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In his commentary on the International Commission on
Earthquake Forecasting (ICEF) report [Jordan et al. 2011],
Crampin [2012] claims that observable changes in shear-wave
splitting can predict large earthquakes on short time scales
with high reliability and skill, and he challenges a central
ICEF finding—that no method has yet demonstrated such a
predictive capability. In particular, Crampin asserts that
"observations of seismic shear-wave splitting monitored at a
three-borehole Stress-Monitoring Site (SMS) in central Italy
could monitor stress-accumulation and stress-relaxation
(crack-coalescence) before all damaging (M ≥ 5) earthquakes
within 1000 km of the SMS […] This means that installation
of one expensive SMS (preferably two throughout the length
of Italy) would stress-forecast the time, magnitude, and in
some circumstances fault-break of all potentially damaging
on the mainland of Italy".
Crampin's assertions are based on prediction methods
he has advocated for several decades [e.g., Crampin et al.
1984; Crampin et al. 1990]. As part of the ICEF study, we
reviewed the literature on these methods. Nothing contained
in the present commentary compels us to alter our previous
findings. The "evidence" in his Table 3 is primarily a listing of

phenomena purportedly explained by his theory of
anisotropic poro-elasticity. All of the references cited in
support of these explanations are his own. In fact, the only
references given for items E12-E19 are (at the time of this
writing) unpublished and would therefore be disallowed
from commentaries on published papers by most scientific
journals. In any case, no entry in Table 3 can be construed as
scientific evidence in favor of Crampin's claims regarding the
predictive power of observed changes in shear-wave splitting.
Crampin is adamant that the observational data are
completely consistent with his theory. In Table 2, he lists the
implied properties with the footnote: "All these properties
have been observed in situ whenever appropriate recordings
are available. There are no known exceptions".
There are no exceptions was repeated (three times) in his
comments on a paper by Jordan and Jones [2010], where he
was more explicit about the implied observations: "whenever
appropriate shear-wave source-to-geophone recordings exist,
widespread stress-accumulation has always been observed
before large earthquakes" [Crampin 2011]. Jordan and Jones
[2011] responded to this blanket assertion by citing negative
results from a retrospective search for shear-wave splitting
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precursors by Ryall and Savage [1973] and studies by Aster et
al. [1990, 1991], which contradicted the positive results of
retrospective studies by Crampin et al. [1990, 1991]. Here we
expand the list of retrospective investigations that have tested
and rejected Crampin's claims to include Savage et al. [1990],
Munson et al. [1995], Liu et al. [2004, 2005], and Peng and
Ben-Zion [2005]. Evidently there are exceptions.
Particularly noteworthy are two high-resolution studies
by Ben-Zion and his colleagues that used tight clusters of
repeating earthquakes to constrain changes in shear-wave
splitting before the M7.6 Chi-Chi earthquake [Liu et al. 2005]
and the M7.1 Düzce earthquake [Peng and Ben-Zion 2005].
They detected no significant precursory changes, and they
showed that most of the observed anisotropy is confined to
a very shallow, mechanically passive layer in the top few
kilometers of the crust, above the seismogenic zone.
To be operationally useful, a precursor-based method
must be able to deliver predictions that have reliable
probability gains relative to standard (seismicity-based)
forecasts. As emphasized in the ICEF report, the best way to
validate probability gain is through prospective blind-testing
of the sort now underway in the Collaboratory for the study
of Earthquake Predictability (CSEP) [Zechar et al. 2009,
Gerstenberger and Rhoades 2010, Marzocchi et al. 2010,
Nanjo et al. 2011]. This type of validation is the gold standard
for the operational qualification of earthquake forecasting
methodologies, and we encourage Crampin (as did Jordan
and Jones [2011]) to develop his ideas into forecasting models
suitable for CSEP testing. But so far, Crampin has provided
no data on the two error rates—false alarms and failures-topredict—collected during either retrospective or prospective
self-testing that would be required to assess his shear-wave
splitting methodology. He claims to have predicted a
magnitude 5 earthquake in Iceland [Crampin et al. 1999], but
even this one success is questionable from a statistical
perspective. In a retrospective analysis using the same data
as Crampin et al. [1999], Seher and Main [2004] concluded
that "it is not possible, based on the data, to formally reject
the hypothesis that the magnitude 5 event was part of the
normal background seismicity". They found that Crampin
et al.'s [1999] analysis contained several fundamental flaws,
the most notable of which was the application of a leastsquares method (which implicitly assumes a Gaussian error
model) without properly accounting for the large estimation
uncertainties implied by the considerable scatter in the time
delay data.
Two conclusions can be drawn from the published
research results: (1) neither retrospective nor prospective
testing has demonstrated that Crampin's proposed
prediction methodology yields any reliable probability gain
relative to standard forecasts, and (2) there is very little
evidence in favor of the physical model that he espouses, but
a fair amount of seismological data opposed to it. The first

conclusion is sufficient to reaffirm the ICEF finding in
question, which concerns the demonstrated—not
potential—performance of earthquake forecasts and
predictions. The second indicates that Crampin's shear-wave
splitting method is unlikely to be a "silver bullet" that has the
potential to raise earthquake forecasting into a highprobability environment. From a scientific perspective,
significant investments in the SMS technology advocated by
Crampin would be ill-considered.
Crampin's long commentary includes discussions of
issues that are completely irrelevant to the ICEF report,
including an entire section on the "stress-monitoring of
volcanic eruptions". We will leave it to the volcanologists to
evaluate whether his claims regarding the use of shear-wave
splitting in predicting eruptions have merit. But when
stripped of this extraneous material, Crampin's [2012]
complaints about the ICEF report are very similar to those in
Crampin [2011]. Aside from his gratuitous quote of
Schopenhauer, he makes no attempt in the former to address
the issues raised by Jordan and Jones's [2011] reply to the
latter. Even more telling is the fact that both of Crampin's
commentaries on the ICEF report completely ignore the
evidence against his model of earthquake predictability that
Aster et al. [1991] and Liu et al. [2005] presented in response
to two of his previous commentaries [Crampin et al. 1991,
Crampin and Gao 2005].
We close by noting that Crampin [2012] is incorrect
when he states that the ICEF "presupposes that there is no
method for the short-term prediction of large earthquakes
that has been demonstrated to be both reliable and skillful".
Nowhere in the ICEF report was the inability to predict
earthquakes presupposed; rather, our conclusions regarding
the current status of earthquake prediction were based on a
comprehensive, objective survey of published research,
including Crampin's. The search for a silver bullet remains a
heroic quest, despite its long and chequered history [Jordan
2006]. The continuation of this quest has been endorsed in
ICEF Recommendation C: "A basic research program
focused on the scientific understanding of earthquakes and
earthquake predictability should be part of a balanced
national program to develop operational forecasting" [Jordan
et al. 2011, pp. 360-361]. However, without a scientific
breakthrough, the practice of operational earthquake
forecasting is likely to remain in a low-probability
environment for some time to come.
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