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INTRODUCTION

We consider the general problem of constructing or selecting
the “best” earthquake forecast/prediction model. While many
researchers have presented technical methods for solving this
problem, the practical and philosophical dimensions are scarcely
treated in the scientific literature, and we wish to emphasize
these aspects here. Of particular interest are the marked differ-
ences between approaches used to build long-term earthquake
rupture forecasts and those used to conduct systematic earth-
quake predictability experiments. Our aim is to clarify the dif-
ferent approaches, and we suggest that these differences, while
perhaps not intuitive, are understandable and appropriate for
their specific goals. We note that what constitutes the “best”
model is not uniquely defined, and the definition often depends
on the needs and goals of the model’s consumer.

Words with the roots “forecast” and “predict” are used
nearly synonymously. Indeed, in many languages, these two
words translate to the same term, and in everyday English
usage, these words are essentially interchangeable. In discus-
sions of meteorological modeling, “forecast” is commonly used
to describe a specific quantitative statement, and in a general sci-
entific context one might say that a model “predicts” a phenom-
enon or behavior. These usages imply that a prediction is less
definite than a forecast. However, in the context of earthquake
science, this interpretation was turned on its ear by Jackson
(1996), who suggested that an earthquake prediction implies
a (temporarily) higher probability than an earthquake forecast;
in other words, a prediction is more definite than a forecast. Asa
result, “carthquake forecast” now usually describes a statement
or set of statements characterized by relatively low probabili-
ties. Further muddying the waters is the term “assessment” as
in “probabilistic seismic hazard assessment”—this term is even
vaguer. To be clear: in this article, we take earthquake forecasts
to be quantitative statements expressed in probabilistic terms,
and because such statements are our emphasis, we hereafter
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only use the term “forecast.” Nevertheless, we note that most
statements related to future earthquakes can be reduced to (or
interpreted in) a common deterministic (alarm-based) frame-
work, and we refer the reader to Zechar and Jordan (2008) for
details (see also Marzocchi ez 2. 2003).

Successful forecasting of earthquakes is of primary impor-
tance for two complementary reasons. The first is practical:
a reliable and skillful forecast is a fundamental component
required to mitigate seismic risk. The second is more philosophi-
cal: forecasting is a cornerstone of scientific knowledge. Indeed,
the American Association for the Advancement of Science, the
world’s largest general scientific society, states that “the growing
ability of scientists to make accurate predictions about natural
phenomena provides convincing evidence that we are really
gaining in our understanding of how the world works” (AAAS,
1989, 26). Of course, although an accurate forecast suggests
understanding, it might be accurate by chance, or for the wrong
reason. Moreover, several thorny questions are inspired by this
AAAS statement: Is any forecast of natural phenomena inher-
ently more useful or more important than another? More gen-
erally, is all scientific understanding equally important? If not,
how should the importance of understanding be measured: by
its application to other understanding? By its connection to the
problems of society? By the number of times it is cited? We do
not presume to answer these questions here, but they are cer-
tainly relevant to the carthquake forecast problem.

The basic problem in earthquake forecasting is to obtain
the best model; to date, there is not a unique way to achieve this
goal. One possible strategy is to apply a particular metric to a
set of candidate models and select the optimal model. From a
purely scientific point of view, this corresponds to evaluating the
reliability and skill of each forecast (International Commission
on Earthquake Forecasting for Civil Protection, ICEF 2010).
In general, this is fairly straightforward if many data are avail-
able. For instance, in seismology, we can usually check the reli-
ability and skill of forecast models applied to small and mod-
erate earthquakes, because these occur frequently. Indeed this
is the current practice within the Collaboratory for the Study
of Earthquake Predictability (CSEP) testing centers (Jordan
2006; Zechar, Schorlemmer 7 al. 2010). Nevertheless, the larg-
est carthquakes (i.e., M 7.0 or larger)—those having the highest
impact on society—are rare, and it is therefore difficult to con-
duct satisfying prospective experiments regarding these events
in a short period. Clearly this problem is not unique to seismol-
ogy; among others, volcanologists face the same difficulty.

