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Introduction

Objectives

Understand Infiltration Processes

Fundamental soil physics
Know most important formulae
Know measurement techniques
Understand relevance for hydrology
Be able to apply infiltration models
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Relevance in Hydrology

Infiltration
Switch in Flowpaths
Infiltration is an important switch in hydrological flow paths,
dividing precipitation into surface flows and subsurface flows.

Qs = P − I [mm]

mit Qs = surface runoff in mm, P Precipitation, I Infiltration in
mm.
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Relevance in Hydrology

Infiltration and runoff

Tarboton, 2003
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Relevance in Hydrology

Infiltration and runoff

Tarboton, 2003
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Relevance in Hydrology

Infiltration and runoff

Dunne & Leopold, 1997

Infiltration rate
decreases
Approaches
constant value

Prof. Dr. Christoph Külls, Hydrology Lab
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Relevance in Hydrology

Infiltration and runoff

Dunne & Leopold, 1997

P > I infiltration and runoff
P <= I infiltration, no runoff
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Relevance in Hydrology

Infiltration and runoff

Bras, cited in Tarboton, 2003

Prof. Dr. Christoph Külls, Hydrology Lab
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Relevance in Hydrology

Infiltration and runoff

Tarboton, 2003

Infiltration
saturates soil
Saturated soil
produces runoff
Floodplain turns
into runoff
producing area
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Relevance in Hydrology

Infiltration and runoff

Dunne & Leopold, 1997

Saturated area
near rivers
Runoff
producing
areas
High correlation
of moisture with
runoff
coefficient
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Relevance in Hydrology

Infiltration and runoff

Tarboton, 2003
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Relevance in Hydrology

Transmission losses

Goodrich, USDA cited in Tarboton, 2003

Prof. Dr. Christoph Külls, Hydrology Lab
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Relevance in Hydrology

Infiltration models
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Formula

Philip Infiltration Formula
Infiltration Amount
Philip wrote a famous paper on the theory of infiltration in 1969:
Philip J R. Theory of infiltration. Advan. Hydrosci. 5:215-96,
1969. [Division of Plant Industry, CSIRO, Canberra, Australia]

I = S ∗
√

t + a ∗ t

with I infiltration amount [mm]
S sorptivity [mm/h−0.5]
a hydraulic conductivity [mm/h]
t time [hours]
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Formula

R program

The infiltration formula can be plotted using an R program.

1: S <- 30 # mm

2: a <- 8 # mm/hour

3: t <- seq(0,0.5,by=1/60.0)

4: I <- S*t^(0.5)+a*t

5: plot(t,I)
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2017



17

Formula

R program of infiltration amount (Philip)
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Formula

Philip Infiltration Formula
Infiltration rate
The infiltration rate i in mm per time can be derived from the
derivation of the Philip formula for infiltration amount (or vice
vs. amount by integration of rate):

i =
1
2
∗ S ∗ t−0.5 + a

with i infiltration rate [mm/h]
S sorptivity [mm/h−0.5]
a hydraulic conductivity [mm/h]
t time [h]
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Formula

R program

The infiltration rate formula can be plotted using an R program.

1: S <- 30 # mm

2: a <- 8 # mm/hour

3: t <- seq(0,1,by=1/60.0)

4: i <- 0.5*S*t^(-0.5) + a

5: plot(t,i)
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Formula

R program of infiltration rate (Philip)
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Formula

Horton equation

cited in Tarboton, 2003

f1 constant
infiltration
rate
f0 initial
infiltration
rate
k recession
factor
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Formula

R program of Horton equation
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Formula

Green & Ampt equation

cited in Tarboton, 2003

Assuming
block sharp
wetting front
Analytical
solution
Can include
ponded
water
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Formula

Green & Ampt equation

At any time, t , the penetration of the infiltrating wetting front will
be Z . Darcy’s law can be stated as follows:

q =
dI
dt

= −Ks ∗
[

hf − (hs + Z )

Z

]
where Ks is the hydraulic conductivity corresponding to the
surface water content, and I(t) is the cumulative infiltration at
time t , and is equal to Z ∗ (θs − θ0).
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2017



25

Formula

Green & Ampt equation

Using this relation for I(t) to eliminate Z and performing the
integration yields,

I = Ks ∗ t − (hf −hs) ∗ (θs− θ0) ∗ loge

(
1− I

(hf − hs) ∗ (θs − θ0)

)

with I(t) infiltration amount [cm]
Ks hydr. conductivity [cm/h]
hf wetting front pressure head (negative) cm
hs water pressure at surface (ponding) cm
θs moisture content at saturation −
θ0 antecedent moisture −
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Formula

Green & Ampt equation

In order to solve this equation, we need to bring I(t) to one side
of the equation:

1
Ks
∗
[
I − (hf − hs) ∗ (θs − θ0) ∗ loge

(
1− I

(hf − hs) ∗ (θs − θ0)

)]
= t

with I(t) infiltration amount [cm]
Ks hydr. conductivity [cm/h]
hf wetting front pressure head (negative) cm
hs water pressure at surface (ponding) cm
θs moisture content at saturation −
θ0 antecedent moisture −
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Formula

R program of Green & Ampt equation
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Formula

Green & Ampt parameters

Ksat
corresponds
to Ks

|ψf |
corresponds
to hf

θe
corresponds
to θs

θ0 needs to
be known
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Summary

Summary

Measurement methods: Guelph, double ring and
suction plate
Models: Philip, Green-Ampt, Haverkamp
Application: Runoff modeling, recharge, pollutants
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