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this proposal is submitted by iris on behalf of the board of Directors, 
which represents the full membership of the consortium, and thus 
the collective scientific interests of those 114 u.s. research institu-
tions. the proposal includes contributions from iris program standing 
committees and other governing and advisory bodies of the consortium, 
which collectively include more than 60 faculty members who are 
actively engaged in research projects that are funded by the national 
science Foundation.

the proposal and supporting materials are bound in two volumes. 
volume i includes the project summary, Description, and budget, as 
well as descriptions of the individual programs into which iris orga-
nizes its activities. volume ii is an overview of scientific accomplish-
ments that are based on use of iris facilities.

the project Description begins with an introduction to the iris 
consortium and facilities, followed by a précis of research facilitated 
by iris. the project Description also includes a description of activi-
ties required to sustain facilities that support state-of-the-art research, 
a vision for transitioning all iris activities into an integrated suite of 
services, and a brief outline of our funding request.

the budget is an explication of our estimates of costs to carry out the 
activities that are summarized in the project Description and detailed in 
the program Descriptions.

the program Descriptions are synopses of the infrastructure and 
operation of iris core facilities and several related programs. each 
synopsis includes an overview of the program’s development and its 
activities under the current cooperative agreement, and a detailed 
description of plans and resources requested to continue meeting the 
current needs of the research community and support investigators 
pursuing new opportunities.

the review of accomplishments is comprised principally of nearly 
250 one-page vignettes, contributed by the research community, and 
based on research that has been enabled by iris, in most cases through 
use of one or more of the core iris facilities or usarray.



submitted to
national science Foundation

Division of earth sciences
instrumentation and Facilities program

by
incorporated research institutions for seismology

1200 new york avenue, nw, suite 800
washington, D.c. 20005

on behalf of
board of Directors

and 114 member research institutions
of the iris consortium

september 2010

proposal to nsF
July 1, 2011 – 
september 30, 2013

volume i - proJect Description

Facilitating new Discoveries in 

seismology anD exploring the earth
the next DecaDe



boarD oF Directors

susan beck, susan (chair) ......university of arizona 
Jim gaherty (vice chair) ........columbia university 
Don Forsyth (secretary) .........brown university
susan bilek ...........................new mexico institute of mining and technology 
ed garnero ............................arizona state university 
steve grand ...........................university of texas at austin 
John hole ..............................virginia polytechnic institute and state university
steven roecker ......................rensselaer polytechnic institute
Doug wiens ...........................washington university in st. louis

committee chairpeople

xiaodong song ......................gsn standing committee .................................................university of illinois at urbana-champaign
richard allen ........................passcal standing committee ..........................................university of california, berkeley
Keith Koper ...........................Dms standing committee ................................................saint louis university
glenn Kroeger .......................e&o standing committee ................................................trinity university
thorne lay ............................planning committee ........................................................university of california, santa cruz
matt Fouch ............................usarray advisory committee ...........................................arizona state university
John collins ........................... instrumentation committee ............................................woods hole oceanographic institution
anne meltzer ......................... international Development seismology committee ........lehigh university

senior staFF
timothy ahern ......................Dms program manager and Director of Data services
Kent anderson ......................gsn operations manager and acting gsn program manager
robert busby ........................transportable array manager
olga cabello ..........................Director of international Development seismology
James Fowler ........................senior advisor for engineering and instrumentation
James gridley ........................passcal program manager
candy shin ............................chief Financial officer and Director Financial services
David simpson ......................president
John taber ............................e&o program manager and Director of education and public outreach
raymond willemann ............Director of planning and community activities
robert woolley......................Director of program support and special projects
robert woodward .................usarray Director and Director of instrumentation services



volume i | proJect Description

contents

section 1 | consortium governance oF iris Facilities ...........1

iris overview ...................................................................................................................1

the 2011–2013 iris proposal ............................................................................................1

the iris consortium model ...............................................................................................2

success of iris in achieving past goals ..............................................................................4

sustaining investments and preparing for the Future .........................................................7

section 2 | research enableD by iris Facilities ...........................8

grand challenges in seismology ........................................................................................9

broader impacts From addressing grand challenges ..........................................................13

conclusion .......................................................................................................................16

section 3 | sustaining the core .............................................................17

overview of iris core programs ........................................................................................17

proposal structure ............................................................................................................19

global seismographic network ..........................................................................................19

passcal ...........................................................................................................................22

Data management system .................................................................................................24

education and outreach ...................................................................................................27

community activities ........................................................................................................29

international Development seismology .............................................................................30

polar services ...................................................................................................................31

usarray/earthscope ..........................................................................................................33

section 4 | transitioning For the Future ......................................34

integrated management of the core programs and usarray ................................................34

changes in iris management structure ..............................................................................34

instrumentation services ..................................................................................................37

Data services ....................................................................................................................40

education and public outreach .........................................................................................41

pan-iris synergies and interactions ...................................................................................41

Future Directions ..............................................................................................................43

section 5 | buDget plan ...............................................................................46

budget request by core program ......................................................................................46

program budgets by expense category ..............................................................................47

comparison with the current iris-nsF cooperative agreement ...........................................49

polar services ...................................................................................................................49





proJect Description | section 1 | 1

section 1 | consortium governance  
oF iris Facilities

iris overview
For 25 years IRIS—the Incorporated Research Institutions 
for Seismology—has been supported by the National Science 
Foundation and governed by its Consortium members to 
manage the key infrastructure resources to support academic 
research in seismology. IRIS, operating as a not-for-profit 
consortium of 114 U.S. universities and research institutions 
across the country, has facilitated and embraced a commit-
ment to high-quality instrumentation, data access and sharing, 
and data services that now underlie much of the research in 
seismology and solid Earth sciences in the United States and 
many parts of the world. IRIS activities comprise distributed 
core facility programs and projects managed by IRIS staff for 
the community. IRIS has revolutionized how the technical 
and organizational aspects of seismology are practiced in the 
United States and worldwide. The concept of shared resources, 
and especially data sharing, is gradually being adopted glob-
ally in large part due to the IRIS philosophy of open data and 
data sharing for multiple purposes. Never is the access to 
data more obvious than after major earthquakes such as the 
Sichuan, Haiti, or Chile earthquakes. Within minutes after 
these earthquakes, researchers and others were downloading 
data from the IRIS archive.

the 2011–2013 iris proposal
This is the sixth multiyear proposal to NSF to support IRIS 
facilities since the 1984 founding proposal. While earlier 
proposals (1991, 1995, 2001, 2006) have each involved a five-
year renewal framework, this proposal is distinct in that it 
is requesting funding for a designated 27-month interval, 
specified by NSF. This time frame is intended to synchro-
nize the funding cycle for IRIS core programs with the opera-
tions and maintenance of the USArray component of project 
EarthScope with a combined renewal proposal to be devel-
oped for 2013–2018 funding. 

This shortened funding cycle comes at an auspicious time 
for IRIS. The Consortium has now completed 25 years of 
facilities development and construction, largely achieving 
early goals of the core programs as envisioned in the 
founding proposal, along with tremendous success under the 
EarthScope MREFC project. USArray facilities are providing 
extensive datasets from its Transportable Array, Flexible 
Array, ANSS Backbone Array, and Magnetotelluric Array 
activities. IRIS has also initiated a number of activities that 
had not been envisioned in the founding proposal, including 
a thriving Education and Outreach program, strong interdis-
ciplinary coordination with other Earth science programs, 
exploration of linkages between research and hazard mitiga-

tion in developing countries, and a strong pres-
ence in support of polar research. The current 
overall IRIS enterprise, as both a set of critical 
research facilities and as a disciplinary coordi-
nating structure, is mature, vigorous, and highly 
productive. 

Under the current Cooperative Agreement 
with NSF, the IRIS Board of Directors, its 
Standing Committees, and management staff 
have engaged in various planning activities aimed 
at exploring opportunities to retain the vitality in 
a mature 25-year organization and to evolve to 
respond to the changing demands of the research 
community. In those deliberations, the Board has 
re-affirmed its commitment to the IRIS Mission 
Statement (see box) and goals of the Consortium 
to “facilitate, collaborate, and educate.” To remain 
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successful, IRIS must continuously evaluate the relevance of 
our facilities to current research needs and demonstrate the 
value of NSF investments through the research accomplish-
ments of our Consortium members and the research commu-
nity. As in past proposal cycles, we have engaged the research 
community in demonstrating those accomplishments through 
the collection of “one-pager” research statements that are 
included as an separate appendix to this proposal. 

Following the very successful review of the 2006–2011 
IRIS proposal, NSF requested that the IRIS Board convene a 
broad community workshop to develop a long-range science 
plan for seismological research and to explore future facili-
ties requirements to support those research endeavors. This 
community perspective on research opportunities and facility 
needs was intended to complement the IRIS internal plan-
ning process. The recommendations of the Long-Range 
Science Plan for Seismology workshop, held in September 
2008, are presented in Seismological Grand Challenges in 
Understanding Earth’s Dynamic Systems. These recommen-
dations, along with the research accomplishments described 
elsewhere in this proposal and the advice of the Standing 
Committees, have informed the IRIS Board in its planning for 
the continued operation and expansion of the IRIS facilities. 
The next section of this proposal provides a brief summary of 
the Grand Challenges and highlights those that link directly 
to the facility resources supported by IRIS.

In response to NSF’s challenge to develop a plan for merged 
management of the core programs and USArray in 2013, the 
IRIS Board has recently approved a number of changes in 

management structure to help ensure that the core programs 
and USArray have flexibility and vitality and are well inte-
grated to ensure their future success. In a later section of this 
proposal, the revised IRIS management structure is described 
in more detail, to show how it will build on the synergies 
between our instrumentation programs and encourage inte-
gration between field programs, data collection, data distri-
bution and the development of data products.

the iris consortium moDel
As a consortium that from the outset comprised all of the 
“major players” in U.S. academic seismology, IRIS has engaged 
a much broader governance community than is typical for the 
oversight of facilities developed for specific projects of experi-
ments. Rather than focusing on the development of the tech-
nical resources for a single experiment or research institu-
tion, IRIS facilities are inherently multi-user and multi-use, 
and directed by a community with a wide range of research 
interests. This governance model served seismology well in 
the early days, when it provided a forum for addressing issues 
such as the mechanisms for integrating pre-existing stations 
into the GSN, the best mix of instrumentation in the PASSCAL 
pool, the formats and protocols for exchanging different types 
of seismological data, and even the overall balance of invest-
ment among the GSN, PASSCAL, DMS, and E&O programs. 
The model has continued to be effective as the incubator for 
new initiatives such as USArray and EarthScope. Seismology 
instrumentation is intrinsically distributed and one of the 
major goals of IRIS is to coordinate data and instrumentation 

gsn anD global earthquaKe centroiD moment tensors

the nsF-funded global cmt project at 
columbia university is aimed at moni-
toring global earthquake activity and 
determining earthquake source char-
acteristics for all earthquakes greater 
than magnitude 5.0. the global cmt 
catalog (http://www.globalcmt.org), 
produced primarily from gsn data, 
contains the most comprehensive 
collection of global earthquake 
centroid moment tensors available, 
and spans the period 1976–2010. the 
cmt catalog has become recognized 
as an essential community resource, 
and is the standard database used in 
a wide range of seismic, geodetic, and 
tectonic studies of earth dynamics 
and deformation. 

Focal mechanisms based on centroid moment tensor solutions determined by the lamont global cmt 
project for 2725 shallow earthquakes that occurred from January 2008–January 2010.
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with often-complex histories. This inclusive model was and 
remains important for establishing community ownership of 
instrumentation resources and data.

Important changes over time include the progressive 
increase in sophistication of the facilities and the growth of 
the Consortium to include virtually every U.S. university 
with even a modest research program in seismology. IRIS has 
adapted to these changes by modifying both the staffing and 
the governance structure of the not-for-profit corporation. 
The consortium model has served the seismological commu-
nity well over the years. The community governance model—
including the core program Standing Committees reporting 
to a Board of Directors that is both elected by and comprised 
of academic members—has provided a framework for the 
academic seismological community to participate in decision-
making and has preserved community oversight of the facili-
ties to ensure that they continue to serve the evolving research 
needs. In parallel, a combination of contracting and hiring 

key staff with skills that complement those of seismologists 
has enabled the facilities to take full advantage of new tech-
nologies and make the facilities ever more efficient.

This record of success extends even into integrating facility 
models that depart significantly from earlier practice—such as 
the professional installation of Transportable Array stations. 
The continued broad participation in IRIS governance has 
ensured that access to portable instruments and services as 
well as access to data continue to benefit a widening circle 
of investigators. Alternatives, such as separate governance of 
each facility by individual institutions or small groups, would 
put both the integration and the widespread benefits at risk. 
The benefits of consortium governance and joint management 
will accrue as long as the underlying technologies of seismic 
data acquisition and archival continue to evolve.

The consortium governance structure has also had the 
secondary benefit of providing natural opportunities to inte-
grate early-career investigators into the decision-making 

encouraging stuDents – engaging the public – inForming teachers anD Faculty

the iris education and outreach program brings the 
excitement of seismology and the earth sciences to the 
public and the classroom and helps prepare the next 
generation of practicing earth scientists. the active earth 
Display (middle) is an interactive kiosk used in museums, 
parks, and universities to display real-time earthquake 
activity and waveforms and demonstrate basic earth 
science concepts. 

the iris summer intern program conducts an orienta-
tion program at new mexico tech (left) and matches under-
graduates with university pis across the country to partici-
pate in research. resources for the public and the classroom 
teacher (right) include maps, brochures, posters, explana-
tory notes, and extensive materials available on the web.
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structure. Extensive turnover of membership on the standing 
committees has engaged many universities in IRIS gover-
nance at high level, and has brought in younger researchers as 
first-generation leaders have moved on. Many of those who 
now make use of IRIS resources and serve in advisory roles on 
IRIS committees have enjoyed the support of IRIS throughout 
their entire academic careers. This changing demographic 
was especially evident during the 25th anniversary celebra-
tion at the most recent IRIS biennial workshop. Almost half 
of the participants were students, postdocs, and early-career 
scientists, and an award was presented to a Harvard graduate 
student who birth date was three months after the incorpora-
tion date for IRIS in 1984. 

A final attribute of the consortium model of governance is 
that, by virtue of its broad representation of the U.S. academic 
seismological community, IRIS has proven very successful 
in its interagency collaboration with, for example, the U.S. 
Geological Survey. IRIS has also fostered successful inter-
national collaborations with many countries hosting GSN 

equipment, and with groups like the 
International Monitoring System 
whose data-collection activities help 
offset many telemetry costs for the 
GSN. These partnerships are greatly 
facilitated by the academic stature and 
multilateral relationships of the IRIS 
Consortium membership. 

success oF iris in 
achieving past goals
The 1984 founding proposal for 
IRIS identified a 10-year program 
to implement four national facilities 
for seismology, including a Global 
Digital Seismic Array with real-time 
satellite telemetry from 100 obser-
vatories, a 1000-unit portable digital 
seismograph Mobile Array, Central 
Data Management and Distribution 
Facilities to provide rapid and conve-
nient access to data for the entire 
research community, and a Major 
Computational Facility capable of 
supporting analyses of the new data. 
Today, the Global Seismographic 
Network (GSN) is a 153+ station, glob-
ally distributed, state-of-the-art digital 
seismographic network sustained by 
close partnership between NSF and 
the U.S. Geological Survey and many 

international partners. The Program for Array Seismic Studies 
of  the Continental Lithosphere (PASSCAL) and the USArray 
Flexible Array includes 875 dataloggers, 2320 three-compo-
nent sensors (broadband, intermediate period, short-period, 
high-frequency, and accelerometers), and 6937  single-
channel instruments. The Data Management System (DMS) 
is comprised of eight nodes of data collection centers and a 
Data Management Center (DMC) that provides open and 
easy access to all IRIS data holdings and data products along 
with even larger quantities of other seismological data and 
virtual pathways to international data archives. 

Today, in the wake of a large global earthquake, a few 
clicks on a web page can provide any seismological researcher 
anywhere in the world full waveform and metadata informa-
tion for over 1000 global seismic stations. There are over 103 
terabytes of data archived in the DMS (as of Oct. 1, 2009), and 
55.1 terabytes have been shipped to researchers by the end of 
2009. The primary goals of the 1984 proposal have been real-
ized, and tremendous research facilities for seismology have 

recorDing great earthquaKes

the iris/usgs global seismographic network was initiated in the mid-1980s to replace the 
aging analog stations of the worldwide standardized seismographic network (wwssn). 
the gsn, with affiliate stations, has now grown to more than 150 installations, each 
equipped with very broadband seismometers and providing data to both the monitoring 
and research communities in real time. gsn’s growth has coincided with a substantial 
increase in the number of large earthquakes over the past two decades, including the m

w
 

9.2 sumatra megathrust of 2004 and m
w
 8.8 chile subduction zone event of 2010. the 

upper graph shows the running average number of events ≥ m 8.0 per 10-year interval 
(from the pager catalog). the lower graph shows individual earthquake magnitudes and 
the history of stations in the wwssn and gsn. gsn data have been used to characterize 
the temporal and spatial details of recent great earthquake ruptures in unprecedented 
detail and the plethora of large events has provided a rich source of data for investiga-
tions of deep earth structure. (Figure based on c. ammon et al., great earthquakes and 
global seismic networks. Seismological Research Letters, accepted, 2010)
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been achieved. The original IRIS goal of a major computa-
tional facility was not realized, but Moore’s Law rendered it 
less of a priority. Technological evolution of workstation and 
cluster computation elevated computational power in the 
seismological community to allow fruitful exploitation of 
the new datasets.

IRIS programs have articulated new goals with each 
succeeding five-year proposal, many of them in support of 
training and outreach objectives. The DMS has supported 
international workshops on data formats and digital network 
functions. PASSCAL provides extensive training to ensure the 
adoption of best practices in field experiments and data collec-
tion. The Education and Outreach Program has become one 
of the most successful of NSF’s solid Earth science outreach 
efforts, supporting museum displays, teacher training, seismo-
graphs in schools, summer internships, distinguished lecture 

series, and educational poster distributions. These activities 
have been regularly reviewed and adapted by the Consortium, 
and are now intrinsic strengths of the core IRIS programs.

The ultimate success of IRIS must be gauged by the scien-
tific impact of the facilities, and Volume II of this proposal 
on scientific accomplishments provides strong testimony to 
the importance of IRIS resources in enabling U.S. academic 
Earth science research. The evolution of the discipline of seis-
mology since 1985 has been extraordinary: over 600 PASSCAL 
experiments with more than 5000 portable stations have 
been deployed to study plate boundaries, cratons, orogenic 
systems, rifts, faults, magmatic systems, glaciers, icebergs, 
and structural responses in the built environment. Thousands 
of earthquakes around the world have been studied using 
GSN data to define tectonic motions, stress distributions, 
and exotic sources such as impacts, ring faults, and volcanic 
plumbing. Local, regional and global tomography have leapt 

encouraging Free anD open exchange oF Data
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by establishing standard formats, developing exchange proto-
cols, providing archival and distribution resources, and encour-
aging a culture of open data sharing, iris has helped to greatly 
expand the data available to research scientists worldwide. the 
iris Data management center archives and distributes all data 
from iris programs (gsn, passcal, and usarray) and is the archive 

for continuous data for designated stations from the international 
Federation of Digital seismograph networks (FDsn). numerous 
other u.s. and international networks also contribute data for distri-
bution through iris. this map shows the locations of more than 
12,000 permanent and temporary broadband stations for which 
data are available at the Dmc. 
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forward capitalizing on improved spatial coverage and reso-
lution using GSN and PASSCAL datasets, imaging previ-
ously unknown structures from the inner core to the surface. 
Synergies with geodynamics, mineral physics, volcanology, 
and even climatology have emerged that were unprecedented 
prior to the availability of IRIS datasets. IRIS-recorded 
ground motions, spanning from Earth’s continuous hum, 
to non-volcanic tremor, to violent shaking from numerous 
great earthquakes around the world, have been used in thou-
sands of research studies, revealing the fundamental nature of 

lithospheric deformations and ocean-atmosphere-solid Earth 
interactions. The large number of U.S. university programs 
with seismological research programs is largely a response to 
the open access provided to IRIS data, enfranchising research 
programs at all levels to pursue innovative research. This 
open-data policy has had great international impact on seis-
mological data access, and establishing a precedent for sharing 
all varieties of scientific data between nations.

ambient noise imaging

new techniques that use ambient noise as 
well as earthquake signals have revolution-
ized investigations of the velocity structure 
of the crust and upper mantle. these tech-
niques have been applied to usarray data to 
reveal both isotropic and anisotropic prop-
erties of the crust and uppermost mantle. 
simultaneous interpretation of these results 
with sKs splitting measurements gener-
ates a 3D model of azimuthal anisot-
ropy in the crust and uppermost mantle. 
(a)–(c) anisotropic properties of the crust, 
uppermost mantle, and asthenosphere are 
shown, where the fast propagation direction 
and anisotropic amplitude are represented 
by the orientation and length of the yellow/
red bars on a 0.6° spatial grid. isotropic shear 
wave speeds at depths of 15 and 50 km are 
color coded in the background of (a)–(b), and 
the fast direction is shown in the background 
in (c). (d) comparison of observations of sKs 
splitting and predictions (yellow) from the 
3D anisotropy model shown in (a)–(c). the 
blue, red, and black colors of the observed 
measurements identify differences with the 
model predictions of the fast axis directions: 
blue: 0º–30º, red: 30º–60º, black: 60º–90º. 
anisotropy is stratified vertically, dominated 
by relatively shallow tectonic processes 
confined to the crust and uppermost mantle, 
although the patterns of anisotropy in the 
crust and mantle are uncorrelated. the 
more homogeneous deeper asthenospheric 
anisotropy broadly reflects a mantle flow 
field controlled by a combination of north 
american plate motion and the subduction of 
the Juan de Fuca and Farallon slab systems. 
these results would not have been possible 
without usarray, and future work will apply 
the methods to new usarray stations to the 
east. (courtesy of mike ritzwoller and Fan-chi 
lin, university of colorado)
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sustaining investments anD 
preparing For the Future
The ongoing support of any facility program requires a deli-
cate balance between operating, maintaining, and refur-
bishing existing facilities, and investing in both technolog-
ical innovation and new initiatives that advance the science. 
A central organizational and financial commitment in all 
IRIS proposals is to continue to support and maintain those 
core facilities and resources that form the essential under-
pinning for a broad sector of research support in seismology 
for the U.S. academic community. At the same time, we seek 
to provide the infrastructure and facilities to support the 
research community in new and interdisciplinary lines of 
research in the Earth sciences.

In Section 3 of this proposal we describe the activities and 
budgets necessary to continue to support the activities of the 
core IRIS facilities. In Section 4, we outline the recent changes 
in IRIS management structure and show how these will lead to 
consolidated management of the core and USArray programs 
starting in 2013. We also describe how we will use this new 
structure to initiate the cross-programmatic innovations and 
developments in technology that will enhance the activities 

within the existing core programs. The new directions build 
upon the opportunities articulated in the Grand Challenges 
document and support the research community as it assesses 
future opportunities.

Achieving the goals defined by prior IRIS proposals has 
involved diversifying funding bases, collaboratively working 
with other agencies besides NSF to develop and sustain the 
facilities, and working with hundreds of international part-
ners to provide the global coverage and communications 
facilities that underlie the facilities. NSF can legitimately view 
its investment in IRIS facilities as being heavily leveraged to 
the benefit of the scientific undertakings of the seismological 
research community.

exploring continental lithosphere worlDwiDe

as the highest mountain range in the world, the himalayas and 
the nearby tibetan plateau have fascinated earth scientists for 
centuries. the himalayan-tibetan continental lithosphere during 
mountain building (hi-climb) project and several earlier passcal-
enabled experiments in tibet, carried out with significant local 
support and in scientific collaboration with various chinese insti-
tutions, have provided new insights into the regional lithospheric 
structure and modes of deformation. 

these studies, along with geodetic and geologic data, have shown 
that the mountain-building deformation front has moved southward 
as indian crust is transferred to the overriding plate. underthrusting 
is now known to continue beneath southern tibet at least up to 
the south lhasa block, but its northern limit and geometry remain 

uncertain. hi-climb included a closely spaced, 800-km-long linear 
array of broadband passcal seismometers extending northward 
from the ganges basin, across the himalayas, the yarlung tsangpo 
suture, and the banggong-nujiang suture to central tibet. migrated 
receiver functions from different subsets of the hi-climb linear 
array data show that the lower part of the indian lithosphere 
underplates the himalayas and tibet up to 31°n and that the moho 
beneath tibet is anisotropic, indicating shearing during its forma-
tion. the dipping mantle fabric suggests that the indian mantle is 
subducting diffusely along several evolving subparallel structures. 
(From nabelek et al., 2009. underplating in the himalaya-tibet colli-
sion zone revealed by the hi-climb experiment. Science, doi:0.1126/
science.1167719. reprinted with permission from aaas.)
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IRIS facilities are organized and oper-
ated to meet the requirements of the 
research community, which evolve as 
new opportunities and frontiers are 
identified through several different 
forums. The scientific context for this 
proposal is illustrated through the 
documentation of ongoing research 
efforts of individuals and collab-
orative teams as summarized in the 
one-page project descriptions in the 
Accomplishments volume of this 
proposal. These current research 
summaries include nearly 250 indi-
vidual contributions, covering broad 
areas from the nature of faulting 
to the details of the time-varying 
nature of the boundaries within the 
mantle and core.

Forward-looking activities provide 
the basis and motivation for the 
refinement and support of IRIS 
services and the facilities. The Board 
of Directors, the Program Standing 
Committees, and other IRIS governing bodies all comprise 
active researchers who themselves carry out and publish 
cutting-edge research and participate in dozens of scientific 
conferences, workshops, and review panels in the United 
States and around the world. The strength and validity of the 

Consortium depends on sustaining and adapting facilities 
to enhance these research opportunities, and relies on the 
continuous input of this research community.

The IRIS Workshop and the EarthScope National Meeting 
in alternating years are important forums for identifying new 
and innovative science that the Consortium can facilitate. 
Each plenary session at the 2008 Workshop in Stevenson, 
WA—integrating seismology and mineral physics, western 
U.S. mantle dynamics, polar ice dynamics, episodic tremor 
and slip, and synergy between earthquake monitoring and 
research—has been an area of tumultuous progress in the 
ensuing few years. The 2010 Workshop in Snowbird, UT, was 
special in several ways: an occasion to reflect on how seis-
mology has changed during the 25-year history of IRIS, to 
discuss the broader impacts from seismology research in light 
of the 2010 Haiti earthquake disaster and great Chile earth-
quake, and to review radically new results regarding mantle 
dynamics and triggered earthquakes that have been possible 
partly thanks to the existence of USArray. Each of these 
special topics suggested nascent plans for the future, ranging 

section 2 | research enableD by iris Facilities

seismological granD challenges

During september 2008, well over 100 seismol-
ogists and geophysicists attended the long-
range science plan for seismology (lrsps) 
workshop where they presented exciting new 
research successes and highlighted funda-
mental knowledge gaps. the workshop culmi-
nated in a community-driven set of grand 
challenges that span a range of earth systems, 
show the wide range of topics in which seismo-
logical research plays an integral role, and can 
help drive future science initiatives, including: 
•	How	do	faults	slip?
•	How	 does	 the	 near-surface	 environment	

affect	natural	hazards	and	resources?
•	What	 is	 the	relationship	between	stress	and	

strain	in	the	lithosphere?
•	How	do	processes	in	the	ocean	and	atmosphere	interact	with	the	solid	Earth?
•	Where	are	water	and	hydrocarbons	hidden	beneath	the	surface?
•	How	to	magmas	ascend	and	erupt?
•	What	is	the	lithosphere-asthenosphere	boundary?
•	How	to	plate	boundary	systems	evolve?
•	How	do	temperature	and	composition	variations	control	mantle	and	core	convection?
•	How	are	Earth’s	internal	boundaries	affected	by	dynamics?	

SeiSmological 
grand challengeS

in UnderStanding 
earth’S dynamic

 SyStemS

January 2009

Long-range Science PLan for SeiSmoLogy WorkShoP

SePtember 18–19,  2008,  Denver,  co

Figure 2.1. 2010 iris workshop, snowbird, ut.
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from long-term facilities needed by individual researchers, to 
earthquake hazard mitigation in the 21st century, to new facil-
ities that can be built to capitalize on science from USArray. 

Other events that IRIS convenes, often in partnership 
with complementary organizations, may engage more tightly 
focused groups in more in-depth exploration of a specific set 
of issues. Examples from the past few years include:
•	 Out	of 	Africa,	February	2008, brought together key members 

of the IRIS community in  the United States, throughout 
the Americas, and in Southeast Asia to build strategies for 
transitioning networks of earthquake monitoring stations 
in developing countries into fully sustainable networks of 
advanced geophysical observatories.

•	 Seismic	 Instrumentation	 Symposium,	 November	 2009, 
addressed the intersection between scientific requirements 
and technological advances, spanning the entire seismic 
spectrum from earthquakes, nuclear explosions, and Earth 
structure studies, to the monitoring of man-made struc-
tures. Participants from across different disciplines were 
drawn from universities and federal agencies as well as 
private companies.

•	 Experiments	 with	 Portable	 Ocean	 Bottom	 Seismographs,	
September	2010, examines the future of portable OBSs to 
study problems in Earth structure and dynamics. The objec-
tives include identifying long-term opportunities, require-
ments for facilities, technologies with potential for signifi-
cant impact, and strategies to maximize scientific returns.

•	 Autonomous	 Polar	 Observing	 Systems,	 October	 2010, 
focuses on cooperation among scientific, technical, and 
logistical communities to maintain and expand stationary 
autonomous ground-based polar observing systems. The 
goals include identifying new science opportunities, best 
practices to improve reliability, technologies that may 
enable exciting new science, and strategies to maximize 
scientific returns.

granD challenges in seismology 
The Long-Range Science Plan for Seismology Workshop 
held in September 2008 brought together a diverse group 
of university and government research scientists to explore 
and document the most exciting directions for seismology 
on a decadal time frame. The participants clearly articu-
lated research directions for the academic community that 

crustal structure in southern caliFornia

a cross section of s wave speed (top right) shows that a community 3D model of the southern california crust (m00) includes only modest lateral 
heterogeneity, while a new model (m16) to generate synthetics (bottom) that better match broadband waveform shape has significant differences both 
at the surface and to depths of 20 km. (modified from tape et al., 2009. adjoint tomography of the southern california crust. Science, doi:10.1126/
science.1175298. reprinted with permission from aaas.)

the crust of southern california is among the most intensively 
studied parts of earth, yet even here important advances are 
being made with new high-quality data and more advanced 
numerical methods. tape et al. (2009) required access to 
advanced computing facilities for thousands of wavefield simu-
lations and data from multiple seismic networks to develop a 
new crustal model. the result includes local departures of 30% 
from a 3D community model, with features that relate to geolog-
ical observations, such as sedimentary basins, exhumed batho-
liths, and contrasting lithologies across faults. the new model 
provides synthetic seismograms that match observations much 
more closely, even from earthquakes not used in computing 
the model, which will benefit seismic hazard assessment.
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can resonate with a broad audience, which formed the basis 
for the workshop’s report: Seismological Grand Challenges in 
Understanding Earth’s Dynamic Systems. The science goals 
and facility recommendations from this Grand Challenges 
report form the foundation for continuation and expansion 
of the IRIS resources described in this proposal.

earthquaKes
Understanding earthquakes—and an attendant hope 
to anticipate and mitigate their effects—is the original 
motivation for studies in seismology. Recent work in 
seismology has continued to advance our understanding 
of the structure of faults and the physics of earthquake 
rupture. High-quality data from continuously operating 
seismic networks remain indispensable for computing the 
locations of numerous earthquakes that define the seismi-
cally active faults around the world. More complete and 
reliable catalogs of earthquakes have facilitated discovery 
of subtle changes in rates of earthquake occurrence that 
document phenomena that were only suspected until 
recently, such as remote triggering. Records that capture 
the broad band of seismic frequencies with wide dynamic 
range are the primary source of information for mapping 
rupture propagation in time and space during a single 
earthquake. Recent work has shown that dense, large-
scale arrays add additional constraints in computing 
rupture propagation maps that reduces uncertainty and 
imaging artifacts, leading to unambiguous evidence 
of previously doubted phenomena such as supershear 
rupture. Stable sources of data—stations with well-known 
response functions operated over many years—have led 
to the discovery of repeating earthquakes with nearly 
identical waveforms and opened the possibility of using 
subtle changes in the waveforms over years or decades to 
monitor changes in the stress state of faults.

Progress in understanding some complex processes 
has been achieved by using seismic data in conjunction 
with data from other geoscience disciplines. Mapping 
episodic tremor and slip requires both seismological 
and geodetic monitoring at a sufficient density to map 
the complementary phenomena. High-resolution three-
dimensional seismic imaging and deep drilling into active 
fault zones are essential approaches to understanding 
complex plate boundary systems. Structure and defor-
mation models are developed from seismic and geodetic 
data, rock samples and in situ rock properties from drill 
holes, and signals from small earthquakes.

crustal structure
Receiver function analyses from numerous stations, in some 
cases using sophisticated migration techniques to more 
accurately locate features, are revealing structural details in 
many plate boundary systems, pervasive patterns of spatially 
complex anisotropy in the lower crust, and spatial variability 
of crustal hydration in overriding plates of subduction zones. 
Where temporary stations are sufficiently dense, features in 
both the upper and lower crust that are diagnostic of tectonic 

mapping earth’s interior worlDwiDe

broadband seismograms collected from usarray and other 
networks available from the Dmc have been used to map topog-
raphy of phase boundaries in earth’s upper mantle. the relative 
timing of reflections from earth’s surface and boundaries within 
earth can be measured with high-resolution stacks of precursors to 
the seismic phase ss, if the data are of sufficiently high quality. the 
discontinuities usually found near depths of 410 km and 660 km 
are both deeper in the down-dip direction of subduction zones, 
which is inconsistent with cold material at 410-km depth. several 
mechanisms invoking chemical heterogeneity within the mantle 
transition zone might explain this feature. in some regions, there 
are multiple reflections from the discontinuities, consistent with 
partial melt near 410-km depth and/or additional phase changes 
near 660-km depth. thus, the origin of upper mantle heteroge-
neity has both chemical and thermal contributions, and is associ-
ated with deeply rooted tectonic processes.

the “bounce points” of ss phases midway between earthquakes and the 
stations that record the waves are widely distributed, providing usefully 
diverse sample points to create a reliable map of upper mantle proper-
ties (From schmerr and garnero. 2007. upper mantle discontinuity topog-
raphy from thermal and chemical heterogeneity. Science, doi: 10.1126/
science.1145962. reprinted with permission from aaas.)
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history are being mapped by ambient noise tomography, in 
some cases with extraordinary resolution by using new spec-
tral techniques that can resolve VS at offsets less than a wave-
length. These new products can be computed from both 
newly collected and archived data, making it possible now to 
independently determine both radial and azimuthal anisot-
ropy—even where field projects were completed more than 
10 years ago—providing more spatially complete evidence 
of crystal alignment. With this work, it now appears that 
crustal thinning is widespread in extensional provinces and 
that there are jumps in tectonic fabric across many transform 
plate boundaries.

New instrumentation is facilitating larger-scale active-
source experiments to map lower crustal structure. Results 
from these studies suggest underplating and reveal magmatic 
structures in some regions that extend far beyond the phys-
iographic expression of volcanic activity. Three-component 
recording from active sources has made it possible to map 
VP /VS ratios, providing additional evidence of the degree of 
partial melting and helping to link seismologically observed 
structures with surface features.

Where geodetic data demonstrate that magma injection is 
an ongoing process, investigators are using forward modeling 
of fluid-filled porous media to predict polarization of seismic 
arrivals, and so explore the degree of melt crystallization and 
water saturation in the mid crust.

Dynamics in the lithosphere anD upper mantle
Essentially all surface deformation—earthquakes, volcanic 
activity, slow tectonic deformation—results from forces 
associated with mantle convection in the asthenosphere. 
Transmittal of these forces through the nearly rigid litho-
sphere depends on the nature of the lithosphere-astheno-
sphere boundary. New studies of the nature of this boundary 
have been motivated by advances in laboratory observa-
tions of deformation mechanisms and the elastic proper-
ties of mantle rocks. Advanced imaging techniques based 
on conversion between S and P phases are providing more 
robust images of discontinuities within the upper 200 km of 
the mantle. Regional surface-wave analyses, now using large-
aperture arrays, are yielding higher-resolution estimates of 
absolute velocity and attenuation at these depths that can be 
directly compared to laboratory-based predictions. Estimates 
of variations in the layering of seismic anisotropy, from shear 
wave splitting and azimuthally variable surface wave disper-
sion, provide an additional means to map layering and defor-
mation history within the uppermost mantle.

EarthScope data offer extraordinarily detailed regional-
scale images of seismic velocity, anisotropy, and attenuation 
beneath the western United States, while ever-larger PASSCAL 
experiments around the world provide complementary infor-
mation in other tectonic settings. New insights are being 
gained about the evolution of plates and plate boundaries, 

mantle heterogeneity anD Flow From multiDisciplinary Data

a thermal model of the mantle can be derived assuming that heterogeneity is due only to temper-
ature  anomalies. the “africa superplume” uniquely requires an additional high  composi-
tional anomaly  to  also  fit geodynamic data (From simmons et al., 2007. thermochemical struc-
ture and components of the african superplume. Geophysical Research Letters, 34, l02301, 
doi:10.1029/2006gl028009)

mantle heterogeneity is most commonly shown as seismic velocity 
anomalies, because seismic waves are the most direct mantle 
probe, but these static images are difficult to directly trans-
late to mantle flow. more complete tomographic images 
of the mantle can be derived through joint inversion 
of seismic data and a suite of convection-related 
observations, including surface gravity and topog-
raphy, core-mantle boundary topography, and 
tectonic plate divergences, interpreted with 
viscous-flow response functions and mineral 
physics constraints. temperature variations 
dominate shear-wave and density heteroge-
neity in the non-cratonic mantle, but notable 
compositional anomalies are evident, most 
strongly within the “african superplume.” 
time-dependent flow calculations from the 
jointly derived density models suggest that 
even minor compositional anomalies play 
an important dynamic role, not just beneath 
the african plate, but also in anomalous flow 
patterns that coincide with the new madrid 
seismic Zone, the colorado plateau, and 
other tectonic features.
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as well as the fate of recently subducted lithosphere and its 
ongoing influence on surface tectonics. As large-scale dense 
arrays are deployed elsewhere, we learn about the structure 
and dynamics of putatively “stable” cratons.

mineral physics anD Dynamics in 
the lower mantle
The base of the mantle is one of the most exciting frontiers 
for exploiting seismological observations to gain insight into 
deep Earth dynamics. The existence of a seismic discontinuity 
at the top of the D” layer at the core-mantle boundary has 
been known for several decades, but its cause remained enig-
matic until the discovery of the post-perovskite phase tran-
sition provided a natural hypothesis for its origin. Parallel 
developments in experimental and theoretical mineral physics 
and observational seismology, enabled particularly by dense 
broadband array data, have led to rapid strides in our under-
standing of this discontinuity and its dynamical implications. 
Detailed imaging of lowermost mantle structure has led to 
a suggestion of an intermittently observed double disconti-
nuity indicative of regional “lenses” of post-perovskite above 
the core-mantle boundary. In turn, these observations have 
been used to estimate temperatures and heat flux at the core’s 
surface, yielding insight into first-order questions about the 
evolution of Earth’s interior. Strong lateral heterogeneity of 
seismic velocity near the base of the mantle has recently been 
recognized as evidence of both thermal and chemical struc-
ture, while the presence of ultra-low velocity zones—char-
acterized in increasing detail in recent years—may demon-
strate the presence of partial melt. The delineation and 

interpretation of seismic anisotropy at the base of the mantle 
has the potential to permit characterization of lowermost 
mantle flow patterns, with important implications for under-
standing mantle dynamics. In contrast to the bulk of the 
lower mantle, which is generally isotropic, D” exhibits anisot-
ropy in many regions, with a variety of anisotropic geometries 
proposed. Much work remains to be done to characterize this 
anisotropy in enough detail to understand the cause and to 
relate it reliably to mantle flow patterns, but this represents 
a promising avenue for understanding the dynamics of the 
lowermost mantle.

structure anD history oF the core
The structure of the core-mantle boundary and the core have 
been probed with increasing detail in recent years, enabled by 
data from both long-running stations and new dense broad-
band arrays. New theories for the viscosity of metallic melts 
at core pressures and temperatures, together with observa-
tions of translational modes of oscillation of Earth’s solid 
inner core, suggest a rapid increase in the dynamic viscosity 
near the bottom of the liquid outer core, perhaps in a glassy 
state characterized by a frequency-dependent shear modulus 
and increased attenuation. If lateral variations mapped from 
array recordings of high-frequency body waves correlate with 
structure of the uppermost inner core, they may be used to 
map flow in the liquid outer core and lateral variations in 
core solidification.

The inner core is being explored using a variety of 
approaches. Records from repeating, moderately large earth-
quakes continue to be collected and used to map temporal 

regional inner core anisotropy From seismic normal moDes

previous seismic body wave studies have suggested 
hemispherical variation in the isotropic and aniso-
tropic structure of the inner core, but could not 
constrain their global extent. theoretical advances to 
include coupling between normal modes that are close 
in frequency were motivated partly by the growing 
number of high-quality records of odd-degree normal 
modes, including those from the 2004 sumatra, 2008 
wenchuan, and other recent large earthquakes. the 
observed odd-degree modes are now seen to suggest 
more complicated regional variations than a simple 
east/west hemispherical pattern. instead, the simi-
larity of the observed seismic pattern with earth’s 
magnetic field suggests that anisotropy may originate 
from freezing in of crystal alignment during solidifica-
tion of the outer core or texturing of the inner core by 
electromagnetically induced stress.

cross-coupled splitting function 16s5-17s4 showing antisymmetric splitting, which is char-
acteristic of east versus west hemispherical variation in inner core anisotropy. (From Deuss 
et al., 2010. regional variation of inner core anisotropy from seismic normal mode obser-
vations. Science, doi:10.1126/science.1188596. reprinted with permission from aaas.)
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changes of the inner core’s surface. The growing number of 
high-quality stations in polar regions is yielding additional 
evidence about three-dimensional structure and anisotropy, 
and their relationship to Earth’s rotation axis. With coverage 
improving thanks to modern records of large earthquakes, 
splitting of normal modes as high as order 17 has now been 
measured reliably and suggests complicated spatial variations 
that may be linked to regional variations in the strength of 
the magnetic field. Stacking and beam-forming analysis with 
array data have made it possible to observe elusive phases, 
including S waves in the solid inner core and underside 
reflections of P waves at the boundary between the inner core 
and the outer core. Earlier claims of detected S waves in the 
inner core were rare and questionable; reliable 
measurements of them now yield new infor-
mation on the shear modulus of the inner core. 
Inner core underside-reflected P waves have 
never before been observed; they can serve as 
a “reference phase” for comparison with waves 
that pass directly through the deepest part of 
the inner core, allowing more precise and reli-
able mapping of anisotropy in Earth’s center-
most region. Multidisciplinary studies can 
build on this exploration to shed light on the 
mechanism of inner core growth by progres-
sive freezing, which generates energy to main-
tain Earth’s magnetic field and is critical to the 
thermal evolution of the core and the cooling 
history of the planet. 

broaDer impacts From 
aDDressing granD challenges
While the need to understand our world remains 
both a significant motivator of Earth scientists 
and a source of interesting challenges, broader 
applications of geophysical knowledge are an 
important part of why society funds research 
in seismology and other geoscience disciplines. 
Addressing the Seismological Grand Challenges 
would have a wide-ranging and profound 
impact on society. Indeed, monitoring the envi-
ronment, exploring natural resources, miti-
gating natural hazards, and improving national 
security are each societal goals that can be 
accomplished more effectively with key contri-
butions from seismology. 

monitoring the environment
Seismic methods reveal temporal changes in the three-dimen-
sional distribution of oil and gas resources, most dramatically 
demonstrated during 2010 when repeat seismic surveys were 
used to monitor subsurface changes after emplacement of a 
containment dome to cap the Deepwater Horizon oil drill hole 
in the Gulf of Mexico. Subsurface monitoring will be critical as 
underground carbon sequestration becomes more common, 
sustainability becomes a more important issue in use of under-
ground aquifers, and hydro fracturing is employed further 
for exploitation of geothermal and hydrocarbon resources. 
Seismic reflection is an effective tool for large-scale mapping 
of gas hydrates frozen in the soil beneath shallow oceans, 

secular changes in glacier motion

an increase in ice flow over the past decade is suggested on the basis of secular 
changes in long-period seismic sources associated with glacier motion. the rela-
tionship to ice flow is only now being calibrated by direct observation, but surface 
waves from slip events during a gps deployment on the whillans ice stream show 
that the seismic origin time corresponds to slip nucleation on the bed. a region of 
the bed acts like an “asperity” in traditional fault models. seismic waves are also 
generated tens of minutes later when the slip terminates at the ice stream edge 
and the grounding line. seismic amplitudes are modest, often equivalent to M

S
 

< 4, so some parameters—including the total amount of slip—cannot be deter-
mined without improving permanent regional monitoring networks. nevertheless, 
because seismic radiation from ice movement is proportional to the rate of slip 
acceleration, long-period seismic waves are thus useful for detecting and studying 
sudden ice movements.

slip-start locations, shown as green and yellow squares, were determined from broadband  
seismic stations deployed during the 2008 field season. continuous gps confirmed that the 
seismic events corresponded to times of accelerated motion of the ice stream. (From Fricker 
et al., 2007. an active subglacial water system in west antarctica mapped from space. Science, 
doi:10.1126/science.1136897. reprinted with permission from aaas.) 
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while high-resolution, three-dimensional seismic images 
show the plumbing system that feeds gas hydrate deposits. 
Waveform modeling can identify local concentrations, and 
temporal changes, in gas hydrates when seismic monitoring 
includes repeated surveys. When CO2 is injected into deep 
rock layers to isolate it from the atmosphere, it is critical to 
assess where the gas goes and how effectively it is contained. 
High-resolution, three-dimensional seismic imaging offers 
key information on impermeable rock layers and subsur-
face geology for identifying viable structures for sequestra-
tion, while repeat imaging detects time-dependent changes 
for monitoring injection and migration.

Seismological techniques are being used to study the 
tectonic evolution of West Antarctica and the history of ice 
cap changes, tidally modulated motion of ice streams in West 
Antarctica, the collisions and break-up of Earth’s largest ice 

shelves and icebergs, glacial calving, and a newly observed 
class of remotely detectable events from major tidewater 
outlet glaciers in Greenland. Microseisms recorded on the 
global networks have been used to explore past climate varia-
tions and movement of icebergs and glaciers.

The ocean’s fine structure is usually mapped by lowering 
instruments that measure temperature and salinity, but this 
slow process limits the volume of ocean that can be sampled 
and the degree of horizontal resolution. Marine seismic 
profiles can rapidly map boundaries between water masses, 
revealing layers as thin as 5 m with unprecedented lateral 
resolution, while also imaging kilometer-scale eddies that are 
thought to play a major role in ocean mixing. Seismic imaging 
has revealed the thermohaline structure of the ocean, as well 
as oceanic mixing processes, by detecting internal tides.

mapping the Details oF episoDic, non-volcanic tremor

studies of non-volcanic seismic tremor are offering new insights 
into fault mechanics and are leading to the development of new 
approaches for deploying seismic and geodetic stations, and data 
processing. techniques for computing the tremor source region have 
evolved from double-difference methods using relative arrival times 
based on cross correlation of waveform envelopes, to beam back 
projection from dense, small-aperture seismic arrays. beam back 
projection is much more effective at detecting coherent tremor, 
greatly increases resolution in relative tremor location, and can track 

migration of a tremor source from minute to minute. the technique 
was used to discover that tremor sources can migrate continuously 
for several minutes parallel to the dip direction of the cascadia 
interplate thrust at a speed of ~50 km/hr, form bands of sources 
that sweep along strike at a speed of ~10 km/day for several hours, 
and develop distinct moment patches that overlap with geodetic 
slip patches on the interface. these varied and intriguing observa-
tions challenge earth scientists to develop a unified view of tremor.

the maps show different elements of spatio-temporal tremor distribution, positioned along the logarithm time scale to illustrate the typical duration of 
each element. the arrow in each map indicates slip direction of the cascadia subduction Zone and the black solid square marks the big skidder array. 
(a) circles are tremor locations, colored to show rapid migration of slip-parallel tremor streaks. (b) circles are tremor locations, colored to show the 
slip-parallel bands that migrate along strike over several hours. (Faint yellow locations fall outside the tremor bands.) (c) relative band-limited tremor 
moment patches that release much of the seismic moment during an ets event. (Figure courtesy of abhijit ghosh, university of washington) 
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exploring natural 
resources
Seismic data and methods have 
long been a key component in 
detecting the subsurface hydro-
carbons and other resources. 
The petroleum industry relies on 
high-resolution, three-dimen-
sional seismic surveying to 
map oil and gas reservoirs with 
the detail necessary to image 
the faults and complex sedi-
mentary features that can trap 
energy reserves. Time-lapse 
imaging requires repeat surveys 
to monitor reservoir mechan-
ical and fluid changes during 
resource extraction. Surveys 
are increasingly accompanied 
by monitoring of production-
induced microearthquakes. 
Three-dimensional seismic 
reflection imaging has delineated 
coal-bed methane deposits, and 
its use is likely to grow as easily 
accessible deposits are exhausted. 
Pioneering work adapting seis-
mological techniques to non-
layered and steeply dipping 
targets in crystalline rocks has 
proven valuable for mapping 
mineral deposits. New seismic 
data and techniques—including 
cross-correlation Greens functions between stations from 
ambient noise and other sources—have been instrumental 
in higher-resolution images of the deep curst and upper 
mantle, as well as the near surface where natural resources 
are accessible. 

mitigating natural haZarDs
Seismology provides indispensable real-world observations 
of earthquake statistics and rupture kinematics to which labo-
ratory experiments, numerical models, and inferences from 
paleoseismology must be compared. In the last decade, array 
processing has been extended to imaging rupture propagation 
of the largest earthquakes from teleseismic distances, including 
the 2004 Mw=9.2 Sumatra and 2010 Mw=8.8 Chile megath-
rusts, the 2008 Mw=7.9 Wenchuan intracontinental earth-
quake, and the 2010 Mw=7.0 Haiti earthquake. Accessibility 
of data from networks around the world has improved the 

cataloging and characterization of earthquakes. Combined 
use of InSAR, GPS, and other geodetic information with 
seismic data has improved the resolution of rupture models. 

