partnerships that allow each exhibit to be customized to the speciﬁc needs of the individual host museum.
Two examples of ongoing evaluations of the Museum
exhibits are the formative evaluations conducted by the museums during their design and the summative evaluation of
our AMNH and Smithsonian Institution National Museum
of Natural History displays that was conducted in 2004. The
goal of the evaluation was to assess audience interest and understanding of the exhibit and to determine how the future
exhibits might be improved (Smith et al, 2004, Smith et al,
2005). The evaluation showed that the displays are very popular in both museums, with audiences particularly interested
in the presentation of near real-time seismic data. To conduct
the evaluation, the galleries at both museums were divided
into elements of comparable size, of which the IRIS/USGS
display was one. In both galleries the display had the largest
percentage of visitors who stopped, compared to the other
exhibits. In the HoPE the display also had the longest median
visitor stop time of the observed elements.
Recognizing the opportunities to increase their educational reach and meet more of their objectives, IRIS and the
USGS are now working with the museums to improve the
earthquake displays. In addition, over the past year IRIS has
developed a second museum product, “Museum Lite”, that is
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aimed at a great diversity of smaller institutions. This computer interactive exhibit also provides real-time information,
but is served via web browser and thus requires considerably
less support and maintenance, while still allowing for an individually tailored display that provides relevant content and
data for each institution. Museum Lite has so far been successfully installed at one museum and a National park visitor
center. Touch screens have been used in both of these displays to provide an interactive experience.
Professional development program
The E&O Program continues to reﬁne its highly effective, one-day professional development experience to support the background and curricular needs of formal educators. Over 600 teachers and college faculty have attended
1-day or longer IRIS workshops since the initiation of the
E&O program. Those instructors now reach nearly 50,000
students per year. The program for teachers and college faculty began as a one-day workshop at annual meeting of the
National Science Teachers Association (NSTA), and now also
includes workshops at the annual meetings of the California
Science Teachers Association and the Geological Society of
America (GSA), as well as one to two other selected venues
each year. A new, focused workshop was added in 2004 for
teachers who use our workhorse AS1 teaching seismographs
in their classroom, received through the IRIS seismographs
in schools program (see below). This workshop provided
critical training in the interpretation and use of seismic data

Teachers experimenting with the “Earthquake machine.”

Using 3-component seismograms to locate earthquakes on a globe.

to improve the use of the instruments in classrooms. Some of
the workshops are conducted in collaboration with other organizations. Workshops have also been held to train seismologists to in turn run their own teacher-training workshops.
A major new collaboration was initiated with the Yuma
Union High School District in 2005. This effort is part of a systemic reform endeavor to support the districtʼs need to prepare
its Earth Science teachers (largely teaching out of academic
specialty) to adequately address the newly adopted AZ state
science standards. Through work with the teachers, the effort
will also generate a scope and sequence of resources that is
aligned to address these new standards. The 4-day workshop
was the ﬁrst in an ongoing series of professional development
sessions for the high school teachers. The science department
chairperson has reported that as a direct result of the workshop,
teachers have increased the time spent teaching Earths science
concepts and there was a decline in the failure rate of Earth
science students compared to the previous semester. Over the
course of the next two years, the effort will be expanded to
include middle school teachers to ensure the appropriate scaffolding of concepts across multiple grade levels. The district
serves a student populations that is ~70% Hispanic
Leveraging the expertise of the consortium, IRIS delivers
content such as: plate tectonics, propagation of seismic waves,
seismographs, earthquake locations, and Earthʼs interior structure. At the core of the IRIS professional development model
is the philosophy that classroom teachers are the decisive component in reforming science education (Bybee, 1993; Duschl,
1990). Thus to support both the science education reform
movement and classroom teachers, IRIS professional development strives to increase science teacherʼs self-efﬁcacy, or their
belief in their ability to competently present knowledge, guide
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student learning, and perform processes (Bandura, 1986).
Teachers with a high self-efﬁcacy tend to select and effectively
use instructional activities that involve learners in higher-order thinking skills, and deliver more inquiry-oriented lessons
(Haney et al, 2002; Riggs, et al, 1998).
To support classroom teachers and increase their self-efﬁcacy, IRIS provides professional development that:
•
•
•
•

Enhances an educatorʼs knowledge of scientiﬁc content,
Provides educators with a variety of high-quality, scientifically accurate activities that deliver content to students,
Provides educators with inquiry-based learning experiences,
Provides direct contact with IRIS research, scientists and
E&O professionals

The development of a coordinated assessment effort has
provided critical decision making data to guide further efforts
of the program and has increasingly provided documentation
of the impact the program has on educators. As reﬂected in
the follow-up assessments of our 2003 (Hubenthal et al,
2003a) and 2004 NSTA workshops, our model of professional development has proven to be highly effective at extending
into the participantsʼ classrooms. 100% of respondents report
increasing the amount of time they spend teaching seismology or related topics in their classroom as a result of participating in an IRIS professional development experience. This
increase can be directly attributed to the workshop: 91% of
participants report using at least one activity modeled during the workshop upon returning to their classrooms. The reported mean activity usage by teachers upon returning to the
classroom was 4 activities per teacher. IRIS will continue to
monitor and alter its curricular resources and implementation
style using this information as a guide, since self-reported
information such as acknowledgement of using workshop
materials, content or strategies, as well as increases in teaching time in their own classrooms are indicative of gains in
teacher self-efﬁcacy (Khourey-Bowers & Simonis, (2004).
Internal evaluations are used in a similar manner throughout
the IRIS E&O program to improve and guide our activities.
The E&O Program recently partnered with the National
Earth Science Teachers Association (NESTA) to produce a
Seismology/IRIS focused issue of their journal The Earth
Scientist containing substantial materials related to the great
Sumatra-Andaman Islands Earthquake of 2004. This publication is designed to keep Earth science teachers abreast of
relevant scientiﬁc and pedagogical research as well as serving as a place to share practical instructional strategies for
the earth science classroom. The Earth Scientist has a regular
distribution of 1100 members and IRIS will be widely distributing the issue and its included seismology poster (see below). The issue has already generated over 100 new NESTA
members, as well as opportunities for NESTA to work with
other professional associations to publish similar themed issues in the future.
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Summer intern assisting with field work Katmai National Park.

Summer internship program
Since its inception in 1998, the IRIS Undergraduate Internship Program has been providing students with engaging
8 to 10 week research opportunities through partnerships with
the universities and scientists of the IRIS consortium and the
USGS. Over this time, the program has successfully placed
38 undergraduate students at 21 different IRIS member institutions plus the USGS. Over 83% of the alumni pursue advanced degrees (largely PhDs) in a range of geoscience ﬁelds,
with the majority in seismology or geophysics and smaller
numbers in geological sciences, petrology, geochemistry, and
mineral physics. E&O, in association with the PASSCAL
program, has also provided a summer graduate internship at
the IRIS PASSCAL Instrument Center. The primary goal of
the internship program is to provide students with research
opportunities early in their educational careers, and to thus
encourage more students, representing a more diverse population, to choose careers in Earth science and seismology. A
secondary goal of the program is to help Consortium universities attract well-prepared, outstanding students for subsequent graduate studies in Earth science and to thus ultimately
enhance the population of Earth science professionals.
Research projects, proposed by members of the IRIS
community, may involve the deployment of seismic instru-

16%

16%
5%

31%
32%

Physics
Geophysics
Engineering
Other
Geology

Declared majors of interns including dual majors.
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ments in the ﬁeld (within the US or internationally), and/or
analyses of seismic data in a lab setting (for example investigations of Earth structure, earthquake sources, seismic
hazards). Each project provides students with ample opportunities to conduct research with state of the art geophysical instrumentation and data with leading researchers at IRIS
institutions. To bring closure to the summer, interns and their
hosts collaborate to develop and submit an abstract of their
summerʼs work to a national scientiﬁc meeting (commonly
the fall AGU meeting in San Francisco). Thus, each internship culminates in the stimulating atmosphere of a professional meeting, where interns present results from their summer work in the company of peers and mentors.

EDUCATION AND OUTREACH SECTION

respond to events of interest to the public and the seismological community. A set of Sumatra earthquake pages was used
by the scientiﬁc community to rapidly and very efﬁciently
share short-term results with a very broad and diverse audience. But there were over one million visitors to the IRIS
web site in the past year, of whom only a small fraction could
have been research seismologists. Most of the visitors used
the interactive Seismic Monitor, while others used features
such as the online interactive exercise “Earthquake Simulator”, which was developed in response to the sensationalized
TV mini-series “10.5” and accompanied by resources and a
classroom-trialed lesson plan.

