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Abstract

This study focuses on employing Gaussian Process Emulators (GPEs) as surrogate mod-
els to replicate complex systems with restricted training data while also aiming to en-
hance the efficiency of the GPEs’ training process. aims to improve the efficiency of
the GPEs’ training process and test two stages to enhance the efficacy of building the
GPEs surrogate model. For the construction processes, three adaptive Bayesian Active
Learning (BAL) selection criteria are employed: Bayesian model evidence (BME), rela-
tive entropy (RE), and information entropy (IE). In the first stage, we use two distinct
methods to generate the exploration parameter set: random sampling and Markov Chain
Monte Carlo (MCMC). In the subsequent stage, we utilize two approaches to estimate
the BAL selection criteria: prior-based and posterior-based methods. Specifically, for
posterior-based estimation, we use Monte Carlo (MC) and rejection sampling along with
MCMC, comparing these outcomes with the results obtained by prior-based estimation.
The performance of these strategies is demonstrated within the context of a 2D ground-
water transport model. Our study emphasizes the convergence capability and the capac-
ity to quantify post-calibration uncertainty, showcasing the effectiveness of these BAL
strategies in refining surrogate models with limited training data. Our findings indicate
that the posterior-based estimation of BAL selection criteria exhibits faster convergence
and reduced fluctuations, signifying its superiority over the prior-based estimation, es-
pecially concerning the posterior-based estimation of RE-based selection criteria using
MCMC. Overall, this study underscores the superiority of posterior-based estimation
methods over prior-based methods, highlighting the evident advantages of MCMC over
other methods in both stages.
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