Dense deployments of temporary stations have been and 
continue to play a key role in documenting newly discovered 
phenomena, such as non-volcanic episodic tremor and slip 
and low-frequency earthquakes. New pictures of the Pacific 
Northwest intraplate fault zone suggests that the probable 
regions of strong ground motion during future earthquakes at 
active continental margins extend significantly further inland 
than had been thought, closer to large population centers. The 
pervasiveness of these previously unknown fault behaviors has 
fundamentally altered our view of fault physics.

Recent devastating earthquakes in Haiti and Chile have 
highlighted the critical role of real-time access to seismic and 
other geophysical data in improving emergency response and 
tsunami warnings. Static stress changes computed shortly 

monitoring explosions

earthquakes generate seismic waves but so do numerous other phenomena, including land-
slides, mine collapses, underground explosions, ocean storms, and many human activities. 
seismic data may be the only or best data to address a societal need to identify a source type, so 
investment continues in research and supporting infrastructure. identification is more reliable 
when high quality broadband data are available from stations near and at different azimuths 
around the source, and if the properties of the crust and upper mantle are well known. signals 
recorded by permanent stations installed at quiet sites and temporary stations deployed in 
denser arrays provide complementary information to continue improving seismic identification 
capabilities around the world.

Earthquake
2004/12/16

Nuclear Explosion
2006/10/09

Nuclear Explosion
2009/05/25

Explosions 
usually have 
sharper 
onsets than 
earthquakes

Earthquakes 
generate
stronger
regional
shear
waves

Explosions 
generate 
stronger
regional
Rayleigh
waves

MDJ

the gsn/cDsn station mDJ near mudanjiang, 
china, (red triangle) is about 370 km from 
the nuclear test site (yellow circle) of the 
Democratic people’s republic of Korea and 
is the closest station that provides open 
data in near-real time. at this distance, it is 
possible to see several features of regional 
seismic arrivals that help to discriminate 
between earthquakes and underground 
explosions.
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after the January 12, 2010 Haiti event, based on finite source 
models and aftershock locations from teleseismic networks, 
were used to map areas near Port-au-Prince that are likely 
closer to experiencing another earthquake rupture in the 
future. Improved models of the near-surface geology, partly 
from high-resolution urban seismic mapping can be sued 
to identify variations in ground shaking and damage during 
earthquakes and to identify fault structures that may produce 
damaging earthquakes. 

Mitigation of volcanic hazards is a multidisciplinary 
endeavor, incorporating the analysis of seismic, acoustic, 
geochemical, and other data. Seismological advances related 
to environmental monitoring—such as the methodology of 
repeat surveys—and to resources exploration—such as cross-
correlation Greens functions—reveal temporal changes in 
velocity that are likely caused by opening of near-surface 
cracks in the volcanic edifice as it inflates by increased pres-
sure within the underlying magma chamber, and other 
precursory activity, that lead up to eruption.

conclusion
The most compelling evidence for a vibrant and exciting 
research field is the level of publications in the peer-reviewed 
literature. A database of IRIS-related and IRIS-facilitated 
scholarly publications includes over 2400 papers in refereed 
journals. The annual number of prominent, peer-reviewed 
papers based at least partly on IRIS services continues to grow. 
A systematic review of Science, Nature, and 10 frequently 
cited geophysical and seismological journals shows that the 
number of IRIS-facilitated publications in those journals has 
grown to an average of 175 per year since 2006, compared 

to 131 annually during the previous five years. The most 
recent compilation from 2009 suggests that the growth is 
accelerating. 

Seismological Grand Challenges highlights that surface and 
interior processes are not always independent, and suggests 
that future work will help to better resolve to what extent 
such processes are coupled spatially and temporally. The solu-
tion to these problems requires multidisciplinary approaches 
where seismology can provide a significant contribution. 
Indeed, over 75% of IRIS-facilitated papers published during 
2009 were in journals that do not specialize specifically in 
seismology, indicating that the results are already directly 
applicable to issues of broad interest among geoscientists. 
While many of the Grand Challenges identified in the 2009 
report will continue to inspire seismologists and geoscientists 
well into the future, new challenges will continue to emerge 
as additional high-quality data are recorded, analyzed, and 
interpreted jointly with data from other disciplines.
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Figure 2.2. For 10 years, iris has tracked the number of publications 
facilitated by iris services in Science, Nature, and 10 widely cited seismo-
logical and geophysical peer-reviewed journals. these journals include 
only a small fraction of all iris-facilitated publications, but the stability 
of the journal selection and completeness of tracking within those jour-
nals helps to identify trends over time.
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section 3 | sustaining the core

overview oF iris core programs
Since its inception 25 years ago, the IRIS programmatic struc-
ture has reflected our core mission to facilitate seismological 
research and education by providing the means to generate 
and distribute high quality data. Over those 25 years, the 
scope of these activities has evolved and expanded, such that 
IRIS now seamlessly integrates the collection, development, 
and distribution of products that range from raw seismic 
waveforms to educational PowerPoint presentations. This 
seamless delivery of a great spectrum of data products and 
services derives from the underlying structure of IRIS, which 
is based on the pillars 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 (E&O) program. 

Two of the original three core facilities, GSN and PASSCAL, 
were natural extensions of the two principal modes of seismo-
logical observation. The GSN, a worldwide network of perma-
nent very broadband seismom eters that records and trans-
mits high-fidelity data in near-real time, became the digital 
successor of the World Wide Standardized Seismic Network 
(WWSSN) and the basis for research at a global scale. The 
main purpose of PASSCAL, a pool of well maintained, state-
of-the-art portable instruments, has been to enhance and facil-
itate local- and regional-scale research. The organic growth of 
these facilities from existing paradigms led to their early and 
enthusiastic embrace by seismological researchers, but their 
demonstrable success over the past 25 years is due as much to 
the forward-looking vision of the IRIS community as it is to 
adapting lessons from the past. For example, much of GSN’s 
success derives from an ongoing and imaginative exploitation 
of new and evolving technologies that enable the collection of 
a suite of geophysical data streams from remote corners of the 
globe in real time, while PASSCAL revolutionized regional 
scale, array-based research by creating high-quality, state-
of-the-art instrumentation with the versatility and resiliency 
to be deployed in almost any environment, regardless of an 
investigator’s access to in-house instrumentation facilities.

The third of the original three facilities, the Data 
Management System (DMS), provides an even more compel-
ling example of how the original community vision has trans-
formed seismological research. The DMS was created as a 
centralized facility to archive, manage, and distribute data 

from GSN and PASSCAL, but, because it was not constrained 
by any narrow restriction on the type or source of “data,” the 
DMS adopted a holistic view that has resulted in a centralized 
archive of seismological and related data from hundreds of 
IRIS and non-IRIS observatories worldwide. In the process, 
the DMS has widely promulgated the IRIS philosophy of 
open, accessible, high-quality, well-documented data. The 
DMS has had a broad impact on how other disciplines now 
manage data, and it has become the standard in data manage-
ment to which other data centers aspire.

In recognition of a need to enhance awareness of seismo-
logical research in education and by the general public, the 
Education and Outreach (E&O) program was established in 
1997 as a fourth core facility. E&O provides resources for 
K–16 teachers, for other formal and informal educators, for 
research scientists contributing to education, and a frame-
work for outreach to public, professional, and other Earth 
science communities. These resources have become increas-
ingly sophisticated and effective. Excellent example are the 
creation of the “Teachable Moments” web resource and the 
“Active Earth” kiosk displays that provide various forms of 
educational content related to significant seismic events. The 
content is both timely (much of it is produced within a day 
of the event) and versatile (the level of the content can be 
customized for audiences ranging from elementary to univer-
sity-level students and the general public).

With close links to all four “core” programs, IRIS has played 
a major role in the creation and operation of EarthScope and 
USArray since their inception. In the context of a data-collec-
tion enterprise, IRIS’s role in this effort is an unqualified 
success. IRIS has completed the assembly of the Transportable 
Array (TA), which constitutes the main component of 
USArray, oversees the operation and maintenance of the 
array as it rolls across the country, and manages and archives 
the openly available, real-time data through the DMS. It also 
provides the means for EarthScope-funded investigators to 
carry out ancillary projects by maintaining a Flexible Array 
(FA) pool, which combines the PI-controlled experiment 
design of PASSCAL, with more complete data collection and 
archiving services akin to the TA. By including a magnetotel-
luric (MT) component in USArray, IRIS has helped to estab-
lish a complementary observational facility and revitalized 
U.S. community involvement in this geophysical discipline. 
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In a very real sense, the standards that IRIS has set in both 
data collection and management both inspired and made 
feasible the concept and reality of USArray.

Building directly on the success of these core programs, 
IRIS has taken a proactive role in cultivating new initiatives 
of interest to the seismological research community. Two 
examples of how IRIS has recently taken a lead role in facili-
tating community efforts are the International	Development	
Seismology	(IDS) program and the expansion of Polar	Services. 
IDS provides a formal mechanism to capitalize on the exten-
sive international experience developed over the years through 
GSN, PASSCAL, and DMS, to better facilitate various forms 
of capacity growth in seismology and the development of 
earthquake hazard assessment and monitoring networks in 
the developing world. Recent IDS activities include assistance 
in the coordination of an international response to the long-
term rebuilding of Haiti after the January 12, 2010 earthquake, 
and supporting the Chile RAMP (CHAMP) project involving 
the installation of 58 broad band stations in the rupture zone 
of the February 27, 2010 M8.8 Chile earthquake. The Polar 

Services program is an amalgam of initiatives to expand 
instrumental capabilities to support research in the extreme 
environment of the poles. GSN now operates five real-time 
stations in Antarctica, and PASSCAL has been developing the 
methodologies that allow instruments to be deployed easily 
and rapidly, and record data successfully through the polar 
winter. In addition to supporting basic research in polar envi-
ronments, the innovations that come from this effort, such as 
low-power instrumentation and alternative power supplies, 
will eventually benefit the broader community. A recent 
and significant addition to IRIS polar activities has been the 
Greenland Ice Sheet Monitoring Network (GLISN) project, in 
which IRIS collaborates with a number of international part-
ners in establishing a real-time array of 25 broadband stations 
in Greenland. A common thread of these recent advances is 
that they are truly pan-IRIS: they are centered on activities 
that support, and are supported by, data-collection efforts 
within GSN and PASSCAL, as well as data distribution and 
outreach activities associated with DMS and E&O.

the great chile earthquaKe oF February 27, 2010

a record section of vertical ground displacements from 92 gsn 
stations for the m

w
8.8 chile earthquake of February 28, 2010. surface 

waves can be observed making two passes around the globe during 
the first three hours following the earthquake. the closest station is 
in argentina and the most distant one is in mongolia. the vertical 
displacements observed are comparable to the 2004 sumatra-

andaman earthquake (note the scale at the bottom). a m6.9 after-
shock is visible for comparative scale, approximately 90 minutes 
after the mainshock. on-scale, very broadband data from the gsn 
have provided important new information to characterize the nature 
and extent of faulting in great earthquakes. (Figure courtesy of rick 
aster, new mexico tech).
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global seismographic networK
The Global Seismographic Network (GSN) is a cooperative part-
nership of U.S. universities and government agencies, coordi-
nated with the international community, to install and operate 
a global multi-use scientific facility as a societal resource 
for Earth observations, monitoring, research, and educa-
tion. GSN data underlie most fundamental studies of global 
earthquake dynamics and tomographic analyses of the elastic 
and anelastic structure of Earth. GSN data are also a critical 
resource for both national and international agencies in moni-
toring and characterizing earthquakes, tsunamis, and nuclear 
explosions. The concept of the GSN is founded upon global, 
uniform Earth coverage by a permanent broadband network 
with real-time data access. GSN instrumentation is capable of 
measuring and recording with high fidelity all seismic vibra-
tions from high-frequency, strong ground motions near an 
earthquake to the slowest fundamental oscillations of Earth 
excited by the largest great earthquakes. The instrumenta-
tion is modular, enabling it to evolve with technology and 
the science needs. Standardized equipment and data formats 
create efficiencies for use and maintenance. GSN telecommu-
nications, using Internet links and dedicated satellite circuits, 
seamlessly provide a real-time flow of data to the IRIS Data 

proposal structure 
The recent history of the IRIS facilities is impressive both in 
terms of continuing accomplishments and new initiatives. A 
key element of this proposal is to continue to maintain these 
critical resources to support Consortium members’ univer-
sity-based research and contributions to both national and 
international Earth science. In this section of the proposal 
we present brief synopses of the activities, tasks, and budget 
elements involved in maintaining the core programs and 
existing cross-programmatic efforts. For each program, 
core operational tasks and budget elements are followed by 
summaries of enhancements and new initiatives to be under-
taken over the next 27 months. Each of these new activities 
is keyed by page number to the section in the appendix on 
Program Descriptions, where more detail can be found. More 
detailed information on the budgets is provided in the budget 
section and accompanying notes, and in the budgets and 
work statements for major subawards. The appendix to the 
proposal on Program Descriptions describes the history of 
each program, recent accomplishments under the current five-
year Cooperative Agreement, and the outlook for the future. 
In Section 4, “Transitioning for the Future,” we describe recent 
changes in the IRIS management structure that are intended to 
enhance program coordination, and proposed activities that 
will build on synergies between programs in the development 
and implementation of new directions in technology and 
cross-program activities. Throughout the next two sections, 
the recommendations found in the chapter on “Sustaining a 
Healthy Future for Seismology” of the Seismological Grand 
Challenges in Understanding Earth’s Dynamic Systems report 
are listed in text boxes. For completeness, all of the recom-
mendations from that report are included and brief explana-
tions are provided for those that are not identified for imple-
mentation under this proposal.

grand challenges recommendations 

the boxes used in this and the following section of the proposal 
list all of the recommendations from the final chapter of the 
report on Seismological Grand Challenges in Understanding Earth’s 
Dynamic Systems. this proposal does not consider all of the 
recommendations. those that do not have a response are shown 
in blue and a footnote in the box explains why it is not an area 
where iris support is requested in this proposal).

GrAND	ChAllENGES	rECOmmENDAtIONS	–	1

sustaining global observatories

• advance coordination with other environmental monitoring 
facilities and communities to establish multidisciplinary moni-
toring stations at global seismographic facilities, as well as to 
augment global seismic instrumentation. 

• share the sustained support of iris/usgs gsn long-term opera-
tions and equipment upgrades among all federal agencies that 
rely upon global seismic data as part of their operations. 

• coordinate between the academic community and interna-
tional sponsors of hazard assessment and mitigation, especially 
in poorly studied regions in developing nations to create multi-
use programs for monitoring, research, training, and capacity 
building. 

•	 Set	the	completion	of	the	ANSS	by	the	USGS	as	a	high	priority1.
• continue support for the operations of the isc, which assembles 

and reprocesses catalogs from many international networks to 
the benefit all users of seismological bulletins. 

• Deploy global ocean bottom borehole installations, guided by 
the international ocean network (ion) plans for establishing 
uniform global earth coverage.

1	Assistance with completion of  the ANSS backbone is being implemented as 
part of  USArray 
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Management Center and mission agencies. As a result, GSN 
data are openly available to the research community and 
monitoring networks only seconds after they are recorded. 

The GSN is a partnership between IRIS and the U.S. 
Geological Survey, cooperating under a Memorandum of 
Understanding, with additional U.S. agency support from 
the Department of Defense, Department of Energy (DOE), 
NASA, National Weather Service (NWS), and NOAA. The 
GSN is a foundation for both the Advanced National Seismic 
System (ANSS) and the USArray Reference Network in the 
United States, and provides critical core data for the interna-
tional Federation of Digital Seismograph Networks (FDSN), 
Pacific Tsunami Warning Center, and other international 

tsunami warning systems. GSN stations are installed and 
operated by the USGS Albuquerque Seismological Laboratory 
and by the IDA project at the University of California, San 
Diego. IRIS GSN global siting plans are coordinated with 
other international networks through the FDSN, of which 
IRIS is a founding member. 

The GSN has seen steady progress toward its long-term 
goals as defined in the original GSN Science Plan, which 
was developed as part of the original IRIS proposal in 1984. 
With the current network of 154 GSN stations and affili-
ates, the goal of one station per 2000 km on continents, and 
coverage of as much of the ocean basins as allowed by instal-
lation on oceanic islands, has been achieved. More than 96% 

observing earth’s ocean wave climate 
with microseisms

seismic stations worldwide record an incessant excitation of seismic waves stimulated 
by ocean wave activity, the microseism. this signal has two principal components, a 
primary near 16 s period resulting from the coastal energy transfer of breaking and 
shoaling waves, and a (stronger) secondary, near 8 s period, arising from standing wave 
components of the ocean wave field, such as are created by incoming swell interfering 
its coastal reflection. here, the incidence of winter microseism intensity extremes 
(uppermost fifth percentile microseism events from large, wave-generating storms) 
at gsn stations is depicted as the number of hours per year exceeding (red) or less 
than (blue) the long-term averages in these extremes at each station. the quiet year in 
2001 is associated with a notable 2000–2002 la niña-el niño transition, illustrating a 
remarkably widespread influence of the el niño-southern oscillation on extremal wave 
climate. microseism data are currently available in digital form since the early 1970s, 
and recent efforts suggest that, by digitizing and processing older analog records, wave 
climate can be synoptically studied back to the early 20th century, providing important 
new information in regions lacking buoy or other data. (after aster et al., 2010. global 
trends in extremal microseism intensity. Geophysical	 research	 letters, 37, l14303, 
doi:10.1029/2010gl043472.)

of GSN stations have real-time telem-
etry. During the current Cooperative 
Agreement with NSF, a major advance 
was made in the adoption of standard-
ized data-collection hardware across the 
network and installation of these new-
generation systems will be completed 
during the next three years. 

core gsn operational tasKs 
anD buDget elements
The primary IRIS/GSN tasks under core 
operations are to:
• Continue maintenance of the current 

network 
• Enhance quality-control procedures 
• Install hardware already acquired to 

upgrade all stations to of the network 
to new and standardized data acqui-
sition systems

• Continue collaborations with 
national and international partners

• Continue community engagement 
through support of the GSN Standing 
Committee
Operation and maintenance of the 

GSN is shared between IRIS and the US 
Geological Survey. The USGS, through 
a special GSN line in their Department 
of the Interior budget, supports the 
staff to provide operational and data 
collection for 80% of the network. 
IRIS, through a subaward to UCSD, 
supports the staffing for maintenance 
of the remaining 20%. The largest 
budget element in this proposal is for 
the subaward to UCSD for staffing and 
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travel, operational spare parts and supplies, and stipends for 
station operators. IRIS directly supports part of the telecom-
munications costs and holds funds in reserve, to be appropri-
ated on an annual basis, for upgrade, repair and re-location 
of stations requiring attention. Only minor additional new 
hardware is requested in this proposal, because funds from 
NSF over the past five years under the current Cooperative 
Agreement, along with special funding allocations to both IRIS 
and USGS in 2009–2010 (related to the American Recovery 
and Reinvestment Act of 2009), have been used to acquire all 
of the major capital equipment items necessary to upgrade 
all GSN stations to new and standardized data loggers. This 
standardization across the network of all data logging equip-
ment is the first major upgrade cycle for the GSN, and will 
have a significant impact on improving data quality and 
increasing efficiencies in operations. At the time of writing 
of this proposal, approximately 45% of the network has been 
upgraded and the funding requested under this proposal will 
allow for completion of the upgrades by the end of 2013. 

gsn enhancements anD new initiatives
QC	Enhancement	(pgs	A-11–A-12) – The quality of data recorded 
and archived from the GSN has become a significant concern 
over the past few years. This has been partly related to the 
deteriorating performance of the STS-1 and borehole sensors, 
but also involves degradation of aging site infrastructure and 
deficiencies in reporting and maintaining appropriate metrics 
to assess waveform quality. In the summer of 2010 the GSN 
operators established a Quality Assessment Team and the IRIS 
Board appointed a Waveform Quality Review Panel to review 
GSN data quality and provide recommendations for imple-
mentation of metrics and reporting procedures related to 
GSN data quality. Funding is requested in the GSN and DMS 
budgets to share support for an additional staff position to 
implement the recommendations of this Panel. These efforts 
will be part of a pan-IRIS approach to data quality control 
and will be coordinated through the new Instrumentation 
and Data Services structure s described in Section 4. 

Seismic Arrays	 (pg	 A-13) – The Grand Challenges report 
recognizes that dense seismic arrays offer great potential in 
complementing a sparse network like the GSN in resolving 
important questions related to deep Earth structure and 
earthquake dynamics. GSN proposes to hold two work-
shops. One will explore the application of array technology to 
deep Earth studies and the other will develop specific scien-
tific objectives and priorities for augmenting the GSN with 
fixed arrays and production of a technical plan (array geom-
etry, siting, instrumentation, and international coordina-
tion) needed to achieve the scientific objectives. Funding is 
also requested to support a pilot experiment, using data from 

an existing array (e.g., USArray TA, SIEDCAR experiment 
(Seismic Investigation of Edge Driven Convection), High 
Lava Plains (HLP) Project) to demonstrate the capability for 
resolving research targets. These activities will be coordinated 
with PASSCAL and USArray under the new Instrumentation 
Services structure. 
Sensor	 development	 (pg	 A-12) – The Streckeisen STS-1, 

which has been the primary vault sensor for the GSN since 
inception, is no longer manufactured. Replacement of this 
important component of the GSN was identified as a major 
concern in the 2006 IRIS proposal. In recent years it has 
become obvious that the STS-1’s at some stations were starting 
to show degradation in the stability of their long-period 
response. The failure rate of the primary borehole sensor 
(KS-54000) has also become unacceptable. It now appears 
that the primary source of the STS-1 problem is aging of the 
seals on the feedback electronics box. A complete redesign of 
the feedback electronics (partially supported by a grant from 
EAR/I&F) and its housing appears to rectify the problem at 
most sites where it has been installed. All STS-1’s are being 
retrofitted as part of the ongoing upgrade of the GSN. At the 
same time, new instrument designs (partially supported by 
EAR/I&F) and investments by commercial instrument manu-
facturers have recently shown promising results in producing 
sensors that match the demanding response characteristics of 
the STS-1. Funds are requested in this proposal to purchase 
and field test prototypes of these new sensor designs.
Enhanced	 International	Data	 Exchange	 (pgs	 A-13–A-14) – 

Since its inception, IRIS (through both GSN and DMS) has 
collaborated closely with the international Federation of 
Digital Seismograph Networks (FDSN) in site selection and 
encouraging policies for open data exchange. GSN station 
locations have been chosen to complement those of other 
FDSN members. The IRIS DMC acts as the FDSN archive 
for continuous waveform data. FDSN membership now 
includes 65 institutions in 52 countries. The number of high-
quality broadband stations established by these members 
has increased significantly, but not all of these stations are 
openly available and there exist networks that are not a part of 
FDSN. For a volunteer organization, the task of maintaining 
an inventory of these rapidly expanding broadband stations 
lies beyond the current abilities of FDSN. IRIS requests funds 
to work with FDSN and ISC to prepare an expanded inven-
tory encourage open data sharing and document the proce-
dures for accessing data. Other FDSN members have been 
approached and indicated a willingness to collaborate with 
IRIS on funding this activity. 
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Collaborations	 with	 Ocean	 Observatories	 Initiative	 (OOI) 
(pg	 A-14) – The Ocean Observatories Initiative (OOI, an 
NSF MREFC project) will soon begin the construction and 
installation of a new generation of permanent observatories 
in the ocean with real-time telemetry that will revolutionize 
oceanography. The focus of the OOI Global Buoy program 
on high-latitude sites is of great interest to the GSN, where 
the proposed sites would fill in significant gaps in GSN global 
coverage. Unfortunately, the current OOI science plan does 
not include seismometers at these significant locations. The 

GSN Standing Committee 
will initiate a working group 
to develop a detailed plan for 
adding broadband seismic 
instruments to the OOI global 
buoys. Funds are requested 
to support proposals, based 
on the recommendations of 
the working group, from the 
NSF-funded Ocean Bottom 
Seismometer Instrumentation 
Pool (OBSIP) to test a proto-
type burial system in a deep-
water environment. Through 
the combined efforts of the 
working group and the field-
testing of a burial system by 
the OBSIP groups, the GSN 
will be well positioned to 
begin filling the current gaps 
in the oceans as part of the 
next five-year IRIS proposal 
to be submitted in 2013.

passcal
The Program for Array Seismic 
Studies of  the Continental 
Lithosphere (PASSCAL) pro-
vides and supports a range 
of portable seismographic 
instrumentation and exper-
tise to diverse scientific and 
educational communities. The 
PASSCAL Instrument Center 
(PIC) at the New Mexico 
Institute of Technology in 
Socorro, NM is responsible 
for acquiring, warehousing 
and maintaining all PASSCAL 
equipment; training student 

and PI’s and supporting field experiments; implementing 
improvements in hardware; developing software for efficient 
data collection and initial processing; and assisting PI’s in 
preparing data for archiving and eventual distribution through 
the IRIS Data Management Center. The cost for operation of 
the PIC is shared between the IRIS PASSCAL core program 
and EarthScope for support of the USArray Flexible Array. 
The mix of PASSCAL instrumentation, especially when 
viewed in concert with the USArray resources, enables a wide 
variety of deployment schemes— mobile arrays for recording 

combineD active anD passive source experiment  
in the high lava plains
 
the high lava plains project in eastern 
oregon is a multi-institutional, 
multi-disciplinary project to under-
stand why the pacific northwest is 
the most volcanically active areas of 
the continental united states. a four-
year deployment of 104 broadband 
passcal instruments located at 118 
sites observed hundreds of global 
and regional events that are being 
analyzed using a variety of tech-
niques to study three-dimensional 
crustal and upper mantle struc-
ture, including thermal and compo-
sitional heterogeneity, as well as 
anisotropy to better understand the 
tectonic evolution of this complex 
region. an active-source experiment 
using the entire passcal and usarray 
inventory of ~3,000  texan instru-
ments recorded at 15 shot points 
is providing complementary high-
resolution images of the crust. the 
seismic results are currently being 
jointly interpreted with the results of 
geologic, geochemical, and petrolog-
ical studies to provide the first holistic 
model of tectonomagmatic evolution 
of the region. usarray magnetotel-
luric data are augmenting this effort. 
shown are maps of locations of 
broadband passcal and ta stations 
(red squares) and active source 
reflection/refraction lines (black); an 
e-w cross section; and moho depth. 
Details can be found in one-pagers 
included in the accomplishments 
volume. (Figure courtesy Kevin 
eagar and matt Fouch, arizona 
state university)
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of planned explosions; temporary deployments for aftershock 
studies; longer-term deployments for observations of regional 
and teleseismic events. 

PASSCAL has influenced academic seismology in all parts 
of the world explored by US seismologists, by providing 
instrumentation to spur or augment international collabora-
tions, and by introducing modern digital data collection and 
field techniques to scientists in developing nations. Many of 
the standards and facilities pioneered by IRIS for instrumen-
tation and data collection, archival, and open exchange have 
been adopted by other seismological networks and organiza-
tions in the US and worldwide. The widespread presence of 
PASSCAL has spurred the dissemination of the IRIS open-
data culture to both seismological and non-seismological 
data collection groups in the US and abroad. Internationally, 
similar portable seismograph facilities have patterned their 
operations on PASSCAL. 

Over 60 individual experiments ranging from a few to 
more than 2500 instruments are supported annually. Since 
the 1984 start of the program, PASSCAL has sup ported over 
500 experiments, leading to a host of new discov eries about 
the Earth, some of which are summarized in the one-pagers 
that accompany this proposal. PASSCAL resources remain 
fully subscribed for use in peer-reviewed research programs—
confirmation of the importance of the PASSCAL facility to the 
Earth science community. Indeed, despite continued growth 
in the size of the instrument pool, demand for instru ments 
and technical support contin ues to exceed capacity. The gap 

be tween demand and capacity remains a major concern of 
the PASSCAL community, where the queue for broadband 
instruments now exceeds two years.

core passcal operational tasKs anD 
buDget elements
The primary PASSCAL tasks under core operations are to:
• Provide user services to support NSF-funded PIs in 

carrying out portable field experiments
• Continue to maintain the existing pool of high-frequency, 

short-period and broadband instruments
• Acquire limited new hardware to maintain the 

existing pool
• Provide services to PIs to assist in data collection and prep-

aration of data for delivery to the IRIS Data Management 
Center

• Expand resources for near surface imaging
• Continue community engagement through support of the 

PASSCAL Standing Committee
Most of the PASSCAL support activities are implemented 

through a major subaward to New Mexico Tech to staff and 
operate the PASSCAL Instrument Center (PIC) in Socorro, 
NM, and a minor subaward to University of Texas, El Paso 
to support a UTEP-owned pool of active source recorders 
(Texans). Both of these awards are primarily for personnel 
support – all major equipment items and most supplies for 

GrAND	ChAllENGES	rECOmmENDAtIONS	–	2

advancing portable instrumentation

• continue support by federal agencies to sustain seismic data 
collection and open data distribution facilities with long-term 
amortization and investments in new technologies. 

• increase the pool of three-component broadband sensors, 
which are required for improved resolution in next-generation 
3D and 4D imaging efforts of crustal, lithospheric, and deep 
mantle and core structure. 

•	 Support	 the	 EarthScope	 Transportable	 Array	 deployment	
through completion of its traverse across the united states, 
including alaska1. 

• expand the pool of portable obs’s for systematic large-scale 
deployments in portable arrays2. 

• significantly increase the number of sensors for active-source 
experiments, including three-component systems, which 
are essential for advances to occur in high-resolution crustal 
imaging.

1 Completion of  the TA through Alaska is anticipated as part of  EarthScope 
funding

2	IrIS	is	convening	a	workshop	in	September	2010	with	joint	EAr/OCE	funding	
to	explore	the	scientific	targets	for	portable	broadband	OBS

imaging oF shallow earth structure

passcal instrumentation can be used in studies of the near 
surface in investigations of fault structure, shallow basins, 
aquifer geometry, and waste sites. this photos shows 600 
single-component “texans” deployed in a dense array at the 
hill air Force base to image a toxic waste site.
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expendable materials used during experiments are purchased 
directly by IRIS. In addition, costs for insurance, shipping, 
maintenance contracts and travel (for management, PIC staff 
and committees) are also budgeted as IRIS expenses. In this 
proposal, we request new hardware to enhance the PASSCAL 
capability to support near surface investigations (high-resolu-
tion seismic, ground penetrating radar and electromagnetic) 
but only minor equipment and parts to repair and refurbish 
the existing pool of broadband and short-period recorders and 
sensors. As described below and in the next section, a major 
new task under this proposal will be to define and develop 
a new generation of PASSCAL equipment. Acquisition of 
these new systems will be proposed under the next five-year 
Cooperative Agreement. 

passcal enhancements anD new initiatives
Next generation equipment	(pgs	A-23–A-24) – One of the most 
important new initiatives during the next 27 months will be 
to develop the specifications for a new generation of portable 
instruments and begin prototype testing. A recurring and 
compelling facility needs identified in the Grand Challenges 
report is for a new generation of portable instruments that 
can respond to the research communities needs for higher-
density deployments for high-resolution studies of both struc-
ture and earthquake sources. Part of PASSCAL’s success has 
been rooted in strict adherence to standardized instrument 
configurations, but the core design of the current sensors and 
data acquisition systems is now based on decades-old tech-
nologies. Incremental changes, especially in storage capacity 
and telemetry, have been incorporated in recent years, but 
with exciting new advances in low-power devices, telemetry, 
and MEMS (micro-electro-mechanical systems) sensor tech-
nology, there are now opportunities to engage with instru-
ment manufacturers to develop a completely new generation 
of instruments to complement and eventually replace the 
existing PASSCAL pool. Coordinating a pan-IRIS approach 
to this development effort will be one of the first activities 
undertaken by the Instrument Services structure described in 
the next section. 

Flexi-RAMP	 (pg	A-24) – Included in the Grand Challenges 
report are a suite of recommendations related to earthquake 
source science and fault zone properties. Many of these studies 
would benefit from near-source, high-frequency observations 
using temporary deployments of large numbers of instru-
ments. Typical applications could include recoding of after-
shock sequences or high-resolution imaging of faults. From 
the early 1990s, PASSCAL has committed a set of RAMP 
(Rapid Array Mobilization Plan) instruments for use in after-
shock recording. A core set of ten PASSCAL instruments has 
been specifically allocated to this pool and this has often been 

supplemented with other instruments when available. While 
these instruments have provided critical data in a variety of 
aftershock studies, the number of instruments is limited and 
the standard PASSCAL configuration is not optimal for rapid 
deployment. As a first trial implementation of new technol-
ogies, funds are requested to begin acquisition of a new set 
of low-cost instruments, optimized for rapid deployment in 
large numbers. The FlexiRAMP concept envisions a flexible-
use strategy, with at least some of the instruments deployed in 
easily retrievable temporary arrays when not in use for after-
shock studies. 

Sources (pg	A-25) – The Grand Challenges report includes 
a specific set of recommendations on controlled sources for 
reflection studies of the near surface and crust, and this topic 
has been reviewed recently by a special PASSCAL working 
group on active sources. Based on the recommendations of 
that working group, PASSCAL will be purchasing a small 
weight-drop source for shallow imaging under the current 
Cooperative Agreement. In this proposal, partial FTE support 
is requested to develop in-house expertise within PASSCAL to 
provide researchers with advice on both sources and permit-
ting for active-source studies. There remains a critical need for 
high-energy sources, and IRIS strongly supports the creation 
of an Explosives Sources Center such as that proposed to NSF 
by the University of Texas and New Mexico Tech.

Data management system
The Data Management System (DMS) is the primary conduit 
for data flow within IRIS and to the scientific community. 
The IRIS Data Management Center, the central element of 
the DMS, has become one of the most actively used scientific 
data centers in the world. The DMS ingests an exponentially 
increasing volume of observational time series data every 

GrAND	ChAllENGES	rECOmmENDAtIONS	–	3

controlled seismic source support

• establish a facility or collection of facilities for sources used in 
active-source seismology so that research programs and educa-
tion in this area can be sustained. this facility could possibly be 
developed through access to the vibrator trucks of nees, rein-
vigorated participation of the usgs in active source seismology, 
and in partnership with industry. 

• improve interactions among academic, governmental, and 
industrial efforts in active-source seismology to sustain the 
discipline. 

•	 Expand	the	ability	to	conduct	3D	active-source	imaging	at	sea.1

1Active	source	marine	seismic	studies	are	supported	through	NSF/OCE
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year, from an expanding number of seismic networks and 
stations. Currently, more than 20 terabytes of new primary 
observational data are being added to the archive holdings 
each year, and an increasing amount of data is being delivered 
to the research community (estimated to be 80 terabytes in 
2010) through batch requests to the archive, streaming data 
in near-real time, and through advanced remote clients that 
directly access both metadata and time-series data. 

Originally, the DMS was designed to receive, provide 
quality assur ance, archive, and distribute data from the 
other core IRIS pro grams, as well as U.S. regional networks 
supported by the USGS. The DMS quickly developed close ties 
with the international seismological community, who were 
provided innovative, easy-to-use tools to access the openly 
available data in the archive. As a result, the DMC evolved to 
become a primary archive for continuous data for the FDSN 
and many non-FDSN networks around the globe. All broad-
band data from the GSN, PASSCAL, USArray, and interna-
tional contributors are available in a seamless fashion from 
the DMC in SEED format. Active-source data are available 
in SEG-Y format. As of mid-2010, more than 118 terabytes of 
waveform data were archived online in more than 8.4 million 
files. Fully redundant copies of waveform 
data, database tables, and operating soft-
ware are available at an active backup loca-
tion at UNAVCO in Boulder, Colorado. 

In addition to its role of archiving and 
distributing data, the IRIS DMS is respon-
sible for quality control of IRIS-generated 
data and has a well-established mechanism 
in place to monitor and correct data prob-
lems as they are discovered. The IRIS DMS 
has developed novel means of accessing 
data in near-real time and supports a 
variety of real-time data communication 
protocols. The BUD system operated by 
the DMC receives nearly 12 terabytes of 
data per year in near-real time. Systems 
such as WILBER provide a convenient way 
for scientists to access data for significant 
events shortly after they occur. A complete 
database management system and associ-
ated user tools allow researchers to make 
complex requests for customized subsets 
of data stored in the IRIS archive. The IRIS 
DMS, with supplemental support from 
USArray, is now generating many data 
products defined by the research commu-
nity, drawing from the primary observa-
tional data managed at the DMC. 

archive growth at the Data management center

the quantity of data archived at the iris Data management center continues 
its exponential growth. more than 120 terabytes of data are now in the archive, 
compared to approximately 35 terabytes when the previous proposal was submitted 
in 2005, or approximately 8 terabytes at the time of the 2000 proposal. more than 
half of the data are from iris programs (gsn, passcal, and earthscope usarray) but 
significant contributions are made the Federation of Digital seismograph networks 
(FDsn), u.s. regional networks, other earthscope components (saFoD and pbo) and 
other national and international partners.
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By actively developing, supporting, and promoting the 
open exchange of data based on well-established interchange 
standards, the DMS has played a key role in ensuring that 
properly documented data are made available to scientists 
worldwide, with a minimum of barriers, for use in a wide 
range of research topics and applied applications.

core Dms operational tasKs anD 
buDget elements
The primary DMS tasks under core operations are to:
• Operate and maintain the primary IRIS data archive and 

databases at the Data Management Center in Seattle
• Support the GSN IDA Data Collection Center at UCSD and 

collaborate with the USGS/ASL Data Collection Center in 
Albuquerque

• Provide user services and training to support researchers 
in gaining access to data

• Support the development of data products (in collabora-
tion with USArray)

• Encourage international involvement through training 
workshops and limited support of regional data centers in 
developing countries
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• Continue community engagement through support of the 
DMS Standing Committee
In contrast to the GSN and PASSCAL (where the primary 

operational tasks are carried out under subawards), the 
IRIS Data Management Center is operated and staffed as an 
IRIS facility. All of the facility operating costs (staff salaries, 
travel, operational costs, computer equipment replacement 
and maintenance, software licensing, and printing) are thus 
budgeted as direct IRIS costs, and these, along with the linked 
costs of subawards to UCSD and the University of Washington, 
represent the major components of the core DMS budget. 
Additional support is requested to encourage the engagement 
of foreign networks through continuation of a very successful 
series of metadata workshops that provide training and 
resources to develop network data protocols for local use and 
international data exchange. Special support is provided to 
regional networks in Kazakhstan and Kyrgyzstan, to continue 
data delivery from networks installed with IRIS and other 
U.S. support in the 1990s, and encourage data exchange with 

other networks in Central Asia. Participant support costs are 
also requested for training courses, usually held in conjunc-
tion with AGU meetings and biennial IRIS workshops, for 
researchers and students at IRIS member institutions. 

Dms enhancements anD new initiatives
Data	Brokering	Service	(pg	A-32) – To encourage data exchange 
with other national and international centers and to provide 
user access to the holdings of other archives, the DMS will 
retain a consultant to develop and implement an FDSN-
sanctioned data brokering service. This service, applicable to 
archived data, will allow users to submit a request to the DMS, 
where the “broker” will translate the request into a format 
appropriate for the archive where the data reside, submit the 
request, retrieve the data, and send them to the user. 

Enhanced Data Access	 (pg	 A-32) – With the increasing 
variety of data types in the archive and the increased use 
by non-seismologists, a need has been identified to provide 
access tools that are aimed at the novice or occasional user, 
rather than optimized for frequent use by research scientists. 
Support for a new FTE at the DMC is requested to develop 
and implement new access methods and tools, many of which 
will be web-based or capable of being linked to common time-
series tools like MATLAB. 

Cloudlike Computing	 (pg	 A-34) – A condominium model 
for data processing, in which processing and storage services 
are purchased rather than hardware, is becoming very cost-
effective. The University of Washington is developing a high-
level condominium cluster, HYAK, and the DMS proposes 
to begin experimentation with this system by acquiring five 
nodes on this system in the first year and five more in year 
three. The long-term savings could be substantial. 

FDSN Turnkey System	(pg	A-33) – Interactions with foreign 
network operators, especially in developing countries, have 
repeatedly identified a strong need for a low-cost (free), 
simple, open-source software package for the basic tasks 
involved in network operation, data collection, event loca-
tion, catalog generation, and archiving. This need was high-
lighted in the Grand Challenges report and is a key element 
in developing “sustainable networks” under IRIS’s efforts in 
International Development Seismology. Funds are requested 
to cost share in the development of such as system under the 
FDSN framework.

QC enhancement	 (pg	 A-11) – As discussed in the GSN 
section above, a GSN Waveform Quality Review Panel will 
report back to the IRIS Board in the fall of 2010 with recom-
mendations for implementation of new quality assessment 
metrics and reporting procedures for GSN waveform data. 

GrAND	ChAllENGES	rECOmmENDAtIONS	–	4

enhancing Free and open access to Data

• continue to have federal programs and seismology organi-
zations strongly advocate for open access to seismic data on 
a global basis, with real-time access to the greatest extent 
possible. 

• communicate and foster seismological capabilities for 
addressing hazards and environmental monitoring concerns 
and data exchange with developing nations through coordi-
nated international efforts.

enhancing access to high-performance 
computing capabilities

• make available to the broad research community carefully 
vetted seismological software and processing tools, along with 
integrative data products. there is also a special need in devel-
oping countries with significant earthquake hazards to provide 
simple, standardized and open software tools for processing 
and analysis of seismic network data. 

• ensure data storage and online open access to all seismic data-
sets in perpetuity. 

• establish readily accessible pathways to facilitate the use of 
massive computer resources through academic, industry, 
federal (e.g., national laboratory) and other collaborations. 

•	 Sustain	 instrumentation	programs	 that	provide	 intermediate-
size university computer capabilities involving workstations 
and clusters.1

1	 Institutional	requests	for	computational	systems	are	usually	funded	through	
separate proposals to NSF 
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The costs for implementation of these activities will be shared 
by GSN and DMS. These efforts will be part of a pan-IRIS 
approach to data quality control and will be coordinated 
through the new established Instrumentation Services and 
Data Services structure.

eDucation anD outreach
The seismological community recognizes the potential for 
coordinated Education and Outreach (E&O) activities in seis-
mology to contribute significantly to the advancement of 
national awareness, interest, and understanding of science 
and mathematics. The IRIS E&O program was established in 
1997 to communicate the results of scientific research to the 
public more effectively, advance science literacy for greater 
un derstanding of our rapidly changing and increasingly tech-
nological world, and attract more students to study Earth 
science. IRIS E&O Program activities are targeted at audi-
ences ranging from K–16 students to the general public, and 
are focused on areas where IRIS is well positioned to make 
substantive contributions stemming from our strong data 
resources and links to the research activities at our member 
universities. E&O efforts emphasize seismology and the use 
of seismic data and maintain high levels of scientific accuracy 
while employing best educational practices.

The E&O staff works in close collaboration with diverse 
allies, including IRIS members, K–12 teachers, undergrad-
uate institutions, science museums, and other national and 
regional Earth science organizations. Programs range from 
those that impact large numbers of people for brief time 
periods (e.g., museum dis plays, lecturers, teacher training, 
posters) to those that impact smaller numbers of people 
through extended interactions (e.g., internships, Educational 
Affiliates). The E&O pro gram also looks inward to develop 
talent within the ranks of IRIS member institutions so that 

all may fully partici pate in building an education program of 
national scope and prominence. Current E&O efforts include 
an IRIS summer Internship program (funded primarily under 
a separate NSF REU award) where undergraduates receive 
training and conduct research with seismologists throughout 
the United States, a range of K–16 educator workshops, widely 
distributed teaching modules and associated tools, and an 
Educational Affiliate membership for undergraduate institu-
tions desiring to improve their seismology instruction. The 
Seismographs in Schools program provides seismographs 
and software for viewing and interpreting seismograms as 
well as an online community where schools throughout the 
world share data and resources. Outreach to the general 
public is enhanced through a very successful Distinguished 
Lecture Program (in collaboration with the Seismological 
Society of America), permanent exhibits at major museums, 
and Active Earth Displays designed for installation at visitor 
centers, parks, and universities. Improved access to and use 
of seismic data are facilitated via the IRIS web site, along with 
other informational materials, including Teachable Moment 
slide sets released shortly after major earthquakes, and educa-
tional animations and videos. 

Over the past decade, the E&O program has matured, had 
a successful external evaluation and panel review, and devel-
oped a new strategic plan based on those reviews. E&O is in a 
prime position to greatly enhance the impact of the program, 
expanding beyond its prior focus on K–12 and informal 
education to put more emphasis on undergraduate instruc-
tion, and workshops and training for the IRIS community. 
This change in emphasis will also help to serve the needs of 
early career seismologists who will be training the next gener-
ation of scientists.

core e&o operational tasKs anD 
buDget elements
The primary Education and Outreach tasks under core opera-
tions are to:
• Provide professional development for teachers and college 

faculty
• Develop and install public displays for museums and other 

venues
• Continue and expand the Seismographs in Schools 

program
• Continue formal education activities through the develop-

ment of printed materials, web resources and animations 
• Select speakers and venues for the IRIS/SSA Lectureship 

program
• Support the undergraduate summer internship program 

(student costs funded by NSF/REU)

GrAND	ChAllENGES	rECOmmENDAtIONS	–	5

building and sustaining the 
professional pipeline

•	 Further	 engage	 seismology	 community	 organizations	 with	
industry to increase awareness of opportunities in seismology 
among undergraduates and high school students.1

• expand e&o efforts of these organizations to promulgate public 
awareness of the discipline and its societal contributions, and 
support undergraduate and graduate training materials and 
enhanced educational opportunities.

1	 IrIS	E&O	has	worked	primarily	through	linkages	with	its	member	universi-
ties,	but	plans	to	develop	industry	contacts.
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• Collaborate on Siting Outreach for USArray Transportable 
Array stations (funded by EarthScope/USArray) 

• Continue community engagement through support of the 
E&O Standing Committee
The E&O program is implemented by a core professional 

staff at IRIS (with strengths in formal and informal educa-
tion, graphics, and software development), leveraged with 
resources provided through a number of small subawards 
and consultants. Participant support is requested to cover 
stipends for professional development workshops (often held 
in conjunction with the National Science Teachers Association 
meeting or state equivalent), speaker expenses and stipends 
for Distinguished Lecturers, and workshops on the use of the 
AS-1 seismometer in the Seismographs in Schools program. 
As described in more detail in the E&O section in the program 
appendix, the new E&O strategic plan places increased 
emphasis on links to undergraduate education and funding is 
also requested to support links with the IRIS community on 
development of undergraduate curriculum materials. 

e&o enhancements anD new initiatives
During the 27 months covered by this proposal, E&O will capi-
talize on current programs and products by greatly expanding 
their impact while retaining the narrow content focus. These 
efforts will include significant new services for IRIS members, 

exciting new products for undergraduate education, modifi-
cations to existing products that allow them to target multiple 
audiences, and improvements to existing programs and prod-
ucts that allow them to impact much larger audiences with 
little or no increase in cost or IRIS staff time. All of these 
efforts will leverage core funding through collaborations and 
external funding.

