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The multistep-outflow and the evaporation method have become very popular experimental methods 
for the quick and simultaneous determination of the water retention and hydraulic conductivity func-
tions in the laboratory. Investigations on the agreement of soil hydraulic properties obtained from these 
methods, applied to the same soil, are yet scarce. The aim of this study was to compare hydraulic prop-
erties obtained by the multistep-outflow method and the simplified evaporation method by Schindler 
(1980), advanced by Peters and Durner (2008a).

To test the transferability of the soil hydraulic properties obtained by the two methods, we analysed 
columns with disturbed and undisturbed soils by both methods in a sequence. We first performed the 
multistep-outflow experiment, re-saturated the same soil column, and then performed the evaporation 
experiment. We compared the retention data points that can be obtained directly from the two experi-
ments, and two types of fitted soil hydraulic properties. Type  was the classical van Genuchten reten-
tion function coupled with the Mualem conductivity function (VGM), and type  was the van Genuchten 
retention function coupled with the conduc-tivity function of Peters and Durner (2008b), that extends 
the Mualem capillary flow model and also accounts for film flow (VGP). 

● Peters, A. and W. Durner (2008a): Simplified Evaporati-
on Method for Determining Soil Hydraulic Properties, 
Journal of Hydrology, 356, 147– 162. 

● Peters, A. and W. Durner (2008b): A simple model for 
describing hydraulic conductivity in unsaturated porous 
media accounting for film and capillary flow, Water Re-
sour. Res., 44, W11417. 

● Schindler, U., 1980. Ein Schnellverfahren zur Messung 
der Wasserleitfähigkeit im teilgesättigten Boden an 
Stechzylinderproben. Arch. Acker-u. Pflanzenbau u. Bo-
denkd. Berlin, 24, 1–7.

In the evaporation experiment (EVA)  the satur-
ated soil column was placed on a scale and ex-
posed to the evaporation in the laboratory. The 
change in overall weight and in pressure heads 
at two height levels were monitored. In the 
symmetric experimental setup by Schindler the 
mean water content and the mean pressure 
head as well as the water flow can directly be 
calculated. By using the evaluation method of 
Peters and Durner (2008a) the errors through 
linearisation assumptions in the evaluation pro-
cedure are minimized. 

In the multistep-outflow (MSO) method the ini-
tially saturated soil was drained by stepwise de-
creasing the pressure head at the bottom. We 
monitored cumulative outflow across the lower 
boundary and water pressure head at one or 
two different depths inside the samples. This 
experiment was evaluated by inverse modelling. 
Data points for the retention function can also 
directly be calculated from the measurements. 
The validity of this was tested with synthetic 
data (not shown).
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Retention data that are directly 
obtained from the MSO measure-
ments (black) and EVA evaluation 
(blue) agree almost perfectly 
(left) .

The right hand figure shows the 
hydraulic conductivity data from 
the EVA evaluation. The non-linear 
course of the data on the log-log 
plot reflects a characteristic, which 
is not in accordance with the VGM 
conductivity model. This leads to 
problems in the direct fit, as dis-
cussed below.

The VGM function of the MSO 
(black), obtained by inverse mod-
eling, matches the retention and 
conductivity data from EVA in the 
wet range well. In the dry range, 
the extrapolation is less good, 
since the MSO contains no inform-
ation beyond pF 2.0.

A direct fit of the VGM functions 
to the EVA data yields very differ-
ent functions (blue), depending on 
the weight of the dry conductivity 
data in the parameter optimiza-
tion process. This reflects the in-
adequacy of the functional model 
to describe the data.

Contrary, the fit of the VGP func-
tions to the data gives an almost 
perfect fit and is thus unaffected 
by the weighing of the data in this 
multi-criteria optimization. The 
data show that, for this soil, film 
flow is an important process in the 
drying soil. 

● We found an excellent agreement between the 
data points of the soil hydraulic functions ob-
tained by the two different methods.

● The EVA method provides retention data from 
the wet to the dry range (~pF 3) and conductiv-
ity data in the intermediate to dry range. But it 
provides no information about the conductivity 
function in the wet range.

● The MSO method yields reliable information for 
retention and conductivity functions in the wet 
range. 

● If the chosen model is not able to reproduce the 
data, the weighting scheme in the multi-object-
ive optimization can strongly affect  the fitting 
result. 

● In this case, the functions derived from the two 
methods can be very different due to informa-
tion contents in different pressure head ranges.

● The results show that the extrapolation of the 
hydraulic functions into the dry region is not 
trivial and with the lack of information, model 
errors can not be detected.

● The van Genuchten-Mualem model with the 
Peters and Durner (2008b) extension accounting 
for film flow was able to reproduce the conduct-
ivity data much better than the standard van 
Genuchten-Mualem model.
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In this poster, results are shown 
exemplary for a single sample packed 
with a coarse sand. 

In the left figure, measured and fitted 
data for cumulative outflow and pres-
sure heads in one depth are shown for 
the   multi-step outflow experiment. 
In the first stage of the experiment, 
both, the VGM and the VGP model 
give almost identical fits (note the 
mismatch in the outflow around t = 15-
25 hrs due to dynamic effects). In the 
second stage, the VGP model matches 
the observations  better but the fit is 
not perfect. 

The evaporation experiment  for the 
same sand sample shows a constant 
evaporation rate for ~250 hours (stage 
1, atmosphere controlled) before the 
evaporation rate drops (stage 2, soil 
controlled). 

Model predictions, obtained by simula-
tions with two parameter sets of the 
VGM model (blue) and the VGP model 
(red) are also depicted.  Two paramet-
er sets of the VGM model and one set 
of the VGP model result from different 
fits of the functions to the EVA data 
(right Figures). 

The VGP simulation yielded a satisfying 
match of the observed evaporation 
rate in stage 2. However, the time of 
the drop of the pressure heads was not 
properly predicted. Simulations with  
the VGM model were either far off 
(dashed line) or crashed numerically 
before reaching the end of the experi-
ment. 
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