In earthquake forecasting, the problem that large events
happen so infrequently is managed in two different ways. One
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strategy is to assume that the largest events sample the statisti-
cal distribution of small-to-moderate events. In this approach,
the empirical distribution of small-to-moderate carthquakes
is extrapolated to large-magnitude events. The other strategy
is to assume that the largest events have some peculiarities
that make them distinct from smaller events (e.g., a different
distribution and/or different epistemic uncertainty). In this
case, extrapolation is not useful and a specific statistical model
should be constructed. Unfortunately, we do not have enough
data to build a unique, robust model and, even if we did, we do
not have enough data to check its reliability or skill in forecast-
ing. To address this problem, some carthquake scientists aban-
don the common scientific practice of hypothesis testing and
instead build consensus models based on expert opinion, or the
so-called “best available science.”

These two opposing strategies are now in common usage;
the former motivates systematic prospective carthquake fore-
cast experiments, and the latter informs many large-scale, long-
term seismic hazard projects. In this article, we consider spe-
cific instances from these two fields of interest: the Regional
Earthquake Likelihood Models (RELM) experiment and the
Uniform California Earthquake Rupture Forecast (UCERF)
project. These two initiatives have different goals. While
RELM is essentially a scientific experiment to evaluate reli-
ability and skill of a set of forecasting models, UCERF aims
to build the “best” rupture forecast model. These differences
notwithstanding, we suggest that the different working philos-
ophy of each group can explain the different approaches each
group takes to obtain the “best” model. Intuitively, it might
seem that one of these two strategies should be preferred for all
problems and that the other should be abandoned. However,
we suggest some reasons to reconsider this notion in the con-
text of the RELM and UCEREF efforts. We suggest that the
dissimilarities between the RELM and UCERF approaches
can be explained by the fact that the intrinsic purpose of the
corresponding forecasts is different, and by the different kind
of probability used in UCERF and RELM. Below we discuss
some basic principles of earthquake forecasting applied to seis-
mic risk reduction, with an emphasis on the practical and phil-
osophical implications; we briefly report the relevant details of
RELM and UCERF; and we explain why these two strategies

arc appropriate in their current applications.

PRACTICAL RELEVANCE OF EARTHQUAKE
FORECASTING

An carthquake forecast is a basic prerequisite for planning
rational risk mitigation actions. Recently, the term “opera-
tional earthquake forecast” has become popular as it empha-
sizes the primary goal of such research: “to provide communi-
ties with information about seismic hazards that can be used
to make decisions in advance of potentially destructive earth-
quakes” (Jordan ez al. 2009; see also Jordan and Jones 2010).
In other words, the word “operational” highlights the need to
have a reliable and skillful prospective forecast in a format that
can be used for risk mitigation. This is not to say that a specific

forecast horizon is optimal, but rather that the horizon dictates
which risk mitigation steps may be taken. From the other point
of view, if a particular mitigation action is targeted, it defines
the horizon of a useful operational forecast.

A short-term forecast model may be used to reduce risk dur-
ing a sequence of small to moderate carthquakes, which might
be an aftershock sequence, a foreshock sequence, or a swarm
that is not punctuated by a large carthquake. “Regardless of
the sequence details, the appropriate mitigation actions in this
example would emphasize a reduction of exposure—the value
at risk expressed, e.g,, in terms of human beings or economic
costs—rather than a reduction of vulnerability—the fraction
of the value that could be lost after an earthquake. In other
words, a short-term forecast model does practically nothing to
inform development of building codes, but it might be useful
for deciding whether or not to call for an evacuation. The plan-
ning and implementation of such actions are the responsibility
of decision-makers, be they from a civil protection agency or
otherwise; in this context, as scientists we can contribute by
explaining how the forecast can be used effectively (Marzocchi
and Woo 2007, 2009; van Stiphout ez a/. 2010). This topic is
under active investigation in several regions, but so far a gener-
ally accepted procedure has not been formalized.