E&O will enhance the impact and efficiency of its efforts 
in middle and high school curricula by improving teacher 
access to and use of existing materials. Materials from E&O’s 
face-to-face workshops, activities on the web and DVD, and 
visualizations and animations will be repackaged into a struc-
tured online sequence, enabling teachers to teach themselves 
and use these materials without attending our workshops. 
E&O will repurpose the face-to-face workshops to focus on 
“training the trainer,” enabling IRIS member institutions to 
deliver workshops to teacher groups in their areas (pg A-48).

Undergraduate	and	International	resources 
(pgs	A-43–A-45,	A-48)	
A major effort will be an expansion of E&O products for 
undergraduate education. Using the Seismological Grand 
Challenges as a hook and access to IRIS data as a tool, E&O 
will facilitate the use of cutting-edge research seismological in 
the undergraduate classroom by:

high schools collecting anD exchanging earthquaKe Data

the iris seismographs in schools (sis) 
program provides middle, high school and 
iris affiliates with an as-1 seismograph 
(shown) that can be used to demonstrate 
the basic principles of recording ground 
motions and record regional and teleseismic 
earthquakes. software is provided to collect, 
display and exchange earthquake records. 
although the as-1 is extremely simple and 
has relatively low gain and limited frequency 
response, in reasonably quiet locations it is 
capable of recording magnitude 6 or larger 
earthquakes anywhere in the world. many 
school installations record up to ten events 
or more a month. more than 170 middle and 
high school seismographs are operating in 
the us, and partnerships with similar groups 
in europe and other parts of the world have 
led to an informal network of more than 375 
stations. iris has developed a web site and 
forum for discussion that is actively used 
to exchange data, observations and ideas 
between schools.
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• Developing a set of labs, exercises, and lecture materials 
based on the 10 Grand Challenges 

• Adding new content to our Teachable Moment resources 
specifically aimed at an undergraduate audience

• Collaborating with DMS and their web services initiatives 
to develop software tools that enable the use of IRIS data in 
the classroom

• Creating a repository of undergraduate seismology 
teaching resources with a focus on a limited set of quality-
controlled and peer-reviewed materials developed by the 
IRIS E&O program and by IRIS member institutions

• Developing a clearinghouse for IRIS community members 
to recruit undergraduate field assistants, which will also 
provide opportunities for students not currently part of the 
IRIS community

• Collaborating with International Development Seismology 
on the creation of workshop and teaching materials suit-
able for use in training courses in developing countries 

Seismic	Analysis	tools	and	mobile	Devices	(pgs A-45-48)
A “pyramid” approach will be used to significantly expand the 
use of seismic data in classrooms.
• At the base of the pyramid, E&O will impact thousands 

of classrooms by developing and improving “education 
friendly” software for accessing IRIS data via the web. This 
effort will be in collaboration with the DMS plans for web 
services.

• At the middle level of the pyramid, E&O will enable the 
use of thousands of USB and other MEMS accelerome-
ters (iPhone, Wii) in classrooms. Existing materials will be 
adapted and new materials created to support the educa-
tional use of these sensors. This effort aligns with the Grand 
Challenges recommendation to explore MEMS technology. 
E&O will leverage this effort through collaboration with 
the Quake Catcher Network at Stanford and UC Riverside 
and with external funding.

• At the tip of the pyramid, E&O will expand the impact 
of the already successful “Seismographs in Schools” 
program. Improvements in the software (already under 
development) will allow multiple classrooms in a school, 
or multiple schools in a district, to share real-time output 
from AS1-style instruments. The data streaming capabil-
ities, improved user interface, and new help resources in 
the software will allow a major expansion in the number 
of classrooms and students impacted without significant 
increase in IRIS staff support requirements. 

The Active Earth Display (AED), originally developed as a 
real-time kiosk display for use in visitor centers, universities, 
and small museums, will be enhanced to extend the impact 

of the system into K–16 classrooms and a broader informal 
audience. E&O will:
• Adapt the system for widescreen displays that will allow 

easy deployment on flat-screen TV systems and all-in-one 
touchscreen computers

• Develop templates and tools that allow end users to create 
and share AED content and continue to develop new 
regional content, including the New Madrid region and 
the Eastern United States to coincide with the arrival of the 
USArray TA east of the Mississippi

• Generate a page that will be updated each time a new 
Teachable Moments presentation is created, which will 
allow subscribers to automatically display timely informa-
tion about major earthquakes

•	 Prototype	 a	 version	 of	 the	 system	 for	 use	 on	 mobile	
computing devices, opening a conduit for near-real-time 
content on platforms that are rapidly supplanting traditional 
PCs as the information source of choice for many users

community activities 
Community activities are an integral aspect of IRIS that 
complement the more technical activities carried under the 
core facility programs. As a Consortium, IRIS has a responsi-
bility to keep its membership informed of the facilities being 
developed and supported by NSF and engage the community 
in planning and development of new initiatives and resources. 
The IRIS governance structure provides direct community 
advice and oversight to the core programs. Community activ-
ities include support of the committee structure that ensures 
shared governance and broad community input to IRIS 
actions; convening of biennial workshops, ad hoc working 
groups and commit tees formed to digest critical issues in 
a timely manner; and communicating with the member-
ship and the public through the IRIS web site, bulk emails, 
newsletters, annual reports, and outreach materials. Equally 
important are the activities the Consortium undertakes on 
behalf of the community in high-level interactions with other 
national and international organizations, in exploring initia-
tives and programs advanta geous to the community, in inter-
actions with other scientific and instrumentation consortia, 
and in the general advocacy for seismology and Earth science 
within government and international organizations.

core community activities anD 
buDget elements
The primary tasks for Community Activities under this 
proposal are to:
• Support the activities of the Board of Directors and coor-

dinate activities of other governance committees and 
working groups



30  |  2010 iris  core programs proposal | volume i

• Develop and publish printed (brochures, newsletters, 
annual reports), and web-based materials on the overall 
activities of IRIS

• Provide support for the biennial IRIS Workshop in 2012 
and other workshops and meeting as approved by the 
Board 

• Support the Consortium in engagement with national and 
international agencies and partners

• Nurture the development of pan-IRIS initiatives such as 
International Development Seismology
Community activities are implemented and coordi-

nated by staff at the IRIS Headquarters in Washington DC. 
Expenses for publications and meeting support include 
staffing, participant support and printing costs. Funds to 
support travel and meeting expenses for the IRIS governance 
structure are included in individual program budgets and as 
part of the General and Administrative (G&A) expenses for 
pan-IRIS activities (Board of Directors and special Board-
level committees and working groups). For simplicity in 
budget presentation, the costs for International Development 
Seismology (primarily FTE support; see below) are included 
under Community Activities. 

 
international Development 
seismology
An exploratory program in International Development 
Seismology (IDS) was established by the IRIS Board of 
Directors in 2008 and funded as part of Community Activities 
during the last two years of the current core Cooperative 
Agreement. IDS is intended to provide an enhanced interface 
between the NSF-sponsored scientific mission of IRIS and the 
imperative to ensure that scientific progress enables socially 
important outcomes. While IRIS has been international since 
its inception, the specific focus of this effort responds to the 
recognized importance of developing the partnerships, tech-
nical infrastructure, and human capacity required for effec-
tive international cooperation. This acts not only as an instru-
ment to accelerate scientific progress through collaboration 
with technologically equal partners, but also as an essential 
element of various other modes of current U.S. foreign engage-
ment, including foreign assistance and science diplomacy.

Although IDS activities are not directly discovery-
oriented, they are designed to support engagement of IRIS 
members and Foreign Affiliate institutions in low and middle 
income countries and to serve as seeding efforts or pilot proj-
ects driven by the need to support the scientific inquiry, and 
targeted toward two complementary and synergistic goals. 
The first of these IDS goals, closely linked to IRIS facilities, is 
to promote strategies that support fundamental research and 
exploration of earthquake hazards in developing countries 

through the advancement of basic seismological observa-
tions and data exchange. These efforts are focused on lever-
aging U.S. investment in advancing scientific understanding 
of some of the most complex tectonic systems on Earth by 
encouraging the sustained and active participation of low 
and middle income countries located in these territories in 
regional technological investment and capacity building. The 
second IDS goal, closely linked to IRIS educational efforts 
and those of our member institutions, is to address the social 
responsibility of the IRIS community to facilitate the transla-
tion of new knowledge into societal benefits by contributing 
to training, research exchange and sustainable development 
of low and middle-income countries.

core iDs operational tasKs anD 
buDget elements
The primary tasks for International Development Seismology 
under this proposal (as specified in the charge to the IDS 
committee) are to:
• Promote collaborative partnerships and relationships with 

government agencies, development banks, academic insti-
tutions, industry, and private foundations

• Facilitate establishment of sustainable permanent or semi-
permanent seismic networks

• Promote the open exchange of seismic data
• Promote growth in workforces by running workshops, 

organizing exchanges, and developing education and 
training resources

GrAND	ChAllENGES	rECOmmENDAtIONS	–	6

recommendations related to 
Developing countries

•	 Coordinate	 between	 the	 academic	 community	 and	 interna-
tional sponsors of hazard assessment and mitigation, espe-
cially in poorly studied regions in developing nations to create 
multi-use programs for monitoring, research, training, and 
capacity building. 

•	 Communicate	 and	 foster	 seismological	 capabilities	 for	
addressing hazards and environmental monitoring concerns 
and data exchange with developing nations through coordi-
nated international efforts.

•	 There	is	also	a	special	need	in	developing	countries	with	signifi-
cant earthquake hazards to provide simple, standardized and 
open software tools for processing and analysis of seismic 
network data. 

•	 Expand	infrastructure	for	learning	from	disasters	and	mounting	
scientific response, along with improved outreach with infor-
mation for the public.
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• Serve as a link between IRIS Foreign Affiliates, Core 
Programs, Voting Members, and Educational Affiliates

• Develop funding models and identify resources to support 
activities
As a new and evolving activity for IRIS, IDS support is 

budgeted as part of Community Activities. Program activities 
are expected to be supported through additional awards from 

international collaborations on the  
2010 chile earthquaKe

Following the chile earthquake of February 27, 2010, funding was provided 
by the nsF rapiD response mechanism to install 58 portable passcal/usarray 
stations for five month’s observations of aftershocks. arrangements have 
been made to share data from similar stations installed by chilean, French, 
german, and british investigators (map on right). an nsF/mri proposal from 
iris has recently been funded to work with the university of chile to install 
10 global reporting geophysical observatories (map on left), with seismic, 
infrasound and meteorological instruments, as a backbone network within 
the planned chilean national seismic network. these collaborations in data 
exchange and network development can form a model for future efforts in 
international Development seismology. 

federal and international agencies outside of the core EAR/
IF program budget. This mechanism has already seen signifi-
cant success in obtaining funds for workshops and initiatives 
in Latin America, as described in the IDS section of the IRIS 
Programs appendix. The core IDS support consists of salary, 
travel, and miscellaneous expenses for the IDS Director. 
Funding is also requested for publication of a “Guide to 

Sustainable Networks,” and limited seed funding 
to leverage external support for workshops. 

polar services
Over the past two decades, there has been 
increased use of PASSCAL instruments in 
Antarctica for a broad range of crustal, litho-
spheric, and glaciological studies. Because of 
the unique demands of the polar environment, 
these projects require specialized equipment and 
significantly more engineering and field support 
than typical field programs in temperate latitudes. 
One of the stated goals in the 2005 IRIS proposal 
that led to the current five-year Cooperative 
Agreement was to seek funding outside the core 
programs to expand PASSCAL and GSN efforts in 
support research in polar regions. Over the past 
five years, we have been successful in obtaining 
increased support from the NSF Office of Polar 
Programs (OPP) for dedicated polar instrumen-
tation and the creation of a special engineering 
and support team within PASSCAL to focus on 
polar efforts. In addition, two awards from the 
NSF Major Research Instrumentation (MRI) 
program have supported the development and 
acquisition of specialized cold-hardened instru-
mentation, power, and communications systems 
to respond to the extreme climatic environment 
and unique logistic conditions imposed by polar 
research. With these enhanced support services 
and equipment, the PASSCAL Polar Services 
group can now support a variety of experiments, 
from short-term active-source projects to long-
term passive monitoring. The designs and devel-
opments are in direct response to the needs of 
the scientific community, and the facility lever-
ages the resources of core PASSCAL and GSN 
programs and staff at the PIC. 

GSN has had long-term and stable opera-
tions on the Antarctica continent, with a major 
installation at the South Pole and collaborative 
efforts (with AFTAC and Australia) at an addi-
tional four sites. These stations continue to be 
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operated as part of the core GSN program, and there has been 
increasing benefit from sharing of polar experience between 
PASCAL and GSN. Starting in 2009, a significant addition to 
Arctic polar observations has been the Greenland Ice Sheet 
Monitoring Network (GLISN) project, which will establish 
a real-time array of 25 stations for detecting, locating, and 
characterizing glacial earthquakes and other cryoseismic 

phenomena, mostly related to climate change in Greenland. 
This project is also supported by the NSF/MRI program and 
builds on both GSN and PASSCAL resources. 

Although there is not a section in the Grand Challenges 
summary recommendations that deals specifically with 
polar studies, the proposed Polar Services activities are 
responsive to a number of polar-related recommendations 
from that report.

polar services tasKs anD buDget structure
The structure for presentation of the Polar Services activi-
ties and budget is different than the other elements of this 
proposal. The request for support of Polar Services is directed 
to the Office of Polar Programs and is intended to be a supple-
ment to the funding requested for core program support from 
the EAR Instrumentation and Facilities program. 

The primary tasks for Polar Services as described in this 
proposal are: 
• Provide lab- and field-based support for funded experi-

ments in polar regions through the Polar Services team at 
the PASSCAL Instrument Center

• Acquire specialized cold-hardened instrumentation 
for use in polar regions based on the needs of funded 
experiments

seismic signals From earth’s largest Floating ice boDies

recent deployments of iris passcal instru-
ments have revealed a range of new seismic 
signals associated with dynamical processes 
affecting earth’s changing cryosphere. shown 
here is a multiday seismogram and spec-
trogram of chaotic and harmonic iceberg 
tremor (macayeal et al., 2008. seismic and 
hydroacoustic tremor generated by colliding 
icebergs, Journal of  Geophysical Research, 113, 
F03011, doi:10.1029/2008JF001005) recorded 
on a floating seismograph deployed atop 
the b15a major fragment of giant antarctic 
iceberg b15, which calved from the ross 
ice shelf in 2000. the seismogram reveals 
dynamic phenomenology of tidally-induced 
forcing aground, and eventual breakup, of 
the iceberg against prominent bathymetric 
features (250-m contour indicated on the 
accompanying moDis satellite images) near 
cape adare, victoria land. (after martin et 
al., 2010. Kinematic and seismic analysis of 
giant tabular iceberg breakup at cape adare, 
antarctica. Journal of  Geophysical Research, 
115, b06311, doi:10.1029/2009Jb006700.

GrAND	ChAllENGES	rECOmmENDAtIONS	–	7

recommendations related to 
polar investigations

•	 Install	 greater	 numbers	 of	 permanent	 broadband	 seismic	
networks in polar regions for long-term observations. 

•	 Acquire	 large	 numbers	 of	 low-temperature-capable	 portable	
broadband seismic and geodetic instruments for temporary 
deployments in polar regions for experiments around ice-
shelves, glacial streams, near glacier outlets, and in other cryo-
spheric systems.

•	 Expand	global	coverage	of	boundary	structures	with	new	sites	
in the ocean and at high latitudes to better constrain the struc-
ture of earth’s mantle and core.
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• Continue development of specialized equipment for polar 
regions, especially for use in wet and cold environments 
encountered in glacial projects

• Provide operation and maintenance support, at the end 
of the MRI-funded phase in 2012, for the GLISN network 
and coordination with the international GLISN partners

• Continue community engagement through support of the 
Polar Networks Science Advisory Committee and interac-
tions with the GLISN Science Advisory Committee 
Following the practice of recent years, it is anticipated that 

funds for approved activities will be internally transferred 
from OPP to EAR and added as a supplement under the 
same Cooperative Agreement. Polar activities and tasks are 
described in this proposal, along with a full budget request, 
to allow joint review and coordination in funding decisions 
between OPP and EAR. 

usarray/earthscope
The EarthScope project brings a new suite of facilities for 
research on the structure and dynamics of the North American 
continent. The seismological resources of EarthScope/USArray 
are supported under a separate Cooperative Agreement 
through the NSF/EAR/EarthScope Program, but many 
components of USArray share facilities and resources with 
the other facilities of the IRIS Consortium. As described in 
the next section of this proposal, one of the primary activi-
ties during the time period covered by this proposal will be to 
strengthen ties between the core IRIS programs and USArray, 
leading to merged management of all programs under one 
Cooperative Agreement in 2013. 

USArray consist of three major elements: (1) a Trans-
portable Array of 400 portable, unmanned, three-compo-
nent broadband seismometers deployed on a uniform grid 
that will systematically cover the United States; (2) a Flexible 
Array of 446 portable, three-component, short-period and 
broadband seismographs and 1700 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 (3) contributions to a Permanent Array, coordinated 
as part of the USGS’s Advanced National Seismic System 
(ANSS), to provide a reference array spanning the contig-
uous United States and Alaska. Additional components of 
the USArray facility include an array of 27 magnetotelluric 
sensors embedded within the Transportable and Permanent 
arrays that will provide constraints on temperature and fluid 
content within the lithosphere. The goal of this layered design 
is to achieve imaging capabilities that flexibly span the contin-
uous range of scales from whole Earth, through lithospheric 
and crustal, to local. 

usarray tasKs anD buDget structure
All USArray activities are supported by the NSF EarthScope 
Program under a separate Cooperative Agreement with IRIS. 
Brief descriptions of USArray activities are presented in this 
proposal to identify those areas where there is close inter-
action between EarthScope and the core IRIS programs. As 
described in the next section, NSF intends to continue to fund 
USArray in this manner until 2013, when a new proposal will 
be requested to manage both the core programs and USArray 
under one Cooperative Agreement starting in October 2013.
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section 4 | transitioning For the Future

integrateD management oF the 
core programs anD usarray 
IRIS is taking steps to address the scientific aspirations of the 
next generation of Earth scientists. Beginning in 2009, the 
IRIS Board of Directors, Standing Committees, and manage-
ment have carried out a series of strategic planning activities 
that reviewed the long-term goals for IRIS and the organiza-
tional structures required to implement them. These planning 
activities were informed by the report on Seismological Grand 
Challenges in Understanding the Earth’s Dynamic Systems and 
anticipated this proposal for a new Cooperative Agreement 
with NSF. The goal of these planning activities was to iden-
tify opportunities for developing a new level of facilities and 
services, while simultaneously sustaining the strengths of 
the core program activities. These reviews confirmed that 
substantial gains in observational seismology can be real-
ized by building on the capabilities of the core IRIS programs, 
as demonstrated by development and initial operation of 
EarthScope and USArray and the significant successes in the 
nascent efforts in Polar Support Services and International 
Development Seismology. 

The strategic planning efforts have identified benefits to 
all IRIS operations that will be realized through enhanced 
coordination and integration among the existing observa-
tional programs (GSN, PASSCAL, and USArray) and tighter 
links between the observational programs and the Data 
Management System and E&O. For example, the widespread 
use of data from the IRIS archive (irrespective of the source 
of the data), and the development of integrated data products 
derived from those data, point to the substantial benefits to 
be gained from a cross-programmatic and interdisciplinary 
approach to data management and product development. 
Rapidly evolving communications and data acquisition tech-
nologies are finding increasingly common application across 
all programs. Intriguing developments in sensor technologies 
suggest that new efforts in seismometer design will benefit all 
of the observational programs. 

The move to integrated management of the USArray 
and core programs also addresses NSF’s intent to “inte-
grate the management and operations of the current IRIS 
core seismic facility with those of the USArray component 
of the EarthScope Facility under a single award” in 2013. In 
January 2010, NSF issued a “Dear Colleague” letter in which 
it outlined a phased plan to integrate management and opera-
tion of major seismic and geodetic facilities supported by the 
Earth Sciences Division. To integrate the IRIS core program 

and USArray Cooperative Agreements requires changing 
the duration of the Cooperative Agreement covered by this 
proposal from the traditional five-year duration to 27 months 
(October 1, 2011–September 30, 2013). In preparing this 
proposal, the IRIS Board and management have undertaken 
a number of steps that not only set the stage for the 2013 inte-
gration requested in NSF’s plan, but incorporate fundamental 
changes in management across all programs. These steps will 
be gradually implemented during the remaining months of 
the current Cooperative Agreement and under the 27 months 
covered by this proposal. In the remainder of this section of 
the proposal, we describe the management changes and point 
to key areas where we will undertake new activities that will 
benefit from the new structure. 

changes in iris 
management structure
Changes are being made in IRIS management structure to 
ensure that the core programs and USArray have flexibility and 
vitality and are well integrated to ensure their future success. 
These changes will improve IRIS services by encouraging more 
interaction between the current programs and opening up 
new initiatives, especially in instrumentation, enhanced data 
services, international engagement, and polar programs. 

The most significant high-level change integrates the key 
technical activities of IRIS under three primary elements: 
Instrumentation	 Services, Data	 Services, and Education and 
Public Outreach. The IRIS governance structure will remain the 
same, with the Board of Directors and Standing Committees for 
each of the core programs, and with the Standing Committees 
continuing to provide community input directly to the Board. 
The three primary IRIS service areas illustrated by the new 
organizational chart are:
•	 Instrumentation	Services: Enhances coordination of tech-

nical activities (involving GSN, PASSCAL, and the instru-
mentation components of USArray) in sensor develop-
ment, field practices, communication systems, and the 
exploration of new technologies.

•	 Data	Services:	Focuses existing Data Management System 
activities and enhances user-centric, data-related services, 
quality control, and products.

•	 Education	and	Public	Outreach: takes an expanded role in 
bringing the activities of IRIS and the seismology commu-
nity to the public as well as continuing the traditional E&O 
activities in formal and informal education. 
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National Science Foundation 
4201 Wilson Boulevard 
Arlington, Virginia 22230 

Dear Colleague: 

This letter is to inform you of plans to integrate and recompete the management and operation of the three 
major seismic and geodetic facilities supported by the Division of Earth Sciences (EAR) in the Directorate 
for Geosciences (GEO) at the National Science Foundation (NSF).  Those facilities are the core seismic 
Facility managed by the Incorporated Research Institutions for Seismology (IRIS), the core geodetic Facility 
managed by UNAVCO, and the EarthScope Facility managed jointly by IRIS and UNAVCO. 

The core facilities operated by IRIS and UNAVCO share virtually identical technical and logistical support 
needs and business systems with the EarthScope Facility, and provide very similar support to the community.  
In addition, all four awards governing these facilities will expire in the next four years.  NSF believes this is a 
good opportunity to undertake a phased integration and recompetition process involving these three facilities.   

NSF considered several different options for recompetition of the management and operation of these 
facilities, and plans a two-step process.  In 2012-13, NSF intends to integrate the management and operations 
of the current IRIS core seismic Facility with those of the USArray component of the EarthScope Facility 
under a single award. At the same time, NSF will integrate the management and operations of the current 
UNAVCO core geodetic Facility with those of the Plate Boundary Observatory (PBO) and San Andreas 
Fault Observatory at Depth (SAFOD) components of the EarthScope Facility under a second award.  Near 
the end of the first five years of integrated operations, NSF plans to issue a new solicitation to recompete the 
management and operations of both of these integrated seismic and geodetic facilities.   

This plan will: (1) address existing National Science Board policy requiring periodic recompetition of the 
management of major NSF facilities (NSB-08-16); (2) be consistent with prior National Science Board 
approval of IRIS and UNAVCO as managers and operators of the EarthScope Facility through FY2018 
(NSB-03-62 and NSB-07-116); (3) simplify NSF oversight of these facilities; (4) streamline the management 
of these facilities leading to more cost-effective operation; (5) allow sufficient time for community input to 
facility integration before recompetition; (6) minimize disruption to EarthScope Facility operations, especially 
during the planned deployment of USArray to Alaska in 2014; and (7) further existing partnerships with other 
U.S. and international agencies in support of these solid Earth deformation facilities. 

NSF welcomes community feedback on the integration of the management of these facilities and this plan 
overall.  Please contact any of the following NSF program officers with questions or comments: 

Gregory Anderson 
David Lambert 
Russell Kelz 

EarthScope 
Instrumentation and Facilities (IRIS) 
Instrumentation and Facilities (UNAVCO) 

703 292 4693 
703 292 8558 
703 292 4747 

greander@nsf.gov 
dlambert@nsf.gov 
rkelz@nsf.gov 

Sincerely, 

Robert Detrick 
Director, Division of Earth Sciences 
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In parallel with review and reformulation of program plans 
and structure, IRIS management has also undergone a series 
of very positive reviews that have led to improvements and 
restructuring of the business side of IRIS as well. NSF carried 
out an in-depth review of IRIS management and leadership in 
2009. In 2010, NSF’s Large Facilities Office undertook a detailed 
review of IRIS business systems focused on EarthScope and 
USArray, but covering all IRIS management and business 
systems. As a result of recommendations emerging from 
both of these reviews, IRIS has implemented a number of 
changes in its management and business practices. Business 
services are the primarily internal-facing component of IRIS, 
and the changes here are important and have significantly 
strengthened our internal procedures, financial and admin-
istrative practices, and responsiveness to NSF-mandated 
reporting requirements. The previous single IRIS Business 
Office has been restructured as a Sponsored Projects Office 
and Financial Services group that have distinctly different 

activities and responsibilities. The new structure recognizes 
this specialization and is essentially modeled on the organi-
zational structure used by academic institutions. The special-
ization provides clear responsibilities, and improves the inter-
faces within IRIS. 

The shortened Cooperative Agreement provides the ideal 
vehicle for a focused effort over the next 27 months to coor-
dinate and consolidate activities within and between IRIS 
programs to implement the structure described above. These 
changes will prepare IRIS for the opportunities presented by 
the joint management with USArray and beyond, with the 
following benefits:
•	 Optimize execution of existing activities
•	 Prioritize and focus inter- and intra-program interactions
•	 Enable integrated cross-programmatic approach to new 

developments 
•	 Streamline management

iris management structure

in the new iris management structure adopted by the board of 
Directors in June 2010, the primary iris activities are grouped 
under instrumentation services, Data services, and education and 
public outreach. the underlying program structure (gsn, passcal, 
e&o, and usarray) remains, and the governance structure (purple 
elements in this diagram) is preserved with the program standing 
committees continuing to report directly to the board of Directors. 
the business services are divided into Financial services (respon-
sible for financial controls, accounting and purchasing) and 

sponsored projects (responsible for award management, reporting, 
and procurement). the new and evolving program in international 
Development seismology is contained within community activities 
along with other consortium services such as meeting and publica-
tions. in addition to providing mechanisms to encourage increased 
coordination between programs, this structure facilitates the evolu-
tion toward integrated management of the core programs and 
usarray, anticipated to be under a single cooperative agreement 
starting in 2013.

Board of Directors

President

Instrumentation Services Data Services Education and 
Public Outreach

Business Services

Financial Services

Sponsored Projects

GSN
Standing

Committee

PASSCAL Standing
Committee DMS Standing Committee E&O Standing Committee
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Advisory
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International
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PASSCAL USArray FA USArray TA Data

Management
Information
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Informal
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instrumentation services
The most significant change being implemented in the new 
IRIS management structure is to bring the primary instru-
mentation activities together under one umbrella. This will 
include PASSCAL and GSN activities, and the instrumen-
tation elements of USArray. The core activities of GSN and 
PASSCAL, as described in the last section, will continue to 
support the specific needs of the diverse scientific commu-
nities that they represent. Different technical and scien-
tific drivers justified the original creation of separate GSN, 
PASSCAL, and USArray Transportable Array programs, and 
there are many elements that are still unique to each of these 
programs; however, advances in sensor and data technologies 
have led to increasing overlap between the technical solutions 
being incorporated across these programs. The same sensors 
and data loggers now service GSN, PASSCAL, and USArray, 
and many of the timing, communications, and power systems 
are common as well. Thus, increased coordination among 
these programs in terms of priority setting, execution of 
existing activities, and implementation and exploration of 
new technologies will better leverage our collective expertise 
and resources. 

During the next 27-months, we will pursue new technical 
activities already started or planned within PASSCAL, GSN, 
and USArray. These activities will be structured in a pan-
IRIS engineering portfolio. A standard systems engineering 
approach, tailored to IRIS’s unique needs, will enhance the 
cross-programmatic yield of these new efforts. Further, 
casting all these efforts as elements in a portfolio allows the 
costs and benefits across programs to be better evaluated (by 
the managers, Standing Committees, and the IRIS Board), and 
ensures that we pursue those elements of the portfolio that 
are high yield and most aligned with the strategic objectives 
of the organization. In this approach, the needs and require-
ments across all of Instrumentation Services will be identi-
fied at the beginning of new engineering efforts. Relevant 
timelines, products, documentation, and costs will be identi-
fied at project inception to facilitate evaluation and to ensure 
that results meet relevant needs. This approach recognizes 
that PASSCAL, GSN, and USArray have many intersecting 
needs, but will not necessarily insist that they march in lock-
step. Individual programs and the Board will continue to 
set programmatic priorities, modulated by the benefits of a 
coordinated approach. Some key new thrusts that will be effi-
ciently tackled with this approach include:
Exploration	of 	 refined	sensor	designs. Existing broadband 

sensor designs are being refined by the manufacturers to 
reduce size, weight, and power. These packages can reduce 
the logistical footprint of deployments, which is equally 
important across all Instrument Services activities. Sensors 

are being installed in a number of environments, including 
on piers in large vaults, and in boreholes, small vaults, and 
augured holes, and directly buried. These different installa-
tion methods present a variety of challenges. Sensor pack-
aging can, and does, have trade-offs with performance. Thus, 
requirements for new sensors and sensor packaging must 
be carefully specified and presented to the manufacturers to 
ensure the resultant sensors will meet the needs of the IRIS 
community and, where possible, minimize the total number 
of system configurations that must be supported. At present, 
there is a critical need for a replacement sensors for use at 
GSN sites. The existing GSN very-broadband sensors are no 
longer supported, and the current instruments are nearing the 
end of their serviceable life, particularly the borehole instru-
ments. The new instruments must be capable of meeting the 
GSN performance objectives and work with the existing GSN 
station infrastructure. Obtaining new instruments for the 
GSN and for other IRIS applications will require communi-
cation with vendors regarding actual or desired performance 
requirements, and careful testing and evaluation of proto-
types. The Instrumentation Services structure will ensure 

GrAND	ChAllENGES	rECOmmENDAtIONS	–	8

advances in instrumentation

•	 Encourage	 collaborations	 across	 federal	 agencies	 that	 utilize	
very broadband seismic data for monitoring purposes to 
support development of next-generation very broadband seis-
mometers to replace current instruments. 

•	 Explore	MEMS	technologies	to	develop	low-cost	seismic	sensors	
that can be deployed in great numbers and can supplement or 
replace current seismometers. 

•	 Increase	the	number	of	strong-motion	instruments	near	faults	
and in urban areas to improve constraints on rupture processes 
and to better understand the relationship between ground 
motion and building damage.1

•	 Continue	 to	 develop	 next-generation	 telemetered	 seismic	
instrumentation in hostile environments (e.g., volcanoes, 
glaciers, seafloor). 

•	 Develop	 partnerships	 among	 industry,	 national	 laboratories,	
academia, and federal agencies to advance and sustain seismic 
instrumentation innovation and capabilities. 

•	 Sustain	 existing	 permanent	 networks,	 such	 as	 the	 GSN	 and	
anss, as long-term observational systems for both research and 
monitoring, through stable funding from multi-agency partners 
and continued upgrades to improve reliability and efficiency.

1	IrIS	participates	in	the	archiving	of 	data	from	strong	motion	instruments,	
but	the	installation	of 	instruments	in	urban	environments	is	carried	out	by	
USGS	and	state	agencies.
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these activities are carried out in a manner that is cognizant 
of the wide range of unique and overlapping IRIS instrumen-
tation needs.
New	 sensor	 technologies.	The experience from PASSCAL 

and USArray is very clear—PIs are designing and fielding 
both natural- and artificial-source experiments that demand 
ever increasing numbers of sensors, which in turn requires 
simpler and faster deployments. The expanding performance 
envelopes of new and old sensor technologies, such as MEMS 
and geophones, are delivering lower noise and greater band-
width, making them potentially much more interesting for 
our applications. Under Instrumentation Services, we will 
organize a systematic exploration of these new technologies 
to better understand current and future performance capa-
bilities and integration constraints. More actively exploring 
the commercially available products will put us in a better 
position to communicate our needs, especially as commercial 
MEMS vendors start to explore specialty and niche markets 
that will result in sensors more relevant to our needs.
Power	systems.	Power can be the Achilles heel of seismic 

stations. Under Instrumentation Services we will explore 
opportunities for cross-program leveraging of new charge 
controller designs emerging from PASSCAL and new power 
control and distribution designs developed by USArray. 
Methanol fuel cells are a new technology that we will eval-
uate for applicability to different environments and situa-
tions. Battery technology continues to evolve and we are 
rapidly collecting and assembling a body of knowledge rele-
vant to our specific demands and applications. For example, 
Polar Services has systematically evaluated the latest lithium 
battery designs to build systems suitable for long-endurance 
deployments in extreme cold. Instrumentation Services will 
coordinate the pan-IRIS evaluation and testing of new power 
systems to ensure that we stay abreast of the latest develop-
ments in this important area.
Communications	and	networking.	This is another area where 

the adoption of rapidly evolving new technologies may provide 
innovative and high-leveraged solutions for the collection of 
seismological data. Communications technologies such as 
cell modems, Iridium modems, Inmarsat’s Broadband Global 
Area Network (BGAN) are technologies we are using, evalu-
ating, or will explore. These technologies have very different 
capabilities and applicability, but are all relevant to the diverse 
global seismic infrastructure that IRIS supports. Networking 
technology is also changing quickly, with self-healing, ad hoc 
mesh networking technology providing a realistic means for 
simple radio frequency data telemetry from dense deploy-
ments of large numbers of sensors. 

Field	 Practices. Interactions among GSN, PASSCAL, and 
USArray have already led to significant interprogram “tech-
nology transfer” in hardware technologies and field practices. 
For example, all programs have explored different modes of 
sensor emplacement. The noise performance characteristics 
of these different emplacement strategies have been carefully 
analyzed, using the automated quality-control analysis results 
produced by the IRIS DMC. Quick-deploy boxes developed by 
Polar Services for use in harsh environmental conditions have 
been adopted by the USArray Flexible Array and PASSCAL, 
and have greatly reduced deployment times, and streamlined 
handling and physical configuration of station hardware. 
Common interests in other field practices, such as remote 
station state-of-health monitoring and on-site station wave-
form review, have led to shared software development efforts.
Instrumentation	 technology	 Symposium. In 2009, IRIS 

collaborated with the USGS and the Network for Earthquake 
Engineering Simulation (NEES) to sponsor a Seismic 
Instrumentation Symposium to bring together instrumental-
ists and scientists from academe, government, and industry 
to explore new developments in seismic sensor technology. 
Instrumentation Services will continue to use this very 
productive forum as a means of ensuring that our commu-
nity’s needs are identified for industry and to highlight 
emerging technologies that are relevant to our community. 
These forums stimulate developmental efforts and collabora-
tions that will push the technology forwards and better meet 
the IRIS community’s scientific goals. 
multiparameter	 Observatories.	 GSN has traditionally 

equipped many stations with barometers, meteorological 
sensors, and GPS. USArray has embarked on a project to 
equip all stations with barographs and infrasound elements. 
A recently funded IRIS project will collaborate with the 
University of Chile to establish a backbone network of 10 
“global reporting geophysical observatories” equipped with 
broadband seismic, meteorological, infrasound and (even-
tually) GPS. This effort will use station designs developed 
by USArray, and benefits from the temporary network of 
PASSCAL and USArray Flexible Array instruments that 
were already deployed in Chile. The temporary deploy-
ments in Chile implemented (on a limited basis) USArray-
style cell phone telemetry—providing some much-needed 
on-the-ground information regarding cellular data transmis-
sion in that region. In collaboration with IRIS International 
Development Seismology, the collaboration in Chile may 
become a model for future interactions with international 
partners in expanding not just seismology but other geophys-
ical observations. 
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Applications.	 As the first venture of Instrumentation 
Services into implementation of new technologies, this 
proposal requests support for FlexiRAMP. These develop-
ments respond to the instrumentation needs expressed by 
the PASSCAL community: a dense network of easily trans-
ported and deployed sensors with an easy-to-configure data 
telemetry. While FlexiRAMP is aimed at aftershock studies, 
many of the desired logistical and hardware characteristics 
apply equally well across all IRIS instrumentation programs. 
To this end, Instrumentation Services will provide a pan-
IRIS environment to ensure that, where possible and appro-
priate, the broader IRIS technology goals are addressed and 
will ensure success by bringing the technical experience of all 
programs to bear. 

Polar	 Services.	The recent highly successful development 
and deployments in polar regions demonstrate the value 
of IRIS integrating technical approaches across programs. 
These efforts leveraged shared experiences and technologies 
between PASSCAL and GSN to develop special cold-hard-
ened systems for use in the polar regions (see Polar Support 
Services section in the appendix). Deployments in extreme 
environments typically put a premium on system size, weight, 
and power budgets, and the need for extended unattended 
station operation requires that careful attention be paid to 
potential failure modes. Such considerations are all relevant, 
in varying degrees, to deployments in less-extreme environ-
ments. Thus, the effort put into engineering for polar environ-
ments both benefits from, and pays dividends to, the other 

sensor emplacement strategies

broadband seismic sensors are typically installed in vaults that are 
emplaced using a wide range of techniques that vary greatly in the 
materials and tools they require. iris is currently exploring the direct 
burial of broadband sensors as a means of providing a high-quality 
installation while minimizing the tools and materials required. 
the technique of directly burying broadband sensors could have 
a dramatic impact on the logistical footprint of large experiments, 
enabling more sensors to be installed more quickly. 

the goal of all sensor emplacement techniques is to yield a low-
noise environment that is well coupled to the surrounding mate-
rial. mechanical and thermal stability are both critically important. 
installation materials and tools, as well as local site restrictions, 

further constrain installation techniques. usarray ta station vaults 
provide a well-coupled, seismically quiet environment. basic exca-
vation and vault installation is accomplished with a backhoe and 
the vault is anchored with ~3,000 pounds of cement. a typical 
passcal or usarray Fa installation uses a small vault that can be 
excavated with hand tools and that is still anchored with cement. 
in the direct-burial technique, the seismometer is placed directly in 
a hand-excavated or augured hole, which is then backfilled directly 
against the sensor. iris is studying the noise characteristics of these 
installations, examining how this technique performs in different 
soil conditions. we are also testing the multiple strategies available 
for making a sensor watertight. 
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Instrumentation Systems programs. The above-mentioned 
quick-deploy boxes are one example of technology transfer 
from Polar Services back to PASSCAL and USArray. 

Data services
Data Services incorporates Data Management, Information 
Technology, and Products and Services. This new formal 
structuring of the Data Management System emphasizes 
an integrated approach to managing the complete data life-
cycle: managing all data in a well-structured and maintained 
archive; providing the IT resources necessary to manage and 
process data; and delivering the data products and services 
necessary for data users to exploit the data. The new structure 
provides the mechanism for fully organizing all data service 
activities around the core functions—bringing a sharper 
focus to the existing activities, allowing clearer identifica-
tion of priorities, and providing clearer interface points for 
external data users as well as the other IRIS structures. The 
Data Management group within Data Services will be fully 
focused on the collection, quality control, archive, and distri-
bution of data, taking a holistic approach to all these efforts. 
Maximizing data quality and preserving data and metadata 
integrity will be the number one priority for this group. The 
Products and Services group will focus on products derived 

from data (Level 2, 3, and 4 products), as well as the services 
necessary for users to customize the production of data 
products. The Information Technology group will focus on 
providing and supporting the IT resources necessary for all 
parts of Data Services to function smoothly. 

The new Data Services structure will be poised to tackle key 
new developments that will enhance data access for users:
Data	 brokering	 services.	This effort will allows a user to 

submit data requests in a single format to the DMC, while 
shielding the user from the heterogeneous set of protocols 
supported by external data centers. This both simplifies data 
access and expands the range of data centers from which data 
can be obtained. IRIS is already a leader in developing distrib-
uted and federated models of data center interaction. For 
example, the NetDC concept has been used successfully by 
several global data centers for more than a decade, and the Data 
Handing Interface (DHI) also introduced a distributed model 
of accessing federated information. Both of these systems 
required the customization and deployment of specific hard-
ware at the distributed centers. This model met with limited 
success. Data Services will develop a Brokering Service that 
will allow a data requester to submit a request in a format 
supported by the DMC and the brokering service will forward 
the request on to the appropriate data center that holds the 
requested data requested, but using a method supported by 
the remote data center. While similar to NetDC, the primary 
difference is that this approach will translate the user’s request 
into a format understood and supported by the external data 
center, thus providing a capability that is transparent to both 
the user and the external data center. This eliminates the need 
to install software applications or to do anything intrusive at 
the external data center; it simply requires the data center to 
support request mechanism of their choice.
hYAK	 cloudlike	 computing. The Information Technology 

group within Data Services will spearhead the effort of moving 
Data Services toward a condominium model of computer 
resources to support its processing needs. During the course 
of 27-month cooperative agreement, IT will acquire a small 
number of nodes in the University of Washington’s HYAK 
condominium-style computing cluster. This computing 
model provides organizations with a “private supercomputer” 
style computing capability, but with one-time buy-in costs and 
nodes configured to the organization’s needs. The University 
of Washington-sponsored HYAK facility provides a low-
cost means of testing and evaluating whether the concept of 
cloud computing is a means for IRIS Data Services to meet 
the ever-expanding computational requirements resulting 
from the extraordinary data volumes and massive user base 
that IRIS supports.

GrAND	ChAllENGES	rECOmmENDAtIONS	–	9

producing advanced seismological 
Data products

•	 Integrate	regional	and	global	seismic	bulletins	into	an	openly	
available, definitive international seismic source catalog.1

•	 Commit	to	improving	earthquake	location	accuracies	on	large	
scales by using advanced processing methods and strive to 
complete catalogs down to levels of magnitude 3 in continents 
and 4 in oceanic regions.1

•	 Develop	a	3D	Earth	model	as	the	next-generation	community	
model beyond prem, describing the anelastic, anisotropic, 
aspherical earth structure by standardized parameterization 
that can be used by multiple disciplines.2

•	 Provide	 ready	 access	 to	 products	 of	 seismological	 research	
in forms that are useful to fellow earth scientists to facilitate 
dissemination of seismological knowledge. 

•	 Expand	infrastructure	for	learning	from	disasters	and	mounting	
scientific response, along with improved outreach with infor-
mation for the public.

1	IrIS	has	some	activities	that	contribute	to	development	of 	earthquake	cata-
logs,	but	this	has	traditionally	been	the	operational	responsibility	of 	USGS/
NEIC	and	ISC

2	IrIS	will	develop	products	and	 tools	 for	 the	display	of 	Earth	models,	but	
production	of 	the	models	themselves	is	a	community	research	activity.
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eDucation anD public outreach
The Education and Public Outreach structure will continue 
the traditional IRIS E&O activities, with an enhanced effort 
in undergraduate education, but will take a greater role in 
bringing the activities of IRIS and the seismology community 
to the public. The new structure is organized around the three 
functions of Formal Education, Informal Education, and 
Public Outreach. This provides clearer functions and inter-
faces both within and external to IRIS. As part of its support 
for USArray activities, the IRIS Education and Outreach team 
engaged in a number of effective public outreach activities 
that built on and extended IRIS core program E&O activities. 
This type of synergy will be increased through the new struc-
ture. Further, new efforts will be targeted at: 
Developing	 International	 resources. The Education and 

Public Outreach team will work closely with the International 
Development Seismology effort to adapt educational and 
outreach resources for international use. These efforts will 
also be linked with Data Services and Instrumentation 
Services, which also have significant international activities 
and interactions.
Seismic	analysis	tool	/	mobile	devices.	The Education and 

Public Outreach team will leverage the existing pan-IRIS 
knowledge base for creating seismic analysis tools that provide 
the essential functions for acquiring and interacting with 
seismic data for different classes of users. Within IRIS there is 
a vast experience base in implementing such tools, while the 
Education and Public Outreach team brings the pedagogical 
expertise to tailor these efforts to the education and outreach 
efforts. The mobile devices effort will bring seismology to 
life, matching up the ever-changing seismological data and 
information with mobile devices that exist for the purpose of 
staying in-touch and up-to-date. Again, this is a natural pan-
IRIS effort, given the wide range of real-time data and infor-
mation IRIS manages, and the expertise the Education and 
Public Outreach team has in distilling this information for 
different audiences.

pan-iris synergies anD interactions
In addition to facilitating activities within Instrumentation 
Services, Data Services and Education and Public Outreach, 
the new organizational structure also provides a management 
level that is specifically charged with effectively coordinating 
and planning activities between these service areas. 

Links between Instrumentation Services and Data Services 
will improve cross-programmatic interactions on key issues 
such as quality control, user services, software and product 
development. Links to Education and Public Outreach will 
ensure that, where appropriate, data products, software and 
services meet education and outreach needs. The recently 

Waveform	 quality-control	 enhancement.	 Distinct data 
quality management protocols have been implemented 
by USArray, PASSCAL, and GSN. Data Services will work 
with Instrumentation Services to take a pan-IRIS approach 
to reviewing and, where required, updating quality-control 
processes and procedures. Quality-control procedures must 
be tailored to the way in which stations are managed, how 
the data and metadata are collected, and how the data and 
information are transmitted to the data archive. In recent 
years, the Data Management Center and USArray, working 
together, have developed innovative quality-control strategies 
that will serve as a model for the larger pan-IRIS QC review 
effort. The current GSN Waveform Quality Review effort is 
already establishing the model for this pan-IRIS collaboration 
on waveform quality.

Data proDucts

iris archives the most extensive collection of digital seismo-
logical data in the world, reaching back four decades. to help 
categorize the data and derived data products that iris distrib-
utes, the Dms has adopted a system of “iris data product 
levels” based on the nasa committee on Data management, 
archiving, and computing (coDmac) definitions of five 
data levels, and similar to the definitions of product levels 
discussed in the report of the workshop on Data products for 
education and research from the usarray held in portland in 
october, 2004. the bulk of the 120 tb in the Dmc archive are 
level 0 and level 1 observational measurements, the building 
blocks from which scientific results are derived. iris has devel-
oped a highly evolved system for managing and distributing 
these primary observational measurements. managing the 
heterogeneous information contained in the more advanced 
product levels 2–4 is a fundamentally new paradigm for the 
Dmc. new infrastructure is being developed, made opera-
tional, and maintained. these derived products can be collec-
tions of anything and everything, but generally fall in levels 
2–4. there is not a tight definition of what these products are, 
but ultimately they are the result of a scientist using primary 
data products (level 0–2) to create new knowledge. the results 
of this scientific process fuel further research – but they first 
need to be captured, managed, and distributed in order to 
yield the greatest benefit.

level	0 unprocessed raw measurements at full resolution

level	1 quality-controlled annotated measurements at full 
resolution

level	2 products derived from level 0 or level 1 measure-
ments using non-controversial techniques

level	3 scientific products derived using single data types 
but advanced scientific processes

level	4 integrated products drawing from multiple types 
of measurements and using advanced scientific 
processes
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established International Development Seismology will 
benefit from enhanced links to all of the IRIS Services as it 
continues to explore ways in which IRIS and the academic 
community can contribute to geophysical capacity devel-
opment and enhancements to resources for observational 
seismology. 