To measure the impact of the program a survey of all
alumni was conducted in early 2004. All the students agreed
that the internship was one of the best learning experiences
they had ever had. 50% of our interns have been female in
the past 3 years, and 13% of the interns identiﬁed themselves
as African-American or Hispanic. 43% of the students who
go on to attend graduate school do so at the institution where
they spent their internship.
Web Pages
The E&O web pages are the primary means of distributing
educational seismic data and resources, including both timeless
information such as answers to frequently asked questions and
timely information about recent seismological events. These
web pages provide (1) information on the programs, activities,
and opportunities of IRIS E&O; (2) tools for the non-specialist
to access and manipulate seismological data (earthquake statistics, maps and seismograms); (3) links to E&O efforts in seismology and the Earth sciences at IRIS member institutions and
other organizations; (4) background and topical earthquake information; and (5) instructional materials.
The E&O pages are a collaboration between DMS and
E&O to enhance the proﬁle of IRIS and provide greater access to IRIS resources. The web site provides the means to

Short and long-term changes to the number of visitors to the IRIS Web site due to the
Sumatra earthquake. Note the long-term doubling of the number of visitors.

Locations of schools with AS-1 seismographs.

Educational seismographs and the use of seismic data
Collecting and distributing seismic data products to the
research community is the mainstay scientiﬁc function of
IRIS. As advances in seismology are frequently data driven,
this data is frequently the foundation for advancing our understanding of Earth. However, sharing those data and the excitement of discovery that they offer with a general audience
requires effective tools and an understanding of seismology
with an educational perspective. To address this need, IRIS
E&O, in collaboration with the DMS and GSN, have developed products ranging from web data viewers to school seismograph software. The Seismic Monitor is a web-based tool
that provides a quick global view of recent earthquake locations, with links to the IRIS waveform database. The Seismic
Monitor and associated URLs are by far the most popular
of all IRIS web pages. Data access is also provided through
DMS tools on the IRIS website and through the Global Earthquake Explorer (GEE) software, which has been specially
designed for the non-specialist audience. GEE software, and
associated instructional materials, have been developed in
part via a subaward to the University of South Carolina, and
include built-in teaching modules as well as free exploration
options. GEE development is ongoing through an independent NSF grant.
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In 2000, IRIS initiated a program to distribute educational seismographs to schools (the AS-1), and developed
and distributed new display software written by Alan Jones
(AmaSeis). Over 100 schools now are operating the systems
and are using associated educational modules. Over twenty
of these schools are now displaying real-time views on the
IRIS web site of the last 24 hours of activity at their schools.
Schools share waveform data via the SpiNet web site maintained by Science Education Solutions. IRIS is also leading
the effort, via the US Educational Seismology Network (USESN), to aid and coordinate a number of primarily regionally
based seismology outreach projects. Various types of educational seismograph stations, now numbering in the hundreds,
are situated at schools, museums, and colleges across the
country. Notable among these efforts, other than the IRIS AS1 program, are the University of Michiganʼs ʻMichSeisʼ and
the Ohio Geologic Surveyʼs ʻOhioSeisʼ projects, the Princeton Earth Physics Project (PEPP, now led by Indiana PEPP),
the South Carolina Earth Physics Project (SCEPP), Nevada
Educational Seismic Network and the amateur-oriented Public Seismic Network (PSN).
Posters and one-page handouts
IRIS produced the ﬁrst educational poster (“Exploring
the Earth Using Seismology”) in 1998 and continues to give
out thousands of copies of that poster each year. The poster
utilizes real data to show how seismic waves from the 1994
Northridge earthquake propagated throughout the Earth,
and it is widely used by teachers to illustrate Earth science
concepts. IRIS continues to develop new posters such as the
“History of Seismology” poster that is aimed at high school
and college students and, most recently, a poster highlighting the GSN recordings of the great Sumatra-Andaman Islands earthquake, published in both English and Spanish, and
distributed in the NESTA journal (see above). In total, over
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50,000 posters have been distributed to 22 countries worldwide to date. A one-page educational handout series covers
topics related to our posters and to our museum displays. The
series has expanded to six topics and has been translated into
Spanish, as has the Exploring the Earth poster.
Educational Afﬁliate membership
In 2001, IRIS established a new Educational Afﬁliate
membership category for institutions that teach seismology
and other Earth science, but may not share the professional
research interests of the full consortium members. The objective of this membership category is to cultivate a base of
institutions committed to excellence in geoscience education
through the co-development of E&O activities designed to
address their needs. By becoming an EA member of IRIS, institutions gain entrance into a community of educators that is
closely connected to the excitement and cutting-edge results
of the research community. EA members pursue their common interests and goals in the IRIS community, and enjoy
beneﬁts such as discounts on seismometers and access and
input to special E&O programs (see below). The ﬁrst Educational Afﬁliate members were accepted in 2002 and the initial
members are assisting IRIS in developing E&O activities to
address their needs. A EA workshop to discuss and outline
these needs and the future of the EA program was held in
association with the 2005 IRIS/UNAVCO Joint Workshop. A
signiﬁcant outcome of the EA workshop was a new vision for
Educational Afﬁliates as a community instead of a program.
This paradigm shift reduces the importance of the number
of members as a measure of success, and increases the importance of the activities of afﬁliates and IRIS E&O. It helps
create a community focused on seismology education, and
cultivates the development of needs-based programming that
targets speciﬁc IRIS E&O goals. It forces metrics of success
to be individualized and therefore meaningful, and it maintains the concept of IRIS as a service organization.
Distinguished lecturer series

IRIS posters and 1-pagers.
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IRIS and the Seismological Society of America (SSA)
initiated the IRIS/SSA distinguished lecture series in 2003 as
an additional way to reach a broad sector of the public through
informal learning institutions while facilitating distinguished
members of the seismological community to reach new audiences. Two or three speakers are selected each year, based
on their ability to convey the excitement of seismology to a
general audience. In the ﬁrst 3 years of the program, speakers
presented over 30 lectures at major museums and universities
throughout the country to audiences of up to 400 people. The
effectiveness of the program, as indicated by post-presentation assessment activities, has been high, with many venues
requesting future speakers and arranging additional events in
conjunction with the lectures, such as webcasts, radio interviews, teacher workshops and IMAX ﬁlms.
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Past and Present Distinguished Lecturers
2006 Mary Lou Zoback: The 1906 Earthquake – lessons
learned, lessons forgotten, and looking forward
Seth Stein: Great Earthquakes
Edward Garnero: Vibrations from the Deep: Deciphering the Birth and Death of Earth’s surface
2005 Michael Wysession: Earthquakes, Tsunamis and a
Modern Journey to the Center of the Earth
Susan Hough: The Very Long Reach of Very Large
Earthquakes
2004 David Wald: Rapid Earthquake Information: Citizen
Science and the New Tools for Emergency Response
David E. James: Revealing the Mysteries of the Earth’s
Deep Interior: Plates, Plumes and the Birth of Modern
Seismology
2003 Walter Mooney: The Discovery of the Earth: The Quest
to Understand the Interior of the Planet
Roger Bilham: Death and Construction: Earthquakes
on an Urban Planet
Collaborations with other organizations
Additional audiences, far beyond those approachable
solely by IRIS individual program efforts, are reached via collaboration with local, regional and other national geoscience

CSM students engaged in seismometer design.

programs. For example, 15,000 copies of the “Exploring the
Earth” poster were provided in 2004 for American Geological
Instituteʼs Earth Science Week packets, and we provided exercises for the GSA CD “Explore Earthquakes”. IRIS partnered
with the Colorado School of Mines (CSM) in 2002 to provide
content for part of CSMʼs Engineering Practices Introductory
Course Sequence. In the lab segment of the course, 350 freshman engineers were given the task of designing an inexpensive
seismometer for use in schools, culminating in a judged competition at the end of the semester (Hubenthal et al, 2003b).
We also leverage our resources by providing materials for
workshops organized by other organizations, with ten such work-
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shops in 2004. Many of our resources are available through the
Digital Library for Earth System Education (DLESE). We are
a partner in the Electronic Encyclopedia of Earthquakes project led by the Southern California Earthquake Center (SCEC)
and are working closely with EarthScope, UNAVCO and the
Network for Earthquake Engineering Simulation (NEES) as
they establish their Education and Outreach programs. The
successes of the E&O program are directly attributable to those
who have volunteered their time and energy. In particular we
acknowledge the extensive contributions of current and past
members of the E&O Standing Committee, our distinguished
lecturers, and many other community participants.

