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Abstract—The International Federation of Digital Seismo-
graphic Networks (FDSN) is a non-governmental organization
formed by institutions dedicated to seismological research and
seismic monitoring. The FDSN is a successful complement to the
International Seismological Centre (ISC) in pursuing a more than
a century old tradition of global seismic data exchange. The main
goal of the FDSN is the production and dissemination of seismic
waveform data from high fidelity seismic observatories. The
Federation is formed by 65 organizations from 52 countries that
contribute data to three main data centers in the United States,
Europe, and Japan. A subset of the stations that conform the
FDSN send real-time to the Data Management Center (DMC) of
the Incorporated Research Institutions of Seismology (IRIS) in the
United States. Data from this real-time network is crucial to the
determination of the seismic parameters of large earthquakes in a
very short time after their occurrence and to support the efforts of
institutions that are responsible for disaster relief or prevention.
Most notably, Tsunami Warning Centers use this information as
a fundamental underpinning to issue warnings and alerts. The
FDSN is an early participant of the Global Earth Observation
System of Systems (GEOSS), contributing high-quality, timely
and freely accessible seismic data. The purpose of this paper is
to provide an overview of the FDSN from the viewpoint of an
integrated system of observatories and to share with other GEOSS
networks the successes, challenges and lessons learned by the
FDSN in promoting the open and free access of seismological data
for the benefit of scientific research and disaster prevention and
mitigation.
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Networks (FDSN), Global Earth Observation Systems of Systems
(GEOSS), seismology, seismic observatories, tsunamis.

Manuscript received September 25, 2007; revised May 29, 2008. Current ver-
sion published September 17, 2008.

G. Suárez is with the Instituto de Geofísica, Universidad Nacional Autónoma
de México (UNAM), Mexico City 04510, México (e-mail: gerardo@geofisica.
unam.mx).

T. van Eck is with the Royal Netherlands Meteorological Institute (KNMI),
de Bilt NL-3730 GK, The Netherlands.

D. Giardini is with the Swiss Seismological Service, Zurich CH-8093,
Switzerland.

T. Ahern is with the Data Management Center, Incorporated Research Insti-
tutions in Seismology (IRIS), Seattle, WA 98105 USA.

R. Butler is with the Incorporated Research Institutions in Seismology (IRIS),
Washington, DC 20005 USA.

S. Tsuboi is with the Institute for Frontier Research in Earth Evolution
(IFREE), JAMSTEC, Yokohama 236-0001, Japan.

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JSYST.2008.2003294

I. INTRODUCTION

T HE International Federation of Digital Seismograph
Networks (FDSN) is a global, non-governmental organi-

zation with a voluntary membership, comprised of universities,
research institutions, national agencies, and seismological
observatories responsible for the operation and maintenance
of seismographic networks. Members of the FDSN operate
seismic instrumentation within their borders or regions and,
in some cases, are also operators of large regional or global
networks. The FDSN was established in 1986 and is open to all
institutions that operate broadband seismic instrumentation [3];
although its motivation is predominantly science driven, the
data contributed by the FDSN plays a significant role in hazard
mitigation efforts.

Following a long-standing tradition that exists since the in-
stallation of the first seismic stations in the late nineteenth cen-
tury (e.g., [9]), the FDSN encourages the free and universal dis-
semination of the information collected by its members, in order
to promote the understanding of the earthquake process, the in-
ternal structure of the Earth and the dynamical properties of our
planet. Today, the FDSN counts among its members with insti-
tutions from 52 countries that contribute data from 65 organi-
zations or seismological networks. Data from more than 6000
seismic stations affiliated to the FDSN provide data to the three
main data centers of the Federation: The Data Management
Center (DMC), Seattle, WA; Observatories and Research Facil-
ities for European Seismology (ORFEUS), de Bilt, The Nether-
lands; and the Institute for Frontier Research on Earth Evolution
(IFREE/JAMSTEC), Japan.

The FDSN is exemplary among international organizations
in the sense that membership is voluntary and adherence of in-
dividual organizations is not a decision made by the national
governments. There is no membership fee or monetary contri-
bution and, therefore, it operates based on the voluntary work
and efforts of its members. Nonetheless, the FDSN has become
a very effective and efficient instrument for the development of
a global, seismological research infrastructure that provides sci-
entists with timely and high-quality seismological waveform in-
formation.

