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▪ Introduction

▪ Overview developments in past 15 years

● Root water uptake: drought and oxygen stress

▪ Developments in the future
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It started in 1974

41: On leave from Institute for Land and Water Management Research, Wageningen, the Netherlands



▪ Soil water balance

▪ Water uptake by roots

▪ ET demand: meteorological conditions and crop properties

▪ Soil – vegetation – atmosphere transfer processes

▪ Numerical simulation model

▪ Old names: SWATR, SWATRE, SWACROP

▪ Since 1997: SWAP: Soil Water – Atmosphere – Plant

Key words then and still current
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▪ Numerical, mass-conservative solution of 1D Richards equation

▪ Evapotranspiration

▪ Interactions with groundwater and surface water

▪ Macropore flow

▪ Case studies

▪ Vision on the future

Previous overview in 2008: major items discussed
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▪ Theory and user manual

▪ SWAP version 4

▪ https://swap.wur.nl

▪ Freely available (open source; GNU 

GPL license 2.1)

▪ Manual included

● https://edepot.wur.nl/416321

SWAP manual (2017)
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SWAP 50 years
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▪ Crop growth i.r.t. soil, climate and water management

● including root development (Martin Mulder)

▪ Soil hydraulic properties

▪ Drought stress: empirical and process-based concepts

▪ Oxygen stress

▪ Case studies (Janine de Wit)

▪ Promising developments in the near future

Selected developments in past 15 years

9



RWU modelling

▪ Empirical: Feddes-concept

▪ Crop dependent: h3, h4

▪ Not directly soil dependent

▪ Process-based
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Root water uptake is a key process in the global water 
cycle (Jasechko et al., 2013; Rothfuss and Javaux, 2016).



Example: differences root water uptake models
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Example: differences root water uptake models
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▪ Lrv: root length density: length per unit volume of soil (cm cm-3)

▪ Empirical model: relative Lrv(z,t)

▪ Process-based model: absolute Lrv(z,t)

▪ Root length density distribution as a function of time and depth

● Martin Mulder: Dynamic crop growth and root development

Process-based models require Lrv
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Process-based oxygen uptake

▪ Bartholomeus et al. (2008)

▪ Analogy with process-based 

RWU

▪ Oxygen stress reduces 

potential assimilation rate  

similar as drought stress

▪ Replaces wet-end of empirical 

Feddes-model
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▪ Continue proper description of severe drought, oxygen and 
prolonged heat waves (climate change) on crop development

▪ Salinization: salinity stress

▪ Interaction with nutrients, pesticides 

● Afternoon: Piet Groenendijk (ANIMO), Aaldrik Tiktak (PEARL)

▪ Many more …

▪ Focus: applicability for 

● land evaluation studies

● impact of hydrological management options

● studies on climate impact and possible climate adaptation

SWAP and the future
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Thank you
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▪ Root length density

▪ Root radius and root xylem radius

▪ Root hydraulic conductivity

▪ Root-stem-leaf conductance

▪ Leaf water potential where 50% transpiration reduction + shape 

parameter

Process-based models require other input

17



Single layer: comparison

18

Sand Loam

Clay Peat

Empirical
Process-based



▪ Empirical

● reduction per soil compartment

● post-processing Jarvis compensation (linear)

▪ Process-based

● implicitly included in solution procedure

● solve for all n soil layers + reduction function

● n+1 equations with n+1 unknowns

Compensation
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