Quality	 practices.	A major undertaking for the GSN (as 
described in the GSN Program Description) will be the 
completion of the upgrade of all GSN stations to a new 
generation of standardized data loggers. The new hardware 
will have a dramatic impact on data quality. This hardware 
provides enhanced calibration and state-of-health moni-
toring capabilities; USArray already has a significant body 
of experience in using these capabilities. USArray and GSN 
will coordinate activities to share relevant quality monitoring 
tools and techniques. A more closely coordinated approach to 
waveform quality will benefit all programs by identifying best 
practices that will be applied, where possible, across all station 
operation activities. Further, sharing of software development 
efforts will be more closely coordinated, to ensure efficiency. 
Enhanced	data	services.	The PASSCAL program will imple-

ment enhanced data services for PASSCAL PIs that will be 
balanced with and modeled on those provided to USArray 
FA PIs (as described in the PASSCAL Program section in 
the appendix). FA data services have been very popular with 
both PIs and USArray staff, as it saves time and effort for all 
parties, and results in higher quality datasets. Instrument loan 
and data policies are already being normalized between the 
core program and FA. These activities will provide PIs with 
a more uniform set of services and policies, and will make 
the differences between PASSCAL and FA experiments more 
transparent.
Products.	While Data Services has the primary responsi-

bility for identifying and developing products to serve the 
scientific community, useful data products can also evolve 
out of interactions between Instrumentation Services and 
Data services—an example is power spectral density (PSD) 
analysis of waveforms. PSD analysis was originally intended 
as a QC tool for noise analysis of stations, but has extended 
into a widely used product for science as well. Further, many 
data products are used for education and outreach activities, 
but this requires closer coordination to be most effective. For 
example, some products require simpler delivery options to 
facilitate use by non-seismologist users, or require careful 
attention to annotation and labeling to improve under-
standing and interpretation by non-experts. 
management,	 processing,	 and	 display	 of 	 high-volume	

array	data.	The explosion of data from USArray and other 
sources, all available through common request mechanisms 
from the DMC, has already stimulated a close collaboration 
with Data Services to accelerate the development of new tools 
and IT services for managing, processing, delivering, and 
displaying these data. For example, with large numbers of 
stations, even a classic data display, such as a record section, 
becomes challenging to interpret due to the sheer quan-
tity of data displayed. This has led Data Services to extend 

visualiZing the seismic waveFielD

wavefield visualizations provide unprecedented illustrations 
of seismic waves propagating across the continental united 
states and have become a very popular iris data product that 
is used in a wide variety of settings. the visualizations are 
presented as movies, and are created by plotting data from 
the usarray transportable array stations (and other nearby 
stations) as a function of time. symbols are plotted at the 
station locations, and change color depending on the inten-
sity of up or down vertical motion recorded at the station at a 
given instant in time. combining many sequential time steps 
into a movie provides a direct visualization of seismic data in 
time and space. the original visualization concept (developed 
by chuck ammon at penn state university) has been developed 
into a standard product at the Dmc. the visualizations are 
heavily used as teaching tools, as they easily convey the char-
acteristics of long-period seismic wave propagation. the visu-
alizations have been used in classrooms ranging from grade 
school to graduate level as they contain features and subtle-
ties that reward careful observation by all levels of viewers.
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existing plotting tools, develop new animated presentations 
of data, and upgrade existing data-delivery tools. The large 
volume of data is also stressing computational resources, and 
IT services is responding to the expanding needs with new 
servers and strategies for using extensible high-performance 
computing resources. At a more fundamental level, it is neces-
sary to train and inspire the next generation of seismologists 
to develop the tools and techniques that will take maximum 
advantage of huge datasets. USArray and Education and 
Public Outreach are already collaborating with commu-
nity members to present short courses on high-volume data 
processing and analysis to advanced graduate students. Data 
Services is collaborating with USArray to facilitate the collec-
tion of increased data volumes. Within Data Services, the 

Data Collection, IT, and Data Products efforts work closely 
together to manage and process the large volumes of data—
and the number of data channels being collected will only 
increase in the future. Closely coordinated pan-IRIS interac-
tions will be essential for facilitating and managing this explo-
sion of data and for working with the community of users to 
maximize the scientific gain. 

Future Directions
The revised IRIS management structure positions IRIS for 
the future. The research community has laid out a number 
of Grand Challenges for seismology. IRIS will work with the 
community to meet these challenges. An important step in 
this direction is the implementation of the changes described 

exploring seismic Data with probability  
Density Functions

standardized power spectral density (psD) computations performed for the large 
volumes of data flowing into the iris Dmc have supported a wide range of applica-
tions. psD computations have been used for many years in seismology as a standard 
tool. by computing the seismic psD for many segments in time for a single data stream, 
the results can be combined into probability density functions (pDFs) that are a rich 
source of information about the seismic energy recorded at a given station location. 
mcnamara and buland (2004, ambient noise levels in the continental united states, 
BSSA, doi:10.1785/012003001) demonstrated the utility of the pDF approach for eval-
uating noise characteristics at seismic stations. the Dmc implemented a version of the 
mcnamara and buland software to compute psDs for every hour of every day for every 
station that transmits its data to the Dmc in real time. a web-based interface enables 
users to customize the display of the resultant pDFs for different periods of time. the 
pDF results, while originally intended as a station quality control tool, have been used 
for many different purposes, such as detecting annual and seasonal shifts in seismic 
energy, evaluating different station installation techniques, and to detect very subtle 
changes in station behavior that might signal the onset or resolution of operational 
problems or the time evolution of sensor vault conditions. 
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above. As we look ahead, we can identify 
a number of examples of future activi-
ties that will benefit from the changes 
we are making now: 
•	 Taking the USArray Transportable 

Array to Alaska will benefit from 
enhanced technical coordination on 
topics such as sensor emplacement, 
sensor packaging, power systems, 
and communications. Numerous 
PASSCAL and GSN stations have 
already been deployed in Alaska, and 
the connections to Polar Services 
are obvious. 

•	 IRIS’s international activities will 
be better positioned to draw on the 
collective capabilities and knowl-
edge of IRIS. The streamlined IRIS 
management structure means that 
the growing activities in International 
Development Seismology can effi-
ciently draw on a wide range of 
services, whether these are data and 
data products educational resources, 
or the collective knowledge base of 
best practices for station operations.

•	 Routinely supporting experi-
ments with much greater numbers 
of channels will be possible as a 
result of the proposed development 
efforts, combined with the new 
management structure. IRIS will 
be well positioned with the exper-
tise and capacity for these efforts, 
whether these are permanent inter-
national arrays, PI-led temporary 
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graphical Display oF large volumes oF seismic Data

stimulated by the large volume of data flowing in from usarray 
and other sources, the Data management system is exploring new 
strategies for the graphical presentation of event-based data and 
data summaries. after large events (the m8.8 chile earthquake 
of 02/27/2010 is illustrated here) typical data displays, such as 
record sections, might contain data from over 1000 stations and be 
completely illegible if presented in traditional ways. this collage 
illustrates some of the new strategies that are being explored to 
display large volumes of data in meaningful ways while maintaining 

clarity when the plots are rendered at usable sizes. Display tools and 
strategies have been developed by individual data users as well as by 
the Data products team working within the Dms. regardless of the 
source, the various data visualization strategies are first prototyped, 
then evaluated by a working group that represents a diverse cross-
section of data users. Displays are tuned to the needs of different 
audiences and analyses. selected display techniques are then auto-
mated and put into routine production. in some cases, interfaces 
are developed to let users customize the display. 

M8.8  Chile  2010/02/27  z=35 km

Visual Instrument Response QC (in consideration)

P-wave signal to 
noise ratio station map

RECORD SECTIONS, STF, SNR MAPS, VESPAGRAMS

US Array TA record sections

Short period Time-Distance & 
Time-Azimuth envelope stacks

6+ hours!

(Can see southern rupture 
direction & duration of 
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experiments, or large-scale temporary deployments like 
the Transportable Array. 

•	 The experience with USArray and increasingly dense 
PASSCAL deployments has rejuvenated interest in array 
processing to exploit the signal/noise improvements and 
frequency/wavenumber filtering that are possible when 
working with large numbers of regularly spaced sensors. 
Collaborations between programs under the new manage-
ment structure, informed by the array workshops proposed 
over the next two years, will aid in planning and imple-
menting the enhancements in field systems, communica-
tions, data management, and software that will be required 
to fully exploit these powerful analytical techniques.

•	 IRIS will ensure that the research community can realize 
the full value of multiparameter geophysical observato-
ries by providing the technical capacity for operating the 
stations and collecting the data, the data services necessary 
to manage the data and distribute them to a diverse user 
community, and the outreach activities necessary to ensure 
that the various educational and science communities are 
fully aware of, and able to utilize, these new resources. 

The coordination and alignment of IRIS services that will 
evolve from the recent management changes will enable 
IRIS to respond more effectively to the current and future 
needs of the Consortium. Over the next 27 months, activities 
proposed by each of the core programs will strengthen and 
consolidate existing activities. The new management struc-
ture will improve internal communication, coordination, and 
technical execution—strengthening the core activities and 
preparing for integrated management of the core programs 
and USArray. With continued encouragement and intellec-
tual stimulation from members of the research community, 
and the advice and oversight from the Board of Directors 
and Standing Committees, IRIS will be in an even stronger 
position to support the Consortium’s activities to “Facilitate, 
Collaborate, and Educate” in advancing research and educa-
tion in the Earth sciences.
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buDget request by core program 
Table 1 and Figures 1 and 2 show how the total core program 
budget re quest of $37,164,563 for the 27-month period 2011–
2013 is partitioned by time and by program. As shown in 
the pie chart in Figure 3, approximately 74% of the budget 
is for support of the three largest programs, GSN, DMS, and 
PASSCAL. The relative size of the core programs has evolved 
over the history of IRIS. Prior to the mid-1990s, when the 
GSN and PASSCAL facilities for instrumentation and data 
generation were being established, these programs consti-
tuted a larger part of the total budget. As the role of the 
DMS in distribution of data has expanded, the percentage 
of the budget applied to data management has increased. 
Edu cation and Outreach accounts for approximately 6% of 
the budget and Community Activities for 3%. The aggregate 
allocation for indirect expenses and man agement fees is 13% 
of the total budget.

section 5 |buDget plan 

The plan presented in this proposal covers the 27-month 
period July 1, 2011 to September 30, 2013. The request for 
funding for operation of the core IRIS programs (total of 
$37, 164,563) is directed to the Instrumentation and Facilities 
(I&F) Program of the Earth Sciences Division (EAR). The 
request for support of Polar Services (total of $3,377,277) is 
directed to the Office of Polar Programs (OPP). This section 
presents an overview of the funding request to EAR/I&F 
to support the core program activities, a discussion of the 
primary bud get elements, and a brief review of funding under 
the current five-year Cooperative Agreement. A summary of 
the funding request for Polar Services is also presented. It is 
anticipated that funding provided by OPP to support Polar 
Services will be transferred internally within NSF and added 
as a supplement to the new I&F Cooperative Agreement. 
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Figure 5.2. core program budget profile for 2011–2013 
by budget category and program.
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Figure 5.1. core program budget profile for 
2011–2013 by year and program.

 Yr1  Yr2  Yr3  ToTal  % 

instrumentation services (mgmt) 605,015 620,438 157,230 1,382,683 3.72%

gsn operations 3,861,805 4,043,459 946,656 8,851,920 23.82%

passcal operations 4,313,587 4,802,397 1,055,778 10,171,762 27.37%

Data services 3,810,337 3,789,006 984,640 8,583,983 23.10%

education & outreach 918,575 949,799 254,508 2,122,882 5.71%

community activities 561,430 431,062 96,672 1,089,164 2.93%

indirect expenses 2,172,827 2,184,433 604,909 4,962,169 13.35%

Total 16,243,576 16,820,594 4,100,393 37,164,563 100.00%

table 5.1. budget profile, 2011-2013 by iris core program
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program buDgets by expense category
Figure 4 and Table 2 show the five-year funding request by 
different budget categories for each of the core programs. 
In addition to highlighting the main cost elements, this 
pre sentation also indicates the different organizational styles 
of the core programs, with GSN and PASSCAL budgets domi-
nated by subawards and the DMS and E&O budgets primarily 
for IRIS staff. 

Instrumentation	 Services.	 Under the revised IRIS manage-
ment structure, PASSCAL and GSN management has been 
integrated into a combined Instrumentation Services. An 
Instrumentation Services management budget is presented 
in this proposal as a transition to a more integrated GSN/
PASSCAL/USArray structure to be implemented in 2013, and 
includes the Director of Instrumentation Services (0.3 FTE) 
and the relevant portions of the management personnel 
for the PASSCAL and GSN programs. The Director of 
Instrumentation Services will work with the PASSCAL and 

GSN Program Managers to develop the core PASSCAL and 
GSN budgets and will oversee the Instrumentation Services 
management budget, which includes funding for the manage-
ment staff and other general coordination expenses. The 
PASSCAL and GSN Program Managers will retain spending 
authority for their core program operational budgets.

GSN.	The subaward to UC San Diego for personnel (total of 
13 FTEs, of which 8.8 are funded through GSN and 3.2 are 
funded through DMS) and operation of the IDA component 
of the GSN is the primary external subaward for IRIS support 
of GSN operations. The major component of the equip-
ment budget for GSN is for infrastructure replacement and 
upgrade of GSN stations (eight per year). All of the capital 
equipment required for upgrade to new generation data 
loggers has already been acquired. Funds are also requested 
to acquire and test recently developed broadband seismom-

Figure 5.3. core budget profile for 2011–2013
by percentage for each program

0

2

4

6

8

10

12

14

16

18

Yr1
7/11-6/12

Yr2
7/12-6/13

Yr 3 (Qtr 1)
7/13-9/13

Indirect Expenses
Community
E&O
DMS
PASSCAL Ops
GSN Ops
INSTR SVCS 

$ 
m

ill
io

ns

Funding Period

0

2

4

6

8

10

12

IS (Mgmt) GSN Ops PASSCAL Ops DMS E&O Community

IRIS Program

$ 
m

ill
io

ns

Indirect Expenses
ODC
Travel/Participant
Support
Equipment &
Supplies

Salaries & Fringe
Bene�ts
Subawards/
Consultants

GSN Operations
24%

PASSCAL Operations
27%

Data Services
23%

Community Activities
3%

Education
& Outreach

6%

Indirect
Expenses

13%

Management Fees
0%

Instrumentation 
Services

4%

0

1

2

3

4

5

6

7

8

IS (Mgmt) GSN Ops PASSCAL Ops DMS E&O Community

$ 
m

ill
io

ns

IRIS Program

Subawards/Consultants
Equipment & Supplies
ODC
Travel/Participant Support
Salaries & Fringe Bene�ts
Indirect Expenses

$0

$2,000,000

$4,000,000

$6,000,000

$8,000,000

$10,000,000

$12,000,000

$14,000,000

$16,000,000

$18,000,000

$20,000,000

FY12 FY13 FY14

EAR-0552316
Total Funding as of 8/16/10:  $67,843,359

Core Programs (excluding Polar): $65,267,407

IRIS 27-MONTH PROPOSAL
Total Requested Funding: $40,541,840

Core Programs (excluding Polar): $37,164,563

2006 
Proposal 
Budget

EAR-0552316
Planned
Funding 
Schedule

Actual Funding 
(excl. Polar)

This Proposal 
(excl. Polar)

FY07 FY08 FY09 FY10 FY11

Figure 5.4. budget profile for 2011–2013 for core programs, showing total 
amounts in each of the primary nsF budget categories
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InsTrumenTaTIon
   servIces (mgmT)

 gsn
operaTIons

 passcal
operaTIons Dms  e&o

communITY
 acTIvITIes  ToTal  % 

subawards/consultants 6,614,677 7,302,912 2,226,701 210,500 16,354,790 44.01%

equipment 1,168,500 700,000 282,750 2,151,250 5.79%

materials & supplies 6,825 115,777 1,437,300 365,685 59,350 13,000 1,997,937 5.38%

other Direct costs 26,523 449,559 512,550 665,564 158,430 151,000 1,963,626 5.28%

travel/participant support 54,218 503,407 219,000 363,250 246,750 252,000 1,638,625 4.41%

salaries & Fringe benefits 1,295,117 4,680,033 1,447,852 673,164 8,096,166 21.78%

g&a/office overhead 538,970 277,331 580,524 2,227,780 783,503 404,061 4,812,169 12.95%

management Fees 150,000 0.40%

Total Budget 1,921,653 9,129,251 10,752,286 10,811,763 2,906,385 1,493,225 37,164,563 100.00%

table 5.2. budget profile for 2011–2013 for the core iris programs, showing amounts in each of the primary nsF budget categories.
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eters to replace the aging STS-1 as the primary GSN sensor. 
Telemetry costs and site enhancements are also significant 
components of the GSN operational budget. 

The operation of the Global Seismographic Network is 
car ried out in partnership with the USGS. A Memorandum 
of Understanding between the NSF and USGS establishes the 
general framework for interagency collaboration in research 
in the Earth sciences, and an Annex on the Global Seismo-
graphic Network between NSF, USGS, and IRIS describes the 
arrangements for GSN support and operation. Until recently, 
all permanent equipment for both IDA and USGS stations 
was provided through IRIS/NSF. Recent augmentation of the 
USGS GSN budget and a special augmentation with ARRA 
funds appropriated to USGS in 2009 have allowed USGS to 
assume a larger role for the acquisition of equipment for their 
stations. Full funding for the GSN thus includes an addi tional 
approximately $4.3M per year spent by the USGS to operate 
their component of the GSN. 

PASSCAl.	 The core of the PASSCAL operations is the 
subaward to New Mexico Tech for operation of the PASS CAL 
Instrument Center (PIC), primarily for staff support. The FTE 
level for core program support at the PIC has grown from 13 
to 17 FTEs over the past five years and is expected to grow to 
19 FTEs with the addition of personnel for the enhancements 
and new initiatives in data services, technical documenta-
tion, new technologies, and near-surface instrumentation. 
Support for field experiments includes training, materials 
and supplies, and assistance with shipping and permitting. 
A smaller subaward provides support of the shared Texan 
instrument facility at UTEP (1.5 FTE). All permanent equip-
ment for PASSCAL and most field supplies are charged 
directly to IRIS, rather than through the New Mexico Tech 
subaward. Only minor repairs and spare parts are budgeted 
for maintenance of the existing pool of broadband instru-
ments, while emphasis is placed on the development of a 
new generation of sensors and portable recording systems. 
The primary equipment requests in the PASSCAL budget 
are for the acquisition of 650 channels of Geode recorders 
for conducting 2D shallow seismic surveys and near-surface 
electrical system equipment.

DmS.	In contrast to GSN and PASSCAL, the Data Management 
Center is staffed by IRIS personnel and thus the largest compo-
nent of the DMS budget is for IRIS staff salaries and benefits. 
The staff at the DMC supported under this proposal will grow 
from 17 to 18 over the next 27 months. Equipment included in 
the DMS budget includes on-going upgrade and replacement 
of servers, and additions to the primary Isilon storage system 
at the DMC. Participant support costs cover workshops and 

courses provided by the DMS for both domestic re searchers 
and international partners in data collection. Subawards are 
used to provide sup port to other DMS nodes including the 
DMC host at University of Washington, IDA Data Collection 
Center at UCSD, and central Asian networks. Additional 
expenses include licenses for the commercial database and 
mass store control software. 

E&O.	 The primary budget element for E&O is salary 
support for the Program Manager and staff, a total of 5.5 
FTE, including one new FTE to support the new initiatives. 
Staff include specialists in formal and informal education, 
and software  and web development. Proposed new hires 
include partial support for an E&O software developer and 
a specialist in undergraduate curriculum and international 
support. Funds are requested to continue pub lic outreach 
through the successful museum programs and Distinguished 
Lecture series. Students and teachers are impacted through 
professional de velopment workshops, internships, and the 
provision of class room materials, including posters, educa-
tional seismometers, animations, and teaching supplements. 
Subawards are planned to support development of under-
graduate educational materials, activities and software.

Community	Activities.	In addition to the core facility programs, 
IRIS carries out activities through the Headquarters Office 
to engage and inform the members of the Consortium and 
coordinate with other national and international programs. 
The Public Outreach Manager is re sponsible for production 
of the Newsletter, Annual Report and special reports, and for 
partial support of the IRIS web  site. Participant support costs 
offset expenses for Consortium members to attend a biennial 
IRIS workshop in 2012 and a Seismology Instrumentation 
Technology Symposium in 2013. The budget requests funding 
for continuing the new initiative to coordinate IRIS interna-
tional activities. A Director of International Development 
Seismology was hired in September 2009 to work with the 
Director of Planning, Program Managers and Foreign Affiliate 
Members to coor dinate and provide continuity for existing 
efforts and develop a focused and sustainable program to 
build upon IRIS’s significant international activities. The IDS 
activities have already had significant success in obtaining 
external support for scientific and development workshops in 
Latin America. 

Common to each of the programs are travel support for 
program staff and Standing Committees, and the program’s 
share of IRIS administrative expenses through Indirect 
Cost Recovery (ICR). The IRIS ICR structure has two 
components:
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•	 General	 and	 Administrative	 (G&A)	
includes IRIS-wide administrative and 
business office expenses, including 
senior manage ment staff. All programs 
are currently assessed G&A at a rate of 
24% on modified total costs (total costs 
less equipment, participant support 
costs, and subaward costs exceeding 
$25,000 per year). 

•	 Office	 Overhead covers the shared 
rent, telephone, office equipment and 
administrative support salaries at the 
IRIS Head quarters office in Washington 
DC and the DMC office in Seattle, 
Washington. An Office Overhead rate 
of 32% for DC and 19% for Seattle is 
assessed on salaries of all staff working 
at these locations. 

comparison with the current iris-nsF 
cooperative agreement

Funding under the current Cooperative Agreement with NSF 
(CAGR 0552316) is summarized in Table 3. The IRIS proposal 
submitted to NSF in 2005 requested a total of $89.46M over 
five years (“As Proposed” in Table 3). Following review by 
NSF and approval by the National Science Board, the funding 
schedule included in the Cooperative Agreement antici-
pated a five-year total award of $65.5M (“Funding Schedule” 
in Table 3). The actual total funding under the current 
Cooperative Agreement is $67.8M (“Ac tual Total” in Table 3). 
This total ($67.8M) includes supplements of $2.58M from 
OPP for polar activities and a special supplement of $5.5M 
in 2009 (made possible by the availability of stimulus funds) 
for upgrades of GSN and PASSCAL equipment. Figure 5 
compares the requested, approved, and ac tual funding under 
the current Coopera tive Agreement for core program support, 
to the annual budget requests in this proposal.

polar services
Included in this proposal is a request to manage Polar Services 
and utilize the staff and facilities of the Polar Support Services 
group at the PASSCAL Instrument Center and provide 
specialized cold-hardened instrumentation to support proj-
ects in both polar regions. Approximately half of the budget 
request is for permanent equipment to acquire instrumenta-
tion as required to support OPP funded research projects. A 
subaward to New Mexico Tech will support 4.5 FTEs at the 
Instrument Center for instrument preparation, training, and 
field support for an anticipated 20 PI projects related to Earth 
structure and glaciology in the Antarctic and Arctic. In Years 
2 and 3, the FTE level will increase to 5.5 to provide opera-
tional support for the GLISN project in Greenland, following 
the end of the MRI-funded phase of that project. Partial FTE 
support is requested for IRIS staff to provide management of 
both activities. The total funding request to OPP is $3.3M and 
it is anticipated that these funds will be transferred internally 
within NSF to supplement the new Cooperative Agreement 
developed as a result of this proposal. 
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Figure 5.5. comparison with the current iris cooperative agreement ear-0552316 funding. 
this does not include the prior or current funding from polar programs. the Fy10 actual core 
funding included a special supplement of $5.5m for upgrades to gsn and passcal equipment.

2006–2011 cooperaTIve agreemenT – ear-0552316 2011–2013 proposal

 as
proposeD

 FunDIng
 scheDule

 acTual
 core

 acTual
 ToTal

 core
 BuDgeTs  polar

 ToTal
 proposeD

2006–2007 16,759,321 11,488,519 11,488,519 11,539,082 2011–2012 16,243,577 1,343,049 17,586,626 

2007–2008 18,285,871 12,600,000 11,750,000 12,274,686 2012–2013 16,820,594 1,622,466 18,443,060 

2008–2009 17,553,722 13,200,000 11,750,000 12,517,377 2013 (qtr1) 4,100,392 411,762 4,512,154 

2009–2010 18,259,484 13,800,000 12,000,000 18,672,052 

2010–2011 18,600,679 14,400,000 12,360,000 12,840,162 

Multiyear Total 89,459,077 65,488,519 59,348,519 67,843,359 37,164,563 3,377,277 40,541,840 

table 5.3. comparison of funding under the current 2006–2011 cooperative agreement (ear-0552316) between iris and nsF, and the 2011–2013 proposal budget
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data from GSN stations. 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), GSN serves as key component of the 
FDSN backbone. GSN serves as a fiducial reference network 
for PASSCAL experiments and other international portable 
deployments throughout the world. Primarily operated and 
maintained through the USGS Albuquerque Seismological 
Laboratory (ASL) and the University of California at San 
Diego (USCD), GSN is joined by independent national and 
international Affiliate stations and arrays. Affiliate stations 
provide all of the necessary equipment to meet GSN design 
goals, fund their own operations and maintenance following 
GSN standards, and distribute their data as a part of GSN. 
Many GSN stations have been enhanced through interna-
tional cooperative efforts, including the contribution of 
seismic equipment, telemetry, and other support in kind. 
International partners include network operators in Australia, 
Botswana, Canada, China, France, Germany, Great Britain, 
Italy, Japan, Kazakhstan, Kyrgyzstan, Korea, Mexico, New 
Zealand, Norway, Peru, Russia, Singapore, Spain, United 
Arab Emirates, and others.

The Global Seismographic Network (GSN) is a state-of-the-
art, digital network of scientific instrumentation and inheritor 
of a century-long tradition in seismology of global coopera-
tion in the study of Earth. The network was built and is oper-
ated cooperatively by IRIS and the U.S. Geological Survey, 
with coordination and contributions from other U.S. govern-
ment agencies and with the international community. The 
network has multiple scientific uses in several disciplines of 
Earth science that serves societal needs for Earth observa-
tions, monitoring, research, and education. The instrumenta-
tion is capable of measuring and recording with high fidelity 
all seismic vibrations, from high-frequency, strong ground 
motions near an earthquake to the slowest fundamental oscil-
lations of Earth excited by the largest great earthquakes.

The GSN concept is founded upon global, uniform, unbiased 
Earth coverage by a permanent network of over 130 stations 
(and Affiliates) with real-time data access. The instrumentation 
is modular, enabling it to evolve with technology and science 
needs. Equipment standardization and data formats create 
efficiencies for use and maintenance. Telecommunications are 
heterogeneous, using both public and private Internet links as 
well as dedicated satellite circuits. All of the data are distrib-
uted without restriction as soon as technically feasible, nearly 
all of it in real time. 

The network is both bene-
factor and beneficiary of a 
government-university coopera-
tion involving the NSF, the USGS, 
the Department of Defense, 
NASA, and NOAA. GSN is a 
foundation for both the USGS 
Advanced National Seismic 
System (ANSS) and the USArray 
Reference Network, and provides 
the critical core data for the U.S. 
Tsunami Warning Centers and 
other international tsunami 
warning systems, and for the 
international Greenland Ice Sheet 
Monitoring Network (GLISN). 
The International Monitoring 
System for the Comprehensive 
Nuclear Test Ban Treaty uses 
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hIstorIcAl context of current operAtIons

figure A1.1. status of the gsn in 2010 showing stations operated by the usgs Albuquerque seismological  
laboratory, the IdA group at the university of california, san diego, and gsn Affiliates. 
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GSN is an educational tool for the study of Earth. With the 
ease of data access and blossoming computer technology, the 
data are now routinely used in introductory college courses, 
and high school use is rising. The stations themselves are 
focal points for international training in seismology. Real-
time access to the data has led to rapid analysis of earthquake 
locations and their mechanisms, bringing public awareness of 
earthquakes as scientific events, not just news events.

International, global seismographic coverage was born at 
the beginning of the twentieth century when a network of 
more than 30 Milne seismographs first spanned the globe—
in essence the first global seismographic network. In 1960, 
the analog World Wide Standard Seismograph Network 
(WWSSN) of 100+ seismic stations was initiated to provide 
basic global coverage for seismological research and moni-
toring nuclear tests. Data from this network formed the 
core for modem seismology and discoveries leading to plate 
tectonics. Entering the digital age in the 1970s, the USGS/
Advanced Research Projects Agency (ARPA) Seismic Research 

Observatories (SRO) of both underground and borehole 
seismometers and the NSF-sponsored UCSD International 
Deployment of Accelerometers (IDA) initiated a new era of 
large-scale, digital seismological studies. 

In the 1980s, seismometers with feedback electronics 
became available with very broad bandwidth, high dynamic 
range, and linearity for recording the largest earthquake signals, 
and instrumental noise below the lowest natural seismic back-
ground noise. Digitizers were developed with more than 140 dB 
dynamic range to encode the analog signals from these new 
broadband sensors. Computer costs declined while processing 
speeds and recording capacities increased exponentially. 

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. 
At the same time, the view of Earth as a system was coming 
into focus. Seismology, with its unique ability to “see” into 
the planet, was called to image Earth’s interior and provide 

gsn relAtIonshIps And pArtnershIps

GSN maNaGemeNt haS direct relatioNShipS with:

•	 Geophysical	Survey	of	the	Russian	Academy	of	Sciences	
•	 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),	and	Japan	Meteorological	Agency

•	 France’s	Institut	de	Physique	du	Globe	de	Paris	and Laboratoire	
de détection géophysique (ldg)

•	 New	Zealand	Geological	and	Nuclear	Sciences	
•	 Spain’s	Instituto	Geographico	Nacional	(IGN)
•	 Chile’s	Fundacion	Andes
•	 Singapore’s	Meteorological	Service
•	 Hong	Kong	Observatory
•	 Comprehensive	Nuclear	Test	Ban	Treaty	Organization	

(ctbto) International monitoring system (Ims) and global 
communications Infrastructure (gcI) 

•	 International	Ocean	Network	(ION)
•	 Greenland	Ice	Sheet	Monitoring	Network	(GLISN)
•	 International	Federation	of	Broadband	Digital	Seismic	

networks (fdsn)
•	 Global	Earth	Observation	System	of	Systems	(GEOSS)

NatioNal partNerShipS iNclude: 

•	 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)	and	West	Coast	and	

Alaska tsunami warning center (wc/Atwc)
•	 National	Aeronautics	and	Space	Administration	(NASA)/Jet	

Propulsion	Laboratory	(JPL)	
•	 Air	Force	Technical	Applications	Center	(AFTAC)	
•	 U.S.	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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fundamental physical data for other branches of the geosci-
ences. Further, 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. 

Meeting these opportunities and challenges, the IRIS 
Consortium initiated the GSN in 1986 with funding from 
the National Science Foundation, and in cooperation with 
the USGS. 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 ASL and 
UCSD IRIS/IDA were established as the prime network oper-
ators. Collaborations with IRIS member universities helped 
to establish higher density of GSN coverage within the United 
States. Growing slowly at first, then accelerating with funding 
from the nuclear verification community in anticipation of 
the Comprehensive Nuclear Test Ban Treaty, GSN is now the 
state-of-the-art digital network with terabytes of multi-use 
data from its 154 stations worldwide.

GSN’s design goal is to record with full fidelity all seismic 
signals above Earth’s background noise. GSN system band-
width meets the diverse requirements of the scientific 
community, national/regional/local earthquake monitoring, 
tsunami warning networks, the strong-ground-motion engi-
neering community, and nuclear verification programs. GSN 
sites have been selected to achieve the best possible quiet 
noise conditions, while balancing cost and logistics. With 
few exceptions, all GSN data are telemetered in real time to 
mission agencies and the IRIS Data Management Center. 

Established for seismology, the GSN infrastructure now hosts 
the world’s largest microbarograph infrasound network, one 
of the major global GPS networks, as well as geomagnetic and 
weather sensors.

operAtIons & mAIntenAnce
The operations and maintenance of GSN are fundamentals, as 
GSN has shifted from deployment/installation to long-term 
sustainability of the network. Basic O&M responsibilities for 
the IRIS/IDA part of GSN are funded by IRIS/NSF, and for the 
IRIS/USGS part of the network by ASL/USGS, with substan-
tial coordination and collaboration between the groups. 
GSN underwent a significant cost analysis of the operation 
and maintenance of the entire network in 2008. This anal-
ysis focused on GSN sustainability, and reviewed personnel, 
equipment, telemetry, international support, and other areas 
in the context of current and recent budgets. 

Staffing costs are the largest single line item in GSN 
network budgets, with overhead costs second. IDA personnel 
are UCSD employees; ASL personnel include both USGS 
government employees and contractors (currently, Honeywell 
Technology Services Inc. [HTSI]). The HTSI contract provides 
for personnel, travel, and other services for USGS, and has 
its own program manager. ASL and IDA management work 
closely with each other and with IRIS management (together, 
forming the GSN Operations Group—chaired by the GSN 
Operations Manager), and interact directly and indirectly 
with the IRIS scientific community. 

gsn And monItorIng: eArthquAkes, 
  tsunAmI wArnIng, nucleAr treAty verIfIcAtIon 

gsn is a real-time network whose data are routinely used by opera-
tional monitoring groups, both in the united states and interna-
tionally. In the united states, 19 gsn stations are included in 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 used to rapidly and accu-
rately 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. pAger rapid assessments of the disastrous, 
2008 wenchuan, china, 2010 port-au-prince, haiti, and 2010 maule, 
chile, earthquakes were used by the united states office for disaster 
Assistance, united nations, world bank, and others. thirty-three gsn 
stations (and seven Affiliates) now participate in the comprehensive 

test ban treaty International monitoring system, and nearly 50 will 
participate when communications arrangements are completed. 
gsn is used by the Air force technical Applications center to 
augment research data from its u.s. Atomic energy detection 
system. the pacific tsunami warning center and west coast/Alaska 
warning center each use data from over 100 real-time gsn stations, 
which were fundamental to the tsunami warning for the mw 8.8 
Concepcion,	Chile,	earthquake	of	2010.	The	 Japan	Meteorological	
Agency,	 Geosciences	 Australia,	 and	 GeoForschungsZentrum	
(germany) each augment their own stations with over 100 gsn 
stations for tsunami warnings. the 12 gsn stations in russia and 
the 10 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. gsn is an official contribution of the united states to the 
global earth observation system of systems.
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Both network operators fulfill the same basic functions 
in operating and maintaining GSN, and interact with each 
other through the Operations Group to share technology and 
techniques and develop procedures for standardized opera-
tions. Field, facility, and software personnel must manage the 
stations, not only the equipment (sensors, data acquisition, 
power, and telemetry), but also the data flow and metadata to 
ensure well-calibrated systems. Equipment must be procured, 
received, tested, integrated, inventoried, warehoused, shipped, 
and repaired. Station information, maintenance and installa-
tion reports, records of system modifications, export licenses, 
and shipping documents, supplies, and equipment sche-
matics must be organized and maintained. Software and 
source codes must be maintained and tested across a variety 
of station configurations and throughout the data collection 
system, from the station data acquisition system, to the telem-
etry interface, to data archiving and delivery, to the IRIS DMS. 
Station state-of-health, telemetry systems, and data quality 
control must be monitored routinely. Close collaboration 
between GSN and DCC personnel is essential to diagnose and 
resolve data-quality problems. In addition to equipment and 
data issues, key to quality station operations is the establish-
ment and maintenance of a rapport with the local hosts.

The staffing levels at IDA and ASL are ~11.4 and 22.8 FTEs, 
respectively, for about one-third and two-thirds of the GSN, 
respectively. These personnel levels supported field opera-
tions with station up time at about 85%—at historic highs—
with high data quality overall. Enhancement of station perfor-
mance beyond these levels requires additional personnel and 
increases in personnel productivity. The acceleration of GSN 
upgrades initiated in 2009 included supplemental personnel 
at IDA and ASL, as well as augmented travel support. By 
reducing the burden for maintaining obsolete equipment, 

the productivity of our GSN field staff with the new, standard 
equipment will allow for a shift in emphasis toward improved 
data quality and productivity for the whole network. This 
personnel-efficiency gain further underscores the funda-
mental importance for completing next-generation system 
(NGS) rollout expeditiously.

The O&M review included a systematic review of over 
6,000 sensor-years of GSN seismometer failure and replace-
ments rates. This study has yielded long-term expectation 
values for sensor replacements rates necessary to sustain GSN, 
and represents a quantitative improvement over prior “rules 
of thumb” for equipment amortization. Based upon actual 
GSN numbers, the yearly rates of seismometer procurements 
necessary for maintaining the network have been measured, 
and now serve as the sustainability metric for GSN. These 
measures have already affected GSN practice, with the network 
moving away from sensors with low mean-time-between-
replacement (MTBR) to better-performing sensors. In partic-
ular, GSN has stopped purchasing prior-generation borehole 
sensors (relying on repairs instead), is supplementing bore-
hole sites with higher-reliability broadband surface sensors, 
and is actively pursuing the establishment of specifications 
for the next-generation borehole sensors with better perfor-
mance. Similarly, GSN is replacing problematic vault sensors 
having demonstrably low MTBR with better units.

The manufacturing lifetime of a data-acquisition system 
(DAS) is about 10 years, after which the manufacturer discon-
tinues the product line (the original components become 
impossible to obtain) and no longer supports repairs. This 
progression has been observed in the past in GSN and was 
quoted by the vendor as the expected manufacturing life span 
of the NGS DAS. In the subsequent transition period, GSN 
must maintain and repair units internally, and may resort to 

hIstorIcAl replAcement rAtes for gsn seIsmometers

gsn has undertaken a systematic review of over 6,000 sensor-
years of gsn seismometer failure and replacements rates. based 
upon actual gsn statistics, the mean-time-between-replacement 
(mtbr) has been calculated for each sensor system. note that this 
is not mean-time-between-failure (mtbf), because some sensors 
are replaced for reasons other than intrinsic technical failure; for 
example,	 for	 a	 lightning	 strike,	 the	 electronics	 may	 be	 harmed	
(sometimes affecting one sensor but not another at the same loca-
tion, reflecting robustness of the electronics and luck). thus, the 
replacement events take into account the real conditions in which 
the sensors are deployed throughout gsn, and reflect historical rates 
in	dealing	with	both	intrinsic	and	extrinsic	factors.	Expected	yearly	
sensor replacement rates may be calculated by dividing the numbers 

of sensors deployed by their respective mtbr.

sensor sensor yeArs mtbr yeArs

sts-2 559 24.9

sts-1 per component 2928 49.9

ks54000 433 15.3

gs-13 546 485.4

fbA-23 1134 24.1

cmg-3t,3tb 412 16.6

for broadband sensors, the sts-1 and sts-2 have significantly 
better mtbr than the ks54000 and cmg sensors. the gs-13 is a 
narrow-band sensor with passive electronics, and is very robust. 
the fbA-23 is a strong-motion sensor.
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the next generAtIon system (ngs) for the gsn

based on the quanterra q330 hr data 
acquisition	 system,	 the	 next	 generation	
field system was co-designed by the usgs 
and IdA network operations center under 
the guidance of IrIs gsn management. 
This	provides	the	GSN	with	a	standardized,	
state-of-the-art recording system to opti-
mize	field	operations	and	allow	for	more	
consistent and complete command and 
calibration of the gsn network. rollout of 
the	NGS	is	expected	to	take	us	through	the	
proposed cooperative Agreement.

GSN Stations Upgraded 
to Next Generation System

Q330 Upgrades by 
GSN A�liates
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cannibalization (as seen with the legacy systems). Sufficient 
transition spares will need to be available. Assuming a “field-
able” life cycle of about 12 years, our initial NGS installation 
in 2008 will be followed by a renewal in about 2020. Therefore, 
in the 2016–2017 time frame, GSN will need to review its 
design goals, draft new specifications, and begin the procure-
ment process for the “next NGS.” In the short term, maximum 
advantage of NGS is made in its rapid deployment throughout 
the network, which is taking place now. This creates efficien-
cies for GSN through standardization across the network, 
improved and automated system monitoring, remote calibra-
tion capabilities, and reduced troubleshooting requirements 
(complete system swaps for maintenance). 

About 55% of the network will have been upgraded under 
this current Cooperative Agreement, and the remainder 
will take place during the years covered by this proposal. 
Repairs of the Q330HRs are outsourced to the manufac-
turer (MTBF is about 80 years, verified by experience in 
the 400-station USArray Transportable Array), saving GSN 
engineering staff resources for more productive O&M and 
data-quality functions. 

In addition to sensors and NGS, ancillary equipment and 
material and supplies (items with individual costs < $5K) repre-
sent a significant portion of the total GSN equipment. These 
items range from communications and power infrastructure, 
to routine station supplies. They are not inventoried and tend 
to wear out much faster than major items. The long-term 
budgeting must accommodate these yearly expenditures.

When establishing GSN, a significant portion of the budget 
was dedicated to civil works and site preparations. Forty-five 
GSN installations were based on existing USGS or IDA facili-
ties, many of which date to WWSSN installations of the 1960s. 
For many of the other 85 core GSN stations, the infrastruc-
ture was established substantially “from scratch.” Costs varied 

significantly, depending upon the installation and location. 
New vault sites in Africa cost upwards of $245K, and remote 
borehole sites on islands cost $277K in 1995 dollars. Most 
costs were less than half of these extremes. 

This infrastructure is significantly aging. Boreholes have 
been abandoned due to water leakage into sealed casing on 
both Midway and Johnston atolls, and to tectonic deforma-
tion of near-surface casing in Colombia. Some vaults built 
into rock outcrops (Mali and Gabon) or lava tubes (Canary 
Islands) for quiet conditions have turned out to have corro-
sive and/or high-temperature conditions (up to 50°C). The 
encroachment of civilization is producing higher noise levels 
(even at the South Pole). Hurricanes (Wake Island) and land-
slides (GSN affiliate in Singapore) have wrecked otherwise 
good sites. Even in cases where best practices were used in the 
initial site selection or where logistics dictated pragmatism, 
noise conditions at some GSN sites proved to be very high. 
Several GSN sites could benefit from relocations, including 
BILL in Siberia, KOWA in Mali, MSKU in Gabon, and NRIL 
in northern Russia. For a network of over 130 core stations, 
a proactive program of site improvements/upgrades will be 
necessary to address known issues as well as rarer (but not 
unexpected) catastrophic losses due to hurricanes, fires, 
and other hazards.

To sustain the GSN, long-term requirements in 2008 for 
replacing and modernizing equipment, plus upgrading site 
infrastructure was estimated to be ~$1.5M/year. Note that the 
2009 stimulus funding enabled the GSN to “catch up” with 
many long-standing equipment needs, and to procure addi-
tional equipment for the coming years. Therefore, in the near-
term, equipment needs are much more modest, as reflected 
in the 27-month budget. Further, GSN expects a number of 
ancillary equipment items to decrease in cost, yielding further 
savings. Nonetheless, long-term aggregate equipment and 
infrastructure needs must be monitored and projected to 
ensure a sustainable network. These costs are in addition to 
“fixed” costs for personnel, overhead, travel, shipping, telem-
etry, and stations stipends, which are typically considered to 
be the base O&M budget. As the NGS upgrades are completed, 
we will be assessing the personnel structure required in the 
shift from installations/upgrades to O&M and sustainment, 
and may redistribute personnel as necessary to assure high-
quality data return in the most efficient manner. Aggregate, 
gross telemetry and stipends costs (2008) for GSN were about 
$400K and $500K, respectively. These costs do not include 
telemetry contributed by national (USGS ANSS and NOAA/
NWS) and international partners (e.g., CTBTO, China, Russia, 
Australia). All of these costs are subject to inflation.

figure A1.2. IdA field engineer installs the ngs equipment in a vault in saudi 
Arabia (rAyn).
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tsunAmI response
The great Sumatra-Andaman earthquake and consequent 
Indian Ocean tsunami disaster of 2004 brought focus and 
resources to GSN as a key element of the international tsunami 
warning system. Real-time telemetry was expanded from 88% 
coverage to 96%, now 148 of the 154 current sites, and system 
robustness was improved with back-up communication links. 
The USGS established a nine-station Caribbean Network, 
which is affiliated with GSN, and brings enhanced coverage 
between North and South America. Via a Memorandum 
of Understanding with IRIS, telemetry collaboration with 
NOAA increased with 10 sites now satellite-linked directly to 
the Pacific Tsunami Warning Center in Hawaii. The network 
links NSF, USGS, and NOAA, recognized in law in the 
Tsunami Warning and Education Act of 2006.

core network
In parallel with the tsunami augmentation, the basic global 
coverage plan was completed with the installation of six 
new stations—TARA and KNTN in the Republic of Kiribati 
(central tropical Pacific Ocean); ABPO Madagascar; SLBS 
Mexico; MACI Canary Islands; and UOSS United Arab 
Emirates—plus Affiliates KBL Afghanistan and HKPS Hong 
Kong. As of 2010, 23 affiliate stations join a core network of 
80 USGS-operated, 41 IDA-operated, and 10 China-operated 
stations (collaborating with the USGS). In addition, the 
complement of installed microbarographs was expanded 
from 40 to 70 stations, and participation in the International 
Monitoring System (IMS) increased from 23 stations to 
33 core stations and seven affiliate stations. 

ActIvItIes under the current cooperAtIve Agreement

performAnce revIew
A comprehensive review of agency usage and performance of 
core stations concluded that every active station is routinely 
used by some monitoring agency and that even island sites, 
which tend to be the noisiest stations, are very valuable to the 
tsunami warning centers. Agency metrics included impor-
tance, quality, and usage by the Pacific and the West Coast 
and Alaska Tsunami Warning Centers, the Air Force Technical 
Applications Center (AFTAC), the IMS, and the National 
Earthquake Information Center (NEIC) in determining 
epicenters and W-phase earthquake moments. Data perfor-
mance metrics included vertical and horizontal noise levels 
at 1 Hz, 300 sec, and broadband. A metric of contribution to 
global coverage is based upon distance to the nearest neigh-
boring station. A survey of the scientific community ranked 
GSN stations for merit/importance in scientific studies. These 
metrics now serve as an objective basis for decisions regarding 
station relocation/closure and commitment, prioritization, 
and allocation of GSN resources.

InternAtIonAl collAborAtIons
New partnerships with Spanish, German, Australian, and 
Russian organizations exemplify GSN’s continuous engage-
ment in international collaboration. The Instituto Geographico 
Nacional (IGN) of Spain has collaborated at a new GSN site 
MACI Canary Islands (a relocation from the prior site at TBT), 
providing the STS-1 sensors, data acquisition, and telemetry as 
part of their local network, and primary maintenance respon-
sibilities. Bundesanstalt für Geowissenschaften und Rohstoffe 
upgraded the DAS at Grafenberg and took primary respon-
sibility for maintenance, while GeoForschungsZentrum 
Potsdam (GFZ) installed a geomagnetic observatory next on 
St. Helena Island in the South Atlantic that shares the commu-
nications circuit for station SHEL. Geosciences Australia has 
undertaken expanded responsibilities and provides major 
maintenance assistance in and around Australia, extending 
to sites on Papua New Guinea, Solomon Islands, Fiji, Tuvalu, 
Rarotonga, and Kiribati that are crucial to Australian tsunami 
warning. The Russian Academy of Sciences’ Geophysical 
Survey (GS-RAS) in Obninsk now provides for all telemetry 
within Russia, ensures data flow based on a new intergov-
ernmental MOU, and has started purchasing, importing and 
installing NGS systems from IRIS—including Q330 DASs, 
STS-2 seismometers, and STS-1 electronics—expanding their 
role to O&M of all GSN stations in Russia and opening possi-
bilities for more instrumentation upgrades and data exchange 
with the Russian National Network.Figure	 A1.3.	 USGS-Honeywell	 field	 engineer	 Jared	 Anderson	 takes	 and	 oppor-

tunity to teach basic seismology to the school children on kanton, republic of 
kiribati (gsn station kntn).
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telemetry
In the past few years, new communications systems were 
installed in FURI Ethiopia, RAYN Saudi Arabia, MSVF 
Fiji, and JOHN Johnston Atoll, and system robustness was 
improved by providing for redundant links at key sites in the 
Pacific. As mentioned above, the GS-RAS has taken over the 
Russian telemetry links and now fully funds the data flow. A 
substantial component of this expansion was funded by the 
USGS following the Sumatra earthquake. The telecommuni-
cations infrastructure is diverse, with portions funded by IRIS, 
USGS, Russia, China, Australia, the Department of Defense, 
NOAA, and the CTBTO, with Internet connections provided 
by local hosts. Although the diverse telemetry topology adds 
to the management burden, the system minimizes costs as 
well as maximizes robustness by not having all communica-
tions routed through a single point of failure.

seIsmIc InstrumentAtIon
IRIS completed a comprehensive, multiyear process to eval-
uate, test, select, and procure the next-generation GSN DAS, 
and selected the low-power systems (<10W) Quanterra 
Q330HR to improve robustness in remote locations and offer 
remote calibration via the telemetry link. A standard instal-
lation allows resources to be shared across the entire GSN, 
optimizing the equipment depots at both network operations 
facilities. By the end of this proposed Cooperative Agreement, 
DASs will have been fielded across GSN, freeing resources 
previously tied down to obsolete equipment.

Long-term changes in the response of some Streckeisen 
STS-1 sensors, the primary GSN vault sensor that has not 
been produced 1996, has raised concerns. Further testing of 
STS-1 electronics has shown that the aging systems may be 
adversely affected by humidity, with amplitude-dependent 
effects in some frequency bands. This nonlinearity was not 
easily detectable with our past quality assurance techniques, 
and thus, new quality metrics are being implemented to allow 
us to track sensor aging. In addition, with funding from IRIS 
in 2006, Metrozet LLC and UC Berkeley successfully devel-
oped new feedback electronics for the STS-1, which is now 
in production, and is being fielded and used at stations of the 
GSN and other FDSN networks. With the lack of an immediate 
replacement for the STS-1 mechanical assembly, improved 
installation techniques for secondary sensors are providing 
for a better long-period response, enabling the replacement 
and relocation of STS-1s at sites that have relatively high back-
ground noise, and improving the relative performance of the 
secondary sensor at other sites where both are installed.