The Federation fosters the production and exchange of high
quality seismological data along four main avenues. First, it has
played a key role in the last 21 years in coordinating and pro-
moting the installation of high-quality digital seismological ob-
servatories. This effort has helped in fostering the standardiza-
tion of the bandwidth and dynamic range of seismic sensors and
recording equipment utilized worldwide. Second, it has played a
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coordinating role in the site selection of new observatories, with
an eye toward providing the most homogenous global coverage.
Third, the FDSN has developed a data exchange format called
Standard for the Exchange of Earthquake Data (SEED) for the
distribution of seismic information that has become the domi-
nant method of seismological data exchange between indepen-
dent networks and data centers around the world. Last, it con-
tinues to develop and to distribute freely tools to monitor data
quality, to access and retrieve data remotely from participating
data centers, and to exchange data and station characteristics.

The FDSN coordinates seismological observatories and net-
works at all scales: regional, national, and global. It represents
one of the best examples of preexisting systems of in-situ net-
works of global extent that is ready to interact with the Global
Earth Observation Systems of Systems (GEOSS). Here we re-
view the status of the Federation, its structure as an integrated
system producing daily real-time seismic information, and its
major accomplishments and challenges for the future.

FDSN hold the status of a Commission within the Interna-
tional Association of Seismology and Physics of the Earth’s
Interior (IASPEI). More recently, the Federation and its net-
work of station and network operators became an important
component among the in-situ observational systems of GEOSS.
The Federation provides high quality, consistent and freely
accessible information as an “observing-system” of GEOSS.
The FDSN has representatives on all of the GEOSS Working
Groups and has been a proponent of using global telemetry
systems to exchange data in real time. From the beginning
of GEOSS, the FDSN has contributed with its experience
and political insight to the development of data sharing and
standardization policies.

II. GOALS OF THE FEDERATION

In general terms, the main goal of the FDSN is to collect
and disseminate in a free and open manner seismic data stem-
ming from broadband instrument distributed as homogeneously
as possible around the globe. More concretely the goals of the
Federation may be summarized as follows.

• The development of common minimum standards in seis-
mographs and digital recording instrumentation. The goal
is to promote the use of broadband instruments with suffi-
cient dynamic range to record on scale the entire seismic
wave spectrum with high fidelity. It promotes the use of
24-bit resolution in the digitizers in a continuous time se-
ries sampled at a minimum of 20 samples per second. The
fidelity and bandwidth of a typical FDSN station is shown
in Fig. 1.

• To encourage the developments of standards for quality
control and for procedures for the exchange of data among
the members of the community.

• The Federation strives to improve the quality of seismic
recording throughout the world by promoting the instal-
lation of stations with a good geographic distribution. In
order to have as homogenous coverage of the Earth as pos-
sible, members agree to consult on future station location
in order to avoid overlaps and the FDSN promotes cooper-
ation with the Intergovernmental Oceanographic Commis-
sion of UNESCO (IOC).

Fig. 1. Shows the fidelity and bandwidth of VBB instruments. For comparison
the recording range of short and long-period instruments of a previous genera-
tion (WWSSN) are also shown. The green stars show the ground motions ex-
pected for great and intermediate size earthquakes at a distance of 3300 km. The
red band represents the low Earth noise model of Peterson [8]. This low noise
has been overcome in recent installations of FDSN stations (modified from [2]).

• The FDSN pursues and promotes the free and open access
to data for the benefit of scientific research and disaster
relief efforts.

• The Federation actively promotes the use of real-time com-
munications to provide near real-time access to the data
and to facilitate efficient long-term archiving.

III. FDSN NETWORKS: AN INTEGRATED SYSTEM AT

VARIOUS SCALES

Seismology is by tradition a global science that dates back to
the installation of the first seismic instruments over 100 years
ago. FDSN members benefit from this international collabora-
tion with the many partners who contribute data to the FDSN
Data Centers. As the FDSN has grown over the years, its mem-
bership has evolved from being an organization of global net-
works with a primarily scientific interest to an organization with
a membership of national and global networks with both moni-
toring and scientific interests.

