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Understanding soil moisture variability and its relationship with water content at var-
ious scales is a key issue in hydrological research. Due to the heterogeneity of soils,
atmospheric forcing, vegetation, and topography, soil moisture is spatially variable.
Especially the relationship between mean soil moisture content and its standard de-
viation has received considerable attention in the hydrological community. The stan-
dard deviation increases during drying from a very wet stage, reaches a maximum
value at a specific or critical mean moisture content, and then decreases during fur-
ther drying. Using one-dimensional stochastic theory and under premise of gravity
flow, one can show that this relationship is provoked by the spatial variability of the
hydraulic properties. The goal of this study was to perform numerical simulations
in three-dimensional heterogeneous porous media to verify the findings predicted by
stochastic theory. The geometry of the flow domain consisted of a cube with 2.5 m side
length. The flow domain had a heterogeneous parameter distribution represented by
independent random fields of scaling factors for pressure head and hydraulic conduc-
tivity, which were defined by an exponential auto-covariance function. Simulations
were performed for three soils with different reference hydraulic properties by im-
posing a constant potential evaporation flux to an initially wet soil. We looked at the
effect of hydraulic properties, correlation length and variance of the scaling factors,
and flow rate. Numerical simulations gave similar shapes for the relationship between
mean soil moisture content and its standard deviation as predicted by stochastic the-
ory. The correlation length of the underlying stochastic field and flow rate does not
affect this relationship, whereas the variance in the auto-covariance function showed



larger standard deviations of moisture content for the coarser soils. The shape factor
n of the van Genuchten model is the most sensitive hydraulic parameter. The max-
imum value of the standard deviation of moisture content increases with increasing
n-values, whereas the position of this maximum moves to lower mean water content.
We demonstrate the potential for hydraulic parameter estimation that the simple rela-
tionship between mean soil moisture content and its standard deviation offers, using a
data set of soil moisture contents measured with TDR under field conditions.


