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Simulation of transport processes in porous media flow requires the permeability of the 
medium as an input. Nevertheless, the permeability of most media such as the one of a 
geo-engineering system is usually not directly attainable and needs to be estimated from 
related well or seismic data. A hierarchical Markov tree (HMT)-based Bayesian 
computational approach is presented herein for estimating heterogeneous permeability of 
a porous medium at different length scales [1-3]. A two-layer HMT model is used to 
model the random permeability at both the data-collection scale and another much finer 
scale. Hierarchical Bayesian analysis is used to derive the posterior distributions of 
logarithms of the unknown permeability at different length scales.  A hybrid MCMC 
algorithm is developed to explore the posterior distributions [4]. This Bayesian 
computational approach is rather general and applicable to various parameter estimation 
problems. As a demonstration, we consider a permeability estimation problem where the 
distributions of unknown permeability at different length scales are computed from 
pressure and fluid concentration data at the wells. 
 
 
[1] A.A. Grimstad, T. Mannseth, G. Navdal, H. Urkedal, “Adaptive multiscale permeability 
estimation,” Computational Geosciences, v.7, p.1-25, 2003. 
[2] H.K. Lee, D.M. Higdon, Z. Bi, M.A. Ferreira, M. West, “Markov random field models for 
high-dimensional parameters in simulations of fluid flow in porous media,” Technometrics, v. 44, 
p. 230-241, 2002. 
[3] C. Collet, F. Murtagh, “Multiband segmentation based on a hierarchical Markov model,’’ 
Pattern Recognition, v. 37, p.2337-2347, 2004. 
[4] J. Wang, N. Zabaras, “A Markov random field model to contamination source identification in 
porous media flow,” International Journal of Heat and Mass Transfer, Vol. 49, pp. 939-950, 2006. 


