
Materials and Methods

Theory

If we want to investigate the occurrence and quantify the 
extent of »dynamic effects« on the water retention relation 
that may occur under variable dynamic flow conditions, 
we need to compare the effective dynamic relationships 
obtained for a specific flow situation with the equilibrium

properties. The equilibrium curves are generally based on 
data from hydrostatic equilibrium experiments where 
average water contents in soil samples are related to 
mean matric heads in the samples. For coarse porous 
media, such as the sands investigated in the FIMOTUM

Classic approximation assumption:

A multistep outflow (MSO) experiment was conducted 
with a fine sand column of 13.8 cm height (Fig. 2). Each 
pressure step lasted until equilibrium was achieved. 

The van Genuchten/Mualem-Model (van Genuchten, 
1980) was assumed to adequately describe the 
constitutive relationships: 

project, and for appreciable sample heights, this leads to 
remarkable systematic errors. Its comparison with results 
from inverse modeling therefore may lead to wrong 
conclusions. The evaluation of hydrostatic equilibrium 
experiments in an integral manner eliminates this error. 
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Fig. 1: Schematic illustration of linearization 
error and exact solution of the problem
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Objective function to be minimized in classic method:

[ ] 2
1

),(ˆ),( iii

r

i
i hwh ββ θθ −=Φ ∑

=

Exact solution:

)()( hh θθ ≈

leading to the following objective function:

The model parameters were estimated by means of 
inverse modeling of the MSO-experiment (Hopmans et 
al., 2002). For comparison the retention function 
parameters were also estimated by fitting the model to the 
equilibrium water retention data with the classic and the 
integral method. 

Finally, we forward simulated the MSO experiment with 
the parameters obtained by the hydrostatic methods. 

Results

Fig. 2: Experimental setup of a typical transient 
water flow experiment.
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The governing equation for the flow simulation was the 
Richards equation:

u. b. no flux (Neumann)

flux at l. b.

tensiometer 1

tensiometer 2

Pressure sensor: control 
pressure at l. b. (Dirichlet)

with the constraint ./11 mm −=

The prediction with the parameters obtained with the 
classic method leads clearly to the largest deviations 
between the observed data and the simulation (Fig. 4). 

Fig. 4: Multistep outflow experiment for fine sand. 
Measured and simulated cumulative outflow and pressure 
head data. Simulations are based on parameter 
estimates by the classic, integral and inverse method.

Figure 3 shows the hydraulic functions obtained by the 
three methods. The shapes of the curves represented by 
the classic fit on one hand, and the curves obtained by 
the integral fit and the inverse estimation on the other 
hand differ significantly. 

Fig. 3: Hydraulic functions for a fine sand, obtained from a 
MSO experiment by the classic, integral and inverse 
method. A) Retention functions; B) Conductivity functions.

Classic method: Integral method:

Conclusions

With the integral fitting method we presented a 
straightforward way to eliminate the linearization error. 
Even for tall columns the results of transient flow 
experiments may be compared with equilibrium data and 
thus dynamic effects may be more correctly quantified.

→ „Linearization error“

• large for tall columns and coarse materials

The software to evaluate hydrostatic column experiments 
by the integral method is available at:

www.soil.tu-bs.de
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