The Next Five Years
Over the past 7 years the E&O Program has developed a
range of products and activities that balances the desire to reach
multiple audiences with the need to remain focused on activities
that relate to IRIS strengths, particularly the use and explanation
of seismic data. In that time IRIS E&O has become a well-respected program in the Earth science education community and
it has taken a role in the planning and/or development of new
E&O programs for NEES, UNAVCO, IODP and EarthScope.
In the next 5 years the E&O program will continue to improve
the quality and expand the reach of our successful activities, as
quantiﬁed by our internal evaluations, as well as adding new
products designed to reach wider audiences with innovative and
engaging educational material. We propose to implement an external evaluation of the program during the next 2 years, similar
to the recent evaluation of the GSN program, to independently
assess the balance and quality of the E&O Program. A major
focus will be providing and contributing to products that make
use of, and help promote the E&O effort for USArray and EarthScope. Existing programs that will be continued as described
above include distinguished lectures, educational afﬁliates, 1pagers, posters, creation of classroom modules, and the dissemination of materials and data via the IRIS Web site. Expanded
and new initiatives will be described below. We will continue
to collaborate with a wide range of institutions to maximize the
reach of our activities at the largest possible scales.
Some of the new initiatives and the expansion of existing activities is planned to occur via funding sources outside
the core IRIS funding from NSF. The ﬁrst example of this is
the recently funded proposal to expand our summer internship program through an NSF REU (Research Experiences
for Undergraduates) award.
Expansion and improvement of existing programs
Encouraging Diversity
We will continue to place a priority on reaching and enfranchising a diversity of audiences with all of our activities, using
three different approaches to reach the largest possible audience:
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Yuma High School District (which is ~70% Hispanic). Our
professional development has already resulted in a signiﬁcant
increase in the time some teachers spend teaching seismology related topics. We plan to initiate similar efforts with at
least one other large urban school district in the next 5 years.
IRIS E&Oʼs location in downtown Washington, DC provides
ongoing opportunities to work with local underrepresented
groups. For example, we will continue to work with Kipp
Academy, a charter school dedicated to providing strong
mentoring for minority students. Other examples include
exhibiting and providing interactive activities at the Family
Science Days for the AAAS national meeting and the Taste of
NSF. We will also continue to expand our materials that are
translated into Spanish.

A Kipp Academy student autographs his “earthquake” at IRIS Headquarters.

1) establishing and strengthening partnerships with programs and
organizations speciﬁcally designed to serve underrepresented
groups; 2) expanding individual IRIS E&O activities to engage
these same groups; and 3) targeting underrepresented groups to
include them in greater numbers in existing activities.
An important approach will be to continue to build partnerships with groups that are already engaged in successful
activities. To be effective, programs need to be sustained for
many years and a smaller number of well-supported programs
are likely to be more successful than many small, short-term
efforts. An example is partnering with the Society for Advancement of Chicanos and Native Americans in Science (SACNAS).
This partnership is being enhanced through a member from UT
El Paso on the IRIS E&O Standing Committee who is also a
SACNAS board member. UT El Paso, a strong participant in
IRIS activities and governance, is a minority serving institution (70% Hispanic) that promotes a strong research program
and the recruitment of Hispanic students into the geosciences.
We are also planning to join with UT Austin in their interactions with Huston-Tillotson College. We are partnering with
UNAVCO on a joint initiative called RECESS to build on the
successful SOARS (Signiﬁcant Opportunities in Atmospheric
Research and Science) program. SOARS does, and RECESS
will provide a summer research environment with signiﬁcant
mentoring for undergraduates from underrepresented groups.
We are also working with Pennsylvania State University (and
partners) in AfricaArray, which is designed to increase educational capacity in Africa and also has a component for the
engagement of African-American students and teacher workshops at HBCUs. We will also explore ways to establish stronger relationships with the National Society of Black Physicists,
to encourage more physics student interest in Earth science.
An example of an IRIS E&O activity that has been and
will continue to be expanded is our ongoing relationship with
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There are a number of areas where we are increasing
our targeting of underrepresented groups in our existing programs. For example, as part of the internship programʼs recruitment efforts, components are tailored to reach students
at primarily minority serving institutions. Teachers that are
not participating in the large national conferences where we
typically hold our workshops are recruited from local urban
school districts to participate in professional development efforts. Diné College, a Native American college, was one of
our ﬁrst Educational Afﬁliate members, and we are working
to engage one or more HBCUs as Educational Afﬁliate members. This engagement of HBCUʼs can also be an avenue
to promote IRIS job opportunities. We will target minority
serving institutions in advertisements for hosting one of our
Distinguished Lecturers. We will also put increased emphasis
on distribution of AS-1 seismographs to schools with a large
percentage of students from underrepresented groups.
IRIS/USGS Museum exhibits
We propose to continue to work with major museums to
develop new displays based on the exhibits at AMNH and the
Smithsonian. We expect to develop new partnerships with 24 major museums over the 5-year period. We will also make

Example display from the Museum Lite exhibit at Sunset Crater Volcano National
Monument visitor center.
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the new Museum Lite display a major focus of our museum
program. The Museum Lite display is a simple to implement
and low cost way to provide high-quality, real-time seismology and other museum-quality information to a very wide
audience. The project evolved out of the online Seismic
Monitor and the IRIS/USGS large-scale earthquake displays.
The “big league” museum display is too expensive and takes
too much maintenance to be practical for small museums,
schools, universities, visitor centers, etc.
Museum Lite consists of a customizable set of web pages that can be viewed either via an interactive touch screen or
an automatically cycling display. An individual venue will be
able to select from a menu that includes such choices as:
• Maps of current seismicity at various scales (global, regional, local) with touch-screen capability to get information on individual earthquakes
• Online displays of nearby real-time seismic data (e.g.,
from USArray stations).
• Static maps such as long-term seismicity and seismic
hazard
• General local information or graphics desired by the client.
The full museum display requires a dedicated staff and
costly hardware. A number of good web sites exist supplying
a variety of pertinent information, but none are museum oriented and as easy to use. The initial response to the Museum
Lite displays has been encouraging and we anticipate a signiﬁcant market for a web-based, customizable, real-time display.
For example, the recent evaluation of the IRIS museum display carried out by the IRIS E&O program highlighted broad
public fascination with real-time earthquake information. Museum Lite is particularly well-suited to EarthScope/USArray
outreach, as new results and discoveries can easily be added as
they become available and the display can be easily customized for a particular region and for large numbers of venues.
To achieve this, E&O proposes to develop an interactive customization system and associated web resources to support up
to several hundred such systems within ﬁve years.
The existence of established partnerships with major
museums and a careful evaluation of the displays, combined
with the demonstrated potential of the Museum Lite display
provides the basis for a considerable expansion of the program. The Museum-Lite display is also of signiﬁcant interest to IRIS members and Educational Afﬁliates and thus will
serve consortium membership as well as the general public.
Teacher professional development
The 1-day workshops held before major national meetings
have been very successful as measured by post-workshop surveys (same day and 1 year later) and will be continued. Additionally, IRIS E&O plans to begin working with partners (such
as McREL, NEES, UNAVCO) to offer more comprehensive
teacher professional development. An important audience we
do not currently reach is pre-service teachers (i.e., school of
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education students getting teaching certiﬁcates). Working with
pre-service teachers would help us cross the science department/education department divide that exists at some universities while providing Earth science familiarity to teachers at a
critical stage in their careers. As described previously, a major
new initiative begun in the past year is the development of partnerships with entire school districts to help achieve long-term,
systemic reform. During the next ﬁve years we propose to continue to work with Yuma High School District and to apply the
model we are developing with Yuma to at least one other school
district with a high percentage of underrepresented groups.
Promoting the collection and use of seismic data
IRIS E&O seeks to promote the installation and effective
use of educational seismographs and seismic data, to disseminate high-quality curricular materials and educational services that promote the use of seismology in science education,
and to provide an organizational framework for coordination
and advocacy of educational seismology across the country.
This promotion can take place on at least three levels:
• Broad use of regional and/or global data via Internet
tools
• Simple student seismographs in schools
• Networked research-quality seismographs in schools
To reach a large number of students and provide sufﬁcient educational and technical support, it is necessary to
work at both the regional and national levels. A goal of the

AS-1 seismograph.

US Educational Seismology Network (USESN) is to provide
such a structure and to work towards the long-term vision of
a system encompassing:
• 100ʼs of research grade (e.g., broadband) instruments
• 1,000ʼs of instruction-quality (e.g., AS-1-type) instruments
• 10,000ʼs of schools using freely available seismic data
via the web
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The USESN is envisioned as a federation of universities
and other groups promoting seismology education in their
regions, with IRIS assisting in leading the federation. IRIS
is already taking a lead role in facilitating the base for the
above organization via web-based software and is providing
professional development for teachers to ensure that the AS-1
seismographs are used effectively. IRIS will provide overall
national-scale coordination and will focus on widely-applicable software, classroom exercises, simple stand-alone seismographs and the teacher professional development needed
to support these products. Local and regional teacher education and technical assistance, particularly for networks such
as Indiana PEPP, South Carolina (SCEPP) and the Nevada
K-12 network, will be best carried out on a regional basis. As
part of its leadership role IRIS E&O will continue to focus
on providing web-based tools such as the Seismic Monitor
and the new Rapid Earthquake Viewer (REV) (led by University of South Carolina and now supported with independent NSF funding), and we will also continue to work with
USC and DLESE on improving the educational capabilities
of the Global Earthquake Explorer (GEE), a platform-independent seismic analysis tool that is designed for student use
and accesses IRIS data via the Internet. IRIS E&O will also
continue to support improvement to software and classroom
modules related to the AS-1 seismograph. We plan to initiate
a redesign of the AS-1 electronics and to explore other teaching-appropriate seismograph options to further expand the
availability of classroom seismographs. If a still lower-cost
seismograph can be developed, a worldwide partnership with
the international GLOBE program may be seeded.
USESN-related development is currently being catalyzed using IRIS E&O funding. These efforts have included
development of software and educational modules, support
for the creation of a seismograph buyers guide for teachers,
and support for the initial stages of coordinating the groups
that comprise the USESN (including an NSF-funded USESN