Current GSN borehole sensors have been problematic 
but, because replacement and repair costs are high, IRIS is 
focusing on a future sensor. A revised borehole seismometer 

specification is being prepared in consultation with the IRIS 
Instrumentation Committee and AFTAC/DoD, which also 
has substantial needs for borehole instrumentation, and 
IRIS plans to work with potential manufacturers to test and 
evaluate new sensors. Under the new IRIS Instrumentation 
Services structure, GSN will coordinate with PASSCAL and 
USArray in this and other areas related to the exploration of 
new sensor technology.

CALIBRATION,	AZIMUTH,	AND	DATA QUALITy
Degradation of the STS-1 electronics and the past QC system’s 
inability to measure this decay brought into focus the need 
to place data quality on a par with data availability as a true 
measure of GSN’s performance. Calibrations performed on 
initial site installation and during site visits were augmented 
with remote calibrations where the DAS, telemetry link, 
and local hosts were capable. The NGS systems have remote 
calibration capabilities, so with the completion of the NGS 
upgrade, the entire GSN can be routinely calibrated (with 
local political permission, in some cases). Apparent problems 
noted (Ekström et al., 2005, Seismological Research Letters, 
doi:10.1785/gssrl.79.4.554) regarding instrument sensitivity 
defined a need for absolute field calibration to complement and 
verify independent checks based on earthquake free oscilla-
tion modal data and tidal amplitudes (Davis and Berger, 2007, 
Seismological Research Letters, doi: 10.1785/gssrl.78.4.454; 
Davis et al., 2005, Seismological Research Letters, doi:10.1785/
gssrl.76.6.678).

At the same time, subtle azimuthal errors in sensor orienta-
tion were being determined and refined using the data them-
selves and measures of great circle paths from many earth-
quakes. In response, network operators defined rigorous best 
practices for location, orientation, and calibration of sensors 
using field kits that included a reference broadband seismom-
eter, precise azimuth determination equipment, and a well-
calibrated DAS. The kit has been in use during site visits since 
2008, and the reference sensor is absolutely calibrated on a 
shake table before and on return from each visit. Network 
operators are systematically assaying site infrastructure that 
may affect apparent response to determine and plan long-
term site refurbishment needs.

In 2009, GSN adopted a new calibration policy wherein 
absolute calibrations would take place during field visits (both 
before and after major station upgrades), and yearly relative 
calibrations would take place at all sites where both telemetry 
and local DAS permitted remote calibrations. In 2009 during 
the initiation of DAS upgrades, 27 absolute calibrations and 
66  relative calibrations took place, building upon historical 
calibrations and network-wide calibration efforts during 
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equipment fielded so that the network may begin to accrue 
those benefits. GSN will maintain the installation rates of 
NGS and sensors that were accelerated in 2009. Through this 
effort, the refreshed network will also be able to address many 
data-quality issues that suffered from an inadequate equip-
ment replacement budget, bringing GSN data quality back to 
the forefront. At the same time, GSN looks toward exciting 
new directions to reinforce its successes both as a network 
and as an integral program for global seismology. Toward this 
end, GSN will take stock of the station infrastructure and test 

2003–2006. Procedures for calibration and updating meta-
data are being reviewed and standardized among the network 
operators as part of a pan-IRIS assessment of data quality.

As a result of concerns about data quality related to the 
aging of the STS-1 sensors and the tracking of metadata, the 
IRIS Board established a GSN Data Quality Panel in 2010 to 
assess the quality of GSN data, review current quality control 
procedures, and make recommendations for implementa-
tion of standard metrics and practices to measure and report 
on GSN waveform quality. Based on the recommendations 
of the Panel, the GSN Operations Group will expand the 
routine quality-control procedures that are implemented by 
the network operators, routinely tracked, and published on 
IRIS web sites. The goal is to provide both the scientific user 
and network operator the same view of data quality so that 
each may effectively use the open information, and to create 
an archive of the state of data quality for a sensor. GSN will 
continue to work with the Lamont Waveform Quality Center 
(WQC) to track station performance and review prior calibra-
tion and data quality, supported by QC analysts collaborating 
between the IRIS DMS and GSN. Collection of data problem 
reports has been reinstituted, and the scientific community 
has been encouraged to offer their own problem assessments 
at GSN stations.

gsn AugmentAtIon fundIng 2009
Both NSF and USGS received substantial additional funding 
in FY09 through the American Recovery and Reinvestment 
Act of 2009 (ARRA), which has led to over $9M supplemen-
tary funding for GSN. Through coordinated efforts between 
USGS and IRIS/NSF, a comprehensive, integrated plan was 
developed, encompassing both ASL and IDA. Funds for a 
broad renewal of GSN equipment focused on immediate 
procurements, including all DASs needed to complete the 

GSN upgrade, secondary broadband sensors, replacement 
FBE systems, and many other urgent needs. The supple-
mentary funding also accelerated deployment of NGSs and 
sensors. During 2009, 25 stations were upgraded, electronics 
were replaced in 12 STS-1s, and 12 secondary broadband 
sensors were replaced. Through the June 2011, well over half 
of the core GSN will have been upgraded and enhanced. 

usgs gsn fundIng
Funding by the USGS has substantially increased in recent 
years. As a part of the 2005 Tsunami Supplement, the USGS 
received funds for expanding GSN’s real-time telemetry infra-
structure at stations operated by both ASL and IDA, for the 
installation of the nine-station Caribbean Network (Affiliated 
with GSN), and for a step increase in their base budget (about 
$600K) to operate and maintain these additional facilities. 
The university community has worked closely with the USGS 
in the past few years, stressing the importance of the GSN 
as a multi-use, multi-agency facility, and encouraging consid-
eration of funding increases for the USGS GSN line in the 
Department of Interior budget. This request has resonated 
with Congress, and funding added in FY08 ($500K) and 
FY09 (~$1M), has now been adopted by the Administration, 
increasing the base of the USGS GSN program in FY10. With 
each of these increases, the USGS has stepped forward and 
taken an equal role in funding GSN equipment and upgrades, 
which heretofore had been the role of NSF/IRIS. The more 
equitable collaboration between USGS and NSF/IRIS is a 
new paradigm for the GSN, with both parties taking primary 
roles for their network operations and also jointly funding 
the network to take best advantage of resources and capabili-
ties. IRIS now has more latitude to focus GSN funds toward 
new ways to improve the GSN for science and to continue its 
O&M role through IDA.

new opportunItIes And dIrectIons

The next 27 months will see the culmination of the first major 
upgrade cycle in GSN equipment since the initial installation 
of the network. Through funding supplements related to the 
federal stimulus package in 2009 from both NSF and from 
USGS, GSN is being transformed from a network that has 
been focused on basic operations and maintenance of an aging 
equipment base, to one focused on sustaining a standardized 
system of state-of-the-art equipment, incorporating efficien-
cies in operations, maintenance, monitoring, and quality. 
The most important task in the short term is to get the new 
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new prototype primary sensors, will review with the commu-
nity advances in science that may be made through the imple-
mentation and use of arrays, will engage through FDSN a 
systematic assay of national broadband networks and their 
respective means where the international community may 
gain access to these data, and actively engage with the ocean 
seismic community through the Ocean Observing Initiative. 

Looking forward, GSN will be renewing and invigorating 
techniques and procedures to ensure the GSN dataset is of 
the highest quality. The network is in place, and has captured 
with full fidelity the third and fifth largest earthquakes ever 
measured since the dawn of instrumental seismology. GSN 
real-time data are used at more than tenfold their acquisition 
rate. Operationally, the GSN envisioned in the mid 1980s is 
now in place. The new dimension for growth is quality. This 
focus extends beyond instrumentation and infrastructure. 
GSN is a champion of open data, and must also embody the 
principle of open information regarding its data quality. Here, 
GSN leadership can potentially bring about improved data-
quality practices beyond GSN.

network
The 154-station GSN multi-agency network model with 
IRIS management coordinating the primary network oper-
ators USGS/ASL (IU, IC subnetworks) and IRIS/IDA (II), 
and independent GSN Affiliates, has proven to be a robust 

collaboration. Funding and resources have been effectively 
shared for the broad benefit of GSN. IRIS continues to fund 
UCSD/IDA. With the increase in the USGS base budget for 
GSN beginning in 2009, USGS funding for ASL’s components 
of GSN have expanded beyond O&M to equipment, installa-
tions, and station upgrades—many which were funded by IRIS/
NSF under the prior Cooperative Agreement. Nonetheless, 
whereas both IRIS/NSF and ASL/USGS have parallel funding 
for their respective GSN components, successful collabora-
tion between IRIS/NSF and ASL/USGS seen during the ~$9M 
federal stimulus funding in 2009 underscores the efficiencies 
achieved in combining and collaborating resources. In this 
regard, the IRIS GSN budget continues some support for ASL 
activities that may be more efficiently funded through IRIS. 
Complementary to this, USGS funds will be coordinated with 
pan-GSN activities. 

The GSN Standing Committee (GSNSC) provides over-
sight for both IRIS/NSF and USGS, under the NSF-USGS-
IRIS MOU Annex. The IRIS and USGS GSN program 
managers have parallel responsibilities to coordinate GSN for 
IRIS/NSF and USGS, respectively. IRIS funds a GSN office, 
and provides support for the GSNSC, and for GSN manage-
ment. GSN management also has roles and responsibilities 
for IRIS polar activities (including the Greenland Ice Sheet 
Monitoring Network).

The completion of the NGS upgrade effort is the crucial 
foundation for the GSN’s long-term operation and mainte-
nance efficiency and improved data quality. To accelerate the 
rate of upgrade for the network, both ASL and IDA augmented 
their personnel (3 and 1 FTE, respectively) in support of the 
field activities and station maintenance as well as enhance-
ment to their shipping and travel funds to allow more 
station visits. Both groups are sustaining this level of effort 
throughout the 27 months covered by this proposal in order 
to finish upgrades as expeditiously as possible. All IRIS/IDA 
upgrades are planned for completion by 2013, barring diffi-
culties with Russia. ASL upgrades are planned for completion 
by 2015, barring difficulties with Russia and China.

Network standardization improves functionality and 
creates efficiencies. Equipment standardization will permit 
ASL and IDA to coordinate and collaborate on station main-
tenance, which was not possible before. Within the context 
of such GSN collaboration, the network configuration is 
being analyzed with a view toward making more efficient 
use of logistics, shared resources, and personnel. Long-term 
perspectives for possible restructuring GSN will take into 
close account the important relationships with station hosts. 
Further, when GSN equipment is standard across their terri-
tory, large national partners (e.g., Russia and Australia) may 
take a greater role in station operation and maintenance. On 
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a single station, case-by-case basis, international hosts may 
wish to take greater responsibility, or even full responsibility, 
for local GSN stations. These arrangements and discussions 
will be constructively met, and encouraged insofar as GSN 
data quality may be assured and the design goals of the GSN 
can continue to be met.

stAtIon performAnce
GSN (both IRIS/USGS and IRIS/IDA) operated with about 
85% data availability, prior to the funding augmentation in 
2009. With the new, low-power NGS, and adequate stock of 
secondary sensors and STS-1 electronics, we anticipate data 
availability increasing toward our 90% target. New GSN data-
quality metrics are being developed to assess the variance 
of sensor data from our published design goals, and include 
noise level, linearity, calibration accuracy, and orientation. 
These web-published metrics, uniformly applied across the 
core network, will not only offer a clear status and history of 
sensor data quality for the scientist using the data, but also 
better enable GSN network operators to monitor quality, 
to bring engineering expertise to problems identified, and 
for making decisions on the allocation of resources for field 
repairs and site visits. This data-quality transparency for the 

community enhances the GSN data, and offers leadership to 
other international networks for raising the global awareness 
of data quality.

dAtA quAlIty 
Informed by the recommendations of the GSN Data Quality 
Panel (expected the fall 2010), quality metrics and assess-
ment tools will continue to be developed and utilized to 
share information on data quality with both network opera-
tors and data users. Additional resources will be coordinated 
with ASL to ensure close collaboration with the USGS. This 
enhanced data-quality focus includes reviewing the historic 
data archive and metadata, end-to-end tracking of data prob-
lems reports, implementing new and improved tools for 
measuring and assuring data quality, tracking and publishing 
QC metrics, and publishing sensor problems and calibrations 
on a GSN/DMS web site. In addition, the data problem report 
process will be revitalized along with the development of a 
data user interface to allow feedback directly from the data 
users to the Operations Group. The GSN Operations Group 
will continue to coordinate with the Lamont Waveform 
Quality Center on metrics, techniques, and quality-related 
information. Working through the new IRIS Instrumentation 
Services and Data Services structure, there will be a renewed 

gsn dAtA use

data from the global seismographic network are 
the most widely accessed dataset in the IrIs data 
management system, with over 44 terabytes (tb) of 
data shipped in 2006–2009, both in real time and 
from the archive (see figure). over 11 tb were distrib-
uted in real time in 2009 by dms. nonetheless, gsn 
data are also distributed in real time to a broad spec-
trum of users separate from the dms distribution. 

many networks or large data users access gsn 
data directly from usgs and ucsd data collection 
centers, via tsunami warning centers, through soft-
ware operating at various seismic networks, or from 
the gsn station itself. these real-time users include 
usgs/neIc, u.s. and international tsunami warning 
centers, global cmt, ctbto Ims, and national 
networks	 and	 organizations	 in	 Australia,	 Austria,	
Canada,	 Chile,	 China,	 Colombia,	 Czech	 Republic,	
dominican republic, el salvador, france, germany, 
Guatemala,	 Hong	 Kong,	 Iceland,	 Indonesia,	 Italy,	 Japan,	 Kuwait,	
Malaysia,	 Mauritius,	 Mexico,	 Morocco,	 Netherlands,	 Puerto	 Rico,	
nicaragua, norway, oman, philippines, romania, russia, singapore, 
spain, sweden, taiwan, thailand, turkey, united Arab emirates, 
united kingdom, and 31 local station hosts, and others. tracking 
the amount of data requires a certain amount of detective work 
and engagement in correspondence with international users. 

An estimate of gsn real-time data usage not distributed by dms 
is about 6.9 tb/yr, or about half of the dms rate. this estimate does 
not	count	multiple	uses	of	GSN	data	within	an	organization.	The	
estimated total gsn real-time data usage rate (circa 2010) is there-
fore about 18 tb/year, compared with a nominal gsn data logger 
rate of about 1.1 tb/year.
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FY11 of a borehole version of the UCSD optical seismometer, 
which presents a new option for borehole installations. To 
actively engage the market for primary sensors, this proposal 
requests funding for instrument manufacturer engagement, 
procurement, and testing. The path forward will stimulate 
production of new GSN primary sensors, which may then be 
proposed for volume procurement in the five years hence.

new stAtIons
Whereas GSN now has achieved its goal of global coverage, 
there are still gaps in geographic coverage in a few subcon-
tinental areas (e.g., North Africa, India, Nepal) and, of 
course, in the broad ocean area. There are ongoing discus-
sions with Libya and Egypt (North Africa), and Italy (for 
a site near Mt.  Everest), and there are siting possibilities 
for West Antarctica following PoleNet temporary deploy-
ments. Engagement continues quietly with India. In addition, 
there are occasionally favorable opportunities to relocate, or 
completely re-install an existing station to be responsive to 
changing political situations or natural disasters (recall past 
experience with our stations in Colombia, Canary Islands, 
and Wake Atoll). In order to fully leverage such oppor-
tunities, GSN requests $250K funding for the equipment 
necessary for a new site, civil works for site preparation, 
and installation costs.

sIte InfrAstructure
Aging of the network is also reflected in its site infrastruc-
ture, including vaults, piers, boreholes, buildings, power, 
and telemetry equipment. For instance, WWSSN vaults used 
by GSN are nearly 50 years old. Some of this infrastructure 
directly impacts GSN data quality. As noted earlier, as part of 
NGS roll out, GSN is systematically assessing the condition of 

its infrastructure. Annual funding is requested to 
repair site infrastructure to coordinate effectively 
with ongoing field activities.

polAr ActIvItIes
GSN management will continue its active 
engagement in polar activities in collaboration 
with PASSCAL (discussed in the section on Polar 
Support Services), both through the international 
collaboration in the GLISN project in Greenland, 
as well through development of long-term sites 
in West Antarctica for monitoring its ice sheet. 
Coordination of the specialized equipment and 
installation techniques between the two core IRIS 
programs is important to ensure high quality and 
data return in these challenging environments.

and increased collaboration between the GSN and the DMS 
(through the Operator’s DCC and the DMC) to continue to 
produce, enhance, and automate quality metrics for GSN data 
that assure the seismological community of current state of 
the GSN dataset.

equIpment
GSN’s near-term equipment needs were substantially fulfilled 
by the funding augmentation in 2009. Procurement of 
secondary sensors, based upon GSN historic replacement rates, 
will continue to ensure that adequate stocks are maintained. 
NGS failures will be met through repairs based upon known 
USArray Transportable Array repair rates. Ancillary small 
equipment for station maintenance must also be budgeted. 
IRIS and USGS will coordinate these purchases between IDA 
and ASL, in proportion to relative numbers of GSN stations.

developIng new prImAry sensors
It is critically important that replacements are developed and 
tested for the GSN primary broadband sensors—the STS-1 
(surface) and KS-54000 (borehole). Additional urgency for 
this task has come from recent analyses by the Waveform 
Quality Center, which indicates that the Metrozet E300 does 
not solve all of the issues with the STS-1. High failure rates 
of the KS-54000 have caused the network operators to cease 
purchasing them. GSN quality will continue to deteriorate if 
these problems are not solved in the coming years.

During the term of this proposal, GSN proposes to purchase 
and field test several prototype primary sensors. Both Metrozet 
and USCD are now developing prototypes that may approach 
STS-1-quality. New broadband sensors are being offered by 
several manufacturers, with the potential to be packaged for 
borehole deployment. USGS is supporting development in 

figure A1.5. gsn station AfI (Afiamalu, samoa) vault infrastructure issues (courtesy of Asl/usgs).
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new dIrectIons
Three exciting new directions are proposed for GSN, which 
both serve to expand the capabilities for GSN science and 
naturally link with existing GSN activities: incorporating 
arrays into GSN, working with FDSN to expand and enhance 
international data exchange, and engaging with the Ocean 
Observing Initiative to provide GSN-quality sensors for 
seafloor deployment.

Seismic arrays
The “Seismological Grand Challenges” report recognizes that 
seismic arrays offer great potential for resolving important 
questions regarding such diverse topics as the nature of the 
lithosphere-asthenosphere boundary, how temperature and 
compositional variations control mantle and core convection, 
and how Earth’s internal boundaries are affected by dynamics. 
Moreover, arrays can be used to greatly improve earthquake 
detection capabilities on a global scale. While events as large 
as magnitude 5.5 can hide from current networks, a global 
array of arrays would lower detection thresholds by one to 
two magnitude units. Complete and accurate earthquake 
catalogs are a fundamental dataset for addressing several of 
the Grand Challenges. Whereas some of these questions may 
be answered with temporary PASSCAL portable array deploy-
ments, the others will require long-term to semi-permanent 
monitoring and hence fit within a framework that bridges 
the gap between GSN’s permanent global observatories and 
PASSCAL’s higher-resolution temporary deployments. 

Arrays have several advantages over three-component 
stations. An array provides directional information on an 
arriving wavefield, including both azimuth and “slowness” 
(inverse apparent velocity of the wave), and individual sensor 
channels can be combined as a beam to improve signal to noise 
and to focus on aspects of the wavefield. There are diverse 
designs for arrays, depending upon the particular purpose, 
which include high-frequency and broadband elements, as 
well as three-component and only vertical elements. The aper-
ture (array width) and the organization and spacing of array 
elements can enhance or attenuate features of the wavefield 
being viewed. Whereas a GSN station occupies a relatively 
small footprint, extending this framework for an array may be 
constrained by local host considerations and can limit collo-
cation with existing GSN sites. Finally, the array is a passive 
sensor—like the GSN station, it records seismic phenomena 
that propagate to it.

Four Affiliate arrays are part of GSN, installed and oper-
ated by AFTAC or DOE/Southern Methodist University, 
which are also IMS arrays. There are 18 additional IMS 
primary arrays, but unfortunately the CTBTO confiden-
tial data policy limits scientific community access to these 

valuable resources. Open access has been obtained on a bilat-
eral basis with Canada, Australia, Germany, Kazahkstan, and 
Norway. Efforts continue for more open release of array data 
from the other 11 IMS primary arrays, in coordination with 
FDSN. Nonetheless, most of these arrays have been narrowly 
designed for their sole purpose—to detect and monitor 
nuclear explosions. The Southern Hemisphere has only two 
Australian arrays. “Sweet-spots” for viewing a particular 
feature may require an array installed at an entirely new site. 
To use the array for specific imaging of Earth structure, the 
geometry of the earthquake sources, the array, and the lith-
osphere-asthenosphere-mantle-core structures to be illumi-
nated must be refined. 

IRIS proposes to study these broad scientific and technical 
questions in workshops, and perform a pilot experiment 
during the coming 27 months, in order to reach a consensus 
with the scientific community of the best course forward. 
The focus of these two workshops are: (1) the specific scien-
tific objectives and priorities for augmenting GSN with fixed 
arrays, and (2) the technical plan (array geometry, siting, 
instrumentation, and international coordination) needed 
to achieve the scientific objectives. The pilot experiment 
will demonstrate with an existing array—for example, the 
SIEDCAR experiment (Seismic Investigation of Edge Driven 
Convection) and the High Lava Plains (HLP) project—the 
capability for resolving targets of future arrays. Exploration 
of the technical aspects of array development will be coordi-
nated through the new IRIS Instrumentation Services struc-
ture to ensure that these effort draw on the extensive experi-
ence of PASSCAL and USArray/TA as well as GSN. Because 
the science will drive the array design(s), the second work-
shop must await the outcome of the first.

enhancing international data exchange
IRIS is proactive in advocating for open data sharing, and GSN 
is an example of the practice. GSN openness has generated 
substantial goodwill globally. Many organizations that never 
openly shared data internationally now provide data to the 
IRIS DMS, in part because of their own active usage of the open 
GSN data. Two such examples are the Japan Meteorological 
Agency (JMA) and Malaysian Network—both have opened 
real-time access to seven of their broadband stations. 

GSN actively participates in the FDSN working group on 
station siting, which attempts to keep an active inventory of 
all broadband networks participating in FDSN, as well as the 
means for accessing data. FDSN has been very successful 
in bringing together the international seismic community. 
However, as an unfunded federation, the “simple” task of 
listing all broadband stations lies beyond current abilities of 
the volunteer organization. Moreover, there are also many 
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nations that operate broadband networks (e.g., installed by 
Kinemetrics, Nanometrics, and others), which do not openly 
participate in FDSN. Although attempts have been made to 
compile inventories of broadband seismic stations in Europe 
by ORFEUS, and in the United States by NEIC, there is no 
substantial global inventory of broadband stations. 

To open up new sources of seismic data, we first must 
determine what is there. Then, we need to determine how a 
scientist can request data access. These two simple steps are a 
substantial undertaking, requiring engaged discussions with 
networks worldwide. Such engagement has as a prerequisite 
a friendly reception. As a U.S. scientific entity, IRIS and GSN 
face the political baggage (both good and bad) carried by the 
United States in its global relations. However, FDSN carries no 
such baggage as an international organization of 52 nations. Its 
credentials as a Commission of the International Association 
of Seismology and Physics of the Earth’s Interior (IASPEI) are 
impeccable. Further, FDSN’s Terms of Reference provide for 
pursuing free and open access to data. Nonetheless, FDSN has 
no resources for this task. The International Seismological 
Centre (ISC) has an internationally recognized office, but 
does not currently address waveform data exchange.

Therefore, IRIS proposes to work with FDSN and ISC to 
fund a person to lead this task. An individual is needed with 
scientific credentials and with a good sense of diplomacy 
and skills in database management. The task deliverables are 
a substantial inventory of all broadband stations worldwide 
(including sensor characteristics, updated yearly), and docu-
mentation of the methods and procedures for accessing data. 
Both FDSN and ISC chairs have been approached, and are 
receptive to the idea. Some FDSN members have already indi-
cated interest in collaborative funding for such a position. 

This activity is being coordinated with the IRIS DMS role 
in archiving and exchanging data between data centers. As 
is their prerogative, some networks do not exchange data. 
However, they may provide data to an individual scientist. 
Making known what data exists and how it may be accessed is 
the initial step—that in some instances may lead to a broader 
exchange with a data center.

Building toward collaboration with the 
ocean observatories initiative 
During 2011–2013, the Ocean Observatories Initiative (OOI) 
will begin to construct and install a new generation of perma-
nent observatories in the ocean with real-time telemetry 
that will revolutionize oceanography. The particular focus 
of the OOI Global Buoy program on high-latitude sites such 
as the Southern Ocean is of great interest to the GSNSC. 
While the current OOI science plan does not include seis-
mometers at the Global Buoy sites, OOI still represents an 

important opportunity for GSN. Expanding GSN coverage 
into the ocean is a requirement if it is to achieve its original 
design goals and to provide the uniform coverage necessary 
for many science and monitoring objectives. The three loca-
tions that are of most interest to GSN due to their remote-
ness are the Southeast Pacific site (55°S, 90°W), the Argentine 
Basin site (42°S, 42°W), and Station Papa (50°N, 90°W) in 
the Northeast Pacific. Both the Southeast Pacific Ocean and 
Argentine Basin sites are located approximately 1500 km from 
shore and ~1700–1900 km from the nearest GSN station. If the 
Southeast Pacific site already existed, it would have provided 
the first seismograms west of the trench for the 2010 Mw 8.8 
Chile earthquake.

During 2011–2013, the GSNSC will initiate a working 
group to develop a detailed plan for adding broadband seismic 
instruments to the OOI global buoys that can be incorporated 
into the following IRIS five-year proposal. Because the instru-
ments will be telemetered and likely require burial, we will 
not be able to use the instruments currently in the national 
Ocean Bottom Seismometer Instrument Pool (OBSIP) 
directly. However, the instrumentation groups within OBSIP 
have already demonstrated most of the technical capabilities 
required for installing a buried broadband ocean bottom seis-
mometer with acoustic telemetry to the global OOI buoys. 
Of particular concern will be the quality of the horizontal 
component data that are often extremely poor at frequen-
cies <1 Hz for freefall OBS deployments. However, the Ocean 
Seismic Network (OSN) Pilot Experiment demonstrated that 
even shallow burial of the sensor pressure housing greatly 
reduces current-generated tilt noise. Because most of OOI 
cruises will likely not involve a remotely operated vehicle 
(ROV), any OBS system will require the ability to bury the 
sensor without an ROV. This type of technology only exists as 
a prototype at present. GSN will invite proposals from OBSIP 
groups for a subcontract to test a prototype burial system in 
a deepwater environment during 2011–2013. Through the 
combined efforts of the working group and the field testing 
of a burial system(s) by OBSIP groups, GSN will be well posi-
tioned to begin filling the current gaps in the ocean as part of 
the five-year IRIS proposal to be submitted in 2013.
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standards have increasingly been stipulated by federal agen-
cies. Internationally, many portable seismograph facilities 
have adopted similar models for their operations. 

the Instrument pool
When IRIS was established in 1984, the goals for PASSCAL 
were to develop, acquire, and maintain a new generation of 
portable instruments for seismic studies of the crust and lith-
osphere, with an initial target of 6000 data-acquisition chan-
nels. During the first IRIS/NSF Cooperative Agreement, 
the primary emphasis was on the careful specification of 
the design goals, and instrument development and testing. 
Three technological developments between 1985 and 1995 
were critical to the success of portable array seismology: the 

The Program for Array Seismic Studies of the Continental 
Lithosphere (PASSCAL) provides and supports a range of 
portable seismographic instrumentation and expertise to 
diverse scientific and educational communities. Two basic IRIS 
concepts—access to professionally supported, state-of-the art 
equipment and archived, standardized data—revolutionized 
the way in which seismological research that incorporates 
temporary instrumentation is practiced at U.S. research insti-
tutions. By integrating planning, logistical, instrumenta-
tion, and engineering services, and supporting these efforts 
with full-time professional staff, IRIS has enabled the seis-
mology community to mount hundreds of large-scale exper-
iments throughout the United States and around the globe 
at scales far exceeding the capabilities of individual research 
groups. Individual scientists and project teams 
can now focus on optimizing science produc-
tivity, rather than supporting basic technology 
and engineering. Small departments and insti-
tutions can now compete with large ones on 
an equal footing in instrumentation capabili-
ties. Scientists working outside of traditional 
seismological subfields now have the ability to 
undertake new and multidisciplinary investiga-
tions. Standardized equipment and data formats 
greatly advanced long-term data archiving and 
data re-use for novel purposes. 

PASSCAL has also influenced academic 
seismology in all parts of the world explored 
by U.S. seismologists, and on many occasions 
enabled IRIS to spur or augment international 
collaborations by providing significant instru-
mentation and engineering. Many of the stan-
dards and facilities pioneered by IRIS for instru-
mentation and data collection, archival, and 
open exchange have been adopted by perma-
nent networks and other groups in the United 
States and by seismological networks and orga-
nizations worldwide. Other seismological and 
nonseismological data collection groups in 
the United States have embraced open data, 
and obligatory data archival requirements and 

2 | progrAm for ArrAy seIsmIc 
studIes of the contInentAl lIthosphere

 
 

hIstorIcAl context of current operAtIons

Figure	A2.1.	Photo	of	the	PASSCAL	Instrumentation	Center	at	New	Mexico	Tech	in	Socorro,	NM.

table A2.1. Inventory of equipment.

PASSCAL Polar USArray 
FA

USArray
TA

RAMP

datalogger 3-channel 875 44 472 438

datalogger 6-channel 10

datalogger 1-channel 980 1699

broadband sensor 525 44 346 459

Intermediate-period sensor 142 6 10

short-period sensor 10 111

high-frequency geophone 772

Accelerometer 10 20 10

multi-channel 14
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less power, have higher recording capacities than the first-
generation instruments, use modern memory components, 
and are configured to operate with a number of communi-
cation systems as either serial devices or TCP/IP nodes. All 
of the older recorders have now been retired from use in 
temporary deployments.

The next few years promise to be equally exciting. By the end 
of this Cooperative Agreement, we anticipate that there will 
be designs and prototypes for a whole new generation of data 
recorders and sensors that will be smaller, lower power, and 
capable of operating in extreme environments for extended 
time periods. Communication technology is changing so fast 
that the ability to connect to the Internet from any location 
may truly exist.

the Instrument center
The initial portable IRIS instruments were maintained at 
the first PASSCAL Instrument Center (PIC) at Lamont-
Doherty Earth Observatory, which focused on the broad-
band sensors used primarily in passive-source experiments. 
In 1991, a second PASSCAL Instrument Center was estab-
lished at Stanford University to support a new three-channel 

development of low-power, portable, broadband force-feed-
back sensors; the availability of highly accurate GPS absolute-
time-base clocks; and the advent of compact, high-capacity 
hard disks. An initial purchase of 35 systems grew by 1995 
to a pool of more than 100 broadband instruments that were 
used primarily in passive-source experiments.

Design of instruments to support controlled-source 
experiments and rapid deployment for earthquake after-
shock studies began in 1991, and by 1995 almost 300 of 
these instruments were available. The instruments used in 
controlled-source experiments also included 200 seismic 
group recorders (SGRs) donated by AMOCO and recondi-
tioned for crustal studies. A new generation of active-source 
instruments, “Texans,” were developed by a corporate-univer-
sity partnership in Texas with funds the Texas state govern-
ment. Procurement of Texans began in 1999, and the SGRs 
were retired over three years.

Starting in 2002, the Department of Energy provided 
funds to replace the original data acquisition systems, which 
were becoming aged and failure prone, with modern systems. 
The new systems incorporate the latest technologies from 
the computer industry. Consequently, they require much 

Figure	A2.2.	Global	extent	of	station	coverage	
for the history of the pAsscAl program, now 
totaling more than 3800 stations. photos. 
(1)	Alaska.	STEEP	experiment.	(2)	La	RISTRA,	
New	 Mexico.	 (3)	 Venezuela.	 Transporting	
gear the old fashioned way. (4) tibet. locals 
help with installation of a station. (5) chile. 
Installing an intermediate period sensor. 
(6) kenya. A short period station being 
serviced while local masai look on. (7) tiwi. 
Specialized	 enclosure	 for	 a	 rainy	 environ-
ment. (8) mt. erebus. An intermediate 
period sensor is installed directly onto the 
bedrock flanking the volcano.
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instrument that was designed for use in active-
source experiments and for rapid deployment for 
earthquake aftershock studies. In 1998, the instru-
ment centers merged and moved to the current 
location at the New Mexico Institute of Mining 
and Technology in Socorro, NM. The consolida-
tion achieved greater technological synergy and 
coordination within the facility, cost savings from 
operating a single instrument center, and greater 
operational space thanks to construction of a 
new, custom-designed facility, with 7500 sq. ft. 
of office and lab space and 20,000 sq. ft. of ware-
house space. The building was designed by the 
PASSCAL technical staff and New Mexico Tech to 
optimize PIC operations, but land and construc-
tion funds to build the original facility building 
and USArray addition were entirely provided by 
the State of New Mexico through the university.

A major enhancement to U.S. seismological 
resources and increased activities began in 2003 
with the start of EarthScope, including the seis-
mological component, USArray, which is oper-
ated by IRIS. Although funded separately, the 
USArray Array Operations Facility (AOF) and 
the Transportable Array Coordinating Office 
(TACO) are both located at the PIC in Socorro. 
The AOF, which supports the operation of both 
the Flexible Array and the Transportable Array, 
shares personnel and logistic support with 
PASSCAL, leading to significant leveraging and 
efficiencies for both programs. TACO is staffed 
and operated as an independent USArray unit 
that is responsible for the specialized logistic and 
siting activities required for TA. Again, at State 
of New Mexico expense, the PIC complex was 
expanded to accommodate USArray operations, 
adding 11,000 sq. ft. of office and lab space.

The staff and facility at the PIC provide the 
equipment, technical support, and training 
necessary for the seismic research community 
to conduct field experiments to gather the data 
necessary to do their research. Approximately 
60 new experiments are supported every year, 
each of which may include training for investi-
gators and students, shipping and other logis-
tical support, field engineers and other technical 
support during the deployment, and data down-
load and archiving services. 

Institutions

broadband stations

figure A2.3. (top) maps of all pAsscAl stations. 
(bottom) map of institutions supported by pAsscAl. 
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into more uptime and hence more data. They also have better 
GPS timing, ensuring that the data collected are of better 
quality than the equipment used through 2004. Most stations 
are away from commercial power or communications, and 
rely on solar-power systems and local disks to record data. 
Advances in electronics and on-site storage have lowered 
station power requirements to less than 1 W for a passive 
sensor and less than 2 W for an active sensor installation. 

equipment for controlled-Source experiments
The single-channel rapid-deployment REF TEK 125 Texan are 
used to observe signals from man-made energy sources, such 
as explosions, airguns, and vibrators. The community draws on 
a combined pool of nearly 1000 Texans, including 550 main-
tained at the PIC and others maintained at the University of 
Texas at El Paso under a Cooperative Agreement with IRIS. 
There are 1700 additional Texans available in the USArray 
Flexible Array pool. The Flexible Array pool of Texans intro-
duced a new generation of instruments with greater on-board 
storage and a modern (USB) communications interface. To 
unify the PASSCAL and Flexible Array Texan pools and to 
optimize the combining of the two pools for large, crustal 
imaging experiments, the PASSCAL Texans were upgraded 
under the current Cooperative Agreement. 

Multichannel equipment has been used very effectively for 
crustal imaging and a number of shallow studies, including 
fault zones, aquifers, glaciers, and hazardous waste sites, as 
well as extensively for training and education in undergrad-
uate classrooms and field labs. These commercial systems are 
designed for high-resolution seismic reflection and refraction 
experiments, including geotechnical applications and shallow 
petroleum exploration. The PASSCAL equipment consists 
of four 60-channel Geometrics Stratavisor instruments, and 
ten 24-channel Geometrics Geodes acquired during this 
Cooperative Agreement. PASSCAL owns three sets of sensor 
cables for this system: one is used for high-resolution shallow 

studies; a second, with longer 
station spacing and lower-frequency 
geophones, is used in basin and 
crustal studies; and a third is a 
snow streamer used on glaciers, ice 
shelves, ice caps, and sea ice. 

telemetry
Recent advances in cell modem 
technologies simplified telem-
etry for seismic stations compared 
to spread-spectrum radios to 

Thus far during the current Cooperative Agreement, the PIC 
has supported 302 experiments, an average of 65 experiments 
each year. Broadband experiments account for one-third of 
this total, and there have been 75 short-period experiments 
using passive sources, 51 controlled-source Texan (single-
channel) experiments, and 77 high-resolution studies using 
multichannel cable systems. Of the high-resolution experi-
ments, 33 have been for classroom demonstrations and 
teaching. The typical number of stations per broadband 
deployment has steadily increased, with many experiments 
exceeding 50, and several using more than 75. Although 
each deployment is motivated by a specific research goal, the 
combined effect of multiple experiments around the world is 
to provide a temporary, spatially dense augmentation to the 
coverage provided by networks, allowing global and regional 
tomographers to enhance resolution. At the request of this 
community, one station in each experiment is now designated 
as “open,” meaning that the typical two-year data embargo 
does not apply.

To ensure that investigators can continue executing a 
broad range of experiment types efficiently and at the cutting 
edge, under the current Cooperative Agreement, PASSCAL 
has continued development in experiment support services 
in four areas: 
• Increased reliability of all equipment used in experiments
• Improved facilities for data archiving support
• Expanded experiment support services
• Specialized support for extreme environments, including 

polar regions

IncreAsed equIpment relIAbIlIty
equipment for passive recording
Instruments now provided for passive experiments include 
modern data loggers, typically coupled with broadband, inter-
mediate, or short-period sensors. In addition to lower power, 
these data loggers are proving more reliable, which translates 

Figure	A2.4.	(left)	Completed	PIC	external	sensor	vault	building.	(right)	Crane	lowering	granite	slab	into	place	
on one of the two piers during construction. photos provided by Bruce Beaudoin.

developments under the current cooperAtIve Agreement
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transmit data to a central data concentrator 
used in broadband seismic experiments 
in the past. Leveraging USArray experi-
ence, these modem systems have been inte-
grated throughout the instrument pool. 
For high-latitude and/or remote regions 
where cellular modems are not an option, 
PASSCAL has developed a low-power, 
Iridium modem system for state-of-health 
(SOH) and command and control. Newer 
Iridium modems are now being developed 
that will permit flexible data transmission, 
up to 10  sps continuously.

Station power
Stand-alone power systems, which are crit-
ical in most portable stations and are a 
frequent point of failure, typically consist of 
sealed lead acid (SLA) batteries, solar panels, 
and the associated electronics. Recently, air 
cells have been successfully deployed where 
insulation is marginal. For extreme condi-
tions such as low temperatures, where SLAs 
and air cells lose capacity, use of lithium 
thionyl chloride batteries have made year-
round station operation possible. Charge 
controllers have been engineered specifically 
for extreme conditions and are in use in the 
Antarctic. This new technology is also being 
used in a new generation power system for 
the PASSCAL pool of instruments. 

Power failures continue to be one of the 
most common reasons for station failure. 
Leveraging development from PASSCAL’s 
Polar effort, the PIC designed and is fabricating a new 
generation of power boxes under the current Cooperative 
Agreement. These new power boxes, along with the PIC’s 
continuous refinement of field methods, ensure that stations 
operate continuously throughout deployments and that the 
data collected are of the highest quality possible.

equipment maintenance and Service
PASSCAL initiated development of a new maintenance data-
base during the current Cooperative Agreement. About 
15% of the sensors need attention beyond testing between 
deployments in harsh field conditions. Usually, these repairs 
are done in house by specialized factory-trained staff. Data 
loggers returning from the field are also tested, and routine 
maintenance performed. Board-level repairs are made 
at the PIC, if required. The new maintenance database is 

critical for maintaining highly specialized equipment, and 
provides historical metrics on hardware performance and 
maintenance efficacy.

Staff  training
The PIC has developed an in-house capability to completely 
strip and rebuild sensors, which is unique to the community 
and is based on multiple visits to manufacturers for intensive 
training. These repairs are paramount to meeting the strong 
demand from the community to optimize the scheduling of 
broadband sensors. Turnaround time for repairs from manu-
facturers can range from months to years, further empha-
sizing the need for the PIC to provide this service. 

figure A2.5. pAsscAl major equipment. Instrumentation provided and supported by the pAsscAl 
facility can be divided into four categories: active source, passive source broadband, intermediate and 
short period, and multichannel. 
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pier Facilities
To satisfy the need for additional pier space associated with 
USArray and to establish a quieter pier, USArray funding was 
used to construct an external DC-powered facility with two 
new piers. Each pier is topped by a 10” thick granodiorite slab 
installed on lead plugs for coherence across pier positions. In 
addition to doubling the capacity to test broadband sensors, 
the new vault has enhanced thermal and airflow stability. 

Improved dAtA ArchIvIng
data archiving Support
A critical part of the archiving process is verification of data 
volumes prior to shipping to the DMC. PIC refined and 
expanded the in-house developed, automated system that 
provides this service. The in-house QC system is designed to 
catch the most common errors and present the data flow from 
the PI through the PIC to the DMC in a browseable inter-
face. Prior to, during, and following an experiment, PIC staff 
members work with the PI to develop correct metadata and 

AnAtomy of A pAsscAl experIment

typical interactions between most pIs and the pAsscAl facility during 
experiment	planning	and	implementation	involve	10	key	steps.

Step 1: planning
Individually or collaboratively, pIs motivated by a scientific ques-
tion	 plan	 an	 experiment	 requiring	 instruments	 provided	 by	 the	
pAsscAl facility. At this stage, the facility often provides a deploy-
ment strategy that will be part of the proposal to a funding agency. 
It also supplies information for budgets (e.g., shipping costs). An esti-
mate of the equipment schedule can also be provided at this time.

Step 2: requesting instruments
the pI places a request for the instruments through the online 
request form (http://www.passcal.nmt.edu/forms/request.html). 
typically, instruments are requested as the proposals are submitted 
to the funding agency. this step ensures an early spot in the queue 
once the project is funded.

Step 3: Funding Notification
when the pIs learn that their project will be supported, pAsscAl 
is	 notified	 and	 the	 experiment	 is	 officially	 scheduled.	 In	 case	 of	
schedule	conflicts,	a	priority	system	exists	where	NSF	and	DOE	proj-
ects	share	the	same	high-priority	level.	Most	active-source	experi-
ments can be scheduled within a year of funding, whereas broad-
band deployments have a waiting period of up to 2.5 years.

Step 4: training and logistics meeting at the Facility
users are required to visit the pAsscAl facility for a briefing on logis-
tics, and training on equipment use. A complete list of all needed 
equipment and a shipping plan are generated.

Step 5: Shipment preparation
equipment Ids are scanned, the equipment packed into rugged 
cases	 and,	 for	 larger	 experiments,	 placed	 on	 pallets.	 The	 facility	
helps the pI to generate shipping documents and arrange for 
shipment.	 In	 the	case	of	 international	experiments,	assistance	 in	
providing the needed contacts and letters for customs is provided 
to the investigator.

Step 6: in-Field training and huddle testing
On	site,	PASSCAL	provides	additional	instrument	training	for	exper-
iment participants. pAsscAl personnel perform a function test 
“huddle” and attempt to repair any equipment that was damaged 
during transport. 

Step 7: assisting with deployment
For	 active-source	 experiments,	 PASSCAL	 engineers	 stay	 with	 the	
equipment	for	the	duration	of	the	experiment.	They	are	responsible	
for all instrument programming and data offloading, with substan-
tial	help	from	experiment	participants.	For	broadband	and	short-
period	type	experiments,	PASSCAL	support	usually	is	limited	to	the	
huddle test, initial station deployment, and perhaps the first data 
service run. the goal is to have equipment in good working order 
and to have fully trained investigators operating the equipment.

Step 8: Service and maintenance
A typical service cycle for broadband and short-period stations is an 
interval of about three months. while in the field, if any equipment 
fails	 or	 needs	 repair,	 the	 PASSCAL	 facility	 works	with	 the	 experi-
menter to supply replacement parts or to perform the repairs as 
soon as possible.

Step 9: data-processing Support
Although	 it	 is	 the	PI’s	 responsibility	 to	process	 the	 raw	data	 into	
SEED	 format,	 PASSCAL	 offers	 extensive	 support.	 First,	 PASSCAL	
personnel train pIs on the use of programs used for data-quality 
support and data reduction. data processed by the pIs are sent to 
the pAsscAl facility first for verification, are reviewed for complete-
ness of waveforms and metadata, and are forwarded to the dmc 
for archiving.

Step 10: end of  the experiment
Coordination	with	PASSCAL	at	 the	end	of	an	experiment	 is	essen-
tial	 for	 a	 smooth	 transition	 to	 the	 next	 experiment.	 Final	 ship-
ping documents are generated and pAsscAl personnel track the 
incoming equipment. once the equipment is received from the 
field, it is scanned back into the inventory and routine testing and 
maintenance is conducted. pAsscAl personnel dedicated to data 
processing	work	with	 the	 experimenters	 to	 ensure	 that	 the	 final	
data are processed and archived. Any outstanding problems with 
the data are resolved at the pIc before being archived at the dmc.
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internship that PIC has been hosting, where the intern works 
with the staff on new developments and assists users and staff 
in the field.

user training
To ensure the highest rate of success and to reduce damage 
to seismic equipment in the field, users are trained on instru-
ment best use and care. With the launch of the new PASSCAL 
web site, many of the training documents and “How-To’s” are 
now available online. In addition to these electronic docu-
ments, PASSCAL produces several trifold field references for 
users. All PIs visit the PIC for experiment planning sessions 
and instrument training. Experiment planning sessions 
ensure that staff are cognizant of project goals and thus can 
help optimize equipment use. 

PASSCAL staff recently organized several training sessions 
on data handling both at the PIC and aligned with the fall 
meeting of the American Geophysical Union. Sessions have 
been well received and attended.

logistics Support
PIC has created a specialized position of International 
Logistics Coordinator to handle all import and export 
arrangements for foreign shipments. The professionalization 
of this service and availability of a comprehensive facility with 
specialized shipping documentation have led to a diversified 
and in-depth understanding of import/export procedures 
and international transport and insurance requirements. 
Since this service was established, 100% of foreign PASSCAL 
experiments have opted to rely on PIC shipping, which is also 
available for domestic experiments.

experiment Support
For all experiments, PASSCAL personnel assist PIs to solve 
technical problems, including repairing instruments on 
site, troubleshooting problems remotely via telephone and 
email, and arranging shipments of replacement equipment. 
In passive-source experiments, PASSCAL personnel typically 
arrive shortly after the equipment arrives in the field. They are 
responsible for testing and repairing any equipment that may 
have been damaged during shipping, and providing in situ 
training for field personnel. PASSCAL staff members usually 
participate in some initial station deployments to provide 
additional PI training. Once this initial support is finished, 
the PIC will continue to support the PI during the experi-
ment, either on site or remotely, as necessary. PASSCAL staff 
members normally accompany active-source groups for their 
entire duration to ensure time-critical instrument deploy-
ments, to make repairs on instruments in the field, and to 
assist in the download of data and organization of metadata. 

to use essential quality-control and processing tools. During 
passive experiments, staff members receive and verify prelim-
inary SEED data, working closely with the PI to assure data 
and metadata completeness, accuracy, and quality. Verified 
SEED datasets from passive experiments are forwarded for 
archiving as soon as possible, usually soon after they are 
collected from the field. Active-source data are normally 
collated and verified following the experiment, and soon after 
they are archived in HDF5 format.

