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Abstract

This study used the marginal likelihood and Bayegiasterior model probability for evaluation of nebdomplexity in order to avoid
using over-complex models for numerical simulatidhgocused on investigation of the impacts obpgarameter distributions (involved in
calculating the marginal likelihood) on the evaloatof model complexity. We argue that prior pargenalistributions should define the
parameter space in which numerical simulations raeele. New perspectives on the prior parameterifdision and posterior model
probability were demonstrated in an example of gdwater solute transport modeling with four modelach simulating four column
experiments. The models had different levels of mlemity in terms of their model structures and nensbof calibrated parameters. The
posterior model probability was evaluated for faases with different prior parameter distributio¢hile the distributions substantially
impacted model ranking, the model ranking in eambeavas reasonable for the specific circumstamcesich numerical simulations were
made. For evaluation of model complexity, it is ¢hnecessary to determine the parameter spacesdwelimy, which can be done by
conducting numerical simulation and using engimegjudgment based on understanding of the systéamg sudied.

Keywords: Marginal likelihood; Posterior model probabiligdvection-dispersion equation; Mobile-immobile mhd&roundwater model

1. Introduction

While modelers have tended to avoid using over-dempnodels in groundwater and other fields of nuoaér
modeling, identifying the appropriate level of mbdemplexity is always challenging, as it involvesny factors, such as
complexity of the system, current understandingystem behaviors, quality and quantity of systeseolations, objectives
of modeling projects, cost of model development] arathematical/statistical analysis needed fortifieation (Clement,
2011; Hunt and Zheng, 1999; Simmons and Hunt, 200®)del complexity can be explored in various ways
investigating the relation between model inputs antputs (Jakeman and Hornberger, 1993; Hill, 2060t et al., 2007;
Gdmez-Hernandez, 2006), evaluating variability afdel outputs (Young et al., 1996; Arkesteijn andd#a 2013), and/or
examining model predictive performance (Brooks dmdias, 1996; Schoups et al., 2008; Kumar, 2011)xcafmmon
practice in groundwater modeling is to use modébct®n criteria, e.g., the Akaike information erion (AIC) and
Bayesian information criteriorB(C), to select the best model from a set of modeldifédrent levels of complexity (Dai et
al., 2012; Elshall and Tsai, 2014; Engelhardt et 2014; Massoudieh et al., 2013; Ye et al., 20@84,6); the selected
model is considered to have the appropriate leehadel complexity. All the model selection critefiavor models with
high goodness-of-fit to data, and disfavor the nimaath unnecessary complexity by including penaéyms to create a
balance between the model's data-fitting abilitgd &s complexity. Many of the penalty terms areiaction of the humber
of model parameters. However, evaluating model dexity by only examining the number of calibrategkrgmeters may
inadequately quantify model complexity, because eh@dmplexity may be affected by other factors,hsas parameter

regions and model structures.
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