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Moreover, it does not provide a spatial pattern
of climate change. The analyses from full GCM
experiments are therefore eagerly awaited.

Challenges of Analyzing
Complex Climate Models

In addition to the evaluation of tempera-
ture change, a subset of the complex climate
models is being used to attempt to simulate
the global carbon cycle. From these mod-
els, a diagnosis of the net flux of carbon into
the atmosphere needed to achieve the pre-
scribed target greenhouse gas concentrations
can be made. This will yield an estimate of
uncertainty in allowable carbon emissions,
which can next be used as input in integrated
assessment models to determine the range of
socioeconomic variables that would be con-
sistent with these emissions.

An interesting scientific issue is that the
lower warming in the E1 experiment will
make it harder to distinguish man-made cli-
mate change from natural variations on
fine spatial scales. Where there is a climate
change signal, the impacts avoided by miti-
gation—a major research need outlined in
Working Group II of the IPCC Fourth Assess-
ment Report—will be looked at.
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The value of this experiment increases
with each new model that runs the El sce-
nario. Some modeling groups outside of
the ENSEMBLES project already have com-
mitted to following this design, and greater
awareness of this project might encourage
more to follow. The full set of results will be
available several months before delegates
to the United Nations Climate Change Con-
ference (COP15) in December 2009 attempt
to agree upon international post-2012 cli-
mate policy.
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Silent earthquakes, or slow slip events
(SSEs), in subduction zones [Schwartz and
Rokosky, 2007] release accumulated strain
energy within tens of minutes to a few
months, as opposed to a few seconds or min-
utes for “regular” earthquakes [Kostoglodov
et al., 2003]. This phenomenon has important
implications for the seismic cycle because
SSEs significantly modify the loading-
unloading budget of faults; their existence
suggests that the buildup and relaxing mech-
anisms of the earthquake cycle are much
more complex than previously thought.

Numerous important questions have to
be answered concerning SSEs, in particu-
lar, their specific location on the fault, the
amount of slip at depth, and their recurrence.
Depending on whether they occur on the
seismogenic or creeping section of the fault,
they may release some accumulated elastic
strain or further load the brittle part of the
fault, effectively lengthening or shortening
the time before the next large regular earth-
quake. In that framework, assessing the repar-
tition of the displacement on the subduction
interface and the frequency of SSEs is of par-
ticular importance, because these parameters
govern the extent to which SSEs may slow or
accelerate the regular earthquake clock.

Forecasting regular earthquakes remains
a challenge in spite of important observa-
tional efforts in California, Japan, Turkey,

and other areas. However, silent earth-
quakes in the seismic gap of the Mexico sub-
duction zone, located around the state of
Guerrero (see Figure 1), have been observed
already three times, with large displace-
ments at the surface of up to 6 centimeters
[Kostoglodov et al., 2003]. These repeated
events provide a unique opportunity to pre-
pare extensive observations of a possible
future SSE. Relevant questions include the
following: Can the next SSE be forecast?
Will it be large? When, where, and how will
it occur? How will it modify the earthquake
clock in this area?

The Mexican SSEs are the largest ever
observed [Franco et al., 2005; Larson et al.,
2007] but are well documented only on
three occasions, in 1998, 2001-2002, and
2006. Scientists in Grenoble, France, have
recently reanalyzed 12 years of continu-
ous Global Positioning System (GPS) data
collected by the Universidad Nacional
Auténoma de México, using for the analy-
sis a double-difference approach (see http://
www-gpsg.mit.edu/~simon/gtgk) and apply-
ing the most up-to-date models to remove
as much as possible of the nontectonic sig-
nals in the time series. Results for the north-
south component for three of the 17 per-
manent GPS stations are shown in Figure 1,
with respect to a fixed North America plate.
For example, between 1999 and 2002 as well
as between 2003 and 2006, north-south dis-
placements are toward the north-northeast

and show a linear trend, due to the con-
vergence of the Cocos and North America
plates, as represented in Figure la by red
arrows roughly perpendicular to the trench.
SSEs appear in 1998, 2002, and 2006 and
last several months with displacements at
the surface of opposite direction, toward the
south-southwest. Note that the main compo-
nent is north-south and only displacements
along this direction are shown in Figure 1.