Regardless of the forecast horizon, the nature of the fore-
cast model, and the specific mitigation actions, a probabilistic
model allows scientists and decision- makers to clearly distin-
guish their roles in risk assessment and mitigation: scientists
provide probabilities to decision-makers (e.g., Marzocchi and
Lombardi 2009), who then compare them with pre-identified
thresholds to choose the appropriate actions (see also Aki
1989; Kantorovich and Keilis-Borok 1991). This procedure is
followed by many researchers dealing with different natural
hazards, and it has the advantages that it makes the decision-
making process transparent and it justifies the selected miti-
gation actions. In developing thresholds, seismologists should
conduct a probability gain analysis, comparing the forecast
probability to “background” probabilities based on simple
assumptions. Threshold development has been discussed exten-
sively elsewhere (see, e.g., Molchan 1997; Marzocchi and Woo
2007, 2009; Woo 2008), and we emphasize only that the out-
put of any earthquake forecast model should be probabilistic.

Whether a probability is “high” or “low” is always a matter
of context, and in the context of decision-making, it is irrele-
vant. The only question that matters is whether the probability
exceeds the threshold for acceptable risk. Moreover, describing
a probability as high or low can be misleading when communi-
cating risk to the public.

A PHILOSOPHICAL VIEW OF EARTHQUAKE
FORECASTING

Some seismologists consider forecasting nothing more than a
technical application of developed theories, and they therefore
think carthquake forecasting is of little scientific interest. We
strongly disagree with this dismissive, reductive point of view.
Rather, we see carthquake forecasting as a mighty opportu-
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nity to check the reliability of theories and models and to gain
insight into the issue of which parameters are most important
for modeling carthquake occurrence.

Many works on the philosophy of science have noted
that forecasting is a fundamental task of the scientific enter-
prise. The nature and definition of capital-S Science has
been debated since Aristotle’s time, and the last century has
hosted some of the strongest philosophical attacks on the role
and intrinsic meaning of Science. Indeed, the four pillars of
Science (e.g:, Gauch 2003)—rationality, objectivity, realism,
and truth—have been questioned by philosophers such as Karl
Popper (indirectly though the work of Lakatos 1970; see, e.g.,
Theocharis and Psimopoulos 1987) and Kuhn (1970), among
others. In this article, we do not directly contribute to this
interesting and important debate, and we refer interested read-
ers to the excellent review of Gauch (2003). Rather, we echo
the AAAS view that an increased ability to forecast natural
phenomena is the best argument to justify the role of Science as
a valid guide toward objective reality. Moreover, we assert that
the ability to provide reliable forecasts is what distinguishes the
scientific enterprise from other activities.

Another key philosophical issue is the intrinsic meaning of
a forecast. A forecast is always some form of extrapolation and
therefore suffers from all of the problems associated with the
logic of induction (Gauch 2003). We never have full access to
the complete details of the Earth system, and therefore, while
a sound forecast model should include all £zown unknowns, it
is not possible to account for unknown unknowns. In practice
this means that any forecast model that worked satisfactorily
in a given period may fail in future experiments. This idea has
inspired some bold statements, such as the claim that the veri-
fication of earth science models is impossible (Oreskes ez a/.
1994). We do not agree with this extreme position. We concede
that some of these terms—e.g., reliability and verification—are
used too loosely in the earth sciences. Perhaps accuracy is more
appropriate than reliability because it is emphasizes the ability
to fit a series of independent data rather than implying some-
thing about the “truth” of the model. (Nevertheless, we persist
in using the term “reliability” because its meaning in the con-
text of earthquake forecasting seems to be well understood.)
On the other hand, the paramount importance of inductive
logic to Science is unquestionable. For risk mitigation in par-
ticular, it is certainly more reasonable to rely on a model that
worked well in the past than to take action on the basis of a ran-
domly selected forecast model. The thrust of this argument is
that any forecast model may fail in the future despite good per-
formance in the past. This is an unavoidable limitation strictly
linked to the nature of extrapolation.

Other (more philosophical) critiques regarding the mean-
ing of forecasts have addressed the nature of Science’s implicit
presuppositions. A thorough discussion of this debate is
beyond the scope of this article, but we report the assumptions
that stand behind any reliable forecast. According to AAAS
(1989, 25), Science “presumes that the things and events in the
Universe occur in consistent patterns that are comprehensible
through careful and systematic studies...Science also assumes

that the Universe is a vast single system in which the basic rules
are always the same.” These assertions are particularly relevant
to earthquake forecastingbecause some of the critiques reported
in high-profile scientific journals (Broad 1979; Theocharis and
Psimopolous 1987) are not addressed to the science of forecasts
but rather to the intrinsic meaning of Science.

