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objectives outlined by President Obama to
extend our reach beyond low-Earth orbit
and explore into deep space. It’s robotic
missions like these that will pave the way for
future human space missions to an asteroid
and other deep-space destinations.”
The U.S. National Space Policy, released
on 28 June 2010, indicates that NASA will
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“by 2025, begin crewed missions beyond
the Moon, including sending humans to an
asteroid.”
The asteroid mission was selected over
two other candidates, with NASA evaluating science merit, how well the science payload and science implementation would
work, and the feasibility of the mission,

technically and managerially, according to
Paul Hertz, chief scientist of NASA’s Science
Mission Directorate. The New Frontiers Program conducts scientific investigations of
our solar system with medium-class spacecraft missions.
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FORUM
Should We Assess Climate Model Predictions
in Light of Severe Tests?
PAGE 195
According to Austro- British philosopher
Karl Popper, a system of theoretical claims
is scientific only if it is methodologically falsifiable, i.e., only if systematic attempts to
falsify or severely test the system are being
carried out [Popper, 2005, pp. 20, 62]. He
holds that a test of a theoretical system is
severe if and only if it is a test of the applicability of the system to a case in which
the system’s failure is likely in light of background knowledge, i.e., in light of scientific
assumptions other than those of the system
being tested [Popper, 2002, p. 150]. Popper counts the 1919 tests of general relativity’s then unlikely predictions of the deflection of light in the Sun’s gravitational field as
severe.
An implication of Popper’s above condition for being a scientific theoretical system is the injunction to assess theoretical
systems in light of how well they have withstood severe testing. Applying this injunction to assessing the quality of climate

model predictions (CMPs), including climate
model projections, would involve assigning
a quality to each CMP as a function of how
well it has withstood severe tests allowed by
its implications for past, present, and nearfuture climate or, alternatively, as a function of how well the models that generated
the CMP have withstood severe tests of their
suitability for generating the CMP.
For example, a severe testing assessment of
a CMP generated by a member of the ensemble of global climate models on which the
fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC) will rely
might involve assessing how well the member has done at simulating data that are both
relevant to determining its suitability for generating the CMP and unlikely in light of the
ensemble of global climate models on which
the IPCC fourth assessment report relied. Data
capturing global mean surface temperature
trends during the second half of the twentieth century are relatively well simulated by,
and thus not unlikely in light of, the ensemble
of global climate models on which the IPCC
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fourth assessment report relied. These data
would, accordingly, not be expected to challenge global climate models developed since
the fourth report and are thus unsuitable for
severely testing models that will be relied on
in the fifth report. Data capturing the positive global mean surface temperature trend
during the late 1930s and early 1940s are not
well simulated by the ensemble relied on in
the fourth IPCC report [Solomon et al., 2007,
p. 61]. These data will thus better serve to test
severely models used in the fifth IPCC report.
Of course, scientists might not always
manage to devise adequate severe tests,
especially for long-term CMPs. But this
merely means that some CMPs will be
assigned a low quality when assessed from
a severe testing perspective.
An important question is whether Popper’s injunction should be applied in assessing CMP quality. As we will see, performance
at severe tests currently plays a limited role
in such assessment. I argue that this should
change.

