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●Simulating unsaturated water flow in soils requires 
knowledge of the soil hydraulic functions (SHF).

●The nonlinearity of the SHF and unsaturated water 
movement in general leads to a scale dependence of the 
SHF. The degree of variation is a function of the degree 
and type of heterogeneity (stochastic, structural). 

●There are two methods to derive effective SHF at larger 
scales (Vogel & Roth, 2003): (i) upscaling (bottom-up 
approach) and (ii) the identification of effective SHF by 
inverse modelling (top-down approach).

●To bridge the gap between the column and the field scale, 
inverse modelling of transient water flow in well-controlled 
lysimeters appears very promising.

●We investigated the existence and uniqueness of 
effective SHF at the lysimeter scale by inverse 
modelling of multistep outflow experiments (MSO), 
evaporation experiments (Eva) and experiments under 
transient atmospheric boundary conditions (Atm) 
(Durner et al., 2008).

●Synthetic data were generated by running the Hydrus-1D 
code for boundary conditions (BC) representing MSO, 
Eva and Atm experiments for layered soil systems 
representing various degrees of heterogeneity (Figure 1).

●All SHF were parameterized by the Mualem-van 
Genuchten model.

●Effective SHF were estimated by inverse modelling using 
cumulative outflow data and pressure head and water 
content data at two depths in the profiles (daily values).

●The nonlinear weighted-least-squares problem was 
solved by applying the SCE-UA evolutionary scheme 
(Vrugt and Bouten, 2002).

●Prediction uncertainty was quantified by the first-order-
second-moment method.

Figure 1 Configurations of six layered soil profiles with 
varying degree of heterogeneity. U = silt, uL = silty loam, 
sL = sandy loam, weak lS = weak loamy sand 

Figure 2 Comparison of the estimated effective SHF for 
three layered soil profiles for MSO and Eva conducted on 
the virtual lysimeters. The degree of heterogeneity 
increases from top to bottom. Dashed lines: true properties 
of both layers, dotted lines: extrapolation range.

Figure 3 Inverse modelling results under the assumption 
of a homogenous soil. Top: observed and fitted cumulative 
outflow across bottom and pressure head and water 
content data in two depths. Grey-shaded areas denote 
95% prediction intervals. Bottom: estimated effective SHF.

●For homogeneous lysimeters, the SHF were correctly 
identified even for atmospheric BC, but only when a global 
optimizer was applied.

●For strongly heterogeneous systems, no effective 
properties could be identified, but in cases of moderate 
heterogeneity, effective properties that adequately describe 
the flow system were identified.

●Even for highly heterogeneous, layered profiles, 
cumulative outflow across system boundaries were 
adequately matched for MSO, Eva, and Atm.

●Promising results were obtained for the simultaneous 
identification of the SHF of individual layers.
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Figure 4 Similar as Figure 3, but SHF of both layers are 
estimated simultaneously. Profile IIIA represents the strongest 
heterogeneity studied. In this case, effective SHF do not exist 
and the SHP of both layers need to be identified to correctly 
describe the flow system.
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Figure 5 Estimated SHF for a homogeneous sand lysimeter under 
atmospheric boundary conditions. A unique solution was achieved by 
use of a global optimization algorithm (bottom). Different initial 
guesses lead to different results in case of the local optimizer (top).