THE BEST MODEL: THE RELM APPROACH

The Regional Earthquake Likelihood Models (RELM) work-
ing group was supported by the United States Geological
Survey (USGS) and the Southern California Earthquake
Center (SCEC). Here, we use the term “RELM” to refer to the
five-year scientific experiment that is comparing several time-
invariant earthquake-rate forecast models in California (Field
2007; Schorlemmer and Gerstenberger 2007; Schorlemmer ez
al. 2010). We note that this is a scientific experiment in the tra-
ditional sense: each participant built a model that formulates
hypotheses in terms of a forecast, and these forecasts are being
tested against an independent set of carthquakes. In other
words, the primary goal of the RELM experiment is to evalu-
ate the comparative skill and reliability of each forecast model.
Rather than taking place within a traditional brick-and-mor-
tar laboratory, the RELM experiment is being conducted in
the natural laboratory of California and ultimately within
a CSEP testing center, a computational laboratory (Zechar,
Schorlemmer ez 4l. 2010).

The RELM experiment embodies the spirit of this procla-
mation by the AAAS (1989, 27): “A hypothesis that cannot in
principle be put to test of evidence may be interesting but it is
not scientifically useful.” In the RELM setup, selecting the best
model is relatively straightforward once the preferred metric is
chosen; forecasts can be ranked by the metric of choice, and
the best model will be the one that obtained the best score (e.g,
Zechar, Gerstenberger ez al. 2010). We take RELM to be repre-
sentative of systematic carthquake predictability experiments
driven by hypothesis testing and rigorous statistical evaluation.

Although the RELM experiment and the CSEP initiative
that it spurred have undoubted merits, it is important to note
some features that may limit the extent to which the experi-
ment results may be applied. For example, due to the expo-
nential distribution of earthquake magnitudes, the smallest
qualifying earthquakes will constitute the majority of target
carthquakes, and therefore the RELM results will be domi-
nated by the smallest events. May we expect good forecasting
performances obtained from the RELM experiment to apply
to the largest events, which are frankly more interesting, at least
from a practical point of view? Preliminary results indicate that
the forecast of M 5+ carthquakes is improved if we consider the
distribution of smaller, M 2+ to M 4+, shocks (Helmstetter ez
al. 2007; Schorlemmer e /. 2010). This result lends credence
to the idea that such conceptual “extrapolation” is reliable, at
least for this magnitude range.

But is it reasonable to expect that we can extrapolate
RELM results and say something meaningful about M 6+,
M 7+, M 8+, or larger temblors? The answer to this question
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would receive different answers from members of the seismo-
logical community. Generally speaking, there are two end-
member positions. Some believe that every earthquake is the
same regardless of its magnitude. This belief justifies the appli-
cation of RELM results for some (most) of the models to the
largest earthquakes; even though in principle a RELM model
may assume different distributions for small and large carth-
quakes, in practice most models do not. On the other hand,
if the model assumes different distributions for small-to-mod-
erate and large events, the RELM experiment mostly tests the
former distribution rather than the latter.

Others believe that system-size events are fundamentally
and substantially different from their smaller counterparts,
or, more generally, we have additional information about such
events that should be taken into account for forecasting. This
belief has important implications that appear to move this topic
away from the traditional domain of Science. For example, this
belief opposes the parsimony that has typically led the evolution
of Science—in other words, it defies Occam’s Razor. Some sci-
entists and philosophers maintain that the practice of preferring
the least-complicated model that can explain the observations
is essential for scientific enterprise (e.g., Gauch 2003, and refer-
ences therein). A second implication of believing that large carth-
quakes are unique is that it is practically impossible to calibrate
and/or to rigorously verify forecast models. Because the largest
events may happen only once in a lifetime, achieving robust
results would require an impractically long experiment. In this
view, testing experiments at a worldwide scale would not sub-
stantially improve the situation, because it is practically impos-
sible to have, for example, the same conditions and/or knowledge
of the San Andreas fault elsewhere. Both of these implications—
moving against parsimony and toward untestable models—seem
quite negative, at least from a scientific point of view, and it is
therefore remarkable and counterintuitive that UCEREF, one of
the most well-known forecast initiatives, takes the approach that
large earthquakes differ from small earthquakes.

