
Results 1: Synthetic Data

Institute of Geoecology
Soil Science and Soil Physics

Inverse modelling of water flow and root water uptake in large lysimeters
Henrike Schelle1*, Sascha C. Iden1, Johann Fank2 and Wolfgang Durner1

1 TU Braunschweig | Institute of Geoecology | Braunschweig, Germany
2 RESOURCES - Water Resources Management | Joanneum Research | Graz, Austria
*h.schelle@tu-braunschweig.de | phone +49 (0) 531 391-5931

Introduction
We investigated the feasibility of simultaneous identification of soil hydraulic and root-
distribution parameters by inverse simulation. Therefore we simulated the water dynamics in
monolithic lysimeters under atmospheric boundary conditions using the Richards equation and
a macroscopic root water uptake model [1]. Weighable lysimeters are powerful test systems for
this purpose because the boundary fluxes (precipitation, actual evapotranspiration, and seepage
across the bottom) can be determined very precisely.

Questions
Do atmospheric boundary conditions provide sufficient information to determine soil

hydraulic properties by inverse modelling of water flow in large lysimeters?
 How does the design of the measurement campaign (sensors, lower boundary condition)

influence the identifiability of the soil hydraulic properties?
 Is it possible to determine soil hydraulic properties and effective root distribution parameters

simultaneously?
 Is it possible to describe the water dynamics of layered soil profiles with effective parameters?
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Conclusions
 Atmospheric boundary conditions provide sufficient information to determine soil hydraulic

properties by inverse modelling of water flow in large lysimeters.
 Pressure head data are necessary for a unique identification of soil hydraulic properties for

two layers and for the simultaneous estimation of soil hydraulic and rooting-depth
parameters.

 It is possible to describe the water balance of layered profiles with effective parameters, but
the true water dynamics inside the soil profile will not be matched correctly.
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True and estimated retention (top) and hydraulic conductivity functions (middle). Inverse modelling was performed using the free-
form (FF) parameterization. The simultaneously estimated rooting depth parameters r1 and their standard errors are given as bar
plots with error bars (bottom) together with the true value (horizontal line).

Measured and fitted outflow and profile-averaged water content data for the
grass-reference lysimeter at Wagna. Inverse modelling was performed using the
data from 2008. For 2009, the system responses were predicted (no fitting). We
used an effective free-form parameterization assuming a homogeneous soil.
Right: Identified soil hydraulic properties with 95 % confidence intervals and
estimated rooting depth parameters r1 using data from different time periods.
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Synthetic data and model predictions using the free-
form (FF) model [2] for homogeneous loam profiles.
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