Record section for selected earthquake from REV Web site: http://rev.seis.sc.edu
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workshop in September, 2003). An important seed effort over
the next year will be to work with one of the regional groups
to develop an improved model for the educational aspects of
regional programs. We expect that this scalable model will
include partnerships with local schools of education, teacher
professional development, and modiﬁcation of existing classroom exercises (using existing data collection and analysis
software) for state standards and local curriculum.
Improving undergraduate education via the Educational
Afﬁliates membership
IRIS Educational Afﬁliate (EA) members are a community of institutions with a common interest in the promotion
and enhancement of seismology education. As such, members of this community are consumers of both seismology
educational products and seismological research. Additionally, many of the members also have an interest in developing
products and programs to further enhance seismology education across a variety of levels. Thus the EA members are an
ideal group to work with IRIS E&O to improve seismology
education at the undergraduate level, particularly for large introductory classes.
To enable this community, over the next ﬁve years the
IRIS E&O program will: develop new programs designed to
support and enable the EA community and its interests, gradually recruit additional institutions with a proven dedication
to seismology education, and continue to foster a sense of
community among EA members and interactions/collaborations between EA members and IRIS full members.
The Sabbaticals in Seismology (SIS) program is a new
initiative designed speciﬁcally to address the needs of the
Educational Afﬁliate community by providing limited travel
support for selected EA faculty to work with seismologists
at an IRIS institution. SIS strives to promote high-quality
geophysics instruction and research opportunities for undergraduates by supporting collaborative geophysical research/
educational efforts involving faculty at IRIS member institutions and EA representatives. Beyond facilitating new opportunities for undergraduates, a SIS experience for EA faculty
will greatly enrich the facultyʼs background knowledge of
seismology and Earth sciences, which in turn is expected to
greatly enhance their ability to present geophysics topics in
classes at their home institutions. A successful pilot program
was initiated in January of 2005 and was a partnership between Eckerd College and the University of Texas Institute
of Geophysics.
In addition to the SIS program, a new program designed
to further the professional development of the EA community
and beyond will also be developed within the next ﬁve years.
Unlike the SIS program, which emphasizes research experience as the means of learning, this effort will have a classroom
focus. The design of the multi-day workshop will enable EA
members and other participants to access seismological data
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for use in class and lab, identify interesting topics which can
be explored and highlighted through the use of seismological
data, as well as gain experience using the software necessary
to manipulate the data. This program will greatly augment
and expand our current one-day workshop offered annually
at GSA that includes but does not focus solely on data. A possible pre-existing venue for such a workshop can be found
through the National Association of Geoscience Teachers
(NAGT) Cutting-Edge workshop series.
Another new program to be developed within the next ﬁve
years will be the development of an IRIS collection of seismology teaching resources aimed at the undergraduate audience.
Such resources should be diverse and include animations, slide
shows, images, maps, video-clips etc. Once compiled, such
a collection could beneﬁt many other users beyond the EA
community including full IRIS members and K-12 educators.
The development of such a collection, including the development of a system for individuals to rapidly contribute material,
would create critical infrastructure to allow the IRIS E&O program to rapidly respond to exciting events as they occur. The
automated creation of collections such as the Sumatra – Andaman Island Earthquake page (http://www.iris.iris.edu/sumatra/) would provide timely and accurate resources for use in
classrooms around the world. When considering the construction of such a collection, on-going efforts such as DLESE and
Electronic Encyclopedia of Earthquakes will be consulted and
integrated into the concept.
The ﬁnal new program to be developed within the next
ﬁve years is the development of a ﬂexible electronic “primer”
focused on global seismology that can be used by non-seismologists to introduce more in-depth coverage of global seismology in core undergraduate courses such as structural geology or tectonics. The primer would consist of a limited set of
pdf “few-pagers” which, together with some selected graphics and animations could be used at no cost as a supplement
to the course text. Discussions and IRIS-wide community
input could ﬂesh out an outline of basics that would include
topics often ignored or poorly covered in non-seismology
texts e.g. magnitude scales (Ms vs. mb vs Mw) and surface
wave dispersion and depth distribution. Since no “hard copy”
would be published, an annual “cutting edge” section could
be developed to help circumvent the often decade long lag in
textbooks adopting new research.
Internship Programs
IRIS E&O will expand its summer internship program over the next 3 years through the leveraging of newly
awarded REU funding from NSF. The program will blend
the spirit of a traditional REU site with IRISʼ successful
experience hosting students at widely separated institutions.
To do this IRIS will ﬁrst initiate an orientation program to
bring the students together as a community of learners, and
to begin to bond through a shared experience. While togeth-

Summer intern servicing portable seismographs in New Zealand.

er, interns will participate in a variety of activities designed
to: 1) engage them in the exciting research questions of
modern seismology, 2) facilitate peer interaction, 3) provide
an introduction to effective habits of independent workers
and, 4) prepare interns to use a variety of communications
technologies. Following this, interns will spend 8-10 weeks
working on a seismology research project with their individual hosts. The projects will be structured to provide interns with ample opportunities to develop successful work
skills and an understanding of scientiﬁc inquiry, to gather
and convey scientiﬁc information, and to use advanced geophysical technology.
Though separated from the other IRIS interns by distance, internsʼ experiences during this period will not be
limited to only the activities at their host institution. Leveraging training provided at the orientation, all students will
communicate with each other and participate in a learning
community. This communication will include both required,
structured interactions via video conferencing and blogs, and
relatively unstructured discussion boards. Scientiﬁc results
generated from the summer research project will be presented
at a professional conference to provide the students with the
opportunity to interact with the larger IRIS and Earth science
community, and to reconnect, face-to-face with their peers.
We will also continue to expand internship opportunities
through partnerships. Current interactions include the IRIS
PASSCAL intern, the SOARS program in partnership with
UNAVCOʼs RECESS program, and collaboration with the
AfricaArray initiative.
International leadership
IRIS E&O has begun providing seed equipment (AS-1
seismographs) and sharing expertise with school seismograph
programs at various stages of development in New Zealand,
Great Britain, France, Italy and Costa Rica. Students are very
interested in sharing seismic data between schools in different countries and IRIS can take the lead in providing the
mechanism for the schools to interact. At the undergraduate
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and graduate level, IRIS can also become more proactively
involved with the activities of IASPEI (International Association of Seismology and Physics of the Earthʼs Interior) Commission on E&O. Greater translation and distribution of IRIS
E&O materials and new E&O technologies (such as Museum
Lite, REV, and GEE) also offer exceptional opportunities for
seeding new international interactions.
Increase outreach (“inreach”) to IRIS consortium members
We propose to provide overviews of E&O and other seismology resources for the future seismology professors and
other professionals (i.e. graduate students) to assist them in
teaching seismology and Earth science in general and to build
future associations with E&O efforts. These would be conducted as 1-day workshops for graduate students, probably
the day before the annual IRIS workshop. We also propose to
considerably expand the reach of the IRIS E&O program to
provide more structured assistance to PIs in outlining ways
their research projects can address the need for broadly disseminating their research and its implications. For example,
IRIS E&O can provide an avenue of dissemination through
its partnership in American Institute of Physicsʼ Discoveries
and Breakthroughs Inside Science (DBIS) program, which
produces short science research stories for local TV news
broadcasts
New Initiatives
In addition to the activities described in the above sections, for which full funding is requested in this proposal,
IRIS E&O also requests seed funding to explore the following new initiatives. These new activities will signiﬁcantly
increase the reach of IRIS E&O products, and will leverage
resources through a number of partnerships.
Visualization and animation of seismic data and modeling
results
Graphical tools that allow interactive visualization of
data and models provide an important, and increasingly realizable, way for students to gain understanding of complex
concepts and data sets. They also provide the means to capture the imagination and engage a much broader audience. All
three new initiatives have the goal of signiﬁcantly increasing
the size of the audience reached by IRIS E&O. Seismology
has lagged behind other ﬁelds such as astronomy because we
have lacked the visual images to capture an audienceʼs attention. The technology and modeling results now exist to take
a major step forward in seismology visualization. We propose to work with partners to improve and create new ways
to combine seismic data and results with other data. Combining the diverse data sets and results that will arise from
EarthScope research projects is a prime example. The visualizations could include web-based and stand-alone products
and 3D technologies such as GeoWall. An example would
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be a map-view representation of 3-D particle motions across
the Transportable Array from a large earthquake. Another example is improved imaging of mantle structure and dynamics
via collaboration with UNAVCO and Geosciences Network
(GEON), using the GEON Integrated Data Viewer (IDV),
which is an extension of the Unidata IDV. A pilot project will
be to work with NSFʼs ofﬁce of legislative and public affairs
on a product that explains seismic tomography on the scale
of USArray.
Distance learning and on-line professional development
We propose to develop an on-line course and associated
training, “Seismology in the Earth System” targeting formal education (grades 6-12) in-service teachers. The course
would help teachers improve their instructional skills in seismology related topics in three key ways; improved content
background, learning through the use of pedagogically sound
instruction (modeling), and providing high quality related
activities for use in the classroom. This model ﬁts a need of
many teachers today in providing a meaningful way for them
to get graduate credits for certiﬁcation. Additionally it ﬁts
within the service role of the E&O program, as IRIS E&O
would write a proposal for the development of the course, develop it and then give the course, along with training, to any
IRIS school who wanted to offer it through their institution
(perhaps in a partnership with the education and Earth science departments). The initiative would be sustainable since
IRIS would only seek major funding to develop the course.
Once the course has been developed, the cost of implementing it would be covered by the individual IRIS institutions
that offer the course to their students.
As part of a collaboration with the Electronic Encyclopedia of Earthquakes (E3) project led by the Southern California Earthquake Center (SCEC) we propose to develop virtual
teacher workshops. As in the existing workshops, content
will be delivered along with modeling of best practices in an
environment where teachers are encouraged to collaborate.
We will develop pathways through E3 that will be virtual
versions of the successful 1-day professional development
workshop. The pathways will include short video clips from
the workshop (e.g. the use of a slinky to demonstrate seismic
waves), links to software and classroom activities modeled
in the workshop, discussion questions, and potential lesson
plans. Teachers will be encouraged to partner with another
teacher when working through the material. In addition we
will be able to use the new pathways as supplemental material for our in-person workshops. As with our current workshops, follow-up surveys will be sent 6-12 months later to
assess the long-term effectiveness of the virtual workshop.
IRIS can also facilitate the creation of distance learning
courses in seismic techniques applications. A course that is
developed and used only at one IRIS institution may have
too small an audience to be viable, whereas if the course can
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be offered to students at a number of institutions, teaching it
becomes cost effective. In a pilot initiative, IRIS E&O sponsored a successful seismic reﬂection short course, which used
commercial processing software (SPW) that IRIS helps make
available to its members at a reduced price.
Video products for major media distribution
We propose to work with partners such as AGI, UNAVCO and EarthScope, to expand IRISʼ involvement in video
products for large markets (such as Discovery Channel or
National Geographic). The goal is to create dramatic stories
that are told in a cutting edge documentary television style
that targets both primetime and educational audiences. The
videos will be entertaining and fast-paced and will capture
scientists who are engaging storytellers while they work on
cutting edge research with state-of-the art equipment (such as
EarthScope USArray resources). 3-D graphics will illustrate
theory, hypotheses, and data-driven results of their efforts.
The videos will be supplemented by practical and absorbing curriculum activities that are distributed on the web. The
videos and supplemental material will meet the required educational standards for middle and high school science. Funding for the videos will be pursued in partnership with video
production companies and others by leveraging core IRIS
funding.
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Consortium Governance and Program Management

