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Example 1.  Green-Ampt.  A rainfall hyetograph is given in 
column 2 of table 4.  If this rain falls on a sandy loam of with initial 
moisture content equal to the field capacity, determine the runoff 
hyetograph using the Green – Ampt approach.   

Solution.  The solution is shown in table 4.  From table 2, for a 
sandy loam, Ksat = 1.09 cm/h, n=0.453, θe = 0.412 and |ψf|=11.01 
cm.  From table 1, |ψa|=21.8 cm and b=4.9.  Table 1 gives different 
values for Ksat and n.  It is unclear which values are best to use and 
the Ksat values differ by an order of magnitude.  This sort of 
uncertainty is not uncommon.  For the purposes of this example we 
use the Ksat and n values from table 2 because these have been 
developed specifically for the Green-Ampt model.   

The effective porosity, θe, reported in table 2 suggests a residual 
moisture content (see equation 24) θr=n-θe=0.453-0.412=0.041.  The 
concepts of residual moisture content and field capacity are similar 
(as noted earlier).  The residual moisture content could be used with 
equations (25) or (26) to obtain moisture content corresponding to a 
negative pressure head that defines field capacity.  However this 
would be inconsistent because the parameters in table 1 are from fits 
of the simplified Brooks and Corey functions, that do not contain θr 
as a parameter, as expressed in equation (27), to data.   

We invert equation (27) to 

b/1

a ||
||

n
−

¸̧
¹

·
¨̈
©

§
ψ
ψ

=θ
 

and use as a definition of field capacity the moisture content 
corresponding to pressure head ψ = -340 cm in this equation to 
obtain θfc = 0.259.  This value is larger than θr consistent with field 
capacity being a moisture content reached after about 3 days of 
drainage as opposed to residual moisture content being a moisture 
content below which flow in the soil is not possible.   

|ψf| could also have been estimated from equation (44) which would 
give a different value to what we obtained from table 2.  This is 
another not uncommon uncertainty in estimation of parameters. 
Here for the purposes of this example we use the value from table 2.  

� See Online Resource 

Animation of Example 1 

calculation using the 

Green-Ampt infiltration 

model 

: See Online Resource 

Excel spreadsheet used 
in Example 1.   
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We now have the information necessary to calculate the P parameter, 
P = |ψf|(n-θfc) = 2.14 cm.   

The time interval is 15 minutes, ∆t = 0.25 h.  Column 2 shows the 
incremental rainfall in each time interval.  The rainfall intensity in 
column 3 is found from column 2 by dividing by ∆t (0.25 h).   

With this information we now work through the flowchart (Figure 
42).  Initially F = 0, so fc = ∞ (from 42) and ponding does not occur 
at time 0.  Hence we move from box A to box C in the flowchart: 

cm3.03.00twFF tt
'
tt =+=∆+=∆+  

This is the preliminary cumulative infiltration under the assumption 
of no ponding.  The corresponding value of '

ttf ∆+  is (from 42) 

h/cm867.8
3.0
14.2

109.1
F
P

1Kf sat
'
tt =¸

¹
·

¨
©
§ +=¸

¹
·

¨
©
§ +=∆+  

as shown in column 7 of the table.  This value is greater than wt; 
therefore no ponding occurs during this interval and moving on to 
box E the cumulative infiltration is set to the preliminary value 

'
tttt FF ∆+∆+ =  as shown in column 11.  Box F gives the infiltration 

(column 13) and runoff (column 14).  The calculation then proceeds 
to box G where time is incremented and back to box A for the next 
time step.  The same sequence is followed for the first three time 
steps where it is found that ponding does not occur up to 0.75 hours 
of rainfall.   

During the fourth time interval (starting at 0.75 hours)  

h/cm386.2
8.1
14.2

109.1
F
P

1Kf sat
'
tt =¸

¹
·

¨
©
§ +=¸

¹
·

¨
©
§ +=∆+  

as shown in column 7 of the table.  This value is less that wt=2.4 
cm/h for the interval from 0.75 to 1 h so ponding starts during this 
interval.  Following the preliminary infiltration rate calculation in box 
C the calculation proceeds to box D.  The cumulative infiltration at 
ponding is given by (45, also table 3 column2)  
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cm781.1
09.14.2
14.209.1

)Kw(
PK

F
sat

sat
p =

−
×

=
−

=  

The partial time interval required for ponding is  

∆t' = (Fp-Ft)/wt = (1.781 – 1.2)/2.4 = 0.242 h. 