The FDSN is very global in its membership as well as the cov-
erage of its stations. Fig. 2 shows the distribution of FDSN-af-
filiated stations being received in real time at the DMC. The
seismic observatories installed in the United States and in Eu-
rope heavily dominate the station distribution; in this context,
it is important to underline that Europe has experienced a great
densification of seismic stations over the past few years. Partici-
pating FDSN networks may be organized at various distinct ge-
ographic levels: as local networks, regional networks, national
networks, or at a multinational (global) level.

Local and Regional Networks: Local and regional networks
traditionally have the mission to monitor seismicity in order to
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Fig. 2. Map showing the “backbone” of FDSN seismic stations flowing in real time to the FDSN Archive from Federation Stations from various networks. Codes
designate data participating networks: AU Australia, BK Berkeley, CZ Czech Republic, G Geoscope (France), GE Geofon (Germany), GT Global Telemetered
Network, IC China, IU IRIS/USGS, II IRIS/IDA, MN Mednet (Italy), NL Netherlands, PS Pacific 21 (Japan). IC, IU, and II are part of the USA Global Seismo-
graphic Network.

detect and locate local and regional earthquakes in real time.
Their mission is primarily focused on real time monitoring,
seismic hazard evaluation and effective disaster response efforts
within their region. Primary sensors are sometimes limited to
measuring relatively high-frequency seismic ground motion. In
general, these networks have sufficient resources to maintain
the network, but often lack the financial and technical means
to distribute data for large-scale scientific research. Regional
and local networks often augment the capabilities of their
own networks through the exchange of data with neighboring
seismic operators. Initiatives such as MEREDIAN and NERIES
(http://www.neries-eu.org), funded by the European Commu-
nity, and the Advanced National Seismic Network (ANSS) in
the United States, have served to coordinate these efforts. Data
sharing by these networks is constrained often by financial
limitations. Although the data and products of these types of
networks are essentially focused on the local or regional needs,
more and more of these networks join the FDSN and embrace
its objectives

National Networks: Countries with a high rate of seismicity
or with a high seismic potential, often develop significant
seismic networks to help them understand the earthquake
hazard within their national borders. Like the local and regional
operators, many national networks are primarily focused on
real time monitoring. Most of these national networks also

have a strong interest in acquiring and preserving data for
scientific research, and are willing to share data with a broader
community if the resources and funding are made available. In
general, the global seismological community has been able to
achieve a significant success in data format standardization and
data exchange at all levels. Many national data centers routinely
complement their own seismic data stream with information
coming from the global networks. The data distribution policies
and products are normally guided by national policies or by
their existing multinational collaborative agreements.

Global Research Networks: There are several seismological
organizations and consortia that deploy networks of seismolog-
ical observatories on a global scale or at least on a very large, re-
gional scale that extends outside their own national boundaries.
These global networks follow the footsteps of the first global
seismological network: the World-Wide Standardized Seismo-
graph Network (WWSSN). This first effort initiated to imple-
ment a global system of seismological observatories began in
the early 1960’s.

Data from the WWSSN was a primary contributor to provide
hard evidence supporting the theory of plate tectonics that
revolutionized the Earth sciences. Global seismic networks
are primarily focused in providing data for scientific research
and to foster the open and free distribution of data. One of the
most notable products of these global efforts is the information
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provided to Tsunami Warning Centers that are coordinated by
the IOC of UNESCO. Following the tradition of the WWSSN,
other global networks have been installed during the last
three decades. The Global Seismographic Network (GSN) of
IRIS started operations in 1986 and currently operates over
145 stations in more than 65 countries. GSN is supported
by the National Science Foundation in the United States [2].
France has contributed with the GEOSCOPE network since
1982 and Germany with GEOFON since 1992. An important
multinational effort, funded by Japan, is called the Pacific-21.
These organizations are all founding members of the FDSN
and have played a key role in developing the data policies, data
format protocols, and distribution systems that constitute the
foundation stones of FDSN.