Facilities for Research
As it celebrated its 50th anniversary in 2002, the National Science Foundation identiﬁed “People, Ideas, Tools” as the
cornerstones of its new Strategic Plan. The inclusion of an
explicit commitment to facilities as an underpinning of NSFsupported research is echoed in the Geoscience Directorateʼs
“NSF Geosciences Beyond 2000” and “Geo Facilities LongRange Plan”. These documents reﬂect a growing awareness,
especially in the Earth and environmental sciences, of the
need for the Foundation to balance its support of basic research with a commitment to establish and maintain the observational and data-management tools required to stimulate
and support research and exploration. At the same time, by
including “People” as a key element in its Strategic Plan,
NSF underscores its commitment to the educational process
and makes explicit the obligation to maintain the highest
quality scientiﬁc workforce and present our data, results and
experience to the public in ways that are stimulating and approachable.
Under Cooperative Agreement with NSF, the IRIS Consortium has established core facilities—the tools of seismology—that have become an essential part of the fabric of
domestic and international research in seismology and the
Earth sciences. Through careful planning and constant reevaluation, these tools have evolved and grown in response
to the changing needs of the research community. The IRIS
facilities were established with a commitment to high-performance in quality of instrumentation, data resources and user
services. IRIS continues that tradition of excellence, extending the facilities to higher resolution; establishing a pathway
to an enduring, long-term commitment to global observations
and preservation of data resources; and encouraging public
and educational involvement in the excitement of seismological discovery.
A substantial investment has been made in IRIS facilities, in both hardware and software. Less tangible, but equally important, has been the investment in the human resources
that make IRIS an effective and efﬁcient organization. One of
the most signiﬁcant activities of the mature IRIS organization

is the operation and maintenance of the capital investments
that have been made in establishing its facilities. A signiﬁcant
challenge for IRIS and the seismology community in the future will be to maintain the support required to continue operation of the full facility (both tools and people) to support
the exploration of new ideas essential for a healthy future of
research in seismology and the Earth sciences.

IRIS Consortium
Consortium Membership
The dual role of IRIS, as a consortium and a facility operator, has been key to the success of the health and vigor of
its programs. To engage the research community and provide
it with direct involvement in the development of the core programs, the Consortium is governed by a Board of Directors
elected by Member Representatives from each of the Consortiumʼs 102 Member Institutions. To provide the legal and ﬁscal structure through which it can interact with federal funding agencies, IRIS is a 501 (c) (3) not-for-proﬁt corporation,
incorporated under the laws of the State of Delaware in 1984.
The IRIS By-Laws specify that educational and not-for-proﬁt
institutions chartered in the US, with a major commitment to
research in seismology and related ﬁelds, may become Members of IRIS. Two- and four-year colleges and universities
with a commitment to teaching undergraduate Earth science,
including seismology, may become Educational Afﬁliates.
Research institutions and other not-for-proﬁt organizations
both inside and outside the US engaged in seismological research and development, which do not otherwise qualify for
IRIS membership, may be elected Afﬁliates or Foreign Afﬁliates. The Membership meets at least once per year, to receive
a report of annual activities and elect members to the Board
of Directors. Consortium activities also take place at the IRIS
Annual (soon to become biannual) Workshop, usually held
in June, and partial travel support is provided to encourage
participation by Representatives and students from Member
Institutions.
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Governance and Committee Structure
The nine-member Board of Directors, elected by, and
acting on behalf of, the Member Institutions, serves as the
major decision-making forum for IRIS. The Board sets goals
and policies, reviews and approves program plans and budgets, appoints members to advisory committees and directs
the activities of the President and staff. The Chair, Vice-Chair
and Secretary of the Board of Directors, along with the President and the Treasurer, serve as Ofﬁcers of the Corporation.
Members of the Board of Directors must be Member Representatives from Member Institutions and are elected by the
membership for rotating three-year terms. The Board of Directors has created three sub-committees drawn from Board
of Directors membership—Budget and Finance, Membership
and Legal Affairs—that are responsible for coordination of
key Board functions. The three-member Budget & Finance
Committee works with the Director of Finance and Administration and takes responsibility for receiving and reviewing monthly budget reports, for oversight of the unrestricted
funds, and to initially receive the auditorʼs reports. The Board
also appoints membership to the Nominations Committee to
prepare a slate for the annual election and a Workshop and
Publications Committee.
The Board of Directors appoints and receives information and advice from a Planning Committee, a Program Coordination Committee and four Program Standing Committees. The Planning Committee develops new initiatives and
coordinates IRIS research activities with related programs
in ﬁelds such as earthquake hazard mitigation and nuclear
monitoring. The Program Coordination Committee integrates
activities that crosscut the individual programs and is charged
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with developing a coordinated program budget each year for
presentation to the Board of Directors. A special Instrumentation Committee was recently created to report to the Coordination Committee on pan-IRIS instrumentation issues.
Four separate Standing Committees provide detailed oversight of the four core programs: the Global Seismographic
Network (GSN), the Program for Array Seismic Studies of
the Continental Lithosphere (PASSCAL), the Data Management System (DMS), and the Education and Outreach Program (E&O). Chairs of the Standing Committees participate
in Board of Directors meetings on a non-voting basis. In addition, the President and the Board of Directors can appoint
special advisory committees and ad hoc working groups for
speciﬁc tasks. It is the role of all appointed committees to
develop recommendations for the Board of Directors, which
in turn, evaluates and acts upon such recommendations on
behalf of the Membership.
The Board of Directors meets three or more times per
year to review the status of IRIS programs, to approve annual budgets and to develop long-term program directions.
Each of the four Standing Committees meets twice per year
to review program-speciﬁc activities and makes recommendations for improvements and future developments. The Coordination Committee meets prior to the Board of Directorsʼ
spring budget meeting to coordinate presentation of the next
yearʼs plan and budgets for approval by the Board. Each year,
IRIS committee meetings are also combined with site review
visits to the various program facilities, speciﬁcally: the Data
Management Center in Seattle, Washington; the PASSCAL
Instrument Center in Socorro, New Mexico; the GSN facility
at the University of California, San Diego; the USGS partner-