Ponding therefore starts at 0.75 + 0.242 = 0.992 h as shown in 
column 9.  Infiltration under ponded conditions occurs from 0.992 h 
to 1.0 h.  The cumulative infiltration at the end of this interval is 
obtained by solving equation (49, column3 table 3) for F.  Define the 
function  

g(F) = ¸
¹
·

¨
©
§

+
+

−
−

−−
PF
PF

ln
K
P

K
FF

tt s

satsat

s
s  

and solve numerically for g(F) = 0.  This is accomplished easily using 
the Solver function in Excel, or using a numerical solution method 
such as Newton Rhapson (Gerald, 1978).  g(F) is shown in column 
12.  This results in  

Ft+∆t=1.79995 cm.   

(This numerical precision is not warranted but is retained here for 
clarity to indicate that this number is less than 1.8.)  The infiltration 
in this time interval is therefore (column 13) 

ft = Ft+∆t – Ft = 1.79995 – 1.2 = 0.59995 cm 

The rainfall is 0.6 cm so the runoff generated is 0.6-0.59995 = 
0.00005 cm (column 14).   Practically this runoff is 0. 

At the start of the fifth time interval (time = 1 h) the cumulative 
infiltration is 1.79995 cm.  This leads to an infiltration capacity 

¸
¹
·

¨
©
§ +=¸

¹
·

¨
©
§ +=

79995.1
14.2

109.1
F
P

1Kf satc  = 2.386 cm/h 

This is already less than the rainfall rate (2.8 cm/h) for the fifth time 
interval so the calculation proceeds through box B on the flowchart.  
The procedure is exactly the same as for box D, except that the 
starting values Fs and ts are taken as the beginning of the time step 
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values (columns 8 and 10).  There is no need to solve for the time 
when ponding starts during the interval.  Numerical solution of g(F) 
= 0 is used to obtain Ft+∆t given in column 11.   

Similarly, at the start of the sixth time interval (time=1.25 h) the 
cumulative infiltration is 2.354 cm which with equation (42) leads to 
fc = 2.081 cm/h (column 5), already less than the rainfall rate (3.2 
cm/h) so the calculation proceeds through box B on the flowchart to 
obtain the cumulative infiltration reported in column 11 and 
infiltration and runoff reported in columns 13 and 14.   

During the seventh time interval (starting at time =1.5 h) the rainfall 
rate reduces to 1.6 cm/h.  At the start of this interval the cumulative 
infiltration is 2.851 cm and using equation (42) the infiltration 
capacity is 1.908 cm/h (column 5).  This is more than the rainfall 
rate, so in this time interval ponding ceases and all rainfall infiltrates 
(at least initially).  The calculation enters box C of the flowchart and 
the preliminary cumulative infiltration at the end of the time interval 
is calculated (column 6) 

cm251.34.0851.2twFF tt
'
tt =+=∆+=∆+  

Using this value in equation (42) gives (column 7) fc'=1.808 cm/h.  
This is more than the rainfall rate so no ponding in this interval is 
confirmed, and the calculation proceeds through box E, F, G, 
resulting in no runoff being generated.   

During the eighth time interval (starting at time =1.75 h) the rainfall 
rate increases to 2.4 cm/h.  At the start of this interval the cumulative 
infiltration is 3.251 cm and using equation (42) (or recognizing the 
result from above) the infiltration capacity (column 5) is fc=1.808 
cm/h.  This is less than the rainfall rate, so ponding occurs again in 
this time interval, starting at the beginning of the time interval, and 
the calculation proceeds through box B similar to the fifth and sixth 
time intervals above, with infiltration and runoff given in columns 13 
and 14.   

The last time interval (starting at time = 2.00 h) is similar with 
ponding throughout the interval.  Figure 43 illustrates the rainfall 
hyetograph, infiltration capacity and runoff generated from this 
example.   
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Figure 43.  Rainfall Hyetograph, Infiltration Capacity and Runoff 

Generated in Example 1.  Numbers are infiltration in cm in each 

interval.
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