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Water related natural hazards that might cause huge damages to the society and 
the environment are typically quantified in terms of the return period and/or the 
probability of failure of water system infrastructures. Despite being a commonly 
applied probabilistic tool, the return period concept has attracted renewed 
interest stimulated by the need of efficiently dealing with complex processes in a 
changing environment. Indeed, in many geophysical fields of application including 
hydrology, time-dependence has been recognized to be the rule rather than the 
exception since a long time. Furthermore, many hydro-climatological records 
exhibit some forms of upward or downward tendency over time (trends or local 
shifts) that are ascribed to human interventions at the local scale, such as land use 
change because of deforestation and urbanization, riverworks construction (e.g. 
dams for flood regulation), etc., or at the global scale including increasing 
greenhouse emissions that are expected to affect climate. As a consequence, 
hydrological time series are often described by defining non-stationary marginal 
and joint probability distributions of the process of interest, which require new 
formulations of the main probabilistic tools used for design and risk assessment. 
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The emergence of stochastic subsurface hydrology stems from the realization that 

spatial variability of aquifer properties (primarily permeability K) has a profound impact 

on solute transport. Heterogeneity is characterized by much larger scale than the pore 

scale and the seemingly erratic variation of K and the uncertainty of its distribution 

called for its modeling as a random space function, which renders the fluid Darcian 

velocity and the concentration random as well. The last four decades witnessed a 

tremendous expansion of stochastic subsurface hydrology, many fundamental 

processes and principal mechanisms being identified. Among the most important, for 

its relevant in environmental applications, is transport of solutes in natural gradient 

flow. The transport experiments on the MADE site, a highly heterogeneous formation, 

have stimulated a large body of research in the last 25 years. The main finding of the 

experiment was that the measured plume differed markedly from the prediction by 

standard models, like e.g. those based on the Advection Dispersion Equation (ADE). 

 

 

 
More precisely, unlike the Gaussian distribution implied by the ADE, mass distribution is highly skewed and cannot be characterized by the first-

spatial and second-spatial moments and the associated macrodispersivity. This finding has motivated derivation of novel transport models that 

imply anomalous transport. Recent work indicates that the physical mechanism of advection, modeled by the local ADE, and the heterogeneity 

of K, are able to explain the MADE plume behavior. 

 

 