102 MEMBER INSTITUTIONS
BOARD OF DIRECTORS
9 Elected Members
Officers: Chair, Vice Chair, Secretary, Treasurer, President

Program Coordination Committee

Planning Committee

Instrumentation Committee

Standing Committee for the
Global Seismographic Network

Standing Committee for
PASSCAL

Governance and committee structure for IRIS Consortium and core programs.
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ship facility at the USGS Albuquerque Seismological Laboratory in Albuquerque, New Mexico; and the IRIS headquarters ofﬁce in Washington, District of Columbia.
One of the greatest strengths of IRIS continues to be the
strong engagement of a broad sector of the scientiﬁc community in the governance and management of the Consortium and facilities. Membership on the Board of Directors
is restricted to Member Representatives, but the Standing
Committees, other committees and working groups can draw
from any institution and a number of scientists from government agencies and labs participate, enriching the input to the
committees and enhancing interagency collaboration. More
than 160 individuals have served on IRIS committees since
1984, with more than 50 engaged in active, pro bono service
each year. While a number of committed individuals have
been exemplary in their dedication through continued service
over the years, often on multiple committees, there has also
been an explicit effort to engage new committee members,
especially younger scientists. Most members of the Board of
Directors are elected after initial participation on one of the
Program Standing Committees, providing them with an indepth knowledge of the way in which the facilities are operated. The constant feedback and advice from a community of
active scientists has been essential to the success and evolution of the programs and facilities operated by IRIS.

Collaborations and Partnerships
IRIS has entered into partnerships with both national
and international agencies and groups whose scientiﬁc goals
overlap those of IRIS. These partnerships range from formal
documents and MOUʼs to “a handshake,” illustrating the
ﬂexibility with which IRIS can act in serving and furthering its scientiﬁc programs. In addition to various modes of
interaction with Consortium member institutions, some of
the principal organizations with which IRIS interacts in the
US include: the United States Geological Survey (USGS),
the Southern California Earthquake Center (SCEC), the Advanced National Seismic System (and many of the associated
regional networks), UNAVCO Inc., the UNIDATA program
center of the University Consortium for Atmospheric Research (UCAR), the Digital Library for Earth Science Education, the Association of State Geologists, NASA/JPL, DOE
and its labs, and AFTAC.
USGS
Among its US partners, IRIS has formed its strongest
ties with the USGS. The USGS presence and stability have
proven to be of great importance throughout the IRIS programs. The USGS (through it Albuquerque Seismological
Laboratory, ASL) has been a partner with IRIS in the GSN
since its inception. The ASL group is responsible for operation of more than 60% of the GSN stations. Under long-

standing arrangements, re-conﬁrmed in a GSN Annex to a
Memorandum of Understanding between NSF and USGS,
IRIS provides the capital investment for the station instrumentation at joint stations and the USGS funds the operations
and maintenance. Data collection and quality control are carried out jointly with all data from the entire GSN available
through the IRIS Data Management Center. There has also
been close collaboration between IRIS and the USGS Advanced National Seismic System (ANSS), primarily though
the USGS group in Golden, Colorado, related to development of the national Backbone network and data distribution.
Numerous experiments involving USGS scientists, often in
partnership with university PIs, have made use of PASSCAL
instruments in crustal studies in the US and abroad. These
have included a number of signiﬁcant investigations of basin
structure in urban areas in the western US related to seismic
hazard evaluation. The USGS and the IRIS Education and
Outreach Program have also collaborated on the development
of a very successful museum display and outreach program.
International
In the international sphere, collaborations with many organizations have been essential to the health of the GSN as
a global observing program. The map of GSN stations and
the list of GSN partners in the following section indicates the
scope these collaborations. Each of the more than 100 GSN
stations outside the US represents some level of formal international partnership developed by IRIS, USGS and UCSD.
These range from large and complex agreements with China,
Russia and many of the states of the former Soviet Union, to
arrangements with national universities or Geological Surveys, to operating agreements with private organizations and
individuals. A signiﬁcant program with Japan has resulted in
joint installation of stations at remote islands in the Paciﬁc,
including real-time satellite telemetry. Exchanges with the
Central Asian republics of the former Soviet Union have been
especially fruitful. Collaborative projects, many of them initiated by IRIS, have made it possible to install modern seismic
stations and gather ﬁrst-class data from a region of the world
that was inaccessible to seismologists twenty years ago. GSN
stations play an important role in the International Monitoring System for the Comprehensive Test Ban Treaty Organization and arrangements for shared satellite communication with
that organization are greatly improving the real-time access to
some GSN stations. These and other partnerships provide an
extremely cost-effective mechanism to operate a global facility like the GSN, and provide an avenue for US researchers
to work in regions of the world that would be difﬁcult to access. Many PASSCAL experiments have been able to build
on contacts that have emerged though IRIS interactions with
foreign institutions. Conversely, many of the IRIS Foreign Afﬁliates have joined because of interest in IRIS and its programs
developed though contacts made during GSN installations or
PASSCAL-supported experiments.
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The IRIS Data Management System has also been a vehicle and stimulant for international collaboration, especially
in the area of data exchange. Through the international Federation of Digital Seismograph Networks, many national and
regional networks exchange data and contribute to the FDSN
archive at the IRIS DMC. A number of national data centers have adopted IRIS-developed formats and procedures
for data management, greatly facilitating data exchange. The
IRIS DMS has lead an effort to develop the concept of networked data centers (NetDC) that is being used to share resources and data between major centers in the US, Europe,
Japan and China.
While these international and domestic partnerships play
a signiﬁcant role in efﬁcient operation of the IRIS facilities,
the stability and strength of these relationships is grounded
in the role that IRIS plays as a university-based Consortium
encouraging international scientiﬁc exchanges and collaboration in Earth science research
IRIS and EarthScope
In 2003, IRIS, UNAVCO Inc. and Stanford University,
in collaboration with the USGS, were funded to establish the
facility infrastructure as part of EarthScope, an NSF Major
Research Equipment and Facility Construction (MREFC)
project. EarthScope facilities will include a continental scale
seismic array (USArray), a network of geodetic and strain
instruments along the western US plate Boundary (PBO)
and deep borehole observatory across the San Andreas Fault
(SAFOD). IRIS is responsible for the development and operation of USArray, the seismological component of EarthScope. USArray includes:
•
•

•

A Transportable Array of 400 portable, unmanned threecomponent broadband seismometers deployed on a uniform grid that will systematically cover the US;
A Flexible Array of 400 portable, three-component,
short-period and broadband seismographs and 2000
single-channel high frequency recorders for active and
passive source studies that will augment the transportable array, permitting a range of speciﬁc targets to be
addressed in a focused manner; and
A Backbone Network of high-quality, three-component
seismic stations, coordinated as part of the US Geological Surveyʼs Advanced National Seismic System
(ANSS), to provide a reference array spanning the contiguous United States and Alaska.

USArray is being operated and managed by IRIS as a
special project closely integrated with the core IRIS programs, but separately funded and managed. The USArray
backbone network is being implemented through the IRIS
GSN program in close collaboration with the USGS GSN and
ANSS groups. The Flexible Array is being managed through
the PASSCAL program at the USArray Operations Facility
housed with the PASSCAL Instrument Center at New Mexico
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Tech Institute of Mining and Technology. The Transportable
Array (TA), by far the largest component of USArray, is being
managed as a special project, closely linked to the PASSCAL
and DMS programs. The TA will utilize the USArray Operations Facility in Socorro for equipment acquisition and development and an Array Network Facility at UC San Diego for
support of communications and telemetry. Construction and
installation of TA ﬁeld sites will be carried out by contractors
hired by IRIS. All data from USArray, along with seismic
data from SAFOD and PBO, are being archived and quality
controlled at the IRIS Data Management Center, building on
standard procedures developed as part of the core DMS program. Advice and guidance for the implementation of USArray comes through the regular IRIS committee structure,
with special working groups established to provide advice
on speciﬁc USArray topics. High level review and guidance
for USArray is provided by a USArray Advisory Committee
which reports to the IRIS Board of Directors.
Overall management of EarthScope is the responsibility of a special EarthScope Facility Ofﬁce and Project Director with which IRIS, UNAVCO Inc, Stanford University and
USGS collaborate in planning, management and reporting
for the integrated EarthScope facilities. For management efﬁciency, the EarthScope Ofﬁce award is made through IRIS,
but is funded and staffed separately. Management oversight
for the overall EarthScope facility and ofﬁce is provided
by an EarthScope Facility Executive Committee, with representation from each of the EarthScope components. The
initial development and construction phase for EarthScope
and USArray, as part of the MREFC program, extends over
5 years, 2003 – 2008. During this phase, the Backbone network will be completed; the Flexible Array equipment will
be acquired and the ﬁrst 400 sites of the Transportable Array
will be installed in the Western US. During the second phase,
which is anticipated to last for an additional 10-15 years, the
Transportable Array will migrate across the rest of the lower48 states and into Alaska.
USArray represents a major undertaking for IRIS. Overall IRIS budget and stafﬁng will double. Equipment and personnel for installation and operation of the Transportable Array represent the major part of these increases (approximately
50% of the total USArray budget and a personnel commitment
of 50 FTEʼs for the operation of the Transportable Array).
All of the IRIS core programs, however, are involved with
USArray, contributing strongly to the EarthScope program
and deriving signiﬁcant beneﬁt from the enhanced facilities
and interactions supported through this new project.

