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The Global Strain Rate Map project II-8, initi-
ated in 1998 by the International Lithosphere 
Program (ILP), provides constraints for under-
standing continental dynamics and for quan-
tifying seismic hazards in general. To date, the 
Global Strain Rate Map (GSRM) model is a nu-
merical velocity gradient tensor fi eld solution 
(i.e., spatial variations of horizontal strain rate 
tensor components and rotation rates) for the
entire Earth surface [Kreemer et al., 2003].

The global model consists of 25 rigid spheri-
cal plates and ~25,000 0.6°× 0.5° deformable 
grid areas within the diffuse plate boundary
zones which lie between these plates (e.g.,
western North America, central Asia, the Al-
pine-Himalaya belt).This model provides an 
estimate of the horizontal strain rates, rotation 
rates, and velocity fields for the diffuse plate 
boundary zones as well as an estimate of the 
motions of the spherical caps.

This is one of the first successful models of 
its kind that includes the kinematics of plate 
boundary zones in the description of global 
plate kinematics.The vast majority of the data 
used to obtain this model come from hori-
zontal velocity measurements obtained using 
Global Positioning System (GPS).

The latest model (GSRM v.1.2) includes 5170 
velocities for 4214 sites worldwide (Figure 1).
Most geodetic velocities are measured within 
plate boundary zones.The observed veloci-
ties are obtained from 86 different studies;
most are published, but also included are 
online data made available by the Southern 
California Earthquake Center (SCEC) and the 
U.S. Geological Survey (USGS).A full list of 
references that provided data to defi ne the 
model can be found at the GSRM home page,
http://www.world-strain-map.org.

One of the studies fundamental in defi ning 
spherical cap motions in the GSRM is the GPS 
Velocity Model (GPSVEL v.1.0) solution, which 
is based on an analysis of mainly International 
GPS Service (IGS) data.Weekly station coordi-
nate estimates from the seven global IGS analy-
sis centers and three regional associate analysis 
centers are rigorously combined using a free-
network approach [Davies and Blewitt, 2000].

Interactive Web Site for GSRM

The GSRM home page has an introduction 
where one can access information on the 
methodology, data and references, model 
results, and acknowledgments.The model 
page provides links to an interactive map tool 
of the GSRM model that is useful for educa-
tion and research purposes.

This map tool, housed and developed at
UNAVCO and known as the Jules Verne 
Voyager (JVV), consists of a powerful cluster 
of map processing computers and a half-
terabyte of disk storage. The JVV generates 
maps on demand using the Generic Map-
ping Tools (GMT) on the GSRM Web site 
computer.The GSRM special edition of JVV 
(http://jules.unavco.org/Voyager/ILP_GSRM) 
allows users to interact with maps, creating 
zoom maps of the GSRM model of any area 
and scale.

The JVV map engine then creates maps “on the 
fly” using GMT-based map scripts.The products of

the maps can be downloaded, in either postscript 
or gif format, for later use (e.g., Figure 2).

Whereas publications provide only a 
selected and static view of model results,
the interactive map allows users to view the 
complete set of input observations used to 
define the GSRM model (geologic, seismic,
and geodetic), the tectonic plate and fi nite 
element plate-boundary zone model itself,
and a range of model output views such 
as strain rate principal axes, observed and 
model-predicted focal mechanisms (based 
on the model output strain tensor), and plate 
boundaries.

Users can zoom into any region of the 
Earth, examine the model and results in de-
tail, and make comparisons with other data.
The geodetic compilation allows users to se-
lect from some 26 frames of reference, allow-
ing a visual representation of “absolute” plate 
motion (in a no-net-rotation reference frame) 
and relative motion along all of the world’s 
plate boundaries.
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Fig. 1. (a) Locations of all geodetic velocities used to constrain the most recent Global Strain Rate 
Map. Shown in orange is an outline of the areas that are assumed to be plate boundary zones.
These areas are composed of 0.5° × 0.6° grid elements within which strain rate model estimates 
are obtained.All other areas are assumed to be part of rigid plates/blocks. (b) Contour plot of the 
interpolated second invariant of model strain rate tensor obtained through an interpolation of the 
geodetic velocities.
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Fig. 2.Three examples of maps that are created with the Jules Verne Voyager (http://jules.
unavco.org/Voyager/ILP_GSRM) for the Aegean-Turkey area. (a) Focal mechanisms from the 
Harvard Centroid Moment Tensor (CMT) catalog are shown together with GPS velocities (purple 
arrows) relative to the model Eurasian reference frame.Also shown are outlines of the model 
grid cells. (b) Contour plot of the interpolated second invariant of model strain rate tensor super-
imposed with model principal strain rate axes (extensional in white, compressional in black).
(c) Interpolated model velocities (green arrows) relative to the model Anatolia reference frame.
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Scientific Results to Date

The GSRM present-day plate motions 
[Kreemer et al., 2003] have been compared 
with the NUVEL-1A model, which is the exist-
ing plate kinematic model that was derived 
from oceanic ridge spreading rates, transform 
fault azimuths, and earthquake slip vectors 
[DeMets et al., 1994]. Generally, the geodeti-
cally-derived plate motions are in good agree-
ment with NUVEL-1A.