THE BEST MODEL: THE UCERF APPROACH

The Uniform California Earthquake Rupture Forecast
(UCEREF) is a project of the Working Group on California
Earthquake Probabilities, which is a multidisciplinary col-
laboration of scientists and engineers from universities, SCEC,
USGS, and private companies (Field ez a/. 2009). The primary
task of UCERF is to provide a comprehensive framework
for computing a rupture forecast for California. By linking
the rupture forecast to the ground shaking, UCERF yields
important information for improving seismic safety engineer-
ing, revising building codes, setting insurance rates, and help-
ing communities prepare for inevitable future earthquakes.
Despite recent UCERF efforts that emphasize short-term rup-
ture forecasts, one of the most important targets is the long-
term rupture forecast. Hereinafter, the term UCERF refers to
the long-term forecast.

Beyond the ambition and sophistication of such a model,

perhaps the most striking feature of UCEREF is that it is based

on an expert opinion procedure. Conceptually, the relevant
pieces of scientific information are treated as modules that are
ultimately merged according to an expert opinion evaluation.
The final model is a complex convolution of scientific data and
expert opinion, where we can think of Science as the compo-
nent pieces and expert opinion as the glue that binds them.

The UCEREF process is based on the implicit assumption
that large earthquakes have some peculiarities that make them
different from smaller ones. This is a reasonable hypothesis,
although the scarcity of large earthquakes makes it difficult
to demonstrate convincingly. In this context, the problem of
interest is how to build the best model when we lack sufficient
data for calibrating, testing, and comparing the available mod-
els. The UCEREF solution is to use the best available scientific
information. It is worth noting that this phrase comes not from
scientists but from the model consumer: insurance companies.
The California Insurance Code section 10089.40 (a) states:
“Rates shall be based on the best available scientific informa-
tion for assessing the risk of earthquake frequency, severity and
loss...Scientific information from geologists, seismologists, or
similar experts shall not be conclusive to support the establish-
ment of different rates...unless that information, as analyzed
by...experts in the scientific or academic community, clearly
shows a higher risk of earthquake frequency, severity, or loss
between those most populous rating territories to support
those differences.”

From an objective point of view, the concept best available
science is rather dangerous. It is not clearly defined and creates
the possibility of irresolvable controversy. Moreover, the search
for the best available science might degenerate into so-called
“trifle-worship,” the belicf that “the more detailed the model,
the better.” Salt (2008) considered trifle-worship the first habit
of highly defective projects. Essentially, those who make this
mistake confound details with realism (or precision with accu-
racy), and this often results in models that are exceedingly com-
plex and, by Popper’s (1968) criterion that a scientific model
must be testable, less scientific.

UCEREF uses an informal expert elicitation procedure to
identify the best available science and thereby build the best
model. To do this, UCERF has established a community where
expert principals discuss the scientific components that should
constitute the final model and how these components should
interact. Conceptually, the final model is a weighted combina-
tion of these components. Ultimately, the scientific compo-
nents are selected and coordinated subjectively, with compo-
nent weights decided by the opinions of the relevant experts.
For example, expert geologists were polled to determine the
most likely slip rate or recurrence interval of particular faults
(N. Field, written communication).

DISCUSSION AND CONCLUSIONS

The RELM procedure for selecting the best forecast model
adheres closely to the scientific principle of objectivity, while
UCEREF does not do the same in building the best model. From
this point of view, it might seem that the RELM approach is
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good and the UCEREF concept is bad. But such a conclusion is
simplistic when we consider two issues: the meaning of prob-
ability in this context and the meaning of “best model.” The
meaning of probability has been hotly debated since the time
of Laplace. Is it an objective physical property (like mass or
distance), or does it merely express a degree of belief, which is
intrinsically subjective? The recent trend is to relax the monist
view, where probability has only one specific interpretation, and
to embrace a pluralist view, where probability may have differ-
ent meanings. The pluralist interpretation also accommodates
the existence of two types of uncertainty: aleatory uncertainty
that is the intrinsic (and unavoidable) random variability due
to the complexity of the process, and the epistemic uncertainty
that is due to our limited knowledge of the process. The former
cannot be reduced, while the latter can be reduced by increas-
ing our knowledge of the seismogenic process.