Management Structure
IRIS management is based on linked operational structures for the four core programs—the Global Seismographic
Network, the PASSCAL program for portable instrumenta-
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tion, the Data Management System, and Education and Outreach. The central administrative and business functions are
carried out through a Headquarters Ofﬁce in Washington, DC
As described below, the programs are managed through ofﬁces or subawards linked to each of the operational centers
for the core programs. Overall management is under the direction of a full-time President, appointed by the Board of
Directors. Senior staff consists of:
•
•
•
•
•
•
•
•

Dr. David Simpson, President
Dr. Raymond Willemann, Director of Planning
Dr. Shane Ingate, Director of Operations
Dr. Tim Ahern, DMS Program Manager
Dr. Rhett Butler, GSN Program Manager
Dr. Jim Fowler, PASSCAL Program Manager
Dr. John Taber, E&O Program Manager
Ms. Candy Shin, Director of Finance and Administration

Although each of the four core programs have a standardized management and oversight structure consisting of
a Program Manager and Standing Committee, each program
operates through its own unique combination of direct employees, sub-awards, and partnerships. The core facilities
programs are widely dispersed: key elements, involving fulltime staff devoted to IRIS activities, are located at the Data
Management Center in Seattle; the PASSCAL Instrument
Center in Socorro; the IDA and Broadband Array groups at
UC San Diego, the USGS GSN facility in Albuquerque; and
IRIS Headquarters in Washington DC.
As of August 2005, IRIS has 50 full-time employees on its
payroll. Of these, 13 are Headquarters Management and Busi-

ness Ofﬁce staff (primarily supported through indirect cost
recovery; see below); 16 are DMC core program staff; 7 are
GSN, PASSCAL and E&O program and management staff;
7 are direct charged to the separate USArray award; and 7 are
the EarthScope Ofﬁce staff, funded through IRIS as a separate award. With adjustments for shared support under G&A
and USArray, approximately 30 of these 50 IRIS FTEʼs are
supported through the IRIS core programs (non-EarthScope).
Approximately 27 additional individuals involved in the core
programs are supported full time through the major IRIS subawards at UCSD (IDA/GSN and Broadband Array) New Mexico Tech (PASSCAL Instrument Center) and the University of
Texas, El Paso (for support of Texan instruments). Thus, the
operation of the core IRIS facilities currently involves a total
of 57 full-time scientists, technicians, managers and support
staff funded through the Cooperative Agreement with the EAR
Instrumentation and Facilities Program. GSN operations also
involve an additional 22 FTEʼs directly funded by the USGS at
the Albuquerque Seismological Laboratory.
Not included in these totals is partial FTE support provided through subawards for important IRIS-related programs at Harvard University (for GSN data quality review);
the University of Washington (as host for the DMC); and the
University of South Carolina (for software development). As
noted above, more than 60 additional FTEʼs are supported
under subawards and contracts for the separately funded
USArray award.
Senior Management at IRIS Headquarters consists of the
President, Director of Planning, Director of Operations and
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Director of Finance and Administration. In addition to direct
oversight of the IRIS programs and Consortium activities, the
President serves as the primary point of contact between IRIS
and NSF and with the IRIS Board of Directors and Membership. The Director of Planning works with the Planning Committee to explore new program and funding initiatives and
improve the visibility of the IRIS program with the public,
member institutions, government agencies, and Congress.
The Director of Operations works with the Program Coordination Committee and Program Managers to strengthen
interactions among the programs and develop cross-program
initiatives. Headquarters staff is also responsible for organization of meetings, workshops, publications and other Consortium activities.
The IRIS Business Ofﬁce is responsible for accounting and ﬁnancial reporting, human resources, contracts and
awards, procurement and inventory, insurance, and general
ofﬁce assistance. The goals of the business ofﬁce are to implement good business practices in all areas such that:
•
•
•
•

Business operations are effective and efﬁcient.
Activities are in compliance with applicable laws, regulations, award terms and conditions, and internal policies
and procedures.
Program personnel receive the appropriate support for
their programs.
Organizational assets are protected.

The business ofﬁce staff (which supports IRIS core programs, USArray and EarthScope) consists of:
•
•
•
•
•
•
•

Director of Finance and Administration: plans, organizes, and directs the functions of the business ofﬁce, and
reports to the President.
Accounting Manager: oversees accounting functions to
ensure accurate and reliable data necessary for business
operations.
Business Projects Manager: assists in the preparation of
proposals, oversees contract ﬁnancial management, and
provides analysis of awards status.
Contracts Specialist: manages subawards and expenditures associated with special projects.
Staff Accountant I: reviews and veriﬁes contract expenses, and reconciles inventory records.
Staff Accountant II: processes travel vouchers, rebills,
and purchase orders.
Staff Accountant III: processes general accounts payable
and records cash receipts.

In 2001, at the beginning of the current 5-year Cooperative Agreement, NSF required that IRIS implement an
indirect rate structure. Management and general administrative expenses (including management and business ofﬁce
salaries, Board of Directorsʼ meetings travel, audit and legal
fees, payroll processing, and human resource services) are
recovered through a G&A rate, which is budgeted at 17% in
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this proposal. Salaries for all senior management staff, except for the Program Managers, are included under G&A,
and thus supported by all IRIS awards, including the core
I&F programs and EarthScope/USArray. Program Managers salaries are shared between the IRIS core programs and
EarthScope/USArray.
The two IRIS locations which are directly leased by IRIS
and not operated under subaward arrangements (Headquarters
ofﬁces in Washington, DC and the Data Management Center
ofﬁces in Seattle, WA) have separate overhead rates which are
applied to the salaries of personnel working at these respective
locations, for indirect cost recovery of the general ofﬁce overhead expenses (rent, ofﬁce equipment leases, administrative
support salaries, telephone, general ofﬁce supplies). The DC
ofﬁce overhead rate is budgeted at 22% and the DMC ofﬁce
overhead rate is budgeted at 20% in this proposal.

Funding History
The primary instrument for IRIS support has been a series of ﬁve-year cooperative agreements between IRIS and
the National Science Foundation. These awards are based
on proposals that review the current state of the facility and
outline the goals for activities for the next ﬁve years. Both
the IRIS proposal and the annual program plans and budgets
are developed through a systematic process designed to distill the collective scientiﬁc interests and priorities of 102 research institutions. This mode of NSF funding for the IRIS
facilities—ﬁve-year Cooperative Agreements with Annual
Program Plans and Budgets—has provided a level of both
stability and ﬂexibility that has allowed the facility resources
to evolve in response to changing scientiﬁc needs and technical developments.
Under the ﬁve-year Cooperative Agreements, NSF has
charged IRIS with “establishing, operating, maintaining, and
managing the IRIS core programs...,” with statements of work
that are developed by the NSF Program Ofﬁcer, in consultation
with IRIS, based on the tasks identiﬁed in the ﬁve-year proposal submissions. In addition to funding from the NSF Earth
Sciences Division Instrumentation and Facilities Program
(EAR/IF), NSF allows supplements from other NSF programs,
other Federal agencies, or other funds, to be provided through
amendments to the Cooperative Agreement, up to a maximum
approved by the National Science Board. IRIS has received
external funding from a variety of public and private sources,
including the Department of Defense, Department of Energy,
National Imagery and Mapping Agency, the Comprehensive
Nuclear-Test-Ban Treaty Organization, the Keck Foundation,
the W. Alton Jones Foundation, and Japanese organizations.
IRIS maintains a separate account of unrestricted funds, built
from membership fees, investments and management fees.
These monies are used for expenses that are not or cannot be
supported by a Federal award.
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IRIS Funding History
25,000

$ in thousands

20,000

USArray
Other Funding
DOD
DOE
NSF (IF)
Funding: Core
IRIS Programs

15,000

10,000

5,000

History of support for IRIS showing source of funding.
The core support has come from the NSF Earth Science Division, Instrumentation and Facilities Program.
Additional support has come from Congressional appropriations to DOD and DOE, transferred to NSF via interagency agreement. EarthScope funding for USArray,
starting in 2004, approximately equals the core funding
and includes support both facility construction support
from the Major Research Facility and Construction
(MREFC) account and Operations and Maintenance
support from the NSF Research and Related Activities
account. Support for the EarthScope Facility Office and
EarthScope E&O, funded through IRIS but under a separate awards, is not shown in this figure. EarthScope
funding under existing awards for 2006-2007 is show as
projected. Future year funding beyond 2007 for EarthScope is currently under review. Core program funding
as requested under this five-year proposal is shown as
projected, 2006-2011.