New paradigm for archiving controlled-Source data
SEG-Y—the format historically used to archive data from 
controlled-source experiments—is cumbersome and inef-
ficient. Data in that format require a time-consuming 
complete rework of a data volume if corrections, additions, 
and recalibrations need to be made. It is costly to reprocess 
and re-archive those data. To reduce these inefficiencies, 
PASSCAL developed an archival processing package—PIC 
KITCHEN—that organizes data and metadata for an experi-
ment into HDF5 format, decoupling the metadata from the 
seismic waveforms. Future or last-minute updates, correc-
tions, or additions can thus be folded into small text files, sent, 
and incorporated with the original data. This process permits 
data to be archived promptly, ensuring more complete and 
efficient data archiving. A complementary process extracts 
raw data and metadata from the HDF5 file and converts them 
to the format requested by users.

expAnded experIment support servIces 
The support that PIC provides is essential to the overall 
success of user experiments. PASSCAL support has evolved 
through time in response to changing experiment meth-
odologies and technological advances, with a continuing 
emphasis on improving data return and finding more effi-
cient methods of operation. Support is provided through 
all phases—before, during, and after an experiment—and is 
generally grouped into equipment support, logistics support, 
user training, experiment support, software support, and 
data archiving support.

intern training
Since 2007, PIC and New Mexico Tech have hosted the IRIS 
Undergraduate Summer Internship Program orientation. 
NSF REU-supported students from around the United States 
gain hands-on experience in seismological science, instru-
mentation, and professional development during this one-
week program, then disperse to IRIS institutions for summer 
research. This program supplements the summer graduate 
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Software Support
In addition to developing a new method for archiving 
controlled-source data (see above) the PIC has developed new 
and improved existing inward- and outward-facing software 
during the current Cooperative Agreement. Improvements to 
field software tools have enhanced the user’s ability to quickly 
and efficiently review station status, aiding the evaluation of 
station performance in the field. A web-based instrument-
scheduling database greatly simplifies the complexities of 
efficiently scheduling 60+ new experiments each year and 
affords a dynamic schedule to keep the community apprised 
of instrument availability. These new tools are now part of 
the larger PASSCAL software suite that consists of programs 
written over the last two decades by PASSCAL staff and the 
wider community. The primary functions of PASSCAL soft-
ware are to assist with collecting data, performing quality 
control on the data, and transforming data into optimal 
formats for analysis and archiving. The software is primarily 
designed to support data loggers provided by the PIC, but has 
been adopted by many international institutions. There are 
over 150 fully open-source programs, ranging from simple 
command line programs, to graphical user interface scripts, 
to fully graphical data-viewing programs. 

data archiving Support
A critical part of the archiving process is verification of data 
volumes prior to shipping to the DMC. PIC refined and 
expanded the in-house developed, automated system that 
provides this service. The in-house QC system is designed to 
catch the most common errors and present the data flow from 
the PI through the PIC to the DMC in a browseable inter-
face. Prior to, during, and following experiment, PIC staff 

members work with the PI to develop correct metadata and 
to use essential quality-control and processing tools. During 
passive experiments, staff members receive and verify prelim-
inary SEED data, working closely with the PI to assure data 
and metadata completeness, accuracy, and quality. Verified 
SEED datasets from passive experiments are forwarded for 
archiving as soon as possible, usually soon after they are 
collected from the field. Active-source data are normally 
collated and verified following the experiment, and soon after 
they are archived in HDF5 format.

SPECIALIZED	SUPPORT	FOR	ExTREME	
envIronments, IncludIng polAr regIons 
In 2006, IRIS and UNAVCO received NSF Major Research 
Instrumentation (MRI) program funds from the Office of 
Polar Programs (OPP) to develop power and communica-
tions systems that would enable portable seismic and GPS 
stations to operate in the Antarctic through the austral winter. 
Based on the results of this work, additional MRI funds were 
received to construct about 40 broadband seismic stations 
that could operate for two years without being serviced. These 
stations are deployed as part of the POLENET (Polar Earth 
Observing Network) and AGAP (Antarctica’s Gamburtsev 
Province) experiments. Despite being deployed in areas 
where the ambient temperature reached -80°C, a data return 
in excess of 90% was achieved.

With these development and acquisition MRI awards, IRIS 
leveraged PIC expertise to design and develop smaller, lighter, 
and more robust observatory platforms that have greatly 
improved science opportunities and data return from the 
most remote and extreme parts of the Arctic and Antarctic. 
The activities of IRIS’s Polar Services group are described 

Figure	A2.6.	Locations	of	PASSCAL	polar	experiments.
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next generAtIon of equIpment for 
exIstIng And new pAsscAl users
PASSCAL has benefitted tremendously from advances in 
technology during its first 25 years. Especially notable exam-
ples include advances in storage, GPS timing, and portable 
broadband seismometers. At present, most PASSCAL systems 
(some active-source configurations excepted) are highly 
evolved versions of the original prescient IRIS concept of a 
stand-alone (occasionally telemetered) data logger attached to 
a stand-alone sensor. Such systems have anchored outstanding 
science in deployments of tens to several hundred instru-
ments, and have recently been adapted for polar and other 
especially challenging environments.

However, scientific results highlighting the remarkable 
heterogeneity of the deep Earth, and fundamental resolution 
limits of teleseismic imaging (incorporating wavelengths of 
several kilometers and longer; 1 s and longer periods), indicate 
that tighter spacing of recorders and deployments in greater 
numbers will drive further advances in imaging and under-
standing processes at the lithosphere and mantle scale. For 
example, such an experiment in a tectonic region of special 
interest might consist of a two-dimensional 100 x 100 array of 
seismographs deployed at a spacing of 5 km. When recording 
in an aftershock, volcano, glacial, or other microseismicity 
zone, similar large-array motivations apply to approach 
unaliased spatial sampling of the seismic wavefield over 
desirable areas, although the frequencies and station spacing 
density would be commensurately higher.

Deployment of 10,000 stations using present technology is 
far beyond current reasonable cost and manpower resource 
limits. To approach such an experiments requires new deploy-
ment strategies and a new generation of miniaturized equip-
ment that can be installed and recovered very quickly, yet that 
can usefully approach the response, recording, reliability, and 
other state-of-the-art characteristics of present PASSCAL 
instrumentation. A key component of such efforts would be a 
rapidly deployable micro-electro-mechanical systems (MEMS) 
accelerometer/seismometer-based system that would usefully 

separately in this proposal, but it is worth noting here that 
the experience and expertise of PIC staff were essential to 
the initial effort and, with funding from OPP and additional 
facilities constructed by New Mexico Tech, the Polar Services 
group can continue to provide additional needed to support 
these challenging deployments without taking resources 

from other projects, without inefficiencies that would arise 
from a operating an independent facility, and simultane-
ously introducing new capabilities for operating in extreme 
environments that can benefit PASSCAL and USArray 
deployments worldwide. 

new opportunItIes And dIrectIons

extend into the body wave band (e.g., to 15 s period) with self-
noise approaching the Peterson low-noise curve (e.g., on the 
order of 1 nano-g/Hz or better out to 10 s). This noise level 
is approximately 100 times quieter than many currently avail-
able microsensors (see Merchant, 2009, available at http://
www.iris.edu/hq/instrumentation_meeting/files/pdfs/
MEMS_Seismology.pdf), but appears to be approachable with 
further engineering (e.g., incorporating larger masses than are 
currently used in such devices and/or averaging over many 
sensors with statistically independent noise). The handling of 
data from such large arrays of seismographs will require addi-
tional levels of metadata surety and other archive-ready data 
handling features. Advances in digitizer and GPS hardware 
should facilitate much smaller digitizer and timing modules, 
and advances in lithium ion batteries should greatly reduce the 
size and weight of the power system. Ultimately, a next-gener-
ation station should strive to be integrated into a single minia-
turized and environmentally secure package that is rapidly 
deployed in recording mode, and establishes its geographic 
and instrument metadata upon installation. Such stations, 
even if not as broadband as current broadband stations, 
might be very usefully deployed in hybrid arrays, where the 
vast majority of the stations are intermediate and/or short 
period, but are embedded in a relatively sparse (e.g., USArray 
Transportable Array-scale) broadband network that incor-
porates direct burial, lithium battery, and other efficiency 
improvements over current installations. Such a hybrid array 
would thus allow multiscale imaging and otherwise utilize the 
full range of useful seismic bandwidth. Real-time telemetry for 
such large networks using current protocols would probably 
require much lower costs per station than current (e.g., cellular 
modem) rates. At small scales, self-configuring Wi-Fi network 
capabilities might make telemetry of even large networks that 
generate archive-ready data in near-real time technically and 
financially feasible. Such a telemetered system might also be 
inexpensive enough to spur novel deployments in especially 
hazardous environments (e.g., volcano and glacier settings) 
where 100% recovery of instruments is not possible.
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These sensor and electronic technologies and stan-
dards are very rapidly evolving and now appear to be at or 
beyond the requirements necessary for some PASSCAL 
science (e.g.,  Flexi-Ramp). Under the newly established 
Instrumentation Services, IRIS, along with industry, govern-
ment (e.g., national laboratory), and university partners, plan 
to proactively pursue the development of miniaturized, low-
power systems. This pan-IRIS undertaking hopefully will 
drive the development of the next generation of seismolog-
ical equipment for a range of environments. We propose to 
consolidate this effort with a dedicated engineer to test avail-
able equipment, develop complete integrated systems, and 
interact and motivate PASSCAL-appropriate development 
within the public and private sectors. 

A flexIble ArrAy for rApId ArrAy 
MOBILIZATION PROGRAM	(FLExI-RAMP)
objectives
As the recent earthquakes in Baja, Haiti, and Chile demon-
strate, a large earthquake is followed by strong aftershocks, 
with the largest being one or two magnitude units less than 
the main shock. If a large network of seismic stations can be 
installed rapidly in the main shock region, we could capture 
large events at much greater resolution than has been previ-
ously possible with permanent networks. Seismic waves lose 
spatial coherence after a station separation greater than a 
wavelength. To capture correlated high-frequency radiation 
from the largest aftershocks requires much smaller spacing 
than previously achieved (e.g., <1 km for >3 Hz). FlexiRAMP 
is intended to provide such a pool for aftershock deploy-
ment while also making use of the equipment between 
big earthquakes. 

FlexiRAMP’s goal is to install an order-of-magnitude 
more stations (500–1000) in an aftershock zone for high-
resolution measurements. The stations are required to be of 
sufficiently simple design that they can be installed rapidly 
and capture the largest aftershocks, the probability of which 
decays rapidly after the event. Rather than leaving all of the 

equipment in a warehouse between major earthquake-after-
shock sequences, a fraction (perhaps 75%) of the equipment 
will be used in flexible array mode (i.e., in temporary deploy-
ments in earthquake regions). Users could investigate local 
targets such as magma chambers, structural geology, trap-
ping, scattering and focusing of seismic waves, and harmonic 
tremor. However, loan of the equipment would be contingent 
on an agreement to demobilize at the time of a large event and 
contribute to the RAMP pool. The advantage of this approach 
is that: (1) expensive equipment is being used for scientific 
discovery, (2) a pool of qualified operators maintains profi-
ciency with the equipment for rapid deployments after a large 
event, and (3) more sensors will likely capture a main event 
while installed elsewhere. 

The specifications for FlexiRAMP have been developed 
at two workshops, one at the IRIS workshop in 2008, and a 
second sponsored by IRIS at the Seismological Society of 
America meeting in 2009. We propose a hierarchical array 
with stations that complement, but do not duplicate, the 
present broadband pool. Some of the broadband pool should 
also be installed, as was recently accomplished in Chile. But, 
for rapid installation, simpler intermediate-period systems are 
needed with telemetry for rapid event association. It will be 
necessary to measure both weak and strong motions, requiring 
sensors with a dynamic range of 10-10 g to 2 g, or combinations 
of strong and weak motion sensors, or emerging technologies. 
The FlexiRAMP unit should be able to survive on batteries for 
one week, and on small solar panels indefinitely. It should have 
wireless and/or cellular communication, technologies that are 
rapidly advancing.

figure A2.7. 

Table	A2.2.	Summary	of	specifications	for	FlexiRAMP	units

seismometers nano g to g at intermediate periods.

dAs
6 channels 24 bit A/d, < 0.5 w, wireless/gprs capability, 
gps, 200 sps up to 1000 sps, on board data storage for 
full	experiment	(GB)

battery lead acid or lithium 10 Amp hr

software event detect, duty cycle rf, meshed networking, array 
event detect, real-time warning capability

design

single unit with mems/wireless/gps on board and seis-
mometer, solar panel, antenna attached. plug-and-
play components for easy maintenance. simplicity in 
installation and networking essential (e.g., throw out 
of the back of a truck). lightweight-small form-factor 
(e.g.,	Texan	size).

Cell
Tower

Cell Link

wi�
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expAnded geophysIcAl InstrumentAtIon 
PASSCAL instrumentation has traditionally been limited 
to seismometers for recording the wave field, and has not 
included electromagnetic imaging and seismic sources. 
However, the purchase and support of small seismic sources 
and electromagnetic imaging systems would serve and expand 
the IRIS community in three ways: (1) encourage more 
shallow seismic work by removing the hurdle of obtaining a 
seismic source and integrating it with the PASSCAL recording 
systems, (2)  increase the effectiveness of shallow imaging 
and characterization by providing complementary electro-
magnetic imaging equipment, and (3) foster ties with the 
hydrology community, which uses both shallow seismic and 
electromagnetic imaging systems. 

Making seismic sources available to the IRIS commu-
nity through PASSCAL will provide “one-stop” shopping in 
which an investigator can borrow a complete seismic system 
suitable for shallow imaging. This setup will remove one of 
the main barriers to widespread use of the multichannel 
seismic recording systems (Geodes), specifically the separate 
rental and subsequent interfacing of a seismic source with 
the PASSCAL recording systems. PASSCAL seismic sources 
would also be a large contribution to the educational use of 
the PASSCAL equipment, in that it would make it easy for a 
researcher to image to several hundred meters depth rather 
than to simply conduct a small-hammer seismic demonstra-
tion. The intent is to start with a small purchase—a small 
weight drop system and radio trigger system—and poten-
tially expand as demand warrants. A weight drop system and 
radio triggers are being purchased during the final year of the 
current Cooperative Agreement. 

For larger seismic sources, mini-vibrators and full-size 
vibrators are already available for rental from a variety of 
government and industry sources. PASSCAL at this point does 
not intend to commit to purchase or maintenance of these 
vibrators, but a staff member at the PIC will be charged with 
keeping abreast of availability and operations of these sources 
so that PASSCAL can advise the community. PASSCAL also 
plans to put in place cooperative agreements for mini-vibra-
tors to ease their use within the IRIS community. For explo-
sives sources, IRIS is supporting creation of an Explosives 
Sources Center as proposed to NSF by the University of Texas 
and New Mexico Tech.

Moving beyond the modest, initial purchases under the 
current Cooperative Agreement, a number of items that are 
beyond the scope of the normal PASSCAL budget and merit 
additional funding include:
1. Staff time (0.5 FTE) to assist researchers in selecting 

seismic sources (vibrators, weight drops) for a study, advise 
on permitting, and helping integrate the seismic sources 

with the PASSCAL acquisition system. This person would 
be familiar with available seismic source and with permit-
ting issues (but will NOT carry out the permitting) and, 
if needed, would be available at the start of active-source 
seismic experiments that use vibrator sources to advise or 
be in the field. This person could also negotiate contracts 
with operators of vibrators to make them more readily 
available to the IRIS community, and would help maintain 
and service the additional electromagnetic equipment.

2. The demand for the PASSCAL Geode recording systems 
is already substantial, and is expected to increase with the 
availability of PASSCAL seismic sources and the long-term 
trend of increasing interest in shallow imaging. To main-
tain the capability of supporting shallow seismic imaging 
within the research community, the PASSCAL pool of 
Geode recording systems should be doubled from the 
current 240 channels to 480 channels. Accommodating 
these extra Geode channels at the PIC will require an addi-
tional 0.5 FTE to deal with maintenance and servicing of 
more shallow seismic experiments. Additional computers 
and other miscellaneous equipment will also be needed to 
support the extra recording channels.

3. To make full 3D imaging of shallow targets possible, 
PASSCAL soon should bring their total number of Geode 
recording channels to 1000. Again, these additional 
recording channels will require more staff time (0.5 FTE), 
and accessory equipment such as more radio triggers and 
recording computers.

4. The purchase of ground-penetrating radar (GPR), and 
conductivity and magnetics instruments, will be useful 
complements to shallow seismic imaging. In partic-
ular, GPR is a method that involves data acquisition and 
processing similar to shallow seismic imaging, and provides 
different information about shallow subsurface materials. 
Conductivity and magnetic mapping permit rapid extrap-
olation of shallow seismic or GPR surveys in three dimen-
sions. This equipment is widely used in groundwater, glaci-
ology, archeological, and hazard surveys, and will serve to 
bring scientists in those areas of research into the IRIS 
community.
The additional Geode channels proposed here reflect 

the increasing interest in shallow, 3D imaging of contami-
nant plumes, aquifers, ice sheets, and active faults. The addi-
tional capabilities these instruments provide have the poten-
tial to increase and improve research in topics important to 
society, specifically global climate change, water resources, 
and hazard studies. 
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IntegrAted dAtA support 
PIC-supported experiments record data from either passive 
sources (e.g., earthquakes, ambient noise, and icequakes) 
or controlled sources (e.g., weight drop, explosion, and 
vibrator). These data are archived with the IRIS DMC in 
SEED (passive source) or PH5 (active source) formats. Data 
from both PASSCAL and EarthScope’s USArray Flexible 
Array experiments comprise over 5 TB of archived data per 
year. Roughly two-thirds of all data collected with PASSCAL 
and Flexible Array equipment is from non-EarthScope- 
funded experiments.

PIC currently provides two levels of data support, one for 
PASSCAL experiments and one for Earthscope-funded exper-
iments (Figure A2.8). The main difference between these 
two support levels is that for core PASSCAL experiments, 
the creation of an archive-ready dataset is the PI’s responsi-
bility, whereas for a USArray Flexible Array experiment, PIC 
staff members create the archive-ready dataset. All archive-
ready data are transferred to PIC for QA prior to shipment 
to the DMC. 

The IRIS community has requested the same higher level 
of support for all experiments that EarthScope-funded exper-
iments currently enjoy. The most compelling arguments 
for this change are freeing graduate students from the onus 
of archiving data so that they can focus on research, and 
improving overall data quality. To effectively integrate data 
services for both PASSCAL and Earthscope-funded experi-
ments without significantly increasing PIC staff will require 
minimizing the necessary user support time and reducing 
manual data handling. In addition to the above advantages, 

moving data archiving to PASSCAL will provide consistent 
data services regardless of instrument pool, help remove the 
ambiguity of what service will be provided when borrowing 
across pools occurs, and will afford the opportunity to run 
uniform metrics on all PIC-supported experiment data.

We propose a development effort to streamline data-
handling operations so that the same, higher level of support 
can be provided to all experiments by the time that PASSCAL 
and EarthScope operations are integrated. For both PASSCAL 
and EarthScope experiments, the majority of user support 
time is spent clarifying metadata and instructing users on data 
manipulation. To minimize this effort, tools need to be devel-
oped that will aid the user to consistently capture accurate 
metadata in the field and that will correctly format raw data 
recorded on the datalogger to archive-ready data on offload. 
Both of these efforts are software based and will incur moderate 
risk. The greatest risks are functional: Can we develop a 
system that will guide users through the offload process while 
minimizing user error? Will the increased CPU time required 
to create archive-ready data be insignificant? And finally, can 
software mitigate current user support levels?

Localizing all of the data handling from a distributed PI 
computing network (roughly 40 PASSCAL experiments 
archiving data each year) to the PIC will require new hard-
ware for computing and data storage. At a minimum, PIC 
will require a dedicated server for data handling, and a large 
enough RAID array to store data until they are confirmed as 
archived at the DMC. We will also require a redundant RAID 
data storage unit to ensure that no data are lost once loaded 
on PASSCAL’s system. PIC will not maintain a permanent 

archive of raw or processed data, but will 
require an on-site backup to ensure effi-
cient recovery if a system fails. 

Migrating all EarthScope and PASSCAL 
experiment data archiving to the PIC will 
require both new development and main-
tenance of current and existing systems. 
We anticipate both field and lab tools will 
need to be developed and maintained to 
ensure accurate metadata and to automate 
tasks that are now done manually by the 
PI. Maintenance of the current in-house 
data-delivery system and additions to PIC 
infrastructure will also require support. An 
integral part of a new field system will be 
a dataless generator. This task is nontrivial 
and will, in part, be contracted to a devel-
oper that has successfully integrated a 
dataless generator in other applications.
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Figure	A2.8.	Figure	showing	the	difference	between	PASSCAL	and	Flexible	Array	data	archiving	support.	
For	PASSCAL	experiments	(left)	the	PI	builds	the	data	archive	from	the	raw	data	and	then	ships	the	archive	
to	the	PIC	for	verification.	For	Flexible	Array	experiments	(right)	the	PI	is	only	responsible	for	providing	
the pIc with raw data and metadata; the pIc builds the archive.
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polAr And cryosphere
Over the past decade, increasing PASSCAL involvement in 
support of polar research has led to the development of a 
specialized Polar Support Services group described elsewhere 
in this proposal. The initial PASSCAL polar efforts focused 
primarily on support of seismic studies of the crust and 
lithosphere in Antarctica, but there has been expanded use 
of PASSCAL resources to support seismic investigations of 
glaciers and other ice-related processes in both polar regions. 
Seismic deployments in the study of cryospheric change 
must cope with the dichotomy of glacial and polar environ-
ments: ice and snow are accumulated in high-altitude/lati-
tude, extreme cold conditions, but ice discharge via melting 
and iceberg calving is focused in extremely wet, unstable 
marine environments. PASSCAL’s approach to coping with 
these environmental challenges is to adopt a proactive, “get in 
front of the community” stance in the development of instru-
mentation, deployment techniques, logistical efficiencies, 
and data telemetry that address the problems of Earth’s icy 
environments, from the cold, power-starved environments of 
Antarctica and Greenland, to the challenges of wet, surface-
wasting ice-terrains found on mountain glaciers, collapsing 
ice shelves, and ablating ice sheets. 

Specific goals embodied in PASSCAL’s support of polar 
research over the coming period are: (1) assist in the estab-
lishment of permanent reference networks in Greenland 
and Antarctica (particularly focusing on the future legacy of 
GLISN, POLENET, and AGAP); (2) continue development 
and support of a “summit to calving margin” sensor deploy-
ment capability to support glaciological research in the wet 
(and corrosive, if atop active volcano) ablating environments 
of Greenland outlet glaciers and wasting alpine and tidewater 
glaciers; (3) assess new telemetry technologies for improving 
bandwidth and power costs in high-latitude and other chal-
lenging environments; (4) continue improvement of power 
systems designed to function reliably and cheaply in extreme 
cold, wet, or dark environments; and (5) continue support 
of active seismological experiments designed to establish 
geophysical parameters necessary for glaciological modeling 
(e.g., measurements of sub-ice-shelf ocean bathymetry and 
subglacial lake geometry). 

The key outcome expected from the investment of intel-
lectual and material resources in PASSCAL’s support of polar, 
high-altitude/latitude and wet-ablation zone seismology will 
directly influence the understanding of changing polar envi-
ronments and, ultimately, global sea level. 
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Accelerometers (IDA) project. The University of Washington 
receives DMS support for host activities that include data 
quality assurance and the development of specific applica-
tions and algorithms for use at the DMC. IRIS supports addi-
tional centers in Central Asia, enabling access to high-quality 
data sources there. This organization provides a stable pipe-
line for the flow of data from a variety of sources, though a 
consistent quality-control process, and into the data archive.

Although it remains challenging to operate the infrastruc-
ture and systems that provide access to the thousands of 
seismic stations, data are now received, archived with backups 
both on and off site, and distributed via automated mecha-
nisms that work seven days a week, 24 hours a day.

Primary storage for most of the time-series data is a large, 
disk-based RAID system, but some voluminous, infre-
quently accessed datasets are still stored on two tape-based 
robotic systems. The DMC continually improves the software 
systems that lie at its heart, distributes and supports key soft-
ware applications used by the global seismological commu-
nity, and supports and distributes applications that are used 
by global data centers. 

IRIS operates one of the most actively used scientific data 
centers in the world. The Data Management System (DMS) 
ingests an exponentially increasing volume of observational 
time series data every year, from an increasing number of 
seismic networks and stations. Currently, more than 20 tera-
bytes (TB) of new data are being added annually to the hold-
ings. DMS continues to deliver an increasing amount of data 
to the research community through batch requests to the 
archive, streaming data in near-real time, and using advanced 
application program interfaces (APIs). APIs allow remote 
clients to access metadata directly in an Oracle Database 
Management System as well as access the time-series data 
in mass storage systems. Current projections indicate that 
the DMS will deliver 80 TB of data to the research commu-
nity this year. This output-to-input ratio of four attests to the 
importance of the DMS to the community it serves.

The DMS consists of the Data Management Center based at 
the University of Washington in Seattle, Washington, and two 
primary Data Collection Centers (DCCs): the U.S. Geological 
Survey DCC operated by the Albuquerque Seismological 
Laboratory (ASL), and the University of California, San 
Diego, DCC operated by the International Deployment of 
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hIstorIcAl context of current operAtIons

Figure	A3.1.	Organization	of	user	services	and	access	methods	at	the	DMC.

dAtA collectIon
Data are received at the DMC through a 
variety of different paths and protocols 
depending on the data source.
•	 GSN: ASL and IDA produce data from 

core GSN stations in SEED format, 
maintain the metadata describing 
the seismological observatories, and 
perform quality control of the wave-
forms and metadata. DCCs forward 
the data in real time as well as after 
completing quality review, usually 
within a few days.

•	 PASSCAL: PASSCAL experiment data 
primarily come through the PASSCAL 
Instrument Center (PIC). Experiment 
data are sometimes received in near-
real time but normally are received 
with delays of months to years after 
an investigator releases the data and 
the PIC completes quality review.
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•	 USArray: Transportable Array data are received from the 
Array Network Facility (ANF) in San Diego. Quality-
controlled data from ANF, consisting primarily of data with 
some gaps to be filled, are received within a few days of real 
time. Flexible Array experiment data are received from the 
Array Operations Facility (AOF) in Socorro, New Mexico. 
Data from the USArray Reference Network are trans-
mitted to the DMC from the USGS National Earthquake 
Information Center (NEIC) in Golden, Colorado. Three 
analysts at the DMC review USArray data for quality.

•	 U.S.	 regional	 networks: USGS makes data available from 
all regional networks it supports in the United States, 
including the U.S. National Seismic Network as well the 
Advanced National Seismic System. NEIC makes some 
data available in real time and forwards a quality-controlled 
version several days later. Most regional networks provide 
data directly to IRIS and do not make a quality-controlled 
version available.

•	 FDSN: The International Federation of Digital Seismograph 
Networks (FDSN) is comprised of approximately 65 
different organizations in more than 50 countries. IRIS 
receives data from the majority of FDSN networks in real 
time through a variety of protocols. Quality control for 
FDSN data at the DMC is limited to automated quality 
assurance processes that are applied to data as they are 
received in real time.

•	 Other	networks: IRIS has bilateral arrangements to collect, 
manage, and freely redistribute data from many other 
non-FDSN networks around the globe. Quality control for 
these data is also limited to automated processes applied at 
the DMC as they are received.

One of the most significant changes in data reception is that 
more than 98% of data from permanent networks is now 
received in near-real time. A decade ago, most data were 
received through non-real-time methods. DMC operates an 
automated quality-control system that continuously calcu-
lates metrics related to data quality for all data received in 
real time (see http://www.iris.edu/servlet/quackquery). This 
information is available to any researcher through a variety 
of web interfaces.

dAtA dIstrIbutIon
Originally, IRIS’s goal was to service user requests for data 
given specific lists of seismic stations, recording channels, and 
time windows. It was expected that a request for data for one 
earthquake from all GSN stations—about 27 MB of data—
could be met within 24 hours, and that there would only be 
a few such requests daily. Actual services have surpassed this 
initially daunting requirement by orders of magnitude. In 
2009, end users received roughly 60 TB of data, more than 
two million times more data than for the single benchmark 
data shipment envisioned in 1987. The number of customized 
requests in 2009 was more than 600,000—more than 2,000 
requests per day. 
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Figure	A3.2.	The	IRIS	DMC	is	an	extremely	active	data	center	and	
has become a central component enabling seismologists to do their 
research. beginning in 2006, the amount of data flowing out of the 
DMC	exceeded	the	amount	of	new	data	arriving	at	the	DMC,	with	an	
estimated 80 terabytes of data being shipped from the dmc in 2010 
versus 20 terabytes of new data flowing into the dmc. A ratio of 4:1 
is	extremely	high	for	a	scientific	data	center	and	attests	to	the	active	
use of the IrIs dmc.

figure A3.3. this figure shows the amount of data, in gigabytes, 
flowing out of the dmc by year and by various request mechanisms. 
we are currently projecting 80 terabytes will be shipped in 2010. 
the figure shows data shipments from the archive by traditional 
mechanisms (labeled Archive), real-time feeds (labeled lIss and 
seedlink), and by the data handling Interface, (labeled as one of 
four dhI mechanisms). users of the IrIs dmc use all three primary 
request mechanisms heavily.
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group agreed to readily share data among the Central Asian 
nations and the outside world via IRIS and GFZ and to work 
together to seek funding for ongoing network operation 
within their countries.

dAtA hAndlIng
Offsite	Active	Backup	
NSF’s 2008 management review of IRIS stated that seismo-
logical research now relies so heavily upon data services that 
research would be impaired by a prolonged DMC outage. 
Prior to this review, all time series, software, and informa-
tion in the Oracle database were being replicated at an active 
backup location. Based on the review directive, IRIS began 
developing the capacity to fully service requests from the 
remotely located active backup. Although it is now possible 
to service some user requests from the active backup, devel-
opment continues. Currently, all routine request processing is 
still done at the primary DMC in Seattle. In the event of cata-
strophic failure, however, access to data can be provided from 
the active backup location. 

enhanced Support for real-time data 
One of the primary efficiencies that made it possible to 
manage exponentially increasing amounts of data and serve 
an ever-increasing amount of data to the community has been 
the development of automated systems for real-time data 
ingestion. Recently, the DMC also developed the capability to 
distribute data in near-real time using the SeedLink protocol 
developed by GFZ. Extant SeedLink server systems were 
incapable of handling the volume of real-time data that users 
require, so the DMC developed a new system that follows 
the SeedLink protocol. DMC also developed a “turnkey” 

DMS has always been a leader in the seismological commu-
nity in developing new tools through which information can 
be accessed. Additionally, DMS has pioneered methods by 
which a distributed data center concept can be implemented. 
An email-based system called NetDC and an Internet-based 
system called the Data Handling Interface are capable of 
accessing data from distributed centers seamlessly. Because 
both of these techniques have limitations, the DMC has 
been developing modern web services techniques through 
which a remote client can access time series and the meta-
data describing them. During the past five years, the DMC 
has continued developing the tools and systems the scientific 
community needs for their research, as described below.

dAtA coordInAtIon
Global
As the FDSN archive for continuous data, the DMC collects 
data from the FDSN Backbone Network of 200 stations and 
aims to collect data from one or more stations in every network 
operating with an FDSN code. The archive currently includes 
data from 124 of these permanent seismic networks, including 
92 networks from which data are received in real time. 

regional 
Data sharing is important for seismogenic zones that cross 
national boundaries, and IRIS focuses resources to improve 
data exchange in a few critical regions, such as a Central Asia. 
Representatives from the DMS and the German Research 
Center for Geosciences (GFZ) met last year with seismologists 
from Kazakhstan, Kyrgyzstan, Uzbekistan, and Tajikistan, 
and formed the Central Asia Data Exchange (CADE) group, 
partly based on GFZ’s Central Asia Real-Time Earthquake 
Monitoring Network (CAREMON) project. The CADE 

Data are served through three fundamentally different 
techniques: responses to formatted email requests such as 
Breq_fast and NetDC (66%), real-time data feeds (21%), and 
well-defined interfaces implemented on servers that interact 
with client applications on individuals’ computers (13%). 
The set of request mechanisms available to researchers is rich 
and powerful, and targets different types of user requests 
effectively.

As the number of seismic networks and stations continue 
to grow, data services continue to be adapted to the needs of 
users. Gone are the days when users “knew” the names of 

the stations whose data they sought. Users today are more 
interested in defining broad regions from which they wish 
to extract data with characteristics that match their research 
needs. Most of the significant improvements to data services 
in the future will be driven by users’ needs and employ newly 
developed tools that let the users get the data they need, 
sometimes with preprocessing applied. To provide these 
services, powerful web services are being developed through 
which users can access data very simply without writing 
their own applications. 

developments under the current cooperAtIve Agreement
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SeedLink server that can be given freely to any network, 
removing a technical obstacle for networks that wish to share 
their data in real time.

production of  merged data 
Often, near-real-time data (“R” data) are received out of 
order and in duplicate. Additionally, some networks make 
available a quality-controlled version (“Q” data) of their 
data within a few weeks after data recording. DMC imple-
mented methods to merge R data with Q data, including 
complicated steps to remove gaps and overlaps, in response 
to requests from users.

Seismic analyst review 
Because of the increased need to manage and assess the quality 
of USArray data, three PhD-level seismologists now provide 
expert review of the seismic data from a research perspective. 
This type of staff support is one of the key reasons why the 
data quality from the USArray components is so high. With 
available funding, the capacity to generate automated quality 
metrics for seismic data can be extended while retaining staff 
to review the waveforms for quality.

developments
products 
A workshop in 2004 (http://www.usarray.org/files/docs/pubs/
USArrayProducts.pdf) identified the need to develop a variety 
of value-added products using data from USArray sources. 
This concept has been extended beyond EarthScope data to 

data from many other sources. A vibrant product develop-
ment activity is now in place (see http://www.iris.edu/dms/
products/ for current product availability), and it is clear that 
this is a priority area for users. Representational State Transfer 
(REST) web services are the basis for a product manage-
ment system that allows discovery and delivery of all prod-
ucts meeting specific product type, geographic area, or time 
constraints. To support this increased effort in products, two 
product specialists were added to the DMC staff in the past 
year using EarthScope project funds. These PhD-level staff 
provide a seismological perspective that is extremely useful 
in the development of new products as well as an assessment 
of product generation and quality. 

web Services 
DMS has been a leader in the development of new approaches 
to information dissemination. During the past two years, 
significant progress has been made in developing a series of 
REST-style web services that provide access to time-series 
data, event catalogs, and metadata that describe the events 
and seismic observatories. The newly developed web services 
will permit researchers to receive time-series data in a variety 
of formats, with user-selected processing already applied to 
the data. A wide variety of processing services are being devel-
oped, such as mean removal and down-sampling, filtering, 
gain correction and unit conversion, instrument response 
deconvolution, and time-series integration and differentia-
tion. Such services can simplify access to information and 
encourage use of IRIS data by other communities.

new opportunItIes And dIrectIons 

The new tasks the DMS proposes in this 27-month proposal 
focus on helping the research community address the science 
identified in the Seismological Grand Challenges report. 
Activities are anticipated in three primary areas:
1. continue to ease access to even more seismological data 

by providing data curation facilities for networks without 
existing archival infrastructure, and by acting as a data 
broker to other seismological data centers with holdings 
that complement those of the DMC. 

2. Broaden web service development activities to integrate 
data with groups outside of  iriS. More complex scientific 
problems will require simple access to more diverse data-
sets. While some of these datasets can fit within the IRIS 
data model very easily, datasets from other domains are 
best accessed through well-coordinated web services. Web 

services will allow IRIS data to be more accessible to other 
communities for their specific uses. Additionally, the IRIS 
community will be able to more easily access data from 
other disciplinary data centers that support web services. 
DMS will develop systems that enable better integrated 
data access by our internal community as well as those 
scientists in external fields. 

3. produce additional products that will aid researchers in 
pursuit of  better understanding of  earth systems. As the 
complexity of scientifically interesting research increases, 
it is clear that the production of higher-level products 
from which research may begin will assist researchers in 
studying more complex problems without always having 
to do routine and mundane data processing. 
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eAse Access to more seIsmologIcAl dAtA
Data	Brokering	Services
In the past, DMS has supported the installation and support 
for distributed data centers by installing data-access technolo-
gies at the specific data centers. While this approach works for 
some data centers, it does not work in general. For this reason, 
we propose to develop an FDSN-sanctioned data brokering 
service. Instead of installing a new data-access technique at 
a specific center, we will instead provide a service that works 
with data-request mechanisms already in place and supported 
by a specific data center. A request will be received by the 
brokering service, it will be translated into the request method 
supported at each of the relevant data centers, data will be 
assembled by the brokering service, and the resulting data 
volumes meeting the user’s specific request will be returned 
to the requestor. We realize that the full capability cannot be 
provided at all data centers, but in terms of receiving data in 
SEED format, the brokering service will very likely provide 
significant new data to meet a researcher’s request. 

Value-Added	Services	for	Network	Operators
Over the more than two decades of its operation, the DMC 
has been very successful at opening up data from networks all 
over the world. To foster even more widespread data sharing, 
networks with inadequate funding, but a commitment to 
open data sharing, will be offered a series of value-added 
services available from the DMC. Of particular interest are 
the various metrics that DMC computes in its quality-assur-
ance system for all real-time data flowing into the DMC. As 

an example of their use, managers of the Australian National 
Network operated by Geosciences Australia have stated that 
the metrics measured by the DMC QA system are invaluable 
to them for the operation of their network. 

Recently a group of countries in the Southwest Pacific met 
to discuss data sharing in their region. Their decision was 
to work within the model (Figure A3.5). Data from each of 
the networks (Samoa, PNG, Vanuatu, Fiji, Tonga, and the 
Solomon Islands) will send their data to the DMC for quality 
assurance, data curation, and data distribution, eliminating 
the need for each country to develop their own systems 
supporting these capabilities. DMC has developed and has 
available a turnkey SeedLink server that supports real-time 
data distribution from a network. Data will be redistributed 
to neighboring countries through a SeedLink protocol already 
supported by the DMC. Much of the technical work for this 
capability is already complete but the promotion of this data-
exchange model will require additional effort.

Workflows
DMS develops tools that bring powerful capabilities to the 
scientific community that are not typically available for 
purchase. These tools can be linked together in user-defined 
sequences or workflows. For instance, users will be able to 
request data, select data based upon waveform attributes 
(e.g., continuity, signal-to-noise ratio), filter the data, correct 
for the instrument response, and reformat the data before 

figure A3.5. the IrIs dmc offers many value added services for network opera-
tors contributing data to the IrIs dmc. for instance, as real time data are 
received, a variety of algorithms are applied to the data that serve as indica-
tors of data quality. A network operator can reference this database of quality 
estimates as part of monitoring their network performance. network operators 
such as members of the sw pacific tsunami task group, depicted in this figure, 
are considering sending their data to the IrIs dmc for quality assurance, data 
archiving, data distribution to other task group members, distribution to the 
international community, and for long term data management. other inter-
national efforts in central Asia as well as in Africa and the middle east are also 
considering	this	model	of	data	exchange.
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figure A3.4. this figure depicts how a user of the data brokering service would 
send a single request to the fdsn brokering service node. the broker would 
determine which participating data center manages the data being requested. 
the brokering service would then use the data retrieval mechanism preferred 
by the specific data center to retrieve the data. this process would be repeated 
for all data centers holding data requested by the user. the data would then be 
assembled at the fdsn node into a single product that would be returned to the 
user, satisfying their request.
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having the data returned to them for further analysis. While 
the DMC will produce some workflows that are pre-config-
ured for typical operations, we will also work with Microsoft 
Research in the use of the Trident Scientific Workflow Engine. 
A user will be able to interact through a Silverlight-enabled 
browser with the Trident Workflow Engine to create custom-
ized workflows. 

web servIces development
data access and processing
DMS proposes to continue development of web services that 
allow access to waveforms, event catalogs, metadata, and prod-
ucts. This type of access is the current paradigm for informa-
tion distribution in a platform-independent, scalable manner. 
We intend to focus our efforts on REST-style web services and 
coordinate our efforts with our FDSN partners. 

We will focus our data-access services on time series in 
SEED format, event catalogs, and metadata describing the 
time series and the events. Access to products managed at the 
DMC will also be enhanced specifically for products in the 
DMC Product Management System.

We will also develop a series of seismological and generic 
time series analysis services and expose them as web services. 
For instance, data rotation, data down sampling, and instru-
ment correction will be offered. In the area of generic time-
series services, we anticipate such things as demeaning, 
tapering, filtering (low pass, high pass, and band pass), 
correlation, differentiation, integration, convolution, and 
deconvolution. 

We have the existing capacity necessary to maintain the 
data-access services on computational and storage systems 
acquired and operated by the DMC. We intend to deploy 
processing services in a more scalable environment, however, 
because we cannot independently maintain systems capable 
of meeting peak computational demands from the external 
community. First deployments will be on a condominium-
style architecture operated at the University of Washington. As 
developments in cloud services continue, we will be prepared 
to move to a cloud environment when appropriate.

product development And support
project management System
DMS will continue to support product development through 
its evolving Product Management System. Staff includes 
multiple product specialists who take community-vetted ideas 
and turn them into products, and a developer who focuses on 
the software infrastructure needed to convert product ideas 
into actual products. 

Simplified data access for New or infrequent users
During the early stages of development of the DMS, the 
primary responsibility was to serve the needs of research seis-
mologists with extensive experience in data processing and 
familiarity with the often-obscure details of data formats and 
instrument response. As access to data has improved and 
interest in seismology has expanded, services and user inter-
faces are being developed that respond to the needs of the non-
specialist. For instance, a service that allows simple access to 
corrected time-series data via a URL in a web browser can be 
a convenient mechanism for displaying waveforms, exploring 
the archive, and extracting limited amounts of data. The time 
series displayed in the section in Figure A3.6 shows two weeks 
of barometric pressure variations in which the raw data have 
been low-pass filtered and converted into units of pressure. 
In addition to the screen display, the data can be exported as 
a series of time-value pairs for convenient input into analysis 
programs that can accept generic time-series data or even to a 
spreadsheet program such as Microsoft Excel. This approach 
is suited to a scientist who wants limited data access, but 
does not necessarily require all of the details contained in 
the complex SEED data format. Others may want the data 
returned directly as a SAC-formatted file rather than having 
to receive the data, run rdseed, convert it to SAC format, and 
then manipulate it in SAC. Still others may wish to have the 
data delivered to an application such as MATLAB. Simplified 
User Access streamlines access to data by contracting every-
thing into a single step. It eliminates the current approach 

figure A3.6. easing Access to IrIs data for other disciplines. the IrIs 
DMC	manages	data	from	approximately	24	different	kinds	of	sensors	
in addition to seismometers. traditionally the data have been esoteric 
and generally understood by seismologists only. this raised a significant 
impediment for use of IrIs managed data by scientists in other disci-
plines. the IrIs dms has embarked on the development of web services 
that are capable of providing data, with a variety of user controllable 
preprocessing applied, and with output in very easy to understand AscII 
formats. As shown in this figure barometric pressure data as recorded by 
the earthscope funded transportable Array can be provided to an atmo-
spheric scientist in units of pascals, low pass filtered or with other signal 
processing algorithms applied.



A-34  |  2010 IrIs  core progrAms proposAl | volume I

of request formulation, request transmission, generation 
of dataset, retrieval of dataset, conversion of dataset, and 
ingestion of dataset into the desired analysis tool. DMS will 
explore the needs of a variety of user communities and signif-
icantly expand these efforts to encourage broader use of the 
increasing variety of data stored at the DMC. 

processed data Streams
An important attribute of the DMC archive is that primary 
data are stored with full fidelity, maintaining the complete 
resolution of the originally recorded time series. No compres-
sion or pre-processing is applied that risks degrading the 
original data. It has been the responsibility of the user to 
perform instrument corrections, unit conversion, or other 
processing as part of the scientific analysis. This can be incon-
venient or even burdensome for users with limited software 
tools or processing capability. Tools are being developed to 
apply a standard suite of algorithms for those who would 
prefer to have pre-processing performed at the DMC—either 
for the casual user with limited local resources or the heavy 
user wishing to pre-process significant quantities of data. For 
instance, Figure A3.7 (left) shows an earthquake recorded at 
station ANMO. It is the raw seismogram in units of counts. 
A preliminary web processing service is in place at the DMC 
that can correct the data for the instrument gain, and demean 
and filter. Figure A3.7 (right) shows the same record after it 
has been low-pass filtered at 0.01 Hz and gain corrected. The 
units of this waveform are in meters per second after these 
corrections. A variety of other services are contemplated, 
including the ability to down sample data from a high sample 
rate to a lower sample rate. While these added services will 
be of great utility to a number of user groups, the DMC will 

always provide the ability to access the raw, unprocessed 
waveforms for those scientists wishing to more fully control 
the processing environment. 

request Filtering using predetermined metrics
As the volume of data continues to increase, it becomes more 
important to provide automated tools and services that allow 
users to conveniently asses data quality and select those data 
most appropriate for their research needs. The real-time 
quality assurance system in place at the DMC calculates many 
metrics related to data quality as the data enter the DMC. As 
DMC moves to a web service infrastructure, we can begin 
adding Quality of Service (QoS) capabilities for data access. 
During the next 27 months, we plan to begin making progress 
in this area. We are not proposing to perform dynamic QoS 
services at this time, but that capability should be considered 
in the next five-year proposal from IRIS.

dedicated processing to condominium and 
cloud Service models
DMC has historically operated all of its own storage and 
processing systems using IRIS systems administrators. During 
the next 27-month proposal, we propose to begin deploying 
processing web services on the University of Washington 
HYAK condominium-style computational resource located 
near the DMC in University of Washington facilities. In 
essence, a user of the HYAK system buys a specific number 
of slots providing a specific number of processors, high-speed 
scratch space, and slower access storage systems, including 
lower-performance disk and tape systems. The purchase of 
these slots is good for three years. At the end of that period, 
a user may choose to purchase an equivalent number of slots 
for the same price, however, the number of cores and fast 

Figure	A3.7.	The	graphic	on	the	left	shows	the	2010	Chilean	earthquake	recorded	by	station	ANMO	in	Albuquerque,	NM.	The	vertical	axis	is	digital	counts.	The	
right-hand	graphic	shows	the	same	information	after	being	corrected	for	instrument	response,	and	low-pass	filtered	at	100	sec.	The	vertical	axis	is	now	in	units	of	
velocity (meters per second).
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storage is likely to have more than doubled in that time and 
so the same funding will permit access to significantly more 
computational and storage capacity. 

The condominium model also allows access to unused 
cores in the HYAK system when needed, and similarly, others 
may use your idle capacity. However, the owner of the slots 
may always preempt a non-owner when needed. This type of 
system will allow the DMC to meet peak demand require-
ments, for instance, after a large earthquake, at a much lower 
cost than normal. 

We envision using HYAK as an initial test of cloud-like 
services over the period of the 27-month proposal. IRIS would 
be responsible for deploying services in HYAK but would be 
relieved of the operation of the system, thus eliminating the 
need to have IRIS paid systems administrators. DMS plans 
to provide data services on a modest, multinodal system 
located close to our primary storage system; however, the 
processing web services would be deployed in HYAK. These 
processing services will have a much higher requirement for 
shear processing power to meet the community’s needs, while 
the data access services are similar to what DMC currently 
operates and for which DMC has processing capacity to meet 
current community needs.
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4 | educAtIon And outreAch
 

hIstorIcAl context And current operAtIons

Figure	A4.1.	Refraction/reflection	experiment	during	the	intern	orientation	week	
at	New	Mexico	Tech.

IRIS, with strong NSF encouragement, initiated the Education 
and Outreach (E&O) program during the 1996–2001 
Cooperative Agreement, with the goal of increasing public 
understanding of Earth science in general and seismology in 
particular. To set the program in motion, IRIS formed an E&O 
Standing Committee in 1997. In 1998, the committee convened 
a conference that included people from diverse science and 
science education disciplines, funding agencies, and other 
Earth science E&O programs. Participants were asked to 
develop a broad vision of how IRIS could uniquely contribute 
to science education and outreach, and the results formed the 
basis for a program plan published in 2002. The E&O program 
has slowly grown from a single IRIS staff member in 1998 to 
approximately 4.5 IRIS staff members managing a number of 
subcontract and consultant awards, with significant contribu-
tions from members of the IRIS community. 