The discussion is certainly more complex than this, par-
ticularly because these two interpretations are not mutu-
ally exclusive; for an excellent review of this topic, see Gillies
(2000). In this article, we merely report one aspect that is par-
ticularly relevant. Specifically, it has been suggested that the
objective interpretation (under which probability is also called
propensity) is more appropriate for the probability assessment
of a sequence of events, while the subjective interpretation is
more suitable for the probability assessment of one event. For
example, Howson and Urbach (1989) stated that objective
probability can be used for outcomes having a set of repeat-
able conditions. For a single event, it is very difficult to estab-
lish a set of repeatable conditions, and this difficulty results in
subjectivity that may be faced only through a subjective prob-
ability. This distinction is not only semantic or philosophical
because subjective probabilities are intrinsically untestable (De
Finetti 1931; see below for more details). The same is true of the
UCERF model. To be clear, by “untestable” we do not mean
that it literally cannot be subjected to a test but rather that the
results of any test are not meaningful.

To illustrate the differences between these subjective
and objective interpretations of probability, consider the fol-
lowing example paraphrased from Gillies (2000). Chiara is a
sixteen-year-old girl living in Rome, and her uncle David is a
statistician. He tries to dissuade her from buying a motorbike
by citing the frequency of fatal teenage motorbike accidents
in Rome, i.e., by telling her that the propensity for a teenager
to die in a motorbike accident in Rome is very high. Chiara
replies that such a propensity doesn’t apply to her because, as
he knows, she is much more careful than the average Italian
teenager. Chiara’s precocious understanding corresponds to
the idea that propensity may not apply to a given individual if
you know something more about that person’s behavior. This
example would deserve a long and careful discussion that is
beyond the scope of this paper. The point here is that long-term
propensity and the probability of the “next” event are often dif
ferent. With respect to seismology, we have statistics that can
describe “propensity” for small to moderate earthquakes. Some
researchers believe that we know something more (or differ-
ent) about the occurrence of large carthquakes—for instance,

that large earthquakes occur only on specific faults, or that the
time since the last large earthquake is an important property.
Therefore, they too would argue that the propensity derived
from a population of small to moderate carthquakes is not
applicable to a system-size event like that which is of interest
to UCERF.

These two interpretations of probability are directly appli-
cable to RELM and UCERF. While the RELM carthquake
forecast models are probabilistic and may be interpreted as a
long-term propensity for an earthquake to occur, the proba-
bilistic assessment of UCERF represents an expert group’s
“degree of belief” applied to the next large events. Objective
probability is focused on a sequence of events, and therefore it
is assumed that each event has the same probability; subjective
probability implies that each event has some peculiarities that
make it different from the others. In UCERF, this degree of
belief comes from a large community instead of a single per-
son. The subjective probability derived from a group of experts
is called inter-subjective (see, e.g., Gillies 2000), and it has the
distinct advantage that it results in a set of coherent probability
values (i.e., a set of probabilities that satisfy the Kolmogorov
axioms of probability), as opposed to the subjective probabili-
ties given by a single person.

Subjective probability is by definition untestable, because
it is mostly associated with the epistemic uncertainty that
changes with our knowledge of the system (see De Finetti
1931). Let A4 be an event in which we are interested, and P(A4)
its probability of occurrence. Subjective probability implies
that only conditional probabilities exist, and P(A4) should
be more precisely written as P(4 | S, I), where S is the set of
repeatable conditions (that defines a conceptual experiment
of which A is one possible outcome), and I is the information
level. If I is complete (no epistemic uncertainty exists) or our
lack of knowledge is negligible (we define this state with /C),
this means that we know exactly the set of repeatable condi-
tions S, and the process (i.e., the appropriate parameterization
and parameter values). Therefore P(4 | S, IC) represents the
frequentist or propensity interpretation of probability since
only aleatory uncertainty is present. When 7 is incomplete we
don’t know the full set of S-conditions and/or the models/
parameters describing the process. In this case, P(4 | S, I) has
to account for both aleatory and epistemic uncertainty and it
cannot be interpreted in a frequentist/propensity way, because
each event will modify the variable I even in the presence of the
same set of conditions §, and consequently P(A | S, I) will also
change. The fact that P(A | S, I) cannot be interpreted in a fre-
quentist way—but as a degree of belief—poses many problems
to its verification with data, since the verification of a probabil-
ity may be done only assuming that the expected frequency of
events tends to the probability.

