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This article (MW) has generated lively discussion and helped to focus attention on an
important area for the application of statistics. We also applaud the authors for making it clear
that the evidence for the human causes for climate change in the past century does not rely on
the reconstruction of paleoclimate. Given the short space for discussion we will comment only
on the first and last parts of this work.

Although the first part of this paper is certainly lively reading and provides much useful
information to the general reader, we have some reservations about its inclusion in a scholarly
journal on statistics. We feel that the viewpoint is not balanced and emphasizes the need
for statistical correctness over the broader issues of scientific understanding. Recounting a
controversy that has both a political dimension and involves a multidisciplinary understanding
of the scientific issues is more the realm of the history of science than part of a paper on applied
statistics. Accordingly we resist the temptation to respond directly to the material in Section 2
but note that the quote on page 6 of the article is from a later written response to Representative
Stupak, not from the original testimony. Interested readers are encouraged to read the transcript
of the congressional hearings to get a first hand impression of Wegman’s and other scientists’
testimony. Also the contemporaneous report by the National Academies augments Wegman’s
focus on artifacts in principal components and research networks with a broader review of what
is known about paleoclimate – independent of Mann’s direct contributions.

One important omission of Wegman’s original report is that it stopped short of redoing the
temperature reconstruction with Mann’s data and with the correct centering of the principal
components. Although this extension was beyond the report’s charge, we also believe that it
is sound statistical practice to evaluate changes in methodology by how the final endpoint of
the statistical analysis changes. From our own experience, a reconstruction is not a complex
computation for an applied statistician once the proxies have been identified. The references
that are cited by MW on page ?? established the robustness of the reconstruction with respect
to centered verses noncentered if several PCs are included. This is a feature that could have
been verified by Wegman’s committee as well.

In this context, we applaud the authors for carrying through to a reconstruction to assess
the impact of intermediate methodological choices on the final statistical estimate. We term
their model a direct approach because it builds a predictive regression model for temperature
directly from the proxies. The model determines the predictive distribution of temperature
conditional on the proxies. Although such a model may be interesting for comparison, and this
is why we published Li, Nychka, and Ammann (2007), we have come to believe that a more
sophisticated, hierarchical approach provides a better solution to this problem. This model
can be described as indirect in that one models the dependence of the proxies conditional on
temperature. Bayes theorem is used to invert the relationship to arrive at a posterior for the
predictive distribution of temperature given the data. We suggest building of the seminal ideas
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from Tingley and Huybers (2010) and add some ingredients from Li, Nychka, and Ammann
(2010) to approach this problem using a hierarchical model. We follow MW’s notation and
also let T t be the true temperatures on a regular grid at time t. Accordingly the Northern
Hemisphere (NH) temperature, yt is a linear combination of the T t. The idea is to capture
the correlation among proxies by their dependence on temperature and the inherent spatial
dependence of the surface temperature field.

Data Level xt,i = hiT tγi + ui,t

Process Level T t = yt1 + vt

NH process: yt = µ+ StωS + VtωV + CtωC + wt

Prior Level [γ,ω, ...]

The data equation simply asserts that the proxy measurement is a linear combination of
the true temperature field plus noise. hi is a known row vector of weights and γi an unknown
parameter to ”calibrate” each proxy. The errors, ui,t, for each proxy ( i ) may have autocorre-
lation but we will assume that between proxies the noise time series are independent – the goal
is to model correlation among proxies by the temperature field (or other geophysical variables).
At the process level the temperature field evolves as a space-time process with the variation in
the NH average being part of its mean level. v is assume to be a first order, vector autoregres-
sive processes. The NH process level is formulated to reflect the basic energy balance of the
Earth’s climate system. The additional forcings series at the process level reflect variations in
solar radiance (S), Volcanic dust (V) and Carbon dioxide concentrations (C). From previous
experience we also add a low order autoregressive process, wt to reflect additional variation.
Finally, the Prior level typically uses diffuse priors on all unknown parameters in the model,
in this case priors are required for all the regression parameters and those associated with the
autoregressive noise models. Given this hierarchy, one computes the predictive distribution for
temperature using Markov Chain Monte Carlo.

It is much easier to understand how a proxy depends on observed climate rather trying to
formulate a prediction model through a direct relationship. It is our experience that climate
scientists studying a particular proxy spend much effort in understanding and quantifying this
forward relationship: conditional on the climate what would be the response of the proxy. Thus,
the Data level is a useful framework to incorporate their expert knowledge into the reconstruc-
tion. The process level is attractive to geoscientists as well because it builds in constraints in the
reconstruction that are reasonable and well accepted. One strategy for constraining the process
model and reducing the number of free parameters is to use the output from high resolution cli-
mate models to identify the form of the vector autoregression and the spatial correlations among
the innovations. The added complexity of the hierarchal model also brings distinct benefits.
For example, this method addresses missing and irregular proxy information and temperatures
in a consistent way. (In fact one can view the observed temperature series as just another, albeit
highly accurate, proxy.) Although the posterior distribution is more complicated to compute
when proxies are missing, the advantage is that a single statistical model is used to derive the
reconstruction at all times. This is in contrast to the direct approach where one has to use a
separate model for each subset of proxies that are available for a given time period.

The original choice of centering chosen by Mann was a practical expedient to find a common
period of time where all proxies were observed. The hierarchical model and the indirect approach
avoid this problem and additionally have numerous other advantages. In particular, the direct
approaches, even with Lasso combined, can potentially suffer from the attenuation effects caused



by measurement errors in proxies (Ammann, Genton, and Li, 2010). Indeed, if this effect is
not corrected, the RMSE as the only measure of the performance of reconstruction as in MW
could be misleading. For example, the in-sample mean could have smaller RMSE than a biased
reconstruction due to attenuation. However, the biased reconstruction could capture the basic
structure of the temperature process while the in-sample mean contains no information. In
contrast, the hierarchical models with the indirect approach are free of this concern. Overall,
the hierarchical models are a success of mainstream statistical ideas resulting in a substantial
application for the geosciences.
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