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To achieve millimeter-level accuracy 
with GPS over long timescales on 
the surface of a dynamic Earth, a 
global network of ground-based 
GPS sites has been established by 
the International GNSS* Service 
(IGS) [Dow et al., 2005]. The IGS is 
a voluntary federation of more than 
200 worldwide agencies that estab-
lishes and operates this permanent 
GPS network for scientific use. The 
IGS also establishes common data 
formats and analysis standards, and 
coordinates analysis of the Global 
GPS Network (GGN) to provide a 
number of high-precision data prod-
ucts, including GPS and GLONASS 
(the Russian satellite positioning 
system) satellite orbit parameters and 
clock corrections, and parameters 
representing the time dependent 
ionospheric and atmospheric. The 
IGS products are available at no 
cost. Every NSF investigation using 
GPS makes use, directly or indirect-
ly, of global IGS products to assure 
the accuracy and consistency of the 
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Global Geodesy

geodetic results.
Each group or agency that partici-
pates in and contributes to the IGS 
must secure financial support within 
its own country. In the U.S., the 
main government agencies partici-
pating in the IGS are (in no particu-
lar order): the National Oceanic 
and Atmospheric Administration 
(NOAA), the U.S. Geological 
Survey (USGS), the U.S. Navy, and 
the National Aeronautics and Space 
Administration (NASA). NASA 
provides core funding for the U.S. 
component of the GGN and for the 
IGS activities of research groups at a 
number of academic institutions and 
laboratories. These include the Jet 
Propulsion Lab (JPL), home to the 
IGS Central Bureau, and UNAV-
CO, which supports and maintains 
the NASA-supported sites of the 
GGN. This number represents about 
20% of the sites in the GGN (Figure 
1), the largest component of the 
GGN supported by a single agency.
UNAVCO’s GGN activities repre-

sent a prime example of the syner-
gism enabled by a centralized GPS 
facility. The expertise and resources 
resident within NSF-funded UNAV-
CO enable it to provide support for 
GGN activities to NASA at highly 
competitive rates. UNAVCO’s sup-
port to the GGN significantly ben-
efits UNAVCO’s NSF community 
by maintaining the GGN on which 
that community’s high-precision 
GPS studies depend. NASA’s finan-
cial support of UNAVCO deepens 
the infrastructure of the UNAVCO 
facility, enhancing its ability to sup-
port NSF projects. The Associate 
Membership in IGS of UNAVCO 
personnel gives voice to the UNAV-
CO community in the governance 
of IGS. Several of the UNAVCO 
working groups, including GPSVEL 
(http://sps.unavco.org/crustal_mo-
tion/dxdt/gpsvel), the Global Strain 
Rate Map Project (http://gsrm.
unavco.org), and the Stable North 
American Reference Frame (http://
www.unavco.org/research_science/
workinggroups_projects/snarf/snarf.
html) rely on the IGS as a primary 
source of data.
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*GNSS: Global Navigational Satellite System, a 
generalized term for satellite-based position-
ing systems such as the American GPS, 
Russian GLONASS, and European Galileo 
systems. 
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Figure 1. The global network of the IGS. Sites maintained by UNAVCO under contract to NASA are 
shown in red.
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Global Geodesy

The solid Earth is surrounded by oceans and by a fluid, 
mobile atmosphere. A continually changing distribution 
of ice, snow, and ground water lies upon its land sur-
face. The changing distribution of mass associated with 
the migration of these surficial fluids changes Earth’s 
gravitational field, changes Earth’s rotation by changing 
its inertia tensor, and changes Earth’s shape by changing 
the load on the solid Earth. Changes in Earth’s rotation 
have been measured for more than a century and the 
Gravity Recovery and Climate Experiment (GRACE) is 
currently measuring changes in the Earth’s gravitational 
field at monthly intervals. Recent studies indicate that 
large-scale changes of the Earth’s shape, and hence of the 
mass load causing Earth’s shape to change, can be mea-
sured using the global network of GPS receivers. 
Data from the approximately 400 station International 
GNSS Service (IGS) network of globally distributed 
GPS stations has been used to characterize global chang-
es in Earth’s shape. In this approach, the point displace-
ments at each GPS station are used to fit the coefficients 
of a vector spherical harmonic expansion. These spheri-