The International Monitoring System (IMS) of the Compre-
hensive Test-Ban Treaty (CTBT) also operates a substantial
global seismic network). The CTBT seismological network is
composed of 120 auxiliary and 50 primary seismic stations. To
date, about 80% of the network is operational. A large fraction
of the 120 seismic stations forming the auxiliary network of the
IMS are provided by FDSN member networks as a contribution
in support of the Treaty. Unfortunately, the IMS is not autho-
rized yet to openly share data from its International Data Centre
(IDC), except to the treaty signatories and their designated data
centers. Similarly, data products are only distributed by the
IDC to signatories of the Treaty.

In general, the global seismological community has been
able, through the FDSN, to achieve a significant success in
data exchange at all levels. This is due in large part to its inten-
sive lobbying to establish international data format standards.
Many national data centers now routinely complement their
own seismic data stream with information coming from the
global networks. The data distribution policies and products
are normally guided by national policies or by their existing
multinational collaborative agreements.

IV. INSTRUMENTATION CHARACTERISTICS

Based on the technology available today, FDSN stations have
a fidelity and bandwidth that allow the recording of the full spec-
trum of Earth’s vibrations. This capability spans the recording
of high frequency, moderate earthquakes at regional distances to
the observation of the longest free oscillations of the Earth in-
duced by great earthquakes. The type of broadband instrumen-
tation capability, made possible in the 1980’s and encouraged
by the FDSN are able to record on scale seismic signals from
about 10 Hz to 400 s (see Fig. 1).

An excellent example of the capabilities of the instruments
that the FDSN encourages its members to deploy is the recent
Sumatra–Andaman earthquake in 2004. The earthquake was
recorded on scale and with full fidelity by many FDSN stations
throughout the world (e.g., [6], [7], and [10]). It is illustrating
to compare the recordings made by FDSN-type stations of
the Sumatra-Andaman earthquake and those made by an early
WWSSN station that recorded the seismic signals produced by
the Alaskan event of 1964 [7].

Both events are two of the larger earthquakes recorded during
instrumental times [5]. The recording of the Alaskan event is
clipped and it is difficult to identify the seismic phases after

Fig. 3. This figure exemplifies the dramatic improvement in fidelity and band-
width accomplished by FDSN standards in recording of great earthquakes. The
picture above shows the WWSSN seismogram of the great Alaskan earthquake
(M 9.2) of 1964 on an analog seismogram recorded in Albuquerque, NM.
The signals are clipped and the seismogram is difficult to follow. Below is the
recording of the Sumatra–Andaman earthquake of 26 December 2004 recorded
at a seismic station in Taiwan at a distance of about 3500 km from the source.
The signal is unclipped and late arrivals are clearly observed (after [7]).

the first arrival (see Fig. 3). In contrast, the seismogram of the
Sumatra–Andaman event made at an FDSN station in Taiwan
shows that it was able to reproduce the event with full fidelity
and it is possible to identify many later seismic phases in the
digital broadband recording.

The goal of the Federation is to add as many stations as pos-
sible to the “backbone” reporting in real time. The usefulness
of this policy is also exemplified by the tragedy of the tsunami
caused by the Sumatra–Andaman earthquake. Although the
FDSN is not directly involved with disaster prevention, the
quality of timeliness of its data is a crucial element in the work
done by many of these organizations.

For example, within 3 min of the initiation of the earth-
quake rupture, analysts at the Pacific Tsunami Warning Center
(PTWC) observed the first arrivals from FDSN stations. Only
8 min after the origin time, the PTWC issued a pager alarm on
the danger of the earthquake. Ten minutes after the event began
the National Earthquake Information Center of the United
States Geological Survey (NEIC) issued its first alarm and
two hours later the first report on the type of fault-slip that
took place during the earthquake was published by Harvard
University (Harvard Centroidal Moment Tensor Solution
(www.globalcmt.org).