During the past decade, the mission of the E&O program 
has been refined to focus on advancing awareness and under-
standing of seismology and geophysics while inspiring 
careers in Earth sciences. The program draws upon the rich 
seismological expertise of the IRIS Consortium members and 
combines it with the educational and outreach expertise of 
the program staff to create educational and outreach products 
and activities. Although relatively young when compared to 
the other IRIS programs, IRIS E&O has already established 
itself as a model educational initiative among NSF-funded 
activities and has made significant impacts in a variety of 
arenas. The guiding principles of IRIS E&O are to deliver 
programs, products, and services that:
• Target a range of audiences, including grades 6–12 students 

and teachers, college students and faculty, researchers, and 
the public 

• Emphasize seismology and the use of seismic data
• Benefit the Consortium through broader impacts to 

students and society or through services supporting 
members needs

• Undergo continuous improvement, leveraging both internal 
and external evaluations of our products and programs

• Promote the increased participation of underrepresented 
groups in our activities

• Maintain high levels of scientific accuracy while employing 
best educational practices

In 2009, the E&O program underwent a successful external 
evaluation by SRI, followed by an external panel review. Until 
now, the program has closely followed the original 2002 
program plan as commended in the 2009 review panel report: 
It is impressive how well the program has remained focused 
upon the objectives identified in this plan. The program review 
has provided valuable input into the formulation of a new 
strategic plan that is the basis for our proposed new initia-
tives. This new plan includes a refined set of broad goals that 
underpin the new initiatives. These goals are to:
•	 Improve	Seismology	Education.	Increase the quantity and 

enhance the quality of seismology education
•	 Expand	Earth	Science	Awareness. Expand opportunities for 

the public to understand and appreciate seismology
•	 Enhance	IRIS	Visibility.	Increase the visibility and recogni-

tion of IRIS through effective branding and communica-
tion of IRIS E&O products and services

•	 Support	 IRIS	 Consortium	 Members. Provide education 
and outreach products and services for members of the 
IRIS community

•	 Expand	the	Earth	Sciences	Workforce. Support development 
of a larger and more diverse Earth science workforce

• Strengthen the e&o program. Seek collaborations and 
funding to sustain and grow the E&O program

The original strategic plan included a focus on K–12 and 
informal education within the E&O program. The new stra-
tegic plan maintains successful programs in these areas while 
emphasizing new development efforts aimed at undergrad-
uate instruction, and workshops and training for the IRIS 
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To capitalize on its dispersed human resources and 
research facilities, IRIS has developed a model for a distrib-
uted REU site that blends telecommunications technology 
and recent research on distance learning to achieve the spirit 
of a traditional REU. The intern experience begins with a one-
week orientation designed to introduce the interns to some of 
the most exciting aspects of modern seismology as well as to 
foster a strong sense of community among the interns. Visiting 
scientists from across the IRIS community donate their exper-
tise to lead in-depth laboratory exercises and lectures/discus-
sion sessions. Additional sessions provide training in distance 
collaboration, an overview of graduate student life, strategies 
and opportunities to fund graduate education, and insights 
into industry, academia, and government lab careers.

Following the orientation, interns spend 8 to 12 weeks 
working on a seismological research project with scientists 
at an IRIS member institution (Figure A4.2). Each project 
provides interns with ample opportunities to develop an under-
standing of scientific inquiry and geophysical data. In addition 
to regular mentoring by research faculty, an alumni mentor (a 
student advanced in a PhD program) assists during the orien-
tation week, and also monitors and mentors the interns using 
the cyberinfrastructure. The IRIS intern program has also 
developed a set of strategies to enable interns to self-monitor 
their progress by encouraging them to blog their projects in 
their own words, identify and structure their goals, monitor 
and evaluate their progress, and discuss the broader reaches 
of their work. 

The culmination of each student’s REU internship experi-
ence is the opportunity to present the results of their summer 
research at the fall meeting of the American Geophysical 
Union (AGU). Not only does attendance at AGU bring 
closure to the research project, it is an important opportunity 
for students to gain meaningful exposure to Earth science 
research as a viable career option. The longevity of the IRIS 
internship program allows much of this exposure to occur 

community. This change in emphasis will also help to serve 
the needs of early-career seismologists who will be training 
the next generation. 

As the E&O program implements this new strategic plan, 
the resulting activities and products will be subject to a process 
of continuous evaluation and improvement via a combina-
tion of both internal and external assessments. Results from 

these assessments will inform the program’s decision-making 
process, allowing IRIS to significantly enhance its E&O activi-
ties over time. The SRI external evaluation of the program in 
2009 concluded that: When viewed against the practices of other 
Earth science and science outreach agencies, IRIS stands out as 
putting into place the best practices in the field in evaluation.

developments under current fIve-yeAr Agreement 

summer InternshIps for undergrAduAtes 
In seIsmology

highlights 
•	99	undergraduates	have	participated
•	49	faculty,	representing	39	Consortium	institutions,	

have hosted interns
•	85%	of	alumni	have	attained	or	are	pursuing	a	

graduate degree in a field of geoscience 
•	46%	of	interns	have	been	female

Since its inception in 1998, the IRIS Undergraduate Internship 
Program has provided undergraduates with the opportunity 
to work with leaders in seismological research, to travel to 
sites around the world for fieldwork, and to produce research 
products worthy of presentation at large professional confer-
ences. These activities are designed to encourage students, 
who represent a diverse population, to choose careers in Earth 
science. Since 2006, this program has been jointly funded 
through two NSF Research Experience for Undergraduates 
(REU) site awards as well as through the IRIS core award. 
REU funding supports student costs, while the IRIS core 
funding supports infrastructure such as salaries and other 
oversight costs. 

figure A4.2. Intern orientation field trip, 2009.
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variety of professional development opportunities to supple-
ment its curricular resource effort. These experiences develop 
deeper content knowledge and understanding, and enhance 
the use of appropriate curricular materials to enable student 
learning. These opportunities range from one-hour sessions 
at regional and national science teacher or informal educator 
conferences, to multiday workshops offered in partnership 
with other organizations. 

In addition to serving a middle and high school audi-
ence, IRIS has recently begun to employ a similar approach 
to undergraduate instruction at community colleges and small 
liberal arts colleges, where faculty generally have a strong 
geoscience background, but rarely with a focus on seismology 
or geophysics (Figure A4.3). IRIS’s involvement at venues 
such as the National Association of Geoscience Teachers, the 
Geological Society of America, and the Cutting Edge Workshop 
series have been highly successful and are an opportunity for 
IRIS E&O to further enhance geoscience instruction. 

publIc dIsplAys for museums And other venues

hIghlIghts 
Specialized displays
•	Annually,	13	million	people	visit	the	three	museums	

where there are major IrIs/usgs displays
•	1.7	million	people	per	year	visit	the	Franklin	Institute	

where a new IrIs e&o display was installed in 2010
active earth display
•	Over	105	groups	have	applied	for	accounts,	61	of	

which are schools, colleges, or community colleges, 
and this number is rapidly increasing

•	37	displays	were	in	operation	in	June	2010
•	Users	estimate	over	75,000	people	per	year	will	visit	
the	existing	displays

through networking with numerous internship alumni and 
potential graduate advisors present at AGU, facilitated via an 
annual alumni mixer held at the meeting. 

Personal encouragement from faculty is an extremely 
important factor in recruiting interns, and this is especially 
pronounced for minority applicants. In an effort to increase 
the diversity of the program, a special lecture series has been 
developed in collaboration with the North Carolina A&T State 
Department of Physics to personally invite physics majors 
at Historically Black Colleges and Universities (HBCUs) to 
apply to the program. Through this lecture series, dynamic, 
early-career alumni of the IRIS REU program deliver lectures 
focused on cutting-edge seismological research with explicit 
connections to core physics content. The lectures conclude 
with information on geophysics careers and the role the IRIS 
Internship Program can play in developing this career path. 

professIonAl development for teAchers 
And college fAculty

hIghlIghts 
•	Over	1150	teachers	and	college	faculty	have	attended	

one-day or longer IrIs workshops 
•	These	instructors	have	the	potential	to	reach	over	

80,000 students annually
•	Tens	of	thousands	of	teachers	are	reached	regularly	by	

e&o staff participation on regional and national earth 
science and physics listservs 

Most middle and high school Earth science teachers have 
minimal science background in plate tectonics and seismology, 
and as a result, many of these teachers are poorly equipped to 
engage their students in geophysics and seismology content 
or to teach about recent advances in earthquake science and 
engineering. As a result, many such teachers rely on out-dated 
textbooks to enhance their own content knowledge and often 
avoid student inquiry in their instruction. 

To support the need for better resources, IRIS E&O and 
faculty at IRIS member institutions have developed a suite of 
classroom activities that enable teachers to use seismic data. 
These data-rich resources provide hands-on and minds-on 
opportunities for students to explore, for example, Earth’s 
structure, the size of earthquakes, why earthquakes occur, 
and principles of seismic wave propagation through Earth. 

While IRIS-developed resources have been well received 
by teachers, educational research as well as IRIS formative 
assessments indicate that training is essential to increase 
teachers instructional confidence, which in turn allows them 
to teach in a more inquiry-oriented manner, and deliver more 
sophisticated content to students. Consequently, IRIS offers a 

figure A4.3. teacher workshop at nc A&t, conducted in collaboration with 
AfricaArray.
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figure A4.4. Active earth display 
kiosk and sample screens.

Museums are an important mechanism for scientific outreach 
to the general public, and the display of real-time seismic 
data offers the opportunity to capitalize on visitors’ enthu-
siasm for current information. Thus, IRIS works with indi-
vidual museums to help them create custom displays as well 
as to explore new opportunities such as the projection of 
near-real-time seismicity on three-dimensional globes. As an 
outgrowth of our experience creating large museum displays, 
including surveys of audience response (Smith et al., 2006, 
Eos, 87(8):85), IRIS has developed a more-versatile, and less-
costly Active Earth Display that is aimed at smaller formal 
and informal learning institutions. These displays have been 
installed in locations ranging from visitor centers in national 
parks to small museums, NSF headquarters, departmental 
lobbies in universities, and at South Pole Station. 

Although the content is delivered via a web browser, the 
system has many features that distinguish it from a simple 
web site. The Active Earth Display content pages are designed 
for interactive use with a touch screen, but the display can 
also be cycled in a non-interactive mode. The availability of 
content pages can be individually tailored for each site by the 
end user. Placeholder pages can be used to permit insertion 
of new material, such as teachable moment pages after signif-
icant earthquakes. Packages of content pages, such as the 
seismic and tectonic settings of Cascadia and the Basin and 
Range have been developed in collaboration with UNAVCO 
and the EarthScope National Office, and there are now more 
than 65 pages of content to choose from. 

seIsmogrAphs In schools

hIghlIghts 
•	Over	170	schools	are	currently	operating	 

seismographs provided by IrIs 
•	Over	375	users	of	educational	seismographs	 

from 42 states and 16 countries have registered  
their station in the seismographs in schools database

•	Over	58	of	these	stations	have	displayed	real-time	
views of their data on the web.

•	Since	2004,	140	teachers	have	attended	an	 
As1 users training workshop.

One of the best ways to engage students in scientific content is 
to give them opportunities to work with real scientific instru-
ments and data and enable them to experience the discovery of 
scientific information. The Seismographs in Schools program 
is now doing this for thousands of students in physics and 
Earth science classes around the country. The foundational 
activity has been the dissemination of educational seismo-
graphs (the AS1) and software to classroom teachers and the 
development of a training workshop and curricular mate-
rials for teachers. More recently, a cyberinfrastructure has 
been developed to network teachers, both within the United 
States and internationally, to enable them to assist each other 
with technical issues as well as extending the value of the 
program by encouraging conversation on scientific content 
and instructional approaches. The seismometer also becomes 
a community resource, as local media commonly feature 
the school and their seismograph after a major earthquake 
(Figure A4.5).

However, the SIS program is based on more than the place-
ment and support of AS1 seismographs in schools, as IRIS 
E&O has a pyramid goal of engagement:
•	 Hundreds of high-sensitivity sensors in classrooms to 

record global earthquakes
•	 Thousands of USB and other motion sensors to teach the 

basics of ground motion 
•	 Hundreds of thousands of students using IRIS data via the 

web in classroom activities

Figure	A4.5.	Example	of	local	TV	news	coverage	of	school	seismographs.
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As part of this strategy, IRIS encourages, collaborates, and 
supports both national and international educational seis-
mology networks. For example, within the United States there 
are groups in over nine states that provide regional support 
for teachers. Internationally, IRIS has provided seed equip-
ment and shared expertise with school seismograph networks 
at various stages of development in countries such as New 
Zealand, Great Britain, Ireland, France, Italy, Kazakhstan and 
Costa Rica. This work includes the development of an online 
database system that allows other educational networks (e.g., 
Great Britain) to share their data with schools using our site. 

teAchAble moment slIde sets

hIghlIghts
•	Rapid	creation	of	slide	sets	after	7	major	earthquakes	

in the first 7 months production
•	100,000	visits	to	the	Teachable	Moments	web	page	

during february-march 2010

A major new addition to the set of IRIS E&O products in the 
past year is the production of Teachable Moment (TM) presen-
tations following major earthquakes. Newsworthy earth-
quakes can capture the attention and imagination of students, 
however, many instructors lack the time and/or background 
knowledge to synthesize available web materials into a 
coherent package that tells an educational story. By delivering 
timely, easy-to-use resources, the TM presentations enhance 
Earth science education by expanding classroom discussion 
of seismology concepts and tectonic processes. 

TM presentations, produced in collaboration with the 
University of Portland, are generally posted to the IRIS web site 
within 24 hours of the event. Each presentation is formatted 
in a way that allows an educator to tailor the materials to 
their particular audience and time frame. Common elements 
include USGS earthquake and volcano information, plate 

tectonic and regional tectonic maps and summaries, custom-
generated computer animations, seismograms, AP photos, 
speaker notes, and other event-specific information, some 
of which is contributed by IRIS Consortium members. Full 
TM presentations were created for seven earthquakes from 
October 2009 through April 2010, and shorter TM presenta-
tions were made for seven less-newsworthy earthquakes in the 
same time period. The Haiti and Chile earthquakes were by 
far the most significant in terms of visibility, and in both cases, 
additional information, animations, lesson plans, activities, 
and other educational materials were added to the site. 

Revisions to the IRIS web site have enhanced the visibility 
of and the traffic to the TM page. In addition to being promi-
nently featured on the home page of the IRIS web site, notifi-
cation of new TM presentations are distributed via a mailing 
list, on the IRIS E&O Facebook page, and on two Twitter 
accounts (one in English and one in Spanish). The custom 
animations that accompany the presentations are posted to 
YouTube to reach an even wider audience, resulting in nearly 
25,000 views from January–May 2010. Perhaps even more 
important is the viral nature of the TM announcements as 
these are frequently reposted to teacher listservs, reposted on 
Facebook, and retweeted.

To expand the impact of the Teachable Moments, a number 
of improvements are proposed. More seismogram interpre-
tation and fault mechanism information will be added that 
could be used in undergraduate classes, and TMs will be tied 
more closely to new automated DMS data products such as 
the Ground Motion Visualizations. An Active Earth Display 
page will be created for each event, which will automatically 
appear on displays that subscribe to TMs. As done for the 
Haiti and Chile earthquakes, additional educational prod-
ucts will be provided along with Microsoft PowerPoint sets. 
Options are being explored with the USGS to make more use 
of their automated event information system. Such collabora-
tion would combine the USGS’s scientific and public informa-
tion expertise with IRIS E&O’s educational experience. 

web resources And AnImAtIons 

hIghlIghts 
•	In	the	first	five	months	of	2010	there	were	over	

2,500,000 visitors to the IrIs web site with the 
majority viewing the seismic monitor

•	Over	80	animations	on	seismology	topics	are	available	
in the animation library

The IRIS web site is the face of the Consortium to the general 
public. A key way to increase the impact of the E&O program 
is to drive more traffic to the web site and provide content that 

figure A4.6. As1 training workshop for teachers.
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promote Earth-science teachers’ grasp of new science content 
and support their classroom presentation of earthquake 
science. To complement these, most of the animation and 
video lecture sets also have links to classroom activities that 
promote active learning of key seismological topics.

Another example of the increased use of the IRIS web 
pages is the IRIS Image Gallery, a diverse collection of photo-
graphs and visuals that encompass the range and breadth 
of seismology and the seismological community. It includes 
educational images from E&O posters, and research figures 
submitted by the IRIS community, as well as photographs of 
IRIS community activities worldwide, from workshops to 
field deployments.

IrIs/ssA lectureshIp

hIghlIghts 
•	17	IRIS/SSA	Distinguished	Lecturers	have	given	over	

99 presentations to public audiences of up to 400 
people per lecture at major museums and universities 
throughout the country

•	Average	attendance	is	165	per	venue
•	All	venues	surveyed	in	2009	described	the	lecture	as	a	
success	and	100%	were	interested	in	having	a	lecturer	
for the coming season

There is a strong demand at informal learning institutions like 
science museums to provide local communities with direct 
contact with distinguished scientists. In 2003, IRIS and the 
Seismological Society of America (SSA) initiated the IRIS/
SSA Distinguished Lecture Series to help meet this need. Two 
or three speakers are selected each year for the lectureship 
from a pool of nominees generated from the IRIS community. 
Selections are based on scientists’ ability to convey both the 
excitement and the complexities of seismology to a general 
audience in a form that is engaging and enlightening. These 
lectures reach a broad sector of the public with an interest 
in science through venues that often have a well-established 

lecture series. 
To address the requests from 

educators for electronic versions of 
these lectures so that they may incor-
porate the information into their 
own classroom lectures, lecturers are 
asked to ensure that their presenta-
tions are suitable for distribution via 
the web or CD-ROM, and videos of 
some lectures are placed online. The 
impact of the lectureship program 
is also increased by having many 

brings users back to the site. Content includes timely informa-
tion about recent seismological events as well as longer-lasting 
information such as classroom activities and animations. 

Figure A4.7 shows the value of recent changes to the web 
site, where the increase in traffic after an earthquake results 
in both a short-term peak, and a long-term increase in users. 
This long-term upswing in users has been achieved by exam-
ining all of the delivery venues for educational content, 
followed by revisions and reorganizations across the web 
site, increased use of social networking sites, addition of new 
educational resources, and encouraging other groups to link 
to our materials.

Earth science teachers with limited geologic knowledge, as 
well as seasoned professors, are eager to supplement existing 
teaching resources with computer animations of geologic 
processes. Unfamiliar scientific concepts can be more acces-
sible when learning is supported by animations, and the 
dynamic nature of animations may better engage the current 
generation of students. IRIS E&O offers cartoon and inter-
active Flash animations covering a variety of seismology 
and Earth science topics. Accompanying video lectures both 

Figure	A4.7.	Daily	web	page	visits,	Jan-Mar,	2010.

figure A4.8. sample online resources.
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venues arrange additional events in conjunction with the 
lectures, such as webcasts, radio interviews, teacher work-
shops, and IMAX films. In addition, the speakers frequently 
give a separate technical talk on their research at local univer-
sity geoscience departments. 

publIcAtIons And generAl outreAch

hIghlIghts
•	Five	educational	posters	and	seven	“one-pagers”	have	

been developed
•	Over	100,000	IRIS	educational	posters	have	been	

distributed to schools, colleges, and universities, 
including institutions in 22 different countries

•	Several	of	the	posters	and	all	of	the	one-pagers	are	
available in spanish

IRIS produced its first educational poster (Exploring the Earth 
Using Seismology) in 1998 and continues to give out thou-
sands of copies of that poster each year. IRIS has continued 
to develop new posters since then, on topics such as the 2004 
Sumatra earthquake and the commemoration of the 1906 
San Francisco earthquake (Century of Great Earthquakes). 
Recent posters have been aimed at high school and college 
students, and the full range of posters can be found at schools 
and universities throughout the world. To maximize the effec-
tiveness of future posters, research was recently concluded on 
the use of posters in classrooms. The intention of this project 
was to identify a set of design features that increased their 
instructional usefulness, and new posters are being designed 
based on those results (e.g., Figure A4.9). 

While IRIS E&O will continue to supply paper mate-
rials because of the important role they play in education 

and outreach venues, 
particularly school class-
rooms, the program is 
moving toward greater 
electronic distribution of 
materials such as videos, 
animations, and podcasts. 
Materials are now also 
distributed via DVD, as 
with IRIS’s “Earthquakes” 
DVD, developed in collab-
oration with EarthScope. 
This DVD is an orga-
nized collection of elec-
tronic earthquake educa-

tion resources, including both IRIS material (text, images, 
video, and animations) and high-quality activities 
from other sources. 

engAgement of dIverse AudIences
An IRIS E&O priority is reaching and enfranchising a diver-
sity of audiences with all of our activities, using three comple-
mentary approaches: (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. 

A successful approach is to build partnerships with groups 
that are already engaged in successful activities. An example 
is partnering with the Society for Advancement of Chicanos 
and Native Americans in Science (SACNAS). SACNAS has 
increased its emphasis on Earth science in the past several 
years through the efforts of Aaron Velasco, a former IRIS E&O 
Standing Committee member, and past president of SACNAS. 
IRIS has shared a booth at the SACNAS annual meeting for 
the past four years as well as cosponsoring an Earth sciences 
field trip at the meeting. 

Interactions with SACNAS complement IRIS E&O’s collab-
oration in UNAVCO’s RESESS program (Research Experience 
in Solid Earth Science for Students), which provides a 
supportive summer research environment for underrep-
resented minorities. RESESS allows students to transition 
from research within a small student community to involve-
ment with scientists throughout the United States. IRIS has 
shared student applications and research mentors between 
the programs so that the best match is found for students and 
hosts, and IRIS is now a co-PI with UNAVCO on the recently 
awarded five-year Opportunities for Enhancing Diversity in 
the Geosciences grant that supports the RESESS program. 
Through this collaboration, IRIS will be working intensively 
to increase opportunities for minority participation in IRIS 
activities as well as integrating the RESESS program into 
other opportunities that IRIS offers students. 

E&O program staff members are also working with Penn 
State University and North Carolina A&T (an HBCU) on 
the AfricaArray project. This project is designed to increase 
educational capacity in Africa and increase the engagement 
of African American students in Earth science. As part of that 
process, IRIS E&O provides multiday professional develop-
ment to teachers in North Carolina working in the highly 
diverse Greensboro region. 

Wherever possible, underrepresented groups are targeted 
in existing programs. Diné College, a Native American college, 
was one of the first IRIS Educational Affiliate members, and 

figure A4.9. new poster highlighting 
transportable Array data.
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HBCUs will be approached as potential Educational Affiliate 
members. The USArray siting outreach program has made 
special efforts to engage minority groups, such as the multi-
year project with Navajo Nation associated with the deploy-
ment of USArray stations in Arizona. Minority-serving 
institutions are targeted in advertisements for hosting a 
Distinguished Lecturer as are schools with a large percentage 
of students from underrepresented groups when selecting 
schools for AS1 seismographs. As part of the increased 
emphasis on use of online resources, the Spanish translations 
of web materials will be increased. The Spanish Teachable 
Moment presentations have been very popular, particularly 
after the 2010 Chile earthquake, and greater use is expected as 
part of IRIS’s international development activities in Central 
and South America. 

IntegrAtIon wIth usArrAy
Considerable integration has already occurred between E&O 
and USArray Siting Outreach. All E&O products are already 
available for use by USArray, and USArray products are used 
and promoted by IRIS E&O. This integration will increase 
even further within the new IRIS management structure. 
Other examples include:
•	 Selection of new AS1 schools is focused on current or near 

future Transportable Array footprint
•	 Active Earth Display can be used to highlight USArray 

activities
•	 Professional development for either program depends on 

exercises and/or data from the other program
•	 Production of a new poster

new opportunItIes And dIrectIons 

Engaging undergraduates in real data analysis and providing 
them with current research examples can greatly improve 
their appreciation of science and increase the likelihood that 
they will continue on to a scientific career. To pursue this 
goal, a key E&O program focus during the next 27 months 
will be to develop new materials and programs for under-
graduate education. This focus will allow IRIS to leverage the 
talent and resources that are available within the Consortium 
membership, and to make those resources available to a wider 
audience. The need to reach a wider audience is even more 
pronounced in the current environment where over 40% of 
undergraduates attend community colleges (see American 
Association of Community Colleges Fact Sheet at http://www.
aacc.nche.edu/AboutCC/Documents/factsheet2010.pdf ). 
Historically, the E&O program has emphasized middle school 
and high school audiences because of the great need for 
resources at those levels and the importance of capturing the 
imagination of students before they lose interest in science. 
However, the IRIS E&O program is mindful of the strengths 
and foundations of its program and the responsibility to serve 
the IRIS community. Here, IRIS E&O has the opportunity 
to use its university linkages to engage an extensive educa-
tional community, including expanding IRIS Educational 
Affiliates membership, to impact future practitioners in both 
research and education. 

The other major focus during the next 27 months will be to 
greatly expand the impact of existing activities and resources. 
For example, to reach larger audiences for professional devel-
opment, and accommodate the limited time of instructors, will 

require developing more short video segments and podcasts 
to deliver online training in support of pre-existing classroom 
activities, and fewer in-person workshops. It will be impor-
tant to evaluate and, if appropriate, adapt efficiently to new 
methods of information dissemination as they continue to 
become available, whether it be mobile devices or new social 
networking sites. IRIS E&O is also aware of the need to reach a 
diversity of audiences, and is constantly working to find addi-
tional mechanisms for reaching minority and international 
audiences. The following sections outline new and modified 
E&O activities that are proposed over the next 27 months.

creAte And curAte undergrAduAte 
seIsmology resources 
An important initiative by IRIS E&O to place more emphasis 
on undergraduate education will be to create, collect, and 
curate classroom and lab exercises that can be used throughout 
undergraduate geoscience curricula. There is a great need for 
these materials as recent scholarship has shown that under-
graduates hold significant misconceptions about earth-
quakes and plate tectonics despite instruction using existing 
resources, and only 5% of undergraduate respondents recog-
nized that scientists knew about Earth’s layers based on 
information from earthquakes (Delaughter et al., 1998, Eos, 
79(36):429–436; Libarkin et al., 2005, Journal of Geoscience 
Education, 52:17–26).

Instructors compiling their own set of classroom exercises 
often use activities posted on science teaching web sites such 
as the SERC (Science Education Resource Center at Carleton 
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College), DLESE (Digital Library for Earth System Education), 
USGS, SCEC (Southern California Earthquake Center), and 
IRIS. On the SERC web site, over 50 seismology-related activ-
ities are available, including those submitted by participants 
of the 2007 “Teaching Geophysics in the 21st Century” work-
shop in which IRIS staff participated and IRIS community 
members helped organize. Over three-fourths of these activ-
ities, however, are designed for upper-division students in 
advanced geophysics courses. Although the workshop helped 
increase the number of available geophysics activities, it also 
highlighted the great need for high-quality activities that use 
current data for introductory and intermediate-level geosci-
ence courses. IRIS E&O will concentrate development efforts 
on materials that address these audiences.

Though the questions in the Seismological Grand Challenges 
in Understanding Earth’s Dynamic Systems have been posed 
to help guide fundamental seismological and geophysical 
research for the next several decades, they also offer fresh 
content for developing new resources for the college classroom. 
Most of the 10 Grand Challenges address how seismology 
illuminates our understanding of Earth structure and address 
issues related to plate tectonics and related phenomena such 
as convection and volcanism. A few of the questions naturally 
allow for the use of active-source seismology in a classroom 
exercise, a topic that is largely absent from introductory classes 
despite its connection to societal issues. Furthermore, each 
of these questions represents course content that is already 
being covered in lower-division physical geology courses and 
aligns well with the newly developed Earth Science Literacy 
Principles (http://www.earthscienceliteracy.org). 

Perhaps the greatest strength of using the 10 Grand 
Challenges as the content guide for course materials is that 
it permits integration of cutting-edge research into the class-
room while allowing instructors to cover the same core 
content. Additionally, using the Grand Challenges as the 
content guide will extend the reach of the document to many 
undergraduate faculty who might otherwise be unaware of 
these important research questions. 

The creation of new classroom materials has begun under a 
recently funded CCLI grant in collaboration with the College 
of New Jersey (TCNJ). The objectives of that project are to:
•	 Create undergraduate instructional materials and a detailed 

instructor’s guide that correspond to each of the Grand 
Challenges, as well as at least six inquiry-based laboratory 
activities 

•	 Disseminate developed resources through the IRIS web site 
and digital libraries such as SERC and DLESE, via work-
shops for undergraduate instructors, and through special 
sessions at national geoscience and seismological meetings

Achieving these objectives will provide first steps toward 
increasing the level of inquiry in seismology-related instruc-
tion in introductory geoscience courses and in courses such 
as structural geology and tectonics. As initial materials are 
developed, seismology faculty will be invited to share their 
rough exercises via a “faculty only” area on the IRIS web site 
(as requested by an IRIS early career faculty group). IRIS will 
assist in editing the submitted materials to make them more 
easily usable by other faculty. IRIS E&O will also conduct 
workshops with undergraduate faculty to vet, improve, and 
disseminate these new materials.

Involve more undergrAduAtes 
In fIeld reseArch
Each summer, numerous efforts to collect seismological data 
are underway within the IRIS community and most such 
experiments have a need for field assistants. As a result, the 
IRIS community has asked the IRIS E&O program to leverage 
the existing internship program infrastructure to develop 
a clearinghouse for recruiting undergraduate field assis-
tants. This clearinghouse will also provide opportunities for 
students not currently part of the IRIS community, including 
math or physics students who might have an interest in seis-
mology but have never taken a course or participated in field-
work before, foreign students who are not eligible for REU 
programs, or community college students who might not yet 
have the prerequisites for an IRIS internship. 

While this partnership with community members will 
provide needed students, it will also allow IRIS E&O to ensure 
that the field assistantship is more than just manual labor. 
The PI application process will be structured to ensure that 
PIs provide related learning experiences for the field assis-
tants, rather than just handing them a shovel. Activities might 
include providing reading lists that will help the intern under-

figure A4.10. students installing seismographs as part of the sierra nevada 
earthscope project.
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stand the scientific context for their fieldwork, pre- or post-
fieldwork seminars on local and regional tectonics, and/or 
sessions providing instruction on data processing techniques.

Under this initiative, the robustness of the application 
and review system will be improved. Students seeking field 
assistantships will be able to enter and update their informa-
tion online and provide details about available dates, poten-
tial locations, and topics of interest. The system will generate 
email notifications for projects that match their criteria. 
Similarly, when a PI lists a field opportunity, they will define 
their project according to parameters that will help ensure a 
good match between projects and students.

new dAtA Access And AnAlysIs softwAre 
Software Strategy
A coherent set of software applications supporting IRIS E&O 
goals in seismological education and the E&O pyramid plan 
of engagement will be delivered. Most of these applications 
already exist and will be improved while one is an entirely 
new product. These applications will have the following 
properties:
•	 A well-defined scope (i.e., it will be easy to describe to users 

what a particular application does or to point users to the 
appropriate application for their needs)

•	 Contain a wide enough set of features so that most educa-
tional activities require using only one application, which 
implies some overlap in functionality but not so much as to 
obfuscate differences in the applications

The applications support the increased emphasis on the 
undergraduate audience, and all will be of use in the under-
graduate classroom. 

Figure A4.11 shows the software vision. The applications 
are:
•	 Amaseis.	The primary function of Amaseis is to view and 

locally store data from seismographs such as the AS1 
currently used in the Seismographs in Schools program. 
Enhancements to Amaseis will allow the data to be shared 
in near- real time among classrooms within a school or 
schools within a school district. Amaseis will also contain 
the analysis tools needed for K–12 exercises, including 
epicentral location and magnitude determination. The 
current overhaul of Amaseis has the following goals:
- Rewrite in Java for a maintainable and platform inde-

pendent code base
- Add the ability to share data in real time via IP port 80 

to avoid firewall issues
- Display near-real-time data feeds from the DMS
- Include help and prompting features to lower the use 

barrier for teachers

•	 IRIS	 Earthquake	 Browser. The primary function of IEB, 
developed by the IRIS DMS, is to allow users to explore 
seismicity data via a Google map-based interface. Although 
not initially developed for an educational audience, the ease 
of use and intuitive interface lends itself to exploration by 
the educational community and the general public. Results 
of customized searches are displayed on the map for anal-
ysis, but can also be downloaded in a variety of formats 
for analysis. We propose to add three-dimensional viewing 
capability to the tool to allow even more exploration.

•	 Active	Earth	Display. The primary function of Active Earth 
Display is to deliver interactive seismological and tectonic 
content to both formal and informal learning settings. 
The Active Earth Display will evolve into a more flexible 
delivery platform as described below.

•	 QCN/MEMS. The software developed in collaboration with 
the Quake Catcher Network (described below) will support 
the use of micro-electro-mechanical system (MEMS) 
accelerometers in classroom activities. This application will 
support the display, recording, and storage of single and 
multiple component waveform data, simple filtering, and 
perhaps the ability to record and display record sections 
from daisy-chained MEMS accelerometers.

•	 Event	 Analysis	 Tool.	This new application will be aimed 
primarily at undergraduate instruction. The goal is to allow 
easy use of DMS datasets in classroom and lab exercises. 
The application will include the ability to display multi-
component waveform data, plot record sections, filter and 
window data, convert waveform data to multiple formats, 
display and manipulate focal mechanism data, perform 
magnitude calculations, generate synthetic seismograms, 
and display seismic wave propagation paths. This appli-
cation will leverage the new web services developed 
by the DMS. 

figure A4.11. software vision.
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expAnd ActIve eArth dIsplAy usAge
The Active Earth Display, as described previously, is poised to 
become a vehicle for the delivery of IRIS educational mate-
rials on a much larger scale, including enabling this system 
to be deployed in K–12 classrooms and schools, undergrad-
uate geoscience departments, and local museums and parks. 
To achieve this much larger scale of deployment, we propose 
to make several improvements and modifications to the 
Active Earth Display system and then to greatly increase the 
marketing of the displays. Although the model has been to 
primarily provide the content of the display with each venue 
providing their own hardware, the hardware costs can some-
times be a barrier. Thus, partnership with hardware manufac-
turers will be pursued to support this effort through donated 
or subsidized hardware.

adapt the System to arbitrary-resolution displays 
Integrated computers with widescreen touch displays from 
several manufacturers are now available for under $1000, 
whereas the current Active Earth Display pages are designed 
for a fixed-resolution square screen. Existing pages will be 
adapted to scale gracefully to widescreen displays. In addi-
tion to allowing the use of low-cost, all-in-one touchscreen 
computers, this will also facilitate the deployment of non-
interactive displays on flat-panel televisions. Over the funding 
period, the design of new pages will take advantage of wide-
screen aspect ratios, and work will begin on using resolu-
tion-independent technologies to replace fixed-size raster 
graphics. Resolution independence will also allow elements 
of the Active Earth Display to be deployed on new types and 
sizes of touchscreen devices such as touchscreen phones and 
media players, and tablet and pad-type computing devices. 
These “personal” touchscreen devices are rapidly becoming 
major platforms for media consumption and it is anticipated 
that they will become widely used as tools to deliver educa-
tional materials. 

develop New content modules and content creation tools
One of the features that distinguishes the Active Earth Display 
from a passive web site system is the ability of end users to 
both configure which pages are displayed from IRIS, but also 
to add pages of their own. This feature allows, for example, 
users to develop pages that deal with local seismic or tectonic 
issues. Currently, users need to code pages directly in HTML 
and SWF formats. We propose to develop a toolkit that will 
allow end users to generate content by simply mixing their 
custom text and graphic images with preconfigured widgets 
and templates. IRIS E&O will subsequently host user-created 
content that is of high quality and broad appeal.

To facilitate nationwide dispersal of Active Earth Display 
systems, and to complement the progress of USArray’s 
Transportable Array, new content modules will continue to 
be developed, including one on the seismicity and tectonics of 
the New Madrid region and one on seismicity and tectonics 
of the eastern margin of North America.

IncreAse ImpAct And effIcIency for 
seIsmogrAphs In schools 
The experience gained during the development of the 
Seismographs in Schools program provides the basis for 
creating a much greater impact without increasing staff 
involvement. The revised approach will focus on developing 
resources to support regional centers, lead by local seismolo-
gists, and less national emphasis on interactions with indi-
vidual teachers. For example, Kaz Fujita from the University 
of Michigan is developing a regional group based around 
the Michigan Earth Science Teachers Association. To ensure 
the effectiveness of this approach, sufficient teacher training 
will still be vital. However, it will be achieved through the 
regional networks rather than IRIS E&O in two ways. First, 
IRIS E&O staff will develop “train the trainer” resources to 
leverage the program’s considerable experience developing 
individual teachers’ skills and content expertise. Second, 
additional web-based training for teachers will be developed. 
This development has already begun with clips demonstrating 
how to assemble the instrument, and it will be expanded to 
videos covering more advanced processes and techniques 
(Figure A4.12). Web-based training will also include a curric-
ulum sequence developed and tested by the Boston College 
Educational Seismology Project with partial funding through 
IRIS E&O. Additional leveraging will be achieved through the 
capabilities of improved software (Amaseis), with more class-
room impact per sensor, and access to live research-quality 

figure A4.12. As1 instructional video.
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data via the DMS. IRIS will also work with manufacturers to 
improve the hardware to make it more robust and easier for 
teachers to set up and maintain. 

portAble devIces And IncreAsed use of socIAl 
medIA vIA the web 
Mobile phones are becoming primary web information tools, 
while “the iPod, the most ubiquitous student tool, is enabling 
college students to tap into lectures on their own time, 
and in the K–12 space, podcasting is opening up the class-
room to parents and to the community” (from http://www.
techlearning.com/article/8328). To exploit these trends, IRIS 
E&O plans to begin developing resources for mobile devices. 
These resources will include simplified near-real-time infor-
mation pages for mobile phones, new animations and videos, 
and educational materials that involve the motion sensors in 
most new devices. Audio podcasts will be created on topics 
including general seismology, IRIS Consortium research, and 
recent earthquakes. Initially, the podcasts will be produced 
for a general public audience, with a later focus on undergrad-
uate-level topics. The podcasts will be designed to comple-
ment existing USGS podcasts.

The use of social media (e.g., Facebook, YouTube, Twitter) 
is an important new strategy, and its use will be expanded 
to both attract audiences already using those venues as well 
as draw them to the main IRIS web site for more detailed 
content. For example, the IRIS YouTube accounts have been a 
very popular venue for visitors to locate and use IRIS multi-
media resources. As part of the move to more online profes-
sional development, animation and short video clip offerings 
will continue to be expanded.

Targeted input will also be provided to articles on 
Wikipedia, adding links to IRIS-related material. While 
changes to the IRIS web site have significantly raised IRIS’s 
standing on Google searches in the past year, Wikipedia still 
is higher than IRIS for most seismology-related topics, so a 
larger audience can be reached by adding information and 
images to those pages.

IRIS’s experience with collaborative development of 
SeisMac, which allows every Mac laptop to act as a seis-
mograph, has led to collaboration with the Quake-Catcher 
Network (QCN), led by Stanford and UC Riverside. QCN 
uses low-cost MEMS accelerometers within, or external to, 
a laptop or desktop computer, and distributed computing to 
record earthquakes. QCN provides the cyberinfrastructure 
for individuals to actively collect scientific data and share in 
scientific discovery, while participants provide the physical 
infrastructure for the QCN sensors (e.g., computer, Internet, 
power). Currently, QCN has over 1,000 participants world-
wide (Cochran et al., 2010, Seismological Research Letters, 
doi:10.1785/gssrl.80.1.26). QCN developed kinesthetic 
learning software similar to SeisMac that uses MEMS sensors 
for education. However, to become an effective educational 
tool, engaging modules are needed to target specific learning 
outcomes. Further, to fully utilize the sensors and software 
in formal educational settings, user interfaces and function-
ality need to be improved in a way that serves an educational 
audience, and both of these needs will be pursued under the 
current proposal through a subaward to Stanford/QCN. 

Simple seismograph-like applications also exist for iPhones 
and other smart phones, but none has been designed specifi-
cally for educational purposes. IRIS E&O will work with the 

mems technology In the clAssroom

the use of mems technology in the classroom integrates research and educa-
tion	 and	 addresses	 the	 Grand	 Challenges	 recommendation	 to	 explore	MEMS	
technologies to develop low-cost seismic sensors that can be deployed in great 
numbers and can supplement or replace current seismometers. the reduc-
tion in price and improvement in quality of the sensors is being driven by the 
computer gaming industry. the resulting sensors have already shown their 
usefulness as aftershock sensors for the 2010 m 8.8 chile earthquake (cochrane, 
2010, personal communication).



A-48  |  2010 IrIs  core progrAms proposAl | volume I

developers of these applications, as we did with SeisMac, 
to improve their educational value and integrate their use 
into IRIS educational modules. In addition, IRIS E&O will 
develop educational resources that can either be embedded in 
or linked to these applications to deliver supporting content 
once users have been hooked through experimentation with 
these devices. These tools will allow educators to use a wide 
range of devices to engage students in kinesthetic learning.

IntegrAted onlIne mIddle And 
hIgh school currIculum
IRIS E&O has extensive experience with face-to-face profes-
sional development and the creation of new online educa-
tional modules that target gaps in available materials relating 
to seismology. However, a missing aspect of the web-based 
materials is that they do not communicate an approach to 
delivering content in the classroom, or promote instructor 
learning of subject matter, pedagogy, and pedagogical 
content knowledge, which are all elements identified as key 
components of effective curricula (Davis and Krajcik, 2005, 
Educational Researcher, 34(3):3–14). Further, these web-
based resources lack an instructional sequence linking one 
activity to another. While existing sequences do exist, they 
are either dated (FEMA’s Tremor Troops is 25 years old) or 
have been watered down to the “traditional staples” by text-
book companies. 

To address these needs and to greatly expand the impact 
and value of the existing IRIS educational resources, we 
propose to develop an online Middle-School Teachers’ Guide to 
Earthquakes and Seismology in partnership with the University 

figure A4.13. sample iphone seismograph app.

of Portland. This guide would feature learning sequences for: 
(1) basic plate tectonics, (2) an introduction to seismology and 
Earth structure, (3)  fundamentals of earthquake seismology 
and earthquake hazards, and (4) regional plate tectonics and 
earthquake and tsunami hazards. Each learning sequence 
would feature a coordinated set of slide presentations, video 
lectures, computer animations, and classroom activities. 
Underpinning each learning sequence would be a novel web-
based “instructor guide,” promoting instructor learning of 
subject matter, including how to teach the material. The prin-
cipal elements of this sequence are already available via the 
IRIS web site, the Middle-School Teachers’ Guide to Earthquakes 
and Seismology DVD, and the TOTLE eBinder CD created by 
Robert Butler, or have been refined through IRIS’s many years 
of delivering professional development. The next steps toward 
the development of this guide will occur through publication 
of a special issue of the journal The Earth Scientist, focused 
on seismology, in which the National Earth Science Teachers 
Association has invited IRIS to take the lead. 

workshops And trAInIng for the IrIs And 
InternAtIonAl communIty 
IRIS E&O has extensive experience planning and imple-
menting high-quality professional development experiences 
for teachers and non-IRIS Consortium college faculty. As 
part of the new strategic plan to support IRIS Consortium 
members, IRIS E&O proposes to combine that experi-
ence with IRIS community research and education exper-
tise to provide workshops designed for Consortium grad-
uate students and early-career faculty that are more data 
intensive. The presenters would be leading seismologists, 
and they would share cutting-edge analysis tools and tech-
niques. An example of such a workshop is the USArray data 
processing short course held in 2009 and scheduled again for 
2010. It is also proposed to develop a workshop targeted at 
Educational Affiliates that will focus on data use for under-
graduates. The workshop will highlight the new analysis soft-
ware and activities proposed in earlier sections. Another 
workshop for IRIS researchers and students will focus on 
shallow active-source seismology supporting the acquisi-
tion of new equipment by PASSCAL. In addition, IRIS E&O 
will work with the IRIS international development group to 
provide educational materials and help to provide support for 
capacity-building workshops.
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5 | usArrAy

hIstorIcAl context of current operAtIons

in the western United States, the TA began to “roll.” The TA has 
now been “rolling” for roughly three years, with ~18 stations 
deployed and ~18 stations removed every month, year round. 
Through the western mountains and now onto the central 
plains, the TA has stayed on budget and on schedule.

Each TA station is equipped with a three-component 
broadband seismometer (Figure A5.2). All data from the 
TA are collected in real time, and are subjected to a variety 
of automated and manual quality-control reviews. The data 
quality from TA stations has been extremely high, with low-
noise performance that is very consistent across the array. The 
TA stations generate long, continuous (gap-free) time series 
with very high data availability. In 2009, the average data 
availability across the whole TA was 99.3%.

The EarthScope facility operates on a 
dramatic scale—with literally thou-
sands of instruments deployed in 
the field collecting terabytes of data 
that are distributed to thousands of 
users worldwide. IRIS operates the 
USArray component of EarthScope. 
USArray was completed on time 
and on budget as part of the 
initial five-year EarthScope Major 
Research Equipment and Facilities 
Construction (MREFC) phase of 
operations. The MREFC award 
was concluded in 2008 and at that 
time EarthScope transitioned fully 
into its current Operations and 
Maintenance (O&M) phase.

The EarthScope USArray facility consists of four obser-
vatory components (Figure A5.1): a Transportable Array of 
~400 seismic stations; a Flexible Array pool of seismic instru-
ments; a Reference Network of permanent seismic stations; 
and a Magnetotelluric observatory. USArray also includes 
comprehensive data management and siting outreach efforts. 

trAnsportAble ArrAy (tA) 
The TA has occupied nearly 1000 sites across the western and 
central United States and continues its multi-year migration 
towards the Atlantic coast. The stations use a grid-like deploy-
ment with 70 km separation between stations. At any given 
time there are approximately 400 stations operational with 
each station being operated for two years before being relo-
cated further east. Once the first 400 stations were completed 
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figure A5.1. At-a-glance summary of the deployment of usArray instruments. for clarity, past fA deployments 
and mt campaign sites are not shown.

figure A5.2. Installation of a transportable Array station (left panels), instrumentation (middle and middle right panels), and completed station (right panel). the vault 
is under the mound of dirt in the foreground.
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flexIble ArrAy (fA) 
The FA has 346 broadband, 130 short-period, and about 1700 
active-source instruments that are available for Principal-
Investigator (PI)-driven experiments (Figure A5.3). The FA 
equipment pool is fully utilized, supporting a range of broad-
band, short-period, and active-source experiments. The 
FA provides essentially complete stations to the PI. It also 
provides data services that collate the raw data retrieved from 
the field and deliver these data, and their corresponding meta-
data, to the IRIS DMC. Data return from FA experiments has 
been 95%, on average. The combination of the large pool of 
readily available instruments coupled with full data-service 
support has resulted in very ambitious experiments. It is not 
uncommon for FA experiments to involve 75 to 200 stations 
for natural-source experiments, and many more instruments 
for active-source experiments. The scientific return from FA 
experiments has been enhanced through the joint interpreta-
tion of FA data in the context of the background observations 
provided by the surrounding TA station grid.

reference network (refnet) 
The Reference Network consists of ~100 stations located 
at ~300 km spacing across the continental United States 
to provide a fixed reference frame for the moving TA. The 
initial core of RefNet was the backbone network of the USGS 
Advanced National Seismic System (ANSS), supplemented 
with the USArray Permanent Array—a set of 39 stations 
that were installed or upgraded with USArray funds. These 
39 stations have now become a permanent part of the USGS 
Advanced National Seismic System backbone network. To 
achieve a more uniform station coverage, the TA installed an 
additional 20 “advance deployed” stations (so named because 
many of the sites were installed to the east of the then-current 
TA footprint). The USGS is responsible for operation of the 

ANSS backbone network and USArray has no ongoing O&M 
responsibility or obligation for the RefNet stations, apart from 
the 20 TA stations that are considered part of the RefNet. 
These 20 TA stations will be operated for the duration of the 
USArray project. 

mAgnetotellurIcs (mt) 
The MT component of USArray includes seven permanent 
observatories spanning the continental United States, as well 
as 20 station equipment sets that are deployed campaign-style 
each summer (Figure A5.4). During the summer campaign, 
each of the 20 portable station sets is deployed at two to three 
different locations on a 70-km station spacing grid (similar to 
the seismic TA), for about three weeks per location. Data have 
been collected from 221 temporary sites in the northwest 
quadrant of the United States over the past four summers. The 
MT effort has performed noise comparison tests to evaluate 
different electrode designs, and has standardized the produc-
tion of uniform, consistent electrodes. Data quality has been 
high, with the permanent stations achieving response func-
tions to periods of 100,000 s or more, and virtually all of the 
temporary sites yielding usable transfer functions (despite 
the last couple of years being in a solar minimum, which has 
greatly reduced source levels).

dAtA mAnAgement (dm) 
USArray data are archived and distributed via the IRIS Data 
Management Center. Over 27 terabytes of EarthScope seismic 
data have been archived to date, and these data are distrib-
uted at rates exceeding 8 terabytes per year. All USArray 
data are made available through the request tools supported 
by the DMC, and the TA data are also served through the 
real-time data streaming protocols supported by the DMC. 
USArray data usage has been very high, with more than twice 

figureA5.4. students installing magnetotelluric system during summer field campaign.figure A5.3. training the deployment team at the beginning of an 
FA	experiment.
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as much data being delivered to researchers as is collected. 
There are hundreds of different users of USArray data every 
month, with some users obtaining USArray data at the rate of 
hundreds of gigabytes per month.

sItIng outreAch (so)
The Siting Outreach component of USArray is implemented 
in collaboration with IRIS E&O to facilitate siting of USArray 
stations and works with numerous state and local organiza-
tions to encourage the use and understanding of USArray. 
University PIs and students are recruited every summer 
to do the initial reconnaissance for TA stations sites. Over 
the last several summers, more than 100 students from 38 
different universities have done site reconnaissance on 970 
different TA stations sites. To further broaden the reach of 
USArray, the SO team works with the PIs and their respec-
tive Communications Office to issue press releases about their 
involvement in EarthScope. This activity has generated signif-
icant interest from local news media and has resulted in a 
growing number of print, online and broadcast stories about 
the project, including an article in USA Today in June 2010. 
The SO team also produces and distributes onSite, a publi-
cation prepared twice each year to communicate news about 
USArray and EarthScope to more than 1100  current and 
former hosts of Transportable Array stations. Additionally, 
SO has helped organize science cafes and workshops 
(Figure A5.5), developed content for the Active Earth Display 
interactive kiosk (Figure A5.6), loaned Active Earth Display 
kiosks to sites in the USArray TA footprint, and distributed 
AS-1 seismometers to teachers and trained them in the use of 
these instruments (Figure A5.7).

figure A5.7. teachers locate an earthquake during an earthscope workshop

figure A5.6. Active earth interactive touch-screen kiosk. kiosks like this one have 
been loaned to institutions in states where the tA is currently active. this one is 
located at the university of nebraska-omaha.

figure A5.5. participants in siting workshop jump to demonstrate the sensitivity 
of the nearby seismometer
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InItIAtIves under the current cooperAtIve Agreement

AtmospherIc pressure And 
InfrAsound observAtIons 
To leverage the TA as a large-scale observing platform, inves-
tigators at UCSD sought and obtained NSF MRI funding 
to augment every TA station with barometric pressure and 
infrasound sensors. In effect, the TA becomes a telescope 
looking upward as well as downward. The regular grid of 
barometric pressure sensors will support studies of mesoscale 
atmospheric dynamics and the relation of pressure variations 
to seismic signals (e.g., tilt on the horizontal seismic compo-
nents). The infrasound sensors will measure signals from 
energy that propagate long distances in Earth’s upper atmo-
sphere. These sensors will provide an order-of-magnitude 
increase in the worldwide infrasound station sites, providing 
observations of unprecedented spatial extent.

tA stAtIon desIgn 
The TA is engaged in a continuous, ongoing effort to refine 
station designs to provide uniform, high-quality, high-reli-
ability stations. The TA has engineered refinements to vault 
design, such as the Vault Interface Enclosure (VIE) that 
enhances reliability. This design shields delicate parts from 
ambient conditions, reduces costs by providing a single hard-
ened environment for multiple small components (saving 
costs on the packaging of the individual components), and 
provides comprehensive power management that improves 
station reliability. The VIE project is only a single example 
of the continuous refinement in procedures and practice 
that is part of the “rolling” of the TA. Enhanced collabo-
ration between USArray, GSN, and PASSCAL under the 
Instrumentation Services component of the new RIS manage-
ment structure, will help ensure that design refinements like 
these will be coordinated across all IRIS programs. 