cal harmonic coefficients are then related to the density 
of the surface mass load that is causing Earth’s shape to 
change. In Figure 1, changes in the degree-2, order-1 
sine coefficient of the surface density field that has been 
inferred from GPS measurements during 1997–2000 
are compared to those determined from Earth rotation 
measurements from which the effects of tides, winds, 
and currents have been removed. As can be seen, there is 
excellent agreement between these independent esti-
mates of the spherical harmonic coefficient of the surface 
mass density. This finding demonstrates that the global 
GPS network can provide an independent method of 
investigating global surface mass load variations. 
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Figure 1. Changes in the degree-2, order-1 sine coefficient of the surface density inferred from both GPS measurements of changes in the shape of the Earth’s 
surface (red curves) and from Earth rotation measurements (black curves). All displayed curves have had a mean and trend removed from them. In addition, the 
curves displayed in the right-hand-side panel have also had periodic terms at the annual, semiannual, and terannual (3 cpy) frequencies removed from them.
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Global Geodesy

The Global Strain Rate Map, determined by GPS, Seis-
mological and Neotectonic data, provides large amounts 
of information that is vital to our understanding of con-
tinental dynamics and to quantifying seismic hazards. 
The map shows motions of rigid plates with respect to 
North America and deforming plate boundary zones. 
Tectonic plates form at mid-oceanic spreading centers 
and ultimately recombine by continental collision or are 
consumed through subduction.
This model, created by Kreemer and others (2003), in-
cludes thousands of observations from nearly 100 studies 
conducted by investigators from around the world. 
UNAVCO provides support for many of these studies as 
well as the Global Strain Rate Map project and main-
tains a unique interactive JAVA map tool that allows the 
user to view the latest model results in detail from any 
point of view on the globe.
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Figure 1. The Global Strain Map, http://www.world-strain-map.org.
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UNAVCO – A Perspective from the Global Geodetic Scene
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Global Geodesy

UNAVCO involvement in GPS for more than twenty 
years has created a global reputation of excellence. Their 
continually evolving understanding of GPS and support 
to the science community is exceptional. The UNAVCO 
facility and community have been engaged in the In-
ternational GNSS Service (IGS)† since its inception in 
the late 1980s. When the IGS was officially established 
in 1994 by the International Association of Geodesy 
(IAG), UNAVCO had already been globally recognized 
as an important influence in GPS observations and 
geodynamical applications. UNAVCO has always been 
an important participant and contributor to the IGS: as 
such, a number of facility and community individuals 
are Associate Members of the IGS, the electing body of 
the IGS International Governing Board. A joint facility 
of the NSF and NASA, UNAVCO, in conjunction with 
NASA JPL, provides the engineering expertise for imple-
mentation and support of NASA’s Global GPS Network 
(GGN). NASA’s GGN is the single largest network con-

tributing to the IGS, operating about 60 of the nearly 
400 stations (see figure left), and thus the UNAVCO 
Facility has high visibility in the international communi-
ty. UNAVCO also provides support to the coordinating 
office of the IGS, the Central Bureau located at JPL, and 
plans are underway to expand and enhance this support. 
UNAVCO has been particularly engaged with a key 
project supported by IGS – the Unification of African 
Reference Frames - AFREF. This ongoing project led by 
key individuals and organizations within Africa plans 
to unify the 50+ national datums throughout Africa, 
realizing a continental, state-of-the-art reference frame 
through linked GPS networks. This work will extend 
the global IGS network and further improve the realiza-
tion of the International Terrestrial Reference Frame 
(ITRF). UNAVCO’s unique expertise in working in 
remote and challenging environments is well suited to 
facilitate, train, and provide technical support as the 
AFREF participants leap-frog the past ten years of GPS 
advancements and immediately access and utilize current 
day technology and analyses. This participation exempli-
fies UNAVCO’s unique position to contribute to IAG’s 
emerging Global Geodetic Observing System (GGOS). 
GGOS is an integration of geodetic techniques for im-
proved understanding of the Earth system. UNAVCO’s 
global facilitation of GPS observations in concert with 
other geodetic techniques, including gravity, will be an 
important component towards achieving GGOS objec-
tives.
† In 2005, IGS name changed form International 
GPS Service to reflect the inclusion of both GPS and 
GLONASS, and the future expectations to incorporate 
future GNSS, such as the European Galileo system.