All the current efforts undertaken by countries surrounding
various ocean basins for the development of tsunami warning
systems will continue to use as one of the more important un-
derpinning of these projects the data transmitted in real time by
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Fig. 4. VEBSN, a pool of stations that provide (near) real-time digital waveform data. These stations are used both for European scale network operations and
extended national networks. The data is archived at major institutes in Europe and made openly available for research. It’s a collaborative effort of currently more
then 40 national, local and regional networks. The integration is being coordinated by ORFEUS and largely sponsored by EC-infrastructure projects MEREDIAN
(Contract VR1-CT-2000-40007) and NERIES (Contract RII-CT-2006-026130).

stations that are part of the FDSN system; these data, in fact,
are one of the more important elements of tsunami warning ef-
forts worldwide. Although the FDSN does not participate di-
rectly in the development of these warning systems, it plays a
significant role in addressing the global standardization of data
exchange procedures and protocols to facilitate the exchange of
data from a wide variety of networks and monitoring equipment.
The FDSN cooperates and will continue to cooperate closely
with the institutions responsible for these tasks.

V. FDSN SYSTEM DESIGN: DATA EXCHANGE

AND THE FDSN ARCHIVE

From a systems point of view, perhaps one of the more re-
markable features of the FDSN is that without established fees,
permanent staff, rigorous rules and procedures, or an established
budget, it has been able to become an effective data collec-
tion and distribution system that coordinates the installation of
broadband stations and the distribution of worldwide data to the
scientific community and to organizations responsible for dis-
aster prevention and relief.

One the more important accomplishments of the FDSN is
the standard format for seismological data transmission and dis-
semination SEED. SEED was developed by one of the Working
Groups of the FDSN and it has become the world’s standard for
the distribution and dissemination of seismic data. The FDSN

encourages its members to submit data in this format. SEED,
however, is not mandatory for the submission of data. The suc-
cess of SEED has been helped by the fact that some FDSN mem-
bers, most notably IRIS, support and maintain open software
that handles data in SEED format, and the software that enables
conversion from and to many other formats.

Data exchange among members follows a simple systems de-
sign. In addition to an extensive network of observing stations
operated by the FDSN member organizations, many FDSN net-
works operate significant data centers. Some centers coordinate
data exchange and archiving from closely spaced observing sta-
tions in specific parts of the world. A good example is OR-
FEUS hosted by the Royal Netherlands Meteorological Institute
(KNMI) in de Bilt, The Netherlands. Within ORFEUS, the ob-
servatories, in or in the vicinity of Europe, coordinate their data
exchange and long-term archiving.

The Virtual European Broadband Seismograph Network
(VEBSN) [11] provides a pool of stations (currently more
then 250), operated by different observatories, and providing
data in real-time to ORFEUS and neighboring countries (see
Fig. 4). Major data centers in the Netherlands, Germany, Italy,
and France provide currently the long-term back up to archive
and to offer free access to the data. Member countries in the
European region fund the core operation of ORFEUS, while
the European Community supports this integration process
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Fig. 5. FDSN archive has had an explosive growth and now totals about 6.2 TB
of data from 20 FDSN networks, not including the US seismic networks.

through MEREDIAN and NERIES. Other examples of national
and global centers also exist which are active participants in
the management of the in-situ data collected from thousands of
observing stations.

FDSN Data Centers work closely together to develop, main-
tain and operate distributed data systems that allow seamless
access to the many terabytes of data collected by the seismolog-
ical networks. Efforts are underway to create a single, integrated
virtual waveform data archive providing users with access to all
available waveform data. This network of data centers is well
positioned to work with GEOSS to contribute information col-
lected from these extensive and well-structured observing sys-
tems. Common data request mechanisms support to integrate as
a network the majority of regional and national data centers.

Global, real-time telemetry of as many FDSN stations as pos-
sible is one of the major goals of the FDSN. To date, Feder-
ation members contribute with seismological data from more
then 6000 stations distributed worldwide. The complete list of
Federation stations is available in the FDSN webpage (www.
FDSN.org).

Stations that are part of the “FDSN backbone” are received
in real time at the DMC, Seattle, WA, which has generously
agreed to serve as the FDSN repository under the auspices of
the National Science Foundation. To date, there are 176 stations
comprising the backbone network of the Federation (see Fig. 2).
These stations are received in real-time and distributed in the
same manner to all interested users. To date, the DMC archives
approximately 6.2 TB of data of FDSN stations, not counting
stations installed in the United States (see Fig. 5).

