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Abstract

Hydrologists often need to choose between competing hypotheses or weight
the predictions of different models when averaging models. Several criteria
for choosing and weighting models have been developed, which balance model
complexity and goodness of fit by penalising the number of model parame-
ters. The penalty is explicit for information theory approaches or implicit for
Bayesian model selection based on marginal likelihood and, by extension, the
Bayes factor. The Bayes factor is the ratio of the marginal likelihoods of two
competing models. In addition, the Bayes factor is consistent in contrast to
information-theoretic-based approaches. However, marginal likelihood estima-
tion is computationally intensive and slow for dynamic models with multiple
modes. This study uses Replica Exchange Hamiltonian Monte Carlo and ther-
modynamic integration for fast, simultaneous calculation of marginal likelihood
and identification parameters of dynamic rainfall-runoff models. Using syn-
thetic data, the method selected the true model in our numerical experiments.
The technique was also applied to real data from Magela Creek in Australia.
The selected model was not the model with the highest or lowest number of
parameters for real data. The method is implemented using the differentiable
programming software “TensorFlow Probability”. This implementation can be
applied to other types of models for fast simultaneous parameter estimation and
model comparison.
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