However, some notable differences exist par-
ticularly in rate (see also Sella et al.[2002] for 
a discussion).Africa (now generally regarded 
to consist of two separate plates, Nubia in the 
west and Somalia in the east), India, and Arabia 
for example, all move signifi cantly slower with 
respect to Eurasia, compared with the NUVEL-
1A estimates.The Caribbean Plate, on the other 
hand, moves considerably faster than previ-
ously thought with respect to the Americas.

The examples cited above, and most of 
the discrepancies between GSRM and NUVEL-
1A, are generally believed to be the result of 
data incompleteness in the NUVEL-1A model.
The only plate that has a geodetic velocity 
magnitude different from the three-million-
year average, that is arguably a real change in 
plate motion rather than a discrepancy due to 
data incompleteness, is the Nazca Plate.That
plate is slower relative to the South American 
Plate by approximately 15–19% [e.g.,Norabue-
na et al., 1999].

A reference frame often used in plate 
kinematic and dynamic studies is the no-net-
rotation (NNR) frame.This is a kinematically-
defined reference frame in which the global 
integral of the cross product of the velocity 
with the radial vector is zero.The proper de-
termination of this reference frame requires 
knowledge of the horizontal surface velocity 
field at all points on the Earth. Unlike previous 
models, which generally used NUVEL-1A, the 
GSRM model correctly determines the NNR 
frame by using accurate surface velocities at
all points on the Earth, including the diffuse 
plate boundary zones [Kreemer and Holt, 2001;
Kreemer et al., 2003]. One important applica-
tion of the NNR model is in the defi nition of 
the International Terrestrial Reference Frame 
(ITRF) [Altamimi et al., 2003], used as the stan-
dard geodetic reference frame worldwide.

There is enormous potential for the results of 
the GSRM project to be used in a whole range 
of studies, particularly in seismotectonics, seis-
mic hazard analysis, and lithospheric dynamics.

Kreemer et al. [2002] compared the tectonic 
moment rates predicted by the GSRM with 
seismicity rates (i.e., the number of shallow 
events within a certain region with Mw 5.8).
They confirmed that there is a strong correla-
tion between seismicity rates and the tectonic 
moment rates for both subduction zones and 
for zones of continental deformation. Such a 
correlation may hold promise for quantifi ca-
tion of long-term moment rates, and hence 
seismic hazard, particularly within slowly de-
forming regions [Kagan, 1999].

In another ongoing study, the apparent posi-
tive correlations between geothermal activ-
ity and strain rates in the Great Basin of the 
western United States are being investigated 

[Blewitt et al., 2003]. In particular, there is a 
positive correlation of geothermal activity and 
transtensional-type strain rates (mixed strike-
slip and normal faulting).

The GSRM is also being used to quantify 
net rates of shortening and extension (dilata-
tion rates) within continental lithosphere.
Results from the present-day deformation fi eld 
on Earth show that the net rate of dilatation 
within continental lithosphere is negative
(–0.18±0.02 km2/yr) [Hahn et al., 2004].That
is, ocean basins are increasing in area at the 
expense of tectonic reduction of area within 
the continents.

This reduction in continental area must be 
balanced by sedimentation on oceanic litho-
sphere if continental area is to remain constant 
over time. If tectonically-induced areal reduc-
tion in continental lithosphere is a steady state 
feature within the Wilson Cycle (the period 
involving supercontinent break-up and forma-
tion through continent-continent collision),
then such sedimentation of eroded continental 
mass onto oceanic crust is at least as important 
as island arc accretion in maintaining constant 
continental area [Hahn et al., 2004].

Future Plans for GSRM

GSRM results will benefit from the growing 
deployment of GPS velocity measurements,
obtained through either campaign-style or 
permanent networks, such as the Plate Bound-
ary Observatory of the EarthScope Project.
Indeed, GSRM project results will be frequently 
updated as GPS velocities become available.

For the future, using the GSRM online inter-
face at UNAVCO, there are plans to incorporate 
the ability for a user to contribute new data to 
the model and calculate results. It is also the 
intention of the GSRM project to incorporate 
strain rate models and methods from other 
investigators [e.g.,Bird, 2003].

In addition to the increase in GPS data, other 
data sources need to be considered.This is 
particularly necessary to cover areas without 
geodetic velocity estimates or with very low 
strain rates, and to evaluate the appropriate-
ness of the geodetic strain rates over longer 
time scales.A globally complete archive of 
active fault slip rate measurements within the 
continents, together with seafl oor magnetic 
and bathymetry data, would enable the deter-
mination of a geologically defi ned GSRM.The 
partly completed ILP project—II-2 World Map 
of Major Active Faults—will be particularly
important for such a model.

Ultimately, the GSRM will be able to include 
time dependence and vertical components 
of strain rate. New frontiers in continuous 
mapping of surface deformations using inter-
ferometric synthetic aperture radar (InSAR) 
and lidar technology point to the possibility of 
realizing continuous four-dimensional strain 
rate measurements and models of the Earth’s
surface in near real- time.

These kinematic models could ultimately 
be linked to dynamic models that incorporate 
forcing effects at all scales.This would take into 
account the individual contributions of crustal 
tectonic loading, crust and mantle flow, and hy-

drologic, atmospheric, and ocean forcing to the 
observed strain rates.
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