According to the graph (Figure 1c), the
recurrence times of SSEs are 4-4.5 years. This
apparent period of the Guerrero SSE suggests
an obvious though still speculative extrapola-
tion of the displacement pattern from which
we expect the next large silent earthquake
in 2010. The time series covering two full SSE
cycles comprise too little data for a reliable
statistical conclusion; nevertheless, two differ-
ent scenarios can be inferred to get a range
for the onset time and the displacement at
the surface of the next silent earthquake. In
Figure 1c, the slopes and time intervals meas-
ured between events 1 and 2 (case 1) and
between events 2 and 3 (case 2) have been
used to extrapolate the time series for the
next year. The different displacement rates in
these two intervals show that even the “clas-
sical” interseismic loading is not constant in
time. If the extrapolation in Figure 1 holds,
the next Guerrero SSE should begin between
March and October of 2010 with displace-
ment on the north-south component rang-
ing from 3.9 to 6 centimeters for the CAYA
site (located at Cayaco city, northwest of
Acapulco) and of several centimeters for most
of the GPS stations along the Pacific coast in
the vicinity of Acapulco.

To learn more about the exact timing and
characteristics predicted for the next slow
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Fig. 1. (a) Network map with red triangles for existing permanent Global Positioning System

(GFS) stations. The three stations marked as bold triangles are used in Figure Ic: IGUA (located

in Iguala), ACAP (located in Acapulco), and CAYA (located in Cayaco). Green circles represent the
eight GPS stations that will be installed by the summer of 2009. MAT is the Middle America Trench;
enclosed regions with dates represent the time and rupture area of large earthquakes that have
occurred within 8 decades. (b) Location of Guerrero, in Mexico. (¢) Daily north-south position time
series (with respect to the North America plate) at GPS stations IGUA, CAYA, and ACAP, located
within or close to the seismic gap in Guerrero. Light green vertical bars highlight the last three slow
slip events, 1998, 2001-2002, and 2006.The yellow bar represents the time interval of the onset of
the next predicted large silent earthquake in Guerrero. This estimation is obtained by extrapolating
the interseismic slopes and recurrence times observed (e.g., extrapolating for each station between
1998 and 2001-2002 (marked as 1), and between 2001-2002 and 2006 (marked as 2)). Original

color image appears at the back of this volume.

slip event, it is important to densify the GPS
network no later than the summer of 2009.
Lacking are the stations needed to establish
precisely how much of the slow slip is local-
ized on the seismogenic section as opposed
to the creeping section of the fault, which
would thus indicate either a decrease or an
increase of the time before the next large reg-
ular earthquake. Therefore, eight new perma-
nent GPS stations will be deployed close to the
Pacific coast in Guerrero during summer 2009
(Figure 1a). With the densified GPS network,
a detailed surface displacement pattern will
be used to determine the partial strain release
on the seismogenic zone when SSEs occur.
Displacement maps will also help monitor

continuous strain buildup if no SSE occurs. In
any case, GPS position time series will provide
important clues to understanding the stress
buildup on a subduction interface and how it
may be released through the slow slip event.

A better description and understanding of
silent earthquakes will improve our view of
the seismic cycle. The ability to obtain new
dense observations in the right place and at
the right moment is crucial for improving the
seismic hazard assessment in the Guerrero
gap. This is of particular importance for Mex-
ico City, where the seismic hazard is high
[Ordaz and Singh, 1992; Singh et al., 1988]
and directly concerns a population of more
than 20 million.
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Fig. 1. (a) Network map with red triangles for existing permanent Global Positioning System

(GFS) stations. The three stations marked as bold triangles are used in Figure Ic: IGUA (located

in Iguala), ACAP (located in Acapulco), and CAYA (located in Cayaco). Green circles represent the
eight GPS stations that will be installed by the summer of 2009. MAT is the Middle America Trench;
enclosed regions with dates represent the time and rupture area of large earthquakes that have
occurred within 8 decades. (b) Location of Guerrero, in Mexico. (c) Daily north-south position time
series (with respect to the North America plate) at GPS stations IGUA, CAYA, and ACAF, located
within or close to the seismic gap in Guerrero. Light green vertical bars highlight the last three slow
slip events, 1998, 2001-2002, and 2006.The yellow bar represents the time interval of the onset of
the next predicted large silent earthquake in Guerrero. This estimation is obtained by extrapolating
the interseismic slopes and recurrence times observed (e.g., extrapolating for each station between
1998 and 2001-2002 (marked as 1), and between 2001-2002 and 2006 (marked as 2)).





