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We compare two methods for determining the upscaled water characteristics and
saturation-dependent anisotropy in unsaturated hydraulic conductivity. In both ap-
proaches an effective medium approximation is used to reduce a porous medium of
M textures to an equivalent homogenous medium. In the first approach the moisture-
based Richards’ equation is treated like the convective-dispersive equation and param-
eters are derived from the spatial moments of the infiltrating water plume. The gravity
term, dKz(θ)/d(θ), which is analogous to the vertical convective velocity, is inferred
from the temporal evolution of the plume centroid along the vertical coordinate allow-
ing calculation of an upscaled Kz(θ). As with the dispersion tensor, the rate of change
of the second spatial moment in 3D space is used to calculate the water diffusivity
tensor,D(θ), from which an upscaledK (θ) is calculated. In the second approach, pa-
rameter scaling is used first to reduce the number of parameters to be estimated by a
factor M. Upscaled parameters are then optimized by inverse modeling of a field-scale
injection test to produce an upscaledK (θ) characterized by a pore connectivity ten-
sor,L . Parameters for individual textures are finally determined from the optimized
parameters by inverse scaling using scale factors determineda priori. Parameter scal-
ing reduced the inversion time by a factor of M2. In both methods, the upscaledK (θ)
showed saturation dependent anisotropy. Flow predictions with the STOMP simu-
lator, parameterized with local-scale and upscaled parameters, were compared with
field observations. Predictions based on the first method were only able to capture the
mean plume behavior. The second method captured the effects of heterogeneity and
anisotropy and reduced the mean squared residual by nearly 90% compared to local-
scale and upscaled parameters from the first method. The Pacific Northwest National
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