
4th International HYDRUS Conference, Prague, March 21-22, 2013
Session: Variably-Saturated Water Flow and Transport of Contaminants

Temporal variations of soil hydraulic properties 
and its effect on soil water simulations

Andreas Schwen1 Gernot Bodner2 and Willibald Loiskandl1Andreas Schwen1, Gernot Bodner2, and Willibald Loiskandl1

1 Institute of Hydraulics and Rural Water Management
2 Institute of Agronomy and Plant BreedingInstitute of Agronomy and Plant Breeding

University of Natural Resources and Life Sciences (BOKU), Vienna, Austria

Soil hydraulic properties in space and time
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• Soils fulfill a crucial part in the water cycle and provide important ecosystem services

• The hydraulic properties underlie natural and antropogenic impacts

• Soil hydraulic properties inhibit a strong spatial and temporal variability

How do soil hydraulic properties change over time?
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Hypotheses

Is the temporal variation important to be considered?

• Different soil cultivation techniques result in differences in the soil hydraulic properties.

• Soil hydraulic properties change over time influenced by soil tillage and natural influencing factors
(e.g., climate, biological activity).

• These changes can be captured by repeated tension infiltrometer experiments.

• Simulations of the soil water dynamics can be improved by using time-variable soil hydraulic
parameters.p

Objectives

Q f f f ff ff• Quantification of temporal changes of soil hydraulic properties affected by different tillage methods.

• Implementation of time-variable soil hydraulic properties into a soil water simulation.

• Model assessment (temporally constant vs. time-variable parameters) by measured soil water data.Model assessment (temporally constant vs. time variable parameters) by measured soil water data.

Experimental site and periodic measurements
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• Longterm field cultivation experiment:
• Conventional tillage with ploughing (CT)
• Reduced tillage (RT)
• No-tillage (NT)g ( )

• Location: Raasdorf (Marchfeld, Lower Austria)
• Soil: silty loam (S: 27%, U: 54%, T: 19%)
• Climate: N = 546 mm, T = 9,8°C, ET0 = 912 mm; „dry subhumid“
• 3 replications with randomised blockdesign3 replications with randomised blockdesign
• Crop: winter wheat
• Periodic tension infiltrometer experiments on the surface (n = 3) 10 

times over two consecutive years

(Schwen et al., 2011; Soil & Tillage Res.)



Tension infiltrometer experiments and data analysis
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• Principle: Measurement of the water infiltration at prescribed matric 
potentials h at unsaturated conditions

• h = −10, −4, −1 and 0 cm
• Manual record of the water level

• Determination of unsaturated hydraulic conductivity K(h): 
Method of Wooding (1968).

• Top soil layer
• Inverse parameter estimation of the van Genuchten/Mualem 

(1980) retention model with HYDRUS 2D/3D.
• Ks: derived by Wooding equation
• m = 1–1/n; l = 0.5; θr = 0.065 m3 m–3

• Inversely estimated: αVG, n, θs

• Calculation of representative mean sets of parameters by 
scaling

upper boundary: atmospheric

• Description of time-variable soil hydraulic properties by fitting 
cubic splines to the time course of scaling factors

• Deeper soil layers
D t i ti f h d li ti f di t b d l

Geometry: 
2D axialsymmetric

• Determination of hydraulic properties of undisturbed samples 
using hanging water column and pressure plate extractors 

• treated as temporally constant
lower boundary: free drainage

y

Simulation of the soil water dynamics
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Model setup
• Geometry: 1 m vertical soil profile
• Numerical solution of the 1D-Richards‘ Equation using COMSOL Multiphysics
• Upper boundary: Precipitation and evaporation• Upper boundary: Precipitation and evaporation
• Lower boundary: Unit gradient
• Transpiration: Sink term with linear growth and root distribution function

Si l tiSimulations
• Simulation of the soil water dynamics 

with a daily discretization for 2 years
• Assessment: Use of temporally

constant (mean) versus time-variableconstant (mean) versus time-variable 
soil hydraulic parameters

Validation 
• Continious measurements of theContinious measurements of the

soil water content using probes 
(C-Probe, 3 replications per cultivation)

Near-saturated hydraulic conductivity K(h) and hydraulic parameters
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• General: CT > RT > NT

• Smaller differences close toSmaller differences close to 
saturation (h = −0.5 and 0 cm), 
larger differences at h = −10 cm

• Strong temporal variability

• Spatial variability (CV): Increased 
towards saturation and was 
largest for NT

Inverse parameter estimation

• α showed a strong temporal• α showed a strong temporal 
variability.

