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‘The best material model 
of a cat is another, or 

preferably the same, cat.’
Arturo Rosenblueth and Norbert Wiener



Under- vs. Over-specified Models

after Dean Urban, Duke University



Under- vs. Over-specified Models

after Dean Urban, Duke University

Trying to 
get here



‘A good forward model requires not only a good understanding of the 
key processes that are responsible for generating the signal (proxy 

climate record) in the archive, but it also needs appropriate sources of 
estimates for the parameters and a reasonable understanding of 

various levels of uncertainties related to the raw proxy data.’ 

Hughes and Ammann 2009
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�18O
coral

= f(T, S)

Application: Observational network design

Comboul et al (2015), using Thompson et al (2011); Other 
examples: Bradley (1996), Evans et al (1998), Evans (2007) 
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Application: model/data comparison

Thompson et al, 2011, 2012, 2013 after Brown et al (2008) 
and Meehl et al (2007)



Application: model/data comparison
TRW = f(T, P,�)

Anchukaitis et al. 2012



Application: model/data comparison
TRW = f(T, P,�)
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Application: paleoclimate inference & interpretation

Schmidt 1999

�18O
foraminifera

= f(T, S, �18O
sw
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Application: paleoclimate inference & interpretation
TRW = f(T, P,�)
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Application: paleoclimate inference & interpretation
�18O
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Tolwinski-Ward et al. 2014

X

TRW = f(T, P,�)

Application: paleoclimate reconstruction constraint



Future work: more proxy systems models!



Proxy systems may be multivariate, nonlinear, 
spectral climate filters.

Use of “intermediate-class” proxy system models 
permits:

Paleo-observational network design/hypothesis testing.

Subtle interpretation of the environmental response.

Robust intercomparison of paleodata and climate model 
output. 

Scientifically-defensible weak constraints for 
paleoreconstructions.
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