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

●A multitude of parametric models of the SHF occurs in 
the literature. Selecting an adequate model requires a 
great number of models to be tested. 

● Identifying the parameters of classic SHF is prone to 
nonuniqueness problems. This problem tends to be the 
more pronounced the more complex the shape of the 
SHF is.

●Transient evaporation experiments offer the potential to 
accurately determine the SHF. They can be evaluated 
either by inverse modelling or simplified calculation 
schemes, e.g. Wind's method.

●The Free-Form algorithm of Iden & Durner (2007) is 
adapted to determine SHF by Wind's evaporation 
method.

●We apply cubic Hermite interpolation between nodal 
values of θ(h) to describe the soil water retention curve. 

●A multilevel routine increases the number of nodes 
r (r = 1..12) and distributes the nodes on the pF-axis 
(pF=log10[-h]). 

●The nonlinear least-squares problem is solved by 
applying the SCE-UA evolutionary scheme accounting 
for nonequality constraints.

●The uncertainty of the soil water retention curve is 
quantified by first-order error propagation

●Unreliable conductivity estimates are discarded by a 
statistical filter criterion

●The obtained retention function is extrapolated to the 
dry range by applying the model of Fayer & Simmons 
(1995)

●A coupled conductivity function is estimated by use of 
Mualem's capillary conductivity model

Figure 1 Generated data, true and estimated retention curves, and true conductivity 
functions and estimated point values of K(h) for the three synthetic data sets (top three 
rows) and estimated SHF for the real data set. For the real data, the retention curve is 
extrapolated to the dry range by the model of Fayer & Simmons (1995) and the estimated 
coupled conductivity function is based on Mualem's model.

Comparison with Classic ModelsComparison with Classic Models

Figure 2 Estimated retention curves for different numbers of degrees-of-freedom for the 
real data set. The observations are the measured water contents as function of the 
arithmetic mean of pressure head in the column. 

Figure 3 
Root mean squared error (RMSE) 
of volumetric water content, values 
of the collinearity index γ of Brun & 
Reichert (2001), and values of the 
heuristic performance criterion P* 
as function of the number of nodes 
r. The optimal parameterization is 
indicated by the dark bars in the 
right plots.

Figure 4 Estimated SHF of the real sample obtained from the Free-Form Wind algorithm compared 
to the SHP obtained from fitting three classic models. The estimated retention curves differ close to 
saturation and this propagates into discrepancies of the unsaturated hydraulic conductivity functions. 
For pressure heads >100 cm, the discrepancies are small, except for the van Genuchten model, 
which clearly misfits the observations.

●The free-form approach is very flexible and therefore 
effectively eliminates parameterization errors.

●The need to test a multitude of available models, from which 
the most adequate is selected, is eliminated.

●The uncertainty of the soil water retention curve can be 
quantified individually in different ranges of pressure head.

●The estimated coefficients have extremely low cross-
correlations, the parameter estimation problem is very well-
posed.

●The statistical interaction of the estimated parameters is 
dramatically lower than for the three parametric models of 
the SHF tested (not shown) . 

●For the real data set, the free-form approach is by far the 
best model in terms of the AIC statistics (not shown).

●The obtained SHF can easily be used in unsaturated flow 
models that can handle SHF in tabular form.
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Model Performance CriterionModel Performance Criterion
In general, increasing the number of nodes improves the fit 
and increases the correlation of the estimated parameters. 
We define a heuristic model performance criterion P* that 
balances 

(i) the quality of fit
(ii) the number of parameters 
(ii) the statistical interaction of the estimated parameters

The minimum value of P* indicates the best parameterization, 
i.e. the optimal number of degrees-of-freedom.