Typically in January, the IRIS Board
of
Directors
meets to set overall policy
86
91
96
01
06
goals
and
recommend
the balance among
Year
projected
programs for the next funding year, which
First
NEW
Second
Third
Fourth
begins on July 1. In the early spring, IRIS
Cooperative Agreement
Cooperative Agreement
Cooperative Agreement
Cooperative Agreement
Cooperative Agreement
EAR-98419149
EAR-9023505
EAR-9529992
EAR-0004370
EAR-XXXXXXX
Standing Committees meet to develop
Total Funding: $30,162,924 Total Funding: $85,000,000 Total Funding: $54,598,677 Funding as of 8/05: $63,217,848 Requested Funding: $89,663,564
4/1/85 – 12/31/92
7/1/91 – 6/30/98
7/1/96 – 6/30/03
7/1/01 – 6/30/06
7/1/06 – 6/30/11
detailed program plans and budgets, review work statements and proposals for
Two signiﬁcant enhancements to the IRIS support have
subawards, and identify material for the Annual Report and
come from special Congressional appropriations through the
Plan. After the Standing Committee meetings, the IRIS CoDepartment of Defense (1988-1996, for support of a joint proordination Committee (CoCom) reviews and reconciles difgram with the Soviet Academy of Science and for multi-use
ferences between program budgets, develops options for an
application of the GSN including nuclear monitoring) and the
overall budget plan for presentation to the Board, and prepares
Department of Energy (2001-2005, for replacement of PASSan outline for the Annual Report and Plan. In the late spring,
CAL data loggers). Starting in 2003, IRIS funding almost douthe Board meets again to review or modify the overall funding
bled with the initiation of the EarthScope/USArray project, The
structure, and approves a ﬁnal draft Budget and Program Plan.
EarthScope and USArray funding to IRIS comes through a sepIRIS staff then prepares the Annual Report, Program Plan and
arate Cooperative Agreement, and includes separate budgets for
Budget for submission to NSF based on the guidance from the
USArray Major Research Equipment, USArray Operations and
Board. The new ﬁscal year for IRIS, and the usual budget year
Maintenance and support of the EarthScope Facility Ofﬁce.
for the core programs, begins July1.
0

Annual Budget Process
Under the Cooperative Agreement with EAR Instrumentation and Facilities for core program support, IRIS is
required to submit to NSF an Annual Report, Plan and Budget, which summarizes the activities over the past year, outlines the program for the year ahead and presents the budget
request for the following year. These annual reports are not
proposals (which are submitted every ﬁve years) but progress
reports to the NSF Program Manager and form the basis for
annual funding increments. The details of the annual plan and
budget are not constrained by the original proposal, but are
expected to follow the general plan presented in the proposal
and the nominal levels of annual funding increments speciﬁed in the Cooperative Agreement.

Overlain upon the IRIS management structure and budget process is the management oversight provided by the
National Science Foundation. The Annual Program Plan and
Budget, as proposed through the Board and approved by the
NSF Program Ofﬁcer, forms the basis for each yearʼs program activities. The Cooperative Agreement sets thresholds
under which IRIS can make internal changes in budget allocations and provides mechanisms by which requests for more
signiﬁcant changes in the plan can be presented to NSF for
approval. The ongoing interaction among the NSF Program
Ofﬁcer, IRIS management and the community representation
on IRIS committees, coupled with the ﬂexible structure of the
Cooperative Agreement, has proven to be effective in allowing IRIS to establish and develop its core facilities in response
to the evolving needs of the university research community.
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AAAS ........American Association for the Advancement of Science
ADPC ........Asian Disaster Preparedness Center
ACES .........Arctic/Antarctic Cetacean and Earthquake Science
AGI ...........American Geological Institute
ANSS ........USGS’s Advanced National Seismic System
ASL ...........USGS’s Albuquerque Seismological Laboratory
ATM ..........NSF’s Division of Atmospheric Sciences
BATS .........Broadband Array in Taiwan for Seismology
CNSN ........Canadian National Seismic Network
BEARR ......Broadband Experiment Across Alaska Range
BUD ..........Buﬀer of Uniform Data
CANOE ......Canadian Northwest Experiment
CIDER........Cooperative Institute for Deep Earth Research
CIG ...........Computational Infrastructure for Geodynamics
CMB..........Core-Mantle Boundary
CNET .........Caucasus Network
COMPRES ..Consortium for Mineral Properties Research in Earth Sciences
CORBA ......Common Object Request Broker Architecture
CTBT .........Comprehensive Nuclear Test Ban Treaty
DHI ...........Data Handling Interface
DLESE .......Digital Library for Earth System Education
DMC .........IRIS’s Data Management Center
DMS..........IRIS’s Data Management System
DMSSC ......Data Management System Standing Committee
DOD ..........Department of Defense
DOE ..........Department of Energy
E&O ..........IRIS’s Education and Outreach Program
EA.............IRIS Educational Aﬃliate
EAR ..........NSF’s Division of Earth Sciences
EMSOC ......A national instrument facility for ElectroMagnetic Studies of Continents
FDSN ........Federation of Digital Broad-Band Seismograph Networks
FISSURES ..Framework for Integration of Scientiﬁc Software for University
Research in Earth Sciences
FTE ...........Full Time Equivalent
GEON ........Geosciences Network
GEOSS .......Global Earth Observing System of Systems
GPS ..........Global Positioning System
GSN ..........IRIS’s Global Seismographic Network
HBCU ........Historically Black Colleges and Universities
IDA ...........International Deployment of Accelerometers
IDAS .........Integrated Data Access System
IDL ...........Interface Deﬁnition Language
IDV ...........Integrated Data Viewer
IMS ...........CTBT Organization’s International Monitoring System
IOC ...........Intergovernmental Oceanographic Commission
IODP .........Integrated Ocean Drilling Program
IRIS...........The Incorporated Research Institutions for Seismology
ISC ............International Seismological Centre
IT..............Information Technology
K-12 .........Kindergarten – 12th Grade Education
KNET.........Kyrgyz seismic NETwork
LTO ...........Linear Tape Open
MedNET ....Mediterranean very broadband seismographic NETwork
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NASA ........National Aeronautics and Space Administration
NCEDC.......Northern California Earthquake Data Center
NEIC..........USGS’s National Earthquake Information Center
NOAA ........National Oceanic and Atmospheric Administration
NSF...........National Science Foundation
NSMP .......USGS’s National Strong Motion Program
O&M .........Operations and Maintenance
OBS ..........Ocean Bottom Seismometer
OBSIP .......Ocean Bottom Seismometer Instrument Pool
OCE...........NSF’s Division of Ocean Sciences
OEDG ........Opportunities for Enhancing Diversity in the Geosciences
OOI ...........ORION’s Ocean Observatory Initiative
OPP ..........NSF’s Oﬃce of Polar Programs
ORFEUS.....Observatories and Research Facilities for EUropean Seismology
ORION.......Ocean Research Interactive Observatory Networks
PASSCAL ...IRIS’s Program for Array Seismic Studies of the Continental Lithosphere
PBO ..........EarthScope’s Plate Boundary Observatory
PDF ..........Power Density Function
PI ............. Principal Investigator
PIC............PASSCAL Instrument Center
PTS ..........CTBT Organization’s Provisional Technical Secretariat
QUACK ......QUality Analysis Control Kit
RAMP ....... Rapid Array Mobilization Program
REU ..........Research Experience for Undergraduates
RMS..........Root Mean Squared
SAC ...........Seismic Analysis Code
SACNAS.....Society for the Advancement of Chicanos and Native Americans in
Science
SAFOD ......EarthScope’s San Andreas Fault Observatory at Depth
SAN ..........Storage Area Network
SATA .........Serial Advanced Technology Attachment
SCEC .........Southern California Earthquake Center
SCEDC .......Southern California Earthquake Data Center
SCEPP .......South Carolina Earth Physics Project
SEED .........Standard for Exchange of Earthquake Data
SIS ............Sabbaticals in Seismology
SOARS.......Signiﬁcant Opportunities in Atmospheric Research and Science
SOD ..........Standing Order for Data
SPRESSO ...South Pole Remote Earth Science and Seismological Observatory
SPYDER.....System to Provide You Data from Earthquakes Rapidly
SSA ...........Seismological Society of America
UCAR ........University Consortium for Atmospheric Research
UCLA.........University of California, Los Angeles
UCSD ........University of California, San Diego
ULVZ ......... Ultra-Low Velocity Zone
UNIDATA ...University Data Project
USAAC ......USArray Advisory Committee
USESN.......United States Educational Seismology Network
USGS ........United States Geological Survey
UTEP.........University of Texas at El Paso
VSAT .........Very Small Aperture Terminal
WILBER.....Web Interface to Lookup Big Events for Retrieval
XML ..........eXtensible Markup Language

