
How Darcy’s Law sparked various fields of subsurface hydrology 
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Darcy‘s Law (1856) 

J.P. Guyomard, http://www.panoramio.com/photo/52415024 HKq 
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Darcy‘s Law in 

differential form by 

Dupuit (1863) 

Law of conservation of 

mass in saturated media 

Dupuit-Forchheimer 

assumptions (1863 

and 1886): 

- Horizontal flow 

- Flow proportional to 

slope of the 

groundwater table 

Wide range of analytical solutions, mainly for 

groundwater flow towards wells: Thiem (1906), de 

Glee (1930), Theis (1935) 

Pumping tests to determine aquifer properties 

(Kruseman and de Ridder, 1990) 

Advance of computers (from 1970s onwards) 

Numerical solutions 

and groundwater flow 

modeling packages 

(1980s and onwards) 

Groundwater engineering 

- Sustainable extraction 

- Groundwater cleanup 

- Flows in complicated 3D 

geohydrological settings 
Aquifer heterogeneity 

(Dagan, 1987; 

Neuman, 1990) 

Borden aquifer 

experiments 

(Sudicky, 1986) 

Potential theory applied to 

drainage by Kirkham (1950s and 

1960s) 

Drinking water supply 

Groundwater 

quality protection 

Transient Dumm-Glover drainage 

theory (Dumm, 1954) and others 

Dupuit-Forchheimer-type 

simplifications 

Hooghoudt (1940) steady-state drainage 

equation Drainage theory by Ernst (1956) 

for layered soils 

Drainage 

https://www.soils.org/membership/divisions/soil-physics-and-hydrology/kirkham-biography 

Sudicky, 1986 

de Rooij, 2016 

Buckingham (1907) 

extended Darcy‘s Law to 

unsaturated soils 

(possibly unaware of 

Darcy‘s work!). He also 

introduced the matric 

potential, essentially 

starting soil physics 

(Nimmo and Landa, 2005). 

Law of conservation of 

mass in unsaturated media 

? 

Richards (1931) presented the flow 

equation for unsaturated flow that since 

bears his name. 

Klute (1952) inroduced the Kirchhoff 

transformation 

Gardner (1958) proposed an 

exponential hydraulic conductivity 

function 

Linearization of the 

steady-state version of 

Richards‘ equation 

Abundance of analytical solutions, 

frequently related to irrigation 

(reviewed by Pullan, 1990) 

Advance of computers 

(from 1970s onwards) 

Numerical solutions 

(late 1970s onwards) 

Advanced crop growth models, 

snowmelt models, and 

evapotranspiration equations 

Integrated soil-plant-atmosphere 

models for water flow and solute 

transport (1980s and onwards) 

Wide range of applications 

- Drainage design 

- Irrigation scheduling in 

real time 

- Management support for 

land users 

- Scenario studies 

- Transport and fate of 

nutrients, salts, pesticides 

and other chemicals 

http://www.swap.alterra.nl/ 

Irrigation 

Irhttp://x254.co/irrigation-rendering-arable-land-barren-as-experts-move-to-counter-it/rigation 
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