
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 20, 2017

Heat and Water Transport in Soils and across the Soil-Atmosphere Interface:
Comparison of Model Concepts.

Vanderborght, Jan; Smits, Kathleen; Mosthaf, Klaus; Fetzer, Thomas; Shahraeeni, Ebrahim; Helmig,
Rainer

Publication date:
2014

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Vanderborght, J., Smits, K., Mosthaf, K., Fetzer, T., Shahraeeni, E., & Helmig, R. (2014). Heat and Water
Transport in Soils and across the Soil-Atmosphere Interface: Comparison of Model Concepts.. Poster session
presented at 2014 AGU Fall Meeting, San Francisco, CA, United States.

http://orbit.dtu.dk/en/publications/heat-and-water-transport-in-soils-and-across-the-soilatmosphere-interface-comparison-of-model-concepts(ff2eae43-a2d8-4477-bec0-e9a175b08602).html


M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 
Heat and Water Transport in Soils and across the Soil-Atmosphere 

Interface: Comparison of Model Concepts. 
Jan Vanderborght1, Kathleen Smits2,Klaus Mosthaf3, Thomas Fetzer4, Ebrahim Shahraeeni1, and Rainer Helmig4. 

1Agrosphere Institute (IBG-3) Forschungszentrum Jülich, Germany,  2Center for the Experimental Study of Subsurface Environmental Processes (CESEP), Colorado School of 
Mines, USA, 3Dept. of Environmental Engineering, Technical University of Denmark, 4Dept. of Hydromechanics and Modelling of Hydrosystems, University of Stuttgart, Germany. 

Introduction 
Evaporation from the soil surface represents a water flow and transport 
process in a porous medium that is coupled with a free air flow and with 
heat fluxes in the system. We give an overview of  different model 
concepts that are used to describe this process. 

Acknowledgments 
This work is funded by the research Unit MUSIS of  the German Science Foundation.  

References 
Mosthaf, K., K. Baber, B. Flemisch, R. Helmig, A. Leijnse, I. Rybak,  B. Wohlmuth (2011): A coupling concept for two-
phase compositional porous-medium and single-phase compositional free flow. Water Resour. Res., 47 doi: 
10.1029/2011wr010685 
Saito, H., J. Simunek,  B. P. Mohanty (2006): Numerical Analysis of Coupled Water, Vapor, and Heat Transport in the 
Vadose Zone. Vadose Zone J, 5 (2): 784-800. doi: 10.2136/vzj2006.0007 
Simunek, J., M. Sejna, H. Saito, M. Sakai,  M. T. van Genuchten (2008). The HYDRUS-1D Software Package for 
Simulating the Movement of Water, Heat, and Multiple Solutes in Variably Saturated Media, Version 4.08. HYDRUS 
Software Series 3. Riverside, Department of Environmental Sciences, University of California Riverside: 330. 
 H51C-0620 

DFG Research 
unit MUSIS 

Concepts 
General Assumptions: 
• Thermal equilibrium: temperature of  all phases is equal 
• Chemical equilibrium: Kelvin equation relates vapor pressure in gas 

phase with capillary pressure of  liquid phase. 
• Mechanical equilibrium. 
 
Overview of  concepts:  

1-D Models: 
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Transient atmospheric boundary conditions 

Diurnal dynamics of  evaporation fluxes is not reproduced by Richards 
equation, but, cumulative evaporation losses over a longer time are. Why? 
(1) Rewrite mass balance in terms of  a diffusion equation with diffusivity 
Dw, (2) Use Boltzmann transform, (3) cumulative evaporation increases 
with t0.5 and proportionality factor is desorptivity Sevap, (4) Sevap is an 
average of  Dw over θ   mostly determined by liquid phase diffusivity. 

Figure 4: water content profiles at different times (left), overlap when fitted versus λ 
(right)+ graphical representation of  Sevap 
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2-D Models: Lateral variations in fluxes and state variables 
from/on heterogeneous surfaces 

Figure 1: Effect of  lateral variations in 
vapor content in the free flow due to 
varying boundary layer thickness on 
drying. Left: simulation setup, below: time 
series of  simulated water contents in the 
porous medium. (Mosthaf  et al., 2011) 

Effect of  lateral variations in vapor content in the free flow on 
evaporation rates from wet patches different size.  

Figure  2:  Simulation set up (top), 
simulated boundary layers (middle), 
evaporation rate for different patch 
sizes and wind speed (bottom). Only 
free flow is simulated and vapor 
concentration, Cs, at the free flow-
porous medium is given as constant 
boundary condition in this example.   

Figure 3: Atmospheric boundary cond. (top), 
Evaporation fluxes and cumulative evap. (bottom) 
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