The growth in the amount of FDSN data at the FDSN archive
has increased dramatically over the past years (see Fig. 5),
demonstrating the commitment of members to the contribu-
tion of high quality data to this seismological system. Of the
300 000 data requests serviced by the IRIS DMC last year, about
100 000 came from outside the US. Most of these data requests
came from FDSN member countries. Data requests have been
serviced from 68 countries since 1989. Fig. 6 illustrates the
history of shipments of data responding to specific requests in
the last few years. Last year, 16 terabytes of data were shipped

Fig. 6. Showing the exponential growth of annual data shipments flowing out-
side of the United States for FDSN data requests.

to users worldwide in response to specific requests. This figure
is larger than the 12 TB of new data archived at the IRIS DMC.
These figures attest to the high level of use that the scientific
community makes of the information stored at the IRIS DMC.

VI. BUILDING THE FDSN: LESSONS LEARNED

A retrospective view of the development of the FDSN high-
lights the main reasons for the success of this organization in
promoting the free exchange of scientific information. Here,
scientific leadership has been essential. Science demands excel-
lent data to solve fundamental questions. These scientific ques-
tions transcend national boundaries and create the onus to coop-
erate. Science also emphasizes the use of the best and latest tech-
nology regardless of where it is developed and manufactured.

In order to meet the challenges posed by science, the FDSN
has strived to set high goals in seismic instrumentation. In the
early days, the technology available sometimes was unable to
meet them. For example, the decision to sample at 20 samples
per second was beyond the capabilities of the commonly avail-
able communications infrastructure of the time. Today this sci-
entific requirement is easily met by standard communications
equipment.

The greatest accomplishment toward the initial goal of
building a platform of seismological observatories that provide
scientific data openly was the establishment of a common data
exchange format. Unifying the exchange of data through a
common format developed internationally, solved many of the
data usability and export problems. The donation and sharing
of the software tools to maintain and query the SEED standard
format also has encouraged the establishment of data centers
that, as a network, support the distribution efforts of the FDSN.

VII. FUTURE CHALLENGES

Due to an increased interest in global disaster management,
specifically as it pertains to earthquakes and tsunamis, the
number of operational, high-quality seismograph stations has
risen exponentially during the last decade. Currently, more
then 2400 digital broadband stations are globally in operation.
About 1000 of these are openly available worldwide in near
real time. These broadband seismic stations exhibit an unequal



SUÁREZ et al.: THE INTERNATIONAL FDSN: INTEGRATED SYSTEM OF SEISMOLOGICAL OBSERVATORIES 437

distribution around the globe. Few stations are operated at the
bottom of the oceans and areas like Africa, Latin America,
and some parts of Asia have still large regions not properly
monitored by seismographs.

Rapid availability of earthquake information for disaster
prevention and reduction, particularly those related to tsunami
warning systems, requires reliable real-time waveform data
availability from seismographs across the world. The FDSN is
in a position to provide a significant contribution in promoting
the availability of real-time data, improving global coverage
and reaching agreements on rapid data exchange protocols.
Furthermore, several FDSN members are actively involved in
promoting and assisting the installation of high quality digital
seismograph systems in Africa, Latin America, and Asia.

The Earth is predominantly an oceanic planet. Unfortunately,
practically all of the FDSN stations have been installed on conti-
nents or islands. Thus the distribution and density of stations on
the oceans is far from optimal. Several FDSN members, like,
for example, the GSN in the US, the Japan Agency for Ma-
rine Earth Science and Technology (JAMSTEC), and the Is-
tituto Nazionale di Geofisica e Vulcanologia (INGV) in Italy,
have taken the lead in establishing ocean bottom observatories
(e.g., [4]).

The Hawaii 2 Observatory (H2O) on the sea floor between
Hawaii and the west coast of North America used abandoned
submarine telephone cables donated by AT&T to transmit data
from the first permanent seismic observatory on the sea floor
[1]. The Ocean Observatory Initiative (ORION), a project to
install permanent seismic stations on the seabed using cables
and buoys, is an effort with which the FDSN will seek close
collaboration and integration in the future.
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