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Benchmarking is a type of model evaluation that compares model performance against a baseline metric that is
derived, typically, from a different existing model. Statistical benchmarking was used to qualitatively show that
land surface models do not fully utilize information in boundary conditions [1] several years before Gong et al [2]
discovered the particular type of benchmark that makes it possible to *quantify* the amount of information lost
by an incorrect or imperfect model structure. This theoretical development laid the foundation for a formal theory
of model benchmarking [3].

We here extend that theory to separate uncertainty contributions from the three major components of dynamical
systems models [4]: model structures, model parameters, and boundary conditions describe time-dependent details
of each prediction scenario. The key to this new development is the use of large-sample [5] data sets that span
multiple soil types, climates, and biomes, which allows us to segregate uncertainty due to parameters from the two
other sources. The benefit of this approach for uncertainty quantification and segregation is that it does not rely on
Bayesian priors (although it is strictly coherent with Bayes’ theorem and with probability theory), and therefore
the partitioning of uncertainty into different components is *not* dependent on any a priori assumptions.

We apply this methodology to assess the information use efficiency of the four land surface models that
comprise the North American Land Data Assimilation System (Noah, Mosaic, SAC-SMA, and VIC). Specifically,
we looked at the ability of these models to estimate soil moisture and latent heat fluxes. We found that in the
case of soil moisture, about 25% of net information loss was from boundary conditions, around 45% was from
model parameters, and 30-40% was from the model structures. In the case of latent heat flux, boundary conditions
contributed about 50% of net uncertainty, and model structures contributed about 40%. There was relatively little
difference between the different models.
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