Innovation is a fundamental element of USArray activities, 
because there is little or no precedent for seismological and 
magnetotelluric operations on the spatial and temporal scales 
of USArray. USArray’s basic operating characteristics, such as 
the numbers of instruments and the number of station sites 
occupied per year, are defined under the current five-year 
Cooperative Agreement with NSF. A control process is used 
to manage changes to these activities. However, within the 
broad operating objectives of USArray’s current Cooperative 
Agreement, there have been a number of innovations and 
initiatives aimed at enhancing data quality, data availability, 
and scientific value.

cAscAdIA InItIAtIve 
The USArray component of NSF’s Cascadia Initiative is being 
undertaken as a special ARRA-funded supplemental activity 
under the existing Cooperative Agreement. This initiative is 
aimed at addressing fundamental questions about episodic 
tremor and slip and other processes along this impor-
tant subduction zone. As part of the initiative, the TA has 
re-installed 27 TA stations along the Pacific coast, from the 
Canadian border to northern California. Besides the TA 
stations, the Cascadia Initiative will include the upgrade of 
some 232 Plate Boundary Observatory GPS stations to higher-
rate sampling and will include 60 ocean bottom seismometers 
deployed offshore, in both shallow and deep waters. The TA 
stations are being sited with careful consideration given to 
the locations of any existing broadband stations so that the 
uniform station coverage of Cascadia is achieved.

Each of the TA stations deployed as part of the Cascadia 
Initiative is equipped with three-component broadband and 
strong-motion sensors. Data flows into the IRIS DMC and is 
part of the TA data flow. Virtual Network Definitions for the 
Cascadia Initiative have been set up to facilitate making single 
data requests to obtain all relevant Cascadia seismic data (the 
VND will include the offshore stations as well, once the data 
and metadata have been archived). 
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new opportunItIes And dIrectIons

The approaching integration of the IRIS Core program and 
USArray Cooperative Agreements presents an opportu-
nity to build on USArray’s success to date. A tight integra-
tion already exists between USArray operations and the IRIS 
core programs. This relationship has been a key element to 
USArray’s success while simultaneously enhancing the IRIS 
core programs. A unified Cooperative Agreement will provide 
an opportunity to further align management activities and 
practices, while at the technical level, it will reinforce the 
strong integration that already exists. A unified Cooperative 
Agreement places maximum importance on the net scientific 
return from the IRIS infrastructure by reducing program-
matic differences and increasing efficiency.

By its original design, USArray leverages the existence 
and expertise of IRIS core programs by integrating activi-
ties wherever possible. Such integration played an essential 
role in the construction phase of USArray—providing a func-
tioning and experienced management and infrastructure that 
allowed USArray to get off to a fast and efficient start while 
allowing the core programs to accommodate the growth asso-
ciated with USArray-related activities in a holistic fashion. 
Several examples of the integrated USArray-IRIS core activi-
ties include:
• The FA effort shares facilities and personnel with the IRIS 

PASSCAL program. This arrangement makes efficient use 
of the specialized infrastructure and expertise that was 
initially developed to support PASSCAL. Both FA and 
PASSCAL investigators benefit from innovations devel-
oped in either program. A unified Cooperative Agreement 
will improve the structure for cost sharing of development 
activities that benefit both programs. 

• USArray data management activities are provided within 
the context of the IRIS DMS. Setting up separate data 
management system for USArray would have been redun-
dant with DMC services and would not have realized the 
economies of scale inherent in the DMS. The USArray 
waveform quality-control effort is, in part, based at the 
DMC and has enhanced the DMS program’s expertise in 
this important area.

• USArray’s siting outreach activities are managed and staffed 
by personnel shared with the IRIS E&O program. The 
E&O program incorporates a wide range of highly special-
ized expertise in outreach related activities. This relation-
ship has allowed USArray to tap into a far greater range 
of expertise and resources, on an as-needed basis, than 
it otherwise could. The two programs, working together, 
have been able to take on several initiatives that would 
have been too large for either program individually—such 
as the Active Earth Display work and the development of 
the Teachable Moment slide sets.

• During the MREFC phase of USArray, the construction 
and upgrade of Permanent Array stations was facilitated by 
the IRIS GSN program staff and their network partners.
USArray and IRIS core program technical performance 

and scientific return are high. The existing, robust scientific/
programmatic advisory structures are key to maintaining 
this high performance. USArray has a well-developed advi-
sory structure, and the IRIS core program standing commit-
tees also feel a strong sense of involvement and ownership of 
USArray. The unified Cooperative Agreement will ensure that 
the advisory structure framework is integrated and adapts to 
the evolution of the programs.

A single Cooperative Agreement will also improve synchro-
nization of the budget process across the USArray and IRIS 
core programs, facilitate both program planning and execu-
tion, and streamline the process for sharing resources.
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natural hazard mitigation, resource discovery, national secu-
rity, and environmental change. It is not surprising that the 
nature of these impacts is different in developing countries, 
holding the possibility of even more profound benefits to 
both science and society.

International Development Seismology (IDS) consti-
tutes one IRIS interface between its NSF-sponsored scientific 
mission and the imperative to ensure that scientific progress 
enables socially important outcomes. The specific focus of this 
effort responds to the recognized importance of developing 
the partnerships, technical infrastructure, and human capacity 
required for effective international cooperation, not only as an 
instrument to accelerate scientific progress through collabora-
tion with technologically equal partners, but also as an essen-
tial element of various other modes of U.S. foreign engage-
ment, including foreign assistance and science diplomacy. 

In this context, although IDS activities are not directly 
discovery-oriented, they are closely aligned with those iden-
tified in NSF’s organic authorizing legislation to initiate 
and support specific scientific and engineering activities in 
connection with matters related to international cooperation, 
national security, and the effects of scientific and technolog-
ical applications upon society.

Because IDS goals span the boundary between knowledge 
expansion and its societal impact, IDS is conceived to be only 
partly dependent on NSF/EAR support. NSF-sponsored IDS 
activities are thus designed to serve as seeding efforts or pilot 
projects targeted toward achieving two complementary, syner-
gistic goals. The first goal is to aggressively promote strategies 
that support fundamental research and exploration through 
wide and reliable geographic coverage. The second goal is to 
contribute to reducing global population exposure to seismic 
hazards through broad education of scientific and technical 
principles that have an impact on societal resilience through 
increased awareness, preparedness, and accountability.

IDS evolved from the charge to the IDS Committee created 
by IRIS Board of Directors in 2008 upon the recommenda-
tion of the International Working Group. The recommenda-
tion emerged as an IRIS community response to address two 
complex challenges:

Although IRIS was founded as a consortium of U.S. research 
institutions, the outlook of its members and the scope of 
its activities have been international from the earliest days. 
Discovering deep Earth structure, mapping the complexity of 
continental and oceanic lithospheric structure, and studying 
great earthquake rupture all require a global perspective. An 
example of this perspective is that data from USArray—which 
was envisioned as a facility to study the North American conti-
nent—have been used to gain new insights about rupture of 
earthquakes around the world, the dynamics of the inner and 
outer core, and other subjects. 

The scientific impetus toward a global perspective has led 
numerous individual investigators and the IRIS facilities to 
embrace an international approach. Close and long-term 
collaborations with colleagues from countries in virtually 
every region of the world have been essential to achieving the 
goals of research projects and to creating facilities that support 
such projects. A large majority of GSN stations are located 
outside of the United States and many rely on local hosts for 
reliable operation. About half of all PASSCAL deployments are 
abroad. DMS manages data from geophysical networks world-
wide and serves users in dozens of countries. E&O collabo-
rates with educators in many countries.

Seismology abounds with broader societal impacts: seismol-
ogists are Earth scientists with observational tools and quanti-
tative skills that are used in numerous applications, including 
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hIstorIcAl context of current operAtIons

figure A6.1. the first dms metadata workshop was held in palmonova, Italy 
during 2006. It brought together seismologists from Africa, the middle east, and 
Central	Asia.	Subsequent	workshops	in	Brazil,	Malaysia	(above	photo),	and	Egypt	
have helped seismologists in developing regions around the world to achieve 
new standards in data management.
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1. To leverage U.S. investment in advancing scientific under-
standing of some of the most complex tectonic systems on 
Earth by engaging the sustained and active participation of 
low- and middle-income countries located in these terri-
tories in the necessary expansion of modern seismological 
research capability 

2. To address the social responsibility of the scientific commu-
nity to facilitate the translation of new knowledge into 
societal benefits, by contributing to efforts toward sustain-
able development of low- and middle-income countries 
partly through the mitigation of population exposure 
to seismic hazard

The potential for special approaches to return greater scien-
tific and societal benefits was widely recognized in responding 
to the 2005 Sumatra earthquake and Indian Ocean tsunami. 
IRIS has undertaken several activities that build on this poten-
tial, including participation of GSN and PASSCAL staff in 
training programs, organizing data management workshops 
for seismologists in developing countries, and making long-
term loans of selected and reconditioned PASSCAL instru-
ments to leverage other contributions that improve seismo-
logical monitoring networks in developing countries.

current operAtIons
IDS activities are undertaken with the advice and guidance 
of the IDS Committee and Board of Directors in response to 
IRIS community international engagement needs. 

The ability to promote effective, large-scale engagement of 
foreign national resources in local seismological development 
depends on circumstances often unique to each country. The 
success of any efforts designed to promote the sustainable 
development of national or regional capacity in geophysics 
depends on a solid understanding of national institutions and 
policies and the cultural environment in which the scientific 
activities will take place. IDS initiates and maintains commu-
nication with appropriate foreign governments and officials 
as well as academic and research leaders to identify optimal 
strategies to support seismological development in selected 
countries. IDS identifies partner national, foreign, and inter-
national government and nongovernmental organizations 
(NGOs) that share IRIS scientific goals and objectives, or 
whose development goals and objectives complement the IRIS 
mission, and develops an in-depth functional understanding 
of these organizations to establish suitable partnerships.

While it is valuable to identify alternative funding sources 
from the country of interest, suitable funds often originate 
from other high-income countries sharing common scien-
tific and development goals with the United States. IDS iden-
tifies non-traditional or small-scale science funding sources 
in the United States and abroad to leverage NSF scientific 
investment in seismological research in foreign countries. 
IDS initiates and maintains communication with key offi-
cials in U.S. government agencies, professional societies, and 
NGOs responsible for international cooperation not only in 
geophysics, but in science in general, to identify trend and 
policies that may result in funding and collaborative oppor-
tunities for IRIS and its Affiliates. IDS pursues funding or 
in-kind support to leverage NSF seeding funds for IDS activi-
ties from non-traditional funding sources, and for negotiating 
the terms and conditions of this support while ensuring that 
scientific objectives remain central to each activity.

Figure	 A6.2.	 One	 of	 IRIS’s	 long-term	 instrument	 loans	 was	 to	 permanently	
improve monitoring on the nicoya peninsula, costa rica, by helping universidad 
Nacional	 to	 re-occupy	 vaults	 that	 were	 constructed	 for	 PASSCAL	 experiments.	
Here,	Victor	Gonzalez	of	UNA	services	a	station	that	part	of	a	cooperative,	multi-
disciplinary	 project	 with	 the	 University	 of	 California,	 Santa	 Cruz,	 to	 monitor	
Arenal volcano. other instruments were loaned to AfricaArray, the university 
of	 Bangladesh,	 the	 Kyrgyzistan	 Seismic	 Network,	 and	 Instituto	 Nacional	 de	
prevención sísmica, Argentina.



A-56  |  2010 IrIs  core progrAms proposAl | volume I

Figure	 A6.4.	 To	 explore	 pathways	 for	 international	
cooperation leading to improved seismological 
capacity in south America, members of the Ids 
committee met with representatives from nine ceresIs 
member countries. 

figureA6.6. IrIs acted 
as the workshop orga-
nizer	for	“Rebuilding	for	
resilience: how science 
and engineering can Inform 
Haiti’s	Reconstruction.”

figure A6.3. seismologists from south-
east Asia, south America, central 
America, and the caribbean sea region 
at the out of Africa workshop agreed 
that	 expanded	education	programs	are	
the highest priority to improve geophys-
ical capacity around the world.

Figure	A6.5.	Haiti’s	earthquake	on	January	12,	2010,	presented	unprecedented	
challenges to the science and engineering communities, to government agen-
cies	and	nongovernmental	organizations	providing	immediate	relief	as	well	as	to	
those involved in longer term reconstruction. photo credit: walter mooney, usgs

developments under the current cooperAtIve Agreement

the remarkable heterogeneity of conditions for conducting 
geophysical research, as well as earthquake monitoring and 
preparedness, among individual countries in South America. 
The conclusion was that effective seismological development 
in the South American region requires the design of strategies 
tailored to various unique national conditions. Upcoming 
IDS activities are planned to outline country-specific seismo-
logical development strategies in collaboration with identi-
fied scientific and academic leaders.

The devastating earthquakes in Haiti on January 12, 
2010 (Mw 7.0) and in Chile on February 27, 2010 (Mw 8.8) 
dramatically highlighted the significance of socially respon-
sible scientific foreign engagement and largely impacted the 
nature of IDS activities in 2010. These unforeseen IDS activi-
ties have received unexpected generous cross-sector support 
from U.S. government and nongovernmental organizations, 
establishing partnership models that demonstrate the feasi-
bility of enhancing the value of NSF scientific investment. 

The enormous post-earthquake challenges in Haiti 
demanded close interaction among the assistance, engi-
neering, and scientific communities from the early stages 
of the recovery and reconstruction. In light of this chal-
lenge, the U.S. National Science and Technology Council’s 
Subcommittee on Disaster Reduction requested IRIS assis-
tance in convening an international, multidisciplinary 

Given the success of the AfricaArray Project (a collabora-
tion among Penn State, the University of Witwatersrand, 
and the South African Council for Geosciences), in 2008, 
IRIS convened a workshop—Out of Africa—that focused on 
adapting the AfricaArray model to other regions of the world. 
Expanding education was identified as the most important 
issue for geophysics in developing countries. As a consortium 
in which the member organizations are almost all institutions 
of higher learning as well as research, IRIS is well suited to 
address this priority. However, with activities related to seis-
mology in developing countries distributed across all of IRIS, 
the need to coordinate efforts among diverse IRIS activities 
and with external organizations was identified. Consequently, 
the International Working Group recommended to the IRIS 
Board of Directors the creation of the IDS Committee and the 
hiring of a Director of IDS. 

Over the past two years, IDS activities have spanned from 
exploratory meetings, to collaborative projects, to multidis-
ciplinary activities in response to destructive earthquakes. 
Additional efforts have focused on pursuing funding for 
capacity-building and transitional activities across the 
science-policy boundary. 

The outstanding finding from a joint meeting of the (Centro 
Regional de Sismología para América del Sur (CERESIS) 
and the IDS Committee in Lima, Peru, during 2009 was 
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scientific collaborations to address key questions regarding 
plate boundary processes in the diversity of tectonic environ-
ments of the region.

A second activity is the “Pan-American Advanced Studies 
Institute on New Frontiers in Seismological Research: 
Sustainable Networks, Earthquake Source Parameters, and 
Earth Structure” Institute to be held in Quito, Ecuador, in July 
2011, with primary funding from NSF OISE. This Institute 
will focus on strategies for developing and maintaining 
modern seismological observatories and exploring recent 
advances in the analysis of seismological data in support 
of basic research, education, and hazard mitigation. The 
Institute is designed to engage graduate students, postdoctoral 
researchers, and new faculty from across the Americas in an 
interactive collaborative learning environment. The Institute’s 
primary objectives include developing an understanding of 
the principles of sustainable network operations; promoting 
open access and data exchange within and between countries 
in support of research, education, and hazard mitigation; 
and examining recent advances and current challenges in 

figure A6.7. following the february 27 earthquake in chile, IrIs 
worked on behalf of its members with scientists from u.s. univer-
sities and the university of chile on the deployment 58 portable 
instruments funded by a rApId award from nsf and coordi-
nated closely with investigators from france and germany.

and cross-sector workshop entitled “Rebuilding for 
Resilience: How Science and Engineering Can Inform Haiti’s 
Reconstruction.” This workshop was cosponsored by the 
U.S. Department of State, the U.S. Agency for International 
Development, and the United Nations International Strategy 
for Disaster Reduction, and held at the University of Miami 
on its Coral Gables, Florida, campus. 

Free and open access to data from deployments in Chile 
by several different countries was a significant achievement 
during the response to the Chile earthquake. IRIS received 
support through the NSF RAPID funding mechanism to 
install a portable network of 60 stations in the aftershock 
zone of the Chile earthquakes and closely collaborated with 
Chilean, French, German and British groups in coordinating 
site selection and data exchange. IDS contributed to the after-
shock monitoring effort by securing supplemental support 
from the U.S. Department of Defense Southern Command in 
the form of no-cost transportation of equipment, and assisting 
with in-field logistic arrangements during service runs. The 
success of this participation demonstrated the ability to nego-
tiate cross-sector support for scientific projects and establishes 
a valuable precedent for future cross-agency engagement. 

The main focus of IDS is to support and facilitate activ-
ities of transitional nature between scientific progress, 
impact, and development. This requires the consolidation of 
resources derived from diverse stakeholders often unaware 
of their overlapping interests. Under the current Cooperative 
Agreement, IRIS has prepared and submitted proposals to 
support these types of activities. Notably, various organi-
zations have approached IRIS to offer leveraging of finan-
cial support, highlighting current broad interest in scientific 
capacity as an integral component of development.

One of these activities is entitled “Geophysical Hazards and 
Plate Boundary Processes in Central America, Mexico and the 
Caribbean: A Workshop to Build Seismological Collaboration 
and Capacity.” This workshop, to be conducted in Heredia, 
Costa Rica, in October 2010 (with support from NSF Office of 
International Science and Engineering (OISE), USGS, USAID 
and State Department), will bring together seismologists from 
Central America, Mexico, the Caribbean, and the United 
States to plan and coordinate initiatives that will contribute 
to seismological research and hazard mitigation within the 
region. The workshop goals include developing a roadmap 
for research leading to regional site characterization products, 
“ShakeMaps” for scenario and actual earthquakes, and models 
of seismic velocity; making concrete plans for new science 
initiatives with tangible benefits to broader society, including 
regional data sharing, increasing regional geophysical exper-
tise, and improving existing seismographic networks; and new 
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characterizing earthquake sources and imaging Earth struc-
ture. The Institute can contribute to development of a guide to 
sustainable network operations, an inventory of networks in 
the Americas, and an index of data product software.

Other IRIS international activities, such as the DMS 
data management workshops, the training of co-investiga-
tors from abroad to assist in temporary deployments, and 
working with local operators of GSN stations have continued 
under the current Cooperative Agreement. Moreover, IRIS 
continues to look for opportunities to promote data exchange 

by sharing software, developing standards, cooperating with 
data management organizations in technologically sophis-
ticated countries, and by seeking innovative approaches 
to managing data from AfricaArray and other networks in 
developing countries. As exemplified by the Central Asia 
Data Exchange project initiated by the DMS, IRIS has also 
made extra investments of staff time and financial resources 
where a focused effort in a developing region seems especially 
likely to have a high impact.

new opportunItIes And dIrectIons 

The long-term goal of IDS is contributing to the under-
standing of Earth systems through the development of reli-
able and sustainable seismological research capacity with 
global coverage. Within the next decade, IDS objectives are to 
promote the development of nationally operated, sustainable 
seismological networks in low- and middle-income countries. 
Between July 2011 and September 2013, IDS will develop and 
solidify the functional structure necessary for the systematic 
expansion of ongoing pilot initiatives. Specifically, IDS will 
focus on two areas. One will be the continuous support of 
ongoing existing international activities led by IRIS facilities 
and IRIS Members in multiple geographic regions. The other 
will be to test a practical model for systematic promotion of 
seismological research capacity development in a select set of 
middle-income countries. The expectation is that it will be 
possible to reproduce and adapt this operational principle to 
countries in other regions and various development stages.

Seismology research in low- and middle-income coun-
tries can be conducted under a wide range of schemes, span-
ning from complete national autonomy to full dependence 
on foreign human, technical, and financial resources. The 
ratio between foreign and domestic involvement generally 
depends on a combination of economic and political factors 
that are unique to each country or region. Awareness and 
understanding of these unique circumstances will be crucial 
to the success of development initiatives.

IDS will develop and implement comprehensive protocols 
in pursuit of the IRIS mission, encourage foreign national 
investment in seismological research and monitoring, forge 
sustainable bilateral partnerships with national academic and 
research institutions, and government agencies, and foster 
the development of regional international seismic networks. 
Through active participation and support of these invest-

ments, IDS looks to promote the use of current standards for 
network operations, data formats and exchange protocols, and 
the pursuit of policies of free and unrestricted data access.

Near-term efforts will be driven by opportunities that 
arise from recognition by developing countries of the poten-
tial economic and humanitarian benefits from geophysical 
capacity building. Initially, IDS may focus on the Pacific 
Rim countries in South America (Chile, Peru, Ecuador, and 
Colombia) and Bolivia. The rationale for this region is that 
the seismic hazard in all of these countries is great, they have 
sufficient academic and intellectual absorptive capacity, and 
they present low logistic difficulty. As this proposal is being 
completed, IRIS has been informed by NSF that an MRI 
proposal will be funded to install a backbone network of 
ten geophysical observatories to augment the new Chilean 
National Seismic Network. It is hoped that this joint project 
between IRIS and the University of Chile will provide a model 
for similar collaborative development efforts in other coun-
tries, both in South America and worldwide.

This multistep national and regional development strategy 
will focus on collaborations with leading seismologists 
from academia and government agencies in each country 
and on identifying the best strategy to support the devel-
opment of national sustainable seismologic networks. The 
IDS Committee and staff will assist and support the identi-
fied leading scientist to pursue the resources necessary for 
network development and operation. This will likely involve 
convening country-specific workshops with respective stake-
holders to identify all appropriate country leader(s); outline 
the best course of action; design a five-year plan and budget; 
identify instrumentation, training, education and outreach 
needs; and, importantly, assist foreign counterparts in seeking 
financial support from international donors.
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pArtnershIps for InternAtIonAl development

Pan-American Advanced Studies Institute  
on New Frontiers in Seismological Research: 
Sustainable Networks, Earthquake Source Parameters, 
and Earth Structure             Quito, Ecuador, July 11-24, 2011

Pan-American Advanced Studies Institute  
on New Frontiers in Seismological Research: 
Sustainable Networks, Earthquake Source Parameters, 
and Earth Structure             Quito, Ecuador, July 11-24, 2011

Pan-American Advanced Studies Institute  
on New Frontiers in Seismological Research: 
Sustainable Networks, Earthquake Source Parameters, 
and Earth Structure             Quito, Ecuador, July 11-24, 2011

development of seismological capacity and research in low- and 
middle-income countries presents both a unique challenge and 
the opportunity to impact general economic development through 
scientific progress. meeting these challenges and opportunities 

requires multisector and international partnerships that leverage 
u.s. scientific investment. over the past year, IrIs has success-
fully engaged broad support for international science initiatives in 
collaboration with its member institutions and foreign affiliates.

funded by nsf and usAId 

funded by nsf, usgs, usAId, and the u.s. department of state

funded by nsf
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Of critical importance to humanity is the assessment, under-
standing, and prediction of environmental change in the 
polar regions, especially pertaining to the fast- responding 
elements of the cryosphere. IRIS has had a long history of 
involvement in the polar studies, including operation of GSN 
stations in Antarctica, northern Canada and Alaska and 
support for a variety of portable studies of the crust and lith-
osphere in Antarctica and Greenland. In recent years, there 
has been increasing IRIS involvement in cryosphere observa-
tions including seismic signals indicative of Earth’s changing 
ice masses and the collection (using active seismic method-
ology) of seismic data needed to constrain input data used 
in glaciological forecast models (e.g., measuring sub-ice-shelf 
seabed elevations and examining sub-ice-stream deform-
able sediments and lake distributions). These efforts are 
important because the icy regions of the planet, particularly 
alpine glaciers, Arctic sea ice, and the marine ice margins 
of Greenland and Antarctica, are among the most rapidly 
changing elements of all Earth’s environmental systems.

The response of glaciers and ice sheets to climate change 
is critically important, but poorly understood. Climate 
change affects ice sheets, which in turn affect climate, and ice 
discharge from major polar glaciers and mountain glaciers 
makes a significant contribution to sea-level change and ocean 

circulation patterns. The Intergovernmental Panel on Climate 
Change (IPCC) currently estimates that approximately half of 
Greenland’s contribution to sea-level rise comes from dynamic 
processes such as the discharge of ice from outlet glaciers, 
which is indirectly tied to surface warming and melting 
through hydrological feedbacks. But, the possible effects from 
rapid changes in the dynamic behavior of the ice sheet and 
glaciers are insufficiently understood—so much so, that the 
IPCC decided that it was still not possible to issue estimates 
of large-scale ice sheet contributions to sea-level rise over the 
next 100 years. In Greenland, the largest outlet glaciers have 
rapidly and dramatically changed during the last few years, 
with their mass loss leading to a doubling of Greenland’s 
current contribution to rates of sea-level rise. Variations in 
glacier flow speed (over time scales from minutes to years) 
lead to large internal deformations that include dynamic 
thinning of the ice. Understanding the physical controls on 
outlet-glacier flow, and the time scales of response to climatic 
forcing, is necessary for proper modeling of the transfer of 
freshwater from the polar ice caps to the world’s ocean.

The glacial processes relevant to the interplay between ice 
and climate, and between climate change and sea-level rise, 
generate seismic signals. These seismic signals—both impul-
sive events and emergent tremor—are associated with internal 
“viscous flow” deformation of the ice in response to gravita-
tional driving stresses, sliding of ice across a basal substratum 
that is influenced by subglacial hydrology that induces its own 
forms of seismic signals, disintegration and capsize of icebergs 
at the calving front, and drainage of supraglacial lakes into 
englacial and subglacial conduits. All of these processes are 
integral to the overall dynamics of glaciers, and seismic signals 
thus provide a quantitative means for both understanding the 
processes and for monitoring changes in their behavior over 
time. Long-term seismic monitoring of the ice sheet can also 
contribute to identifying possible unsuspected mechanisms 
and metrics relevant to ice sheet collapse, and could provide 
new constraints on ice sheet dynamic processes and their 
potential roles in sea-level rise during the coming decades.

In addition to climate-specific seismology, it is clear that 
global observatories in the polar regions, at best, provide 
sparse coverage for the study of the axial symmetric prop-
erties of Earth’s interior. With only five GSN stations in 
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figure A7.1. helheim glacier, greenland, on August 19, 2008, during a large 
calving event that generated a glacial earthquake. view is to the south; glacier 
flow	is	to	the	left	(east).	In	this	photograph,	the	iceberg	has	reached	a	horizontal	
position,	exposing	 its	 full	 thickness	 (~700	m).	The	height	of	 the	calving	face	 is	
~70	m.	Photo	courtesy	of	M.	Nettles.



AppendIx:  progrAm descrIptIons | 7.  polAr support servIces | A-61

Antarctica delivering real-time data, there are significant 
gaps in coverage for high-resolution, deep Earth structural 
studies beneath this large continent. Although international 
colleagues operate a handful of seismic stations around the 
perimeter of Antarctica, very few are offered in real time 
and all are subject to previous limitations of being collocated 
with scientific bases of operations, and thus are subjected to 
increased background noise contamination typical of gener-
ator-powered camps. Adding to the noise problem is the 
fact that most of these stations are near the ocean, subject 
to coastal noise. Similarly, Northern Hemisphere coverage is 
further limited due to the lack of landmasses for simple instal-
lations at the northern axis. In both cases, enhanced perma-
nent station coverage will require the further development of 
remote, autonomous, real-time observatories that will operate 
in extremely harsh climates with minimal logistics support. 

IRIS Polar Support Services (PSS) has facilitated this 
emerging area of seismologic interest by designing observa-
tories that can be moved from teleseismic distances—thou-
sands of kilometers away—to regional and local distances—
hundreds to tens of kilometers and can operate robustly in the 
extremely cold, windy, high-altitude, and high-latitude envi-
ronments. Instrumentation that can operate on or near the 
ice vastly improves the quality and quantity of high-definition 
signal recorded from glaciers. By incorporating state-of-the-
art seismometers into these extreme designs, we retain the 
high-fidelity ground motion recordings required for concur-
rent global/teleseismic observations. In addition to the obser-
vatory equipment, the personnel ready, willing, and able to 
design and fabricate this unique equipment, and deploy it in 
these harsh environments, are highly specialized. To operate 
observatories under these conditions requires advancing the 
capabilities of the IRIS facilities above and beyond the “stan-
dard” station work currently supported.

IRIS founding principles are not only related to the collec-
tion and distribution of seismological data, but also the educa-
tion of the seismological community. As we improve our capa-
bilities in polar regions, we have the ability to offer education 
and engineering support to our national and international 
colleagues in successful deployments of polar seismological 
experiments. IRIS currently provides design drawings and 
documentation on this polar work, which are free and open 
to all (for online versions, go to http://www.passcal.nmt.edu/
content/polar-programs) and consultation to other science 
disciplines such as climatology, glaciology, and physics.

With the increased interest in the study of polar environ-
ments, IRIS has developed capabilities that have allowed 
seismologists as well as glaciologists access to year-round 
broadband seismic data from study areas previously out of 
reach. With successes of the AGAP and POLENET Antarctic 
experiments, there is growing interest in expanding studies 
in these areas and enhancing permanent observations around 

figure A7.2. (a) histogram showing seasonality of glacial earthquakes in greenland based on detections for 1993–2008. bars show the 
number of earthquakes per month detected in greenland. (b) histogram showing the number of glacial earthquakes detected in greenland 
each year since 1993. from figure 3 in nettles and ekström. 2010. annual review of  earth and planetary Sciences 38:467–491.

figure A7.3. deployment of mrI-developed autonomous station as part of the 
POLENET	experiment,	western	Antarctica	(photo	courtesy	of	B	Bonnett).
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Figure	A7.4.	Number	of	polar	experiments	supported	by	IRIS	PASSCAL	(left)	and	number	of	person-months	spent	on	support	(right).	Support	is	broken	out	into	three	
categories:	Polar	Field	=	time	spent	in-field	supporting	polar	network	installations;	Polar	Lab	=	specialized	lab	preparations	for	polar	experiments	largely	performed	by	
OPP-funded	positions;	Standard	Lab	=	routine	procedures	provided	for	all	PASSCAL	experiments	and	proportional	to	the	total	number	of	stations.
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further understanding of bi-polar climate-related seismolog-
ical phenomenon and improve the study of axial symmetric 
global properties in these sparsely covered areas of Earth. 

With sustained core support, PSS will be able to continue 
development efforts for improved cold region systems as part 
of ongoing field support. This team could form the core of a 
more active design group, available to respond on a project-
specific basis for enhanced design requirements identified 
by the community, including polar observations in many 
geophysical disciplines.

Earth’s poles. With the new capabilities IRIS has developed, 
we have opened doors in the ability to study with high reso-
lution, seismological phenomenon associated with the deli-
cate polar regions. As such, the gap between the traditional 
global-scale permanent observatories (GSN) and regional, 
temporary experiments (PASSCAL) has been bridged, 
creating a capability to operate permanent regional- to local-
scale observatories in polar climates. This resource will allow 

developments under the current cooperAtIve Agreement

enhAnced polAr-specIfIc cApAbIlItIes
Over the past several years, the NSF Office of Polar Programs 
(OPP) has made a large investment to establish more robust 
capabilities at IRIS for seismological observations in extreme 
polar environments. With MRI awards for development 
(Development of a Power and Communication System for 
Remote Autonomous GPS and Seismic Stations in Antarctica) 
and acquisition of cold-hardened equipment, IRIS has success-
fully designed and developed smaller, lighter, and more robust 
observatory platforms that have greatly improved data return 
from experiments in the most remote and extreme parts of 
the Arctic and Antarctic. With these new capabilities, IRIS 
established Polar Support Services (PSS) at the PASSCAL 
Instrument Center (PIC) to retain specialized personnel, 
not only to support funded polar experiments, but also to 
maintain the polar observatory infrastructure and equip-
ment as technologies continue to evolve and experiments are 
requested that continue to push the requested capabilities 
of the platforms.

The last five years have seen a significant increase in both 
the number of polar experiments and the time PIC staff spends 
supporting these experiments. Of approximately 60 experi-
ments the PIC supports per year worldwide, now 10% to 20% 
receive funding from OPP. Standard support for experiments 
includes a suite of services, from equipment testing and main-
tenance, to shipping and handling, to data archiving. Polar 
projects require a level of support beyond what is supplied as 
standard, including cold-related engineering solutions, equip-
ment fabrication and preparation for extreme conditions, 
and extended field support—often many man-months in the 
field, which is far beyond the field support that is typical for 
other experiments.

Although IRIS has been supporting PI-driven experiments 
in polar regions since 1989, it wasn’t until the early 2000s that 
significant, over-winter seismic deployments were considered. 
In order to ensure a high level of data return and data quality 
for these OPP-funded projects, the PSS group focuses on: 
(1) developing successful cold station deployment strategies, 
(2) collaborating with vendors to develop and test -55°C rated 
seismic equipment, (3) establishing a pool of instruments for 
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use in cold environments, (4) building a pool of cold station 
ancillary equipment, and (5) creating an open resource repos-
itory for cold station techniques and test data for seismolo-
gists and others in the polar sciences community.

Under the current Cooperative Agreement, the funding 
mechanism for this work has been through annual or as 
needed supplemental proposals to OPP. Current funded 
capabilities include: 3.5 FTE; a pool of 40 cold-hardened 
broadband stations (currently deployed at POLENET and 
AGAP); a 60-channel seismic snow streamer; 100 quick-
deploy boxes for summer-only stations; and a cold chamber 
capable of testing equipment for the extreme cold of the 
Antarctic Polar Plateau.

communIcAtIons
Work under MRI awards for the International Polar Year (IPY) 
and Greenland Ice Sheet Monitoring Network (GLISN) as 
well as support from the core PASSCAL program has included 
development of Iridium-based communications interfaces 
with cold-rated equipment that allows for several levels of 
remote interaction. At the simplest, lowest-power end, network 
operations centers can receive state-of-health information and 
data snippets, and process command-and-control functions. 
At the other extreme, we are working with Xeos Technologies 
to expand the Iridium system to incorporate real-time data 
flow in addition to simple data transfers. Communications 

in high latitudes is evolving, and PSS technical staff will keep 
current on new developments in this area to ensure return of 
as much data as possible from these remote stations.

greenlAnd Ice sheet monItorIng network
In 2009, IRIS was awarded $1.9M in MRI funding from NSF 
for the three-year development of GLISN. The development 
effort is a coordinated international collaboration for a new 
broadband seismic capability for Greenland. Initially, this was 
a partnership of eight nations—Denmark, Canada, Germany, 
Italy, Japan, Norway, Switzerland, and the United States, 
but Poland has since added on as a contributing nation and 
France is looking to contribute a new station as well. GLISN 
will contribute to our understanding of ice sheet dynamics by 
establishing a real-time sensor array of 25+ stations, including 
upgrading the performance of the scarce existing Greenland 
seismic infrastructure for detecting, locating, and character-
izing glacial earthquakes and other cryoseismic phenomena.
The development of the telemetry infrastructure linking the 
sites together into a coherent framework creates the temporal 
resolving capability and potential for rapid scientific response 
that can also be applied to other, future seismological efforts 
in other remote areas of the world. All data from GLISN are 
and will continue to be freely and openly available.

monItorIng of hIgh-lAtItude stAtIons

using Iridium technology through 
design work contracted with xeos 
Technologies	 (Halifax),	 the	 IRIS	 Polar	
support service group has develop 
command, control, and monitoring web 
interfaces to permit remote monitoring 
of high-latitude seismic stations. work 
is underway to allow continuous data to 
flow through these same links.
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Engineering and technical work by the PSS field engi-
neering staff for GLISN is focused on: (1) upgrading equip-
ment and adding real-time telemetry to existing seismic 
infrastructure in Greenland; (2) installing new, telemetered, 
broadband seismic stations on Greenland’s perimeter and 
ice sheet; (3)  coalescing telemetry from existing real-time, 
high-quality, broadband stations in and around Greenland 
into the GLISN network; and (4) distributing the real-time 
data to users and international data centers. In collaboration 
with GLISN, the Global Centroid Moment Tensor Project 
at Lamont-Doherty Earth Observatory will provide a near-
real-time catalog of glacial earthquakes. The development 
incorporates state-of-the-art broadband seismometers and 
data acquisition, Iridium and local Internet, power systems 

capable of autonomous operation throughout the polar year, 
and stable, well- coupled installations on bedrock and the ice 
sheet. GPS will also be installed at sites on the ice sheet.

Oversight of the GLISN effort is provided on the U.S. side 
by the IRIS GLISN Science Advisory Committee (SAC) and 
includes as observers management and technical personnel 
from the PSS. The chair of the GLISN SAC as well as the 
GLISN Project Manager participate in the international 
GLISN steering committee to coordinate the NSF-funded 
GLISN effort with those of our international collaborators.  

Due to the efforts of PSS, we were able to assure successes 
in the GLISN proposal and share our capabilities with our 
international partners

AchIevements
The polar seismology community has greatly benefited from 
the recent focused efforts of PSS. With OPP’s investments 
in improving the designs of remote autonomous observato-
ries and the procurement of cold-hardened equipment pools 
using the design efforts from this work, along with enhanced 
field support, we have achieved year-round recording for 
autonomous broadband seismic stations on the Polar Plateau, 
with data returns of over 90% (about the same or better than 
our fair-weather experiments). At the same time, we have 
minimized logistics support obligations to NSF by keeping 
designs small and light. Maintaining the existing capabili-
ties and building on the progress achieved will require a 
sustained funding environment and a coordinated effort 
with the user community through the Polar Network Science 
Committee (a joint IRIS/UNAVCO advisory committee 
populated by polar PIs who provide guidance on required 
polar network capabilities). 

figure A7.5. map of glIsn.

new opportunItIes And dIrectIons

To date, funding scenarios for the support of this facility 
have been on a year-to-year basis, depending on the scope 
of successfully funded annual OPP awards. Equipment 
resources are procured through yearly supplemental funding 
requests, based on funded projects for that year. Timing of 
these requests generally allows very little time to acquire, 
fabricate, test, and ship prior to the deployment to the field—
sometimes as little as one week. With such specialized equip-
ment working in areas of very expensive logistics and so little 
turn-around time, there is a risk that robustness of equip-
ment rushed out the door cannot be assured. PSS has been 
successful in this “reactive” mode of funding, but risks the loss 

of staffing expertise in the long term without some assurance 
of continuous support. In addition, as the equipment in the 
pool begins to age (we are suspecting that the harsh environ-
ments for these installations will take a higher-than-normal 
toll on the instrumentation), we will need to replenish and, if 
possible, grow the pool to keep up experiments instrumented 
with the most robust systems possible. To ensure that special-
ized staffing can be retained to support these new capabili-
ties at state of the art, continue the successes realized by OPP 
on the IPY seismic experiments, and protect the investment 
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made to establish this polar-specific facility, we request a base 
level of funding to IRIS aligned with the IRIS core program 
Cooperative Agreements.

Beyond simply sustaining the new IRIS polar facility, there 
is exciting new equipment development for the PSS staff to 
pursue with NSF support. These new directions will further 
push the bounds of the polar environments in which we can 
record high-quality broadband seismic data. The following 
sections describe the sustainment and growth potentials 
proposed for the IRIS polar facility.

SUSTAINING	SPECIALIZED	POLAR	
support cApAbIlItIes
personnel
A dedicated and well-trained staff that can focus on the 
unique requirements of polar experiments is critical to main-
taining IRIS’s support activities and to sustaining the invest-
ments NSF made on enhanced services during the IPY. IRIS 
has devoted personnel at the PIC and currently has 4.5 FTEs 
in PSS (3.5 directly funded by OPP and one funded under 
GLISN). Having dedicated PSS FTEs allowed IRIS to trans-
form the 2008/09 field-season experiments by reducing logis-
tics requirements and increasing data returns. Until now, this 
established polar support has been ephemeral in that reten-
tion of the 3.5 OPP-funded FTEs depended on yearly supple-
ments; this way of funding FTEs creates the perception of an 
insecure job and makes it difficult to keep qualified staff. The 
GLISN position is funded only through September 2012. IRIS 
cannot maintain the levels of excellence currently represented 
in PSS without stable funding. An 
example of the benefits of a trained 
and stable polar staff was our ability 
to respond to the recent increase in 
polar climate research. Although 
specialized equipment for this kind of 
fieldwork requires development and 
planning in the time frame of years, 
because we had core PSS staff, IRIS 
was able to quickly provide a working 
solution for these challenging deploy-
ments. We are requesting that this 
Cooperative Agreement fund staff 
throughout the length of the award 
(synchronized with the IRIS core 
funding) and assume the cost of 
retaining the GLISN staff after that 
MRI award ends.

equipment
To maintain an innovative polar station pool, IRIS will 
continue to pursue incremental development and modifica-
tions to the existing station, communications, and power-
system designs. Battery technologies are continually evolving 
and will likely realize a surge in design innovation over the 
next several years. Although the station power system design 
is effective and compact, its cost is high. Having knowledge-
able staff to monitor battery development, to design new 
systems, and to test emerging battery technologies for cold 
weather applications will be essential to ensure the most 
cost-effective solution is maintained. Like battery technolo-
gies, high-latitude communications are quickly evolving. 
The current polar station design has a solution for state-of-
health communications, but the science community continu-
ally stresses the need for a real-time, full-bandwidth solution 
(currently unavailable). With better communications and 
advanced battery technologies, we could truly approach an 
infrequently visited, autonomous station, thus reducing long-
term logistics costs.

The current pool of polar equipment is allocated through 
2012–2013 Antarctic field season. As such, we cannot sustain 
further field requests without a responsive supplemental 
proposal to OPP based on current-year funded experiments. 
As mentioned above, in a reactive mode, robust designs are 
difficult to procure, fabricate, and deploy in an extremely 
abbreviated time frame, and as such, the benefits we have 
gained from the development work cannot be assured. In 
addition, due to the harsh environments, the equipment that 

figure A7.6. the work of the polar support services engineers have allowed for vast improvements in low-power 
cold-rated, robust, super-insolated seismic systems for deployments in the some of the harshest polar environ-
ments. All designs are available at http://www.passcal.nmt.edu/content/polar-design-drawing
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currently constitutes the pool deteriorates at a higher rate rela-
tive to other instruments. Therefore, we are requesting basal 
sustainment funds for the polar pool that will permit continu-
ation of the pool at its current deployment rate as well as allow 
for moderate growth to be responsive to the growing interest 
in climate-related monitoring in polar environments.

bAckbone stAtIon hArdenIng 
for polenet And AgAp
There is scientific interest in establishing a core reference 
network for Antarctica for long-term observations. A logical 
starting point for this network would be based on a subset 
of stations from the AGAP and POLENET experiments, 
but both of these experiments were designed and deployed 
as temporary installations. For long-term operation, station 
hardening will be required. PSS can leverage knowledge 
gained during the development MRI and GLISN projects to 
design and modify these stations to increase longevity and 
minimize logistics support requirements. Station modifica-
tions will most likely include a rugged metal station, a semi-
permanent seismometer vault, upgraded communications, 
and an enhanced power system.

cold, wet stAtIon pAckAge
OPP has funded more than 15 glaciology projects with a seis-
mology component. With the establishment of GLISN and 
the heightened interest in monitoring rapid glacial change, we 
expect that the number of proposals to perform higher-reso-
lution experiments on the Greenland glacier systems and in 
other high-latitude environments will increase. These projects 
have proposed using short-period or broadband seismome-
ters in environments with a high probability of flooding in the 

summer months, while still requiring extreme cold-hardening 
for winter operations. Flooding due to high surface melt rates 
poses challenges for both surface and borehole sensor instal-
lations. IRIS now has several prototype waterproof borehole 
instruments acquired with supplemental funding from OPP, 
but we currently lack waterproof short-period seismometers 
and digital recorders. Supporting these projects has required 
compromises in experiment design and high risks to existing 
instrumentation. To better support projects in these extremely 
wet ice-sheet environments, IRIS needs to pursue the develop-
ment of a waterproof, quick-deploy seismic station. In addi-
tion to being waterproof, IRIS is working with manufacturers 
to test a borehole sensor with high tilt tolerance for recording 
in the dynamic glacial environment. This effort is in the early 
development phase, but stable polar staffing is required to 
continue progress and to provide the specialized support for 
these experiments. 

AntArctIc fIeld support fAcIlIty
Support of Antarctic experiments could be enhanced, while 
minimizing logistics costs, by establishing an observatory 
support facility at McMurdo station. This concept has been 
supported on an interim basis through funding of tempo-
rary projects, and has proven to be beneficial to the support 
of Antarctic field efforts. With no long-term funding assured, 
however, the on-ice support cannot be optimized. These 
on-ice concepts include: 
• Establishment of a cold test site in McMurdo. Although an 

OPP-funded cold chamber is installed at the PIC, testing 
of fully integrated systems requires long-term runs in field 
conditions. McMurdo is ideal for this purpose because of 
its year-round Internet access. Little or no support would 

figure A7.8. meltwater river near the margin of 
the inland ice. Illulisat, greenland (photo courtesy 
of geological survey of denmark and greenland).

figure A7.7. map of polenet and AgAp stations.
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be required from Raytheon, other that IT support for 
communications links. This concept was introduced as 
part of the development MRI and it proved to be very valu-
able in the over-winter testing of system enhancements in 
actual field conditions.

• Establishment of a storage depot in McMurdo to store 
polar-specific equipment between seasons, reducing ship-
ping cost and logistics. Current usage of a milvan is viewed 
as a temporary solution by Raytheon and requires yearly 
requests to maintain. 

• Establishment of a small amount of dedicated lab space in 
McMurdo for test and computer equipment. The current 
use of Crary Lab loading docks is workable, but not ideal, 
particularly with the increased size of recent seismic and 
geodetic experiments. 

It would be helpful to explore possibilities for a future dedi-
cated geophysics facility that would provide the appropriate 
space for storing, staging, and supporting seismic, geodetic, 
and other geophysical experiments supported in part by 
IRIS and UNAVCO. An example of an existing building that 
would provide the necessary space is the Berg Field Center. 
The size and layout make it ideal for staging large geophys-
ical experiments and the proximity to the future science cargo 
center in the expanded science support complex will reduce 
the logistics involved in getting the equipment prepared 
for field deployments.

figure A7.9. IrIs (center) and unAvco (left) cold station development testbeds 
overlooking mcmurdo station, Antarctica. these testbeds were used to proof 
mrI designs in field conditions in Antarctica (photo by t parker).
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