It might seem that, given enough time, any probability
can be tested, but this is true only assuming that the dominant
uncertainty is aleatory and represents an intrinsic feature of the
random process. This is not true for subjective probabilities in
general and UCEREF in particular, because the occurrence of
future events will affect expert opinion and consequently the
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UCERF model. Practically speaking, UCERF’s ability to accu-
rately forecast the next 10-20 large carthquakes in California
is of little interest, because UCEREF is expected to be a “living
model” that emphasizes the next single or next few large carth-
quakes. In other words, any probability may be put under test
through a RELM-like procedure, but, for a subjective probabil-
ity, this test would be meaning]ess.

A second point to consider is the meaning of “best model.”
From a scientific point of view, the RELM experiment may
provide a conclusive result based on five years of observations.
But if a forecast model is to be implemented for practical appli-
cation, it is necessary to realize that the end users—insurance
companies or a civil protection agency, for example—may
have a different metric to judge what is “best.” Therefore, the
UCEREF attitude is not only driven by science, but also by
what may be loosely called “politics.” This is not inherently
bad. For example, one of the main goals of decision-makers is
to minimize possible 4 posteriori critiques if a forecast model
fails. This is certainly casier if a large community of scientists
is involved in building the model. Note that this is not unique
to UCERF, but is also characteristic of other efforts such as the
Intergovernmental Panel on Climate Change (Solomon ez al.
2007).

One of the key distinctions between RELM and UCERF
is each working group’s average view of the extent to which
small and large earthquakes are similar. Certainly small and
large earthquakes are different in terms of the appropriate fault
rupture representation; a simple point source is not a complete
representation of a very large earthquake, but it often suffices
for microseismicity. Nevertheless, there is little evidence from
systematic studies that indicates that the distributions of small
and large earthquakes are fundamentally different. This is an
important problem, but one that neither RELM nor UCERF
directly addresses.

At first blush, and perhaps even upon further reflection, it
might seem that the overall RELM and UCERF approachesare
diametrically opposed: RELM is strictly hands-off and com-
pletely objective hypothesis testing, whereas UCERF would
not be possible without a certain amount of data massaging
and the subjectivity that inevitably accompanies expert poll-
ing. We remind the reader that, at least in this sense, RELM
and UCERF are representative of systematic earthquake pre-
dictability experimentation and long-term rupture forecasting,
respectively.

One reason that it is so difficult to reconcile these differ-
ent approaches is that, while the technical goals of RELM and
UCERF are clear—the former evaluates five-year rate forecasts
and the latter yields a long-term forecast—their impact and
applicability beyond their practical tasks are not clear. Moreover,
the assumption that fundamentally divides them—that large
carthquakes cither are, or are not, “like” smaller earthquakes—
is often implicit; we hope that with this article we have made the
distinction more clear. Adding to the confusion, UCERF does
incorporate some elements from studies of smaller earthquakes.
For instance, UCERF includes spatial smoothing of moderate
historical earthquakes and a recurrence model whose usage is, at

least in part, justified by studies of repeating micro-earthquakes
(Ellsworth ez al. 1999). Nevertheless, many of the subjective
aspects of the UCERF approach result from the assumption
that understanding small earthquakes is not a sufficient con-
dition for forecasting large earthquakes. On the other hand,
RELM participants have not been so bold as to make outright
claims that the results of their experiment are widely applicable,
but neither have they said the opposite. Frankly, it is unknown
if RELM results are applicable in other regions of space or time
or magnitude (so that we might learn something about earth-
quakes outside California, in another future period, or of dif
ferent magnitudes, respectively).

Any forecasting endeavor is characterized by a balance
between scientific and practical components. These are not
necessarily opposing forces but they do influence the approach
for obtaining the best model. UCERF has a strong practical
component, and RELM is essentially a purely scientific exer-
cise. This difference, when coupled with each effort’s assump-
tion regarding the relationship between small and large earth-
quakes, justifies the dissimilar approaches of RELM and
UCERF. K
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