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¸ use, properties etc. of matric flux potential 

 

ÂRoot water uptake 

¸ steady-rate solution of RWU with matric flux potential 

¸RWU and hysteresis 
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Soil water movement 

ÂRichards equation (1931) 

 

 

ÂDarcy-Buckingham (1856, 1907) 

 

 

ÂHydraulic properties 

¸ h, q, K 

ÂHow to solve the non-linear PDE ? 
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History 

Â Earlier solutions making use of a transformation 

¸ e.g., Klute (1952), Gardner (1958), Philip (1966) 

Â June мфссΥ {ȅƳǇƻǎƛǳƳ ά²ŀǘŜǊ ƛƴ ǘƘŜ ¦ƴǎŀǘǳǊŀǘŜŘ 
½ƻƴŜέΣ ²ŀƎŜƴƛƴƎŜƴ 

ÂDiscussion session led by G.H. Bolt 

¸How to proceed with solving Richards equation 
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The transformation 

Â The Kirchhoff transformation: heat transport  

¸Gustav Robert Kirchhoff (1824-1887) 

 

 

 

 

 

 

http://upload.wikimedia.org/wikipedia/commons/f/fe/Gustav_Robert_Kirchhoff.jpg
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Raats (1970, SSSAP 34: 709-714) 
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Steady-state Richards equation with f 

Â      non linear 

 

Â Exponential K(h) relationship (Gardner, 1958) 
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f and the stream function 

Â Stream function y Υ ά Χ corresponding to any plane 
flow problem there exists a conjugate problem which 
is obtained by interchanging f and y έ (same Laplace 
equation) (Raats, 1970) 
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Raats publications on f 
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Quasi-linear analysis of steady flows (1) 
Â Flows from (sub)surface drip 

irrigation sources 

¸Raats (1970, 1971, 1976) 

¸Recently elaborated upon by 
Communar & Friedman (SSSAJ, 
2010): coupled source-sink 
steady water flow model 

Â Flows to sinks: porous cup 
samplers, suction lysimeter 

¸Raats (1971, 1976) 

¸Merrill, Raats & Dirksen (1978) 

 

Raats (2001; Developments in soil-water physics since  
                    the mid 1960s; Geoderma 100:355-387) 

Raats (1976; Trans ASAE 19:683-689) 
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Quasi-linear analysis of steady flows (2) 

Â Flows from surface disc 

¸Wooding (1968) 

Â Flows from bore-hole permeameters 

¸Reynolds et al. (1985); Philip (1985); see also Heinen & Raats 
(1990) 

 

 

Â Stability of steady flows  

¸ van Duijn, Pieters, & Raats, 2004 

Â And several others ... 
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Raats (2001; Developments in soil-water physics since  
                    the mid 1960s; Geoderma 100:355-387) 
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Disadvantages 

ÂDoes not apply in layered or heterogeneous soils, unless 

¸ solved by discretization   (Ross,WRR, 1990) 

¸ by averaging f      (ten Berge et al., SAWAH, 1992) 

 

ÂCannot be used in combination with hysteresis  
 (e.g. Raats, 1990) 
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How to obtain f 

Â Analytical solution of the integral 

ÂNumerical integration 

Â Analytical approximation 

¸ e.g. for Mualem-van Genuchten  

 (de Jong van Lier et al., 2009; WRR 45 W02422) 

 

ÂMeasure 

¸Steady-state evaporation (ten Berge et al., NJAS 1987) 

¸Non steady-state absorption (Clothier et al., SSSAJ, 1983) 
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Example 

ÂRoot water uptake (RWU) 

¸ single root uptake 

¸ steady-rate solution in f 

Â Partial root-soil contact 

ÂUp-scaling into macro-model 

Â Properties of RWU model 

ÂModel by de Jong van Lier et al.: also f 
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Root water uptake 

ÂRichards equation extended with RWU 

 

 

 

ÂRaats and RWU, e.g.: 

¸ 1974: SSSAP 38:717-722 ς steady state with plant roots, f 

¸ 1990: scaling in soil physics ς depletion ahead of moving 
root front 

¸ review 
ω2004: Feddes & Raats 

ω2007: TIPM 68:5-28  
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Root water uptake: single root model 

Â Single root with cylindrical shell of soil 
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Steady-rate RWU in f 

Â Iteratively find hr, hrs and 
Tact for known h 
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 Numerical solution 

 Steady-rate approximation 

de Willigen and van Noordwijk, 1987 
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Root-soil contact: model 

R0 

R1 

y1 

soil 

root 
gap 

A: (r,y)=(1,0) 

r =R1/ R0 

van Noordwijk et al., 1993; 
    Geoderma, 56:277-286 