Severe Testing Assessment of CMPs:
Current Situation
The scientific community has placed little
emphasis on providing assessments of CMP
quality in light of performance at severe
tests. Consider, by way of illustration, the
influential approach adopted by Randall
et al. [2007] in chapter 8 of their contribution to the fourth IPCC report. This chapter
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explains why there is confidence in climate
models thus: “Confidence in models comes
from their physical basis, and their skill in
representing observed climate and past climate changes” [Randall et al., 2007, p. 601].
The focus in this quote, and elsewhere in
the chapter, is on what model agreement with
physical theory as well as model simulation
accuracy confirm. Supposedly, better grounding in physical theory or increased accuracy
in simulation of observed and past climate
means increased confirmation of CMPs. In
this vein, the question addressed in the section on metrics of how reliable models are
at generating projections is just: “What does
the accuracy of a climate model’s simulation
of past or contemporary climate say about
the accuracy of its projections of climate
change?” [Randall et al., 2007, p. 594].
CMP quality is thus supposed to depend
on simulation accuracy. However, simulation
accuracy is not a measure of test severity. If,
for example, a simulation’s agreement with
data results from accommodation of the
data, the agreement will not be unlikely, and
therefore the data will not severely test the
suitability of the model that generated the
simulation for making any predictions (see
comment 1 in the online supplement to this
Eos issue (http://w ww.agu.org/eos _elec)).
Another important and commonly used
approach to assessing CMP quality is the
Bayesian approach [see, e.g., Hegerl et al.,
2006]. Let us consider one of its simple, but
sufficiently representative, applications [Frame
et al., 2007]. In this application the posterior
probability distribution function, P(F|data)—
which specifies the probabilities of values of a
model parameter F in light of data—is calculated using Bayes’ rule, P(F|data) = P(data|F)
P(F)/P(data). P(data|F) captures the likelihood
that the data would be simulated by model
simulations and does so as a function of values of F. P(F) is the probability distribution
function assigned to F prior to consideration
of the data. P(data) is taken to be a normalizing constant required to ensure that the probabilities yielded by P(F|data) sum to 100%.
For example, we can use Bayes’ rule to calculate a posterior probability distribution for the
equilibrium climate sensitivity parameter of a
simple energy balance model on the basis of an
expert estimated prior probability distribution
for the parameter and the likelihood, as a function of the parameter’s values, that the model
gives to paleoreconstructions of global mean
annual temperature over the past millennium.
The Bayesian approach does not consider whether data appealed to in calculating P(F|data) provide severe tests of estimates of F. This approach does take into
account the extent to which model simulations agree with data—something that
is captured by P(data|F )—but we have
seen that degree of agreement with data
is not itself a measure of test severity. This

approach also takes the prior probability distribution assigned to F, P(F ), into
account. P(F ) is correlated with test severity but in the wrong way: Bayes’ rule is
such that the less probable values from
a range of values of F are prior to testing, the lower the posterior probabilities
of the values will be. On a severe testing
approach, however, confidence in values of F should increase with the severity
of the tests at which the values have succeeded and thus also increase with how
unlikely the values were prior to these successes. As to P(data), it is the same for all
values of F. It cannot, accordingly, be an
indicator of the severity with which data
test different estimates of F (see comment 2 in the online supplement).

Severe Testing Assessment of CMPs:
Why Do It?
It appears, then, that a severe testing
approach to assessing CMP quality would
be novel. Should we, however, develop
such an approach? Arguably, yes (see also
comment 3 in the online supplement). First,
as we have seen, a severe testing assessment of CMP quality does not count simulation successes that result from the accommodation of data in favor of CMPs. Thus,
a severe testing assessment of CMP quality can help to address worries about relying on such successes, worries such as
that these successes are not reliable guides
to out- of- s ample accuracy, and will provide important policy-relevant information
as a result (see comment 4 in the online
supplement).
Second, assessing CMP quality using a
severe testing approach would assist in assessing the maturity of the science underlying
CMPs. This is because the more mature a
body of knowledge is, the easier it is to specify severe tests for its claims. Assume that we
want to test a prediction severely. The prediction will have testable implications only when
conjoined with a set of additional assumptions, including basic theory and quasi-
empirical generalizations. So if we are severely
to test the prediction, and not just the conjunction of the prediction and the additional
assumptions, then the additional assumptions will have to be established independently of the prediction. Only then might the
potential falsity of an implication of the conjunction of the prediction and the additional
assumptions constitute a real potential challenge to assuming the truth of the prediction,
as opposed merely to a challenge to the conjunction of the prediction and the additional
assumptions. The more mature a science is,
the more such independently established
claims tend to be in place and the easier it is
to specify severe tests (for an illustration, see
comment 5 in the online supplement).

Although severe testing is not typically
used in existing assessments of CMP quality, some severe testing of models and CMPs
may already occur. Still—and this brings
us to a third reason for using a severe testing approach to assessing CMP quality—
applying such an approach would increase
the extent to which severe testing is used,
which, in turn, might help us to develop better CMPs. According to Popper, severe testing is the way in which science progresses
and thus the way in which to uncover better
predictions. Even if we don’t accept that a
methodology based on severe testing is the
only way in which we learn about the world,
it is clearly one important way of doing so.

Toward Improved Assessments
of CMP Quality
Assessing CMP quality is an ongoing challenge, with existing approaches to such
assessment facing real difficulties [Frame
et al., 2007]. Developing a severe testing
approach should assist in handling some of
these difficulties. Furthermore, a severe testing approach would facilitate assessing the
maturity of the science that underlies CMPs
and might assist in developing better CMPs.
We should therefore develop a severe testing
approach to assessing CMP quality.
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