• n is hardly sensitive for the type of 
cultivation or temporal dynamics.

• The smallest temporal variabilityThe smallest temporal variability 
of the hydraulic parameter was 
found for NT.

(Schwen et al., 2011; Soil & Tillage Res.)

Simulation of soil water dynamics
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Assessment: Predicted vs. obtained

• Generally: Good agreement between 
simulated and obtained water contents

• Better performance of the simulations with 
time-variable parameters

• Best performance for CT, due to 
homogeneous hydraulic properties

Soil water balance

• Only small differences in the water balances 
between the cultivations

• RT and NT: Increased water storage in the 
near-surface soil compartment

• Differences between the cultivations were 
more pronounced under dryer climatic 
conditions (2008/09)

(Schwen et al., 2011; Agri. Water Management)



Simulation of soil water dynamics
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Assessment: Predicted vs. obtained

• Generally: Good agreement between 
simulated and obtained water contents

• Better performance of the simulations with 
time-variable parameters (RMSE)

• Best performance for CT, due to 
homogeneous hydraulic properties

θ10 S (0-30 cm)Tillage Season θ10 S (0 30 cm)
const. var. const. var.

CT
2008/2009 0.037 0.035 5.4 2.1
2009/2010 0.080 0.049 14.3 2.8

Overall 0.062 0.042 10.7 2.5
2008/2009 0.065 0.072 10.0 4.0

RT
2008/2009 0.065 0.072 10.0 4.0
2009/2010 0.077 0.045 23.9 9.5

Overall 0.072 0.062 18.1 7.2

NT
2008/2009 0.060 0.073 2.7 0.2
2009/2010 0.101 0.073 22.3 3.9

Overall 0.083 0.074 15.6 2.7

(Schwen et al., 2011; Agri. Water Management)

Effects of different cultivation techniques in soil hydraulic properties
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• Soil hydraulic properties change dynamically over time as a result of soil tillage and other natural 
influencing factors. 

Th h d li d ti it K(h) i th d CT > RT > NT ith th l t diff i th• The hydraulic conductivity K(h) wasin the order CT > RT > NT, with the largest differences in the 
mesopore range.

• Direct seeding (NT) lead to a high spatial variability of the macropore network and a good temporal 
stability of the pore networkstability of the pore network.

Simulation of the soil water dynamics with time-variable parameters

• Statement: Parameters inversely estimated from tension infiltrometer experiments can be used for 
the parameterization of soil water simulations. 

f f• The use of time-variable soil hydraulic properties improved the accuracy of soil water simulations.

• The soil water balance indicated a slightly increased water storage in the near-surface soil under 
RT and NT, especially under dryer climatic conditions.

Perspectives
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• Development and adaptation of models that describe temporal changes of soil hydraulic properties 
basing on the evolution of the pore-size distribution. 

M h i t i d t ll ti i l i t h i• More comprehensive measurements are required to allow time-series analysis techniques.

• Changes of land use and cultivation methods will be subject of future investigations.

References

• Schwen, A., G. Bodner, and W. Loiskandl 2011. Time-variable soil hydraulic properties in near-surface y
soil water simulations for different tillage methods. Agricultural Water Management 99: 42-50. 

• Schwen, A., G. Bodner, P. Scholl, G.D. Buchan, and W. Loiskandl 2011. Temporal dynamics of soil 
hydraulic properties and the water-conducting porosity under different tillage. Soil & Tillage Research 

( )113(2): 89-98. 

Thank you for the audience!y

Special thanks are due to:

• Graeme D Buchan (Lincoln University NZ) Sam Carrick (Landcare Res Lincoln NZ)• Graeme D. Buchan (Lincoln University, NZ), Sam Carrick (Landcare Res. Lincoln, NZ)

• Markus Deurer, Brent Clothier (Plant & Food Res. Palmerston North, NZ) 

• Kai Schwärzel (TU Dresden, Germany)


