




















 
 
Richards’ Equation Flow Charts and Mass Balance Calculations: 
 
 
In solving Eq. [21], ai, bi, and ci, that include Ci, Ki, as a function of h, are at (j+1) time level.  So, 
although they are in the coefficient matrix, their true values at (j+1) are unknown.  How to 
solve??? 
 
 
At beginning of new time step, t + ∆t, values of Kij and Cij are substituted for Kij+1 and Cij+1. The 
coefficient matrix is solved iteratively, until differences between 1

1
+
+

k
ijh  and k

ijh 1+  are smaller than 
error criterion, ε (EPS) .  Realize that superscript (k) denotes the iteration number. This method is 
called the PICARD ITERATION.  
 
FLOW CHART  ONEDIM: 
 
       t  = 0  ; initial conditions 
 
 
 
     k = 1 ; NC in ONEDIM 
 
        H(1,i) = hij  and H(2,i) = H(1,i) 
 
               If NC> 50 decrease ∆t 
     Solve Ax=b, while using  k

ijh 1+  
     to update coef. matrix A 
                          k=k+1 
                       H(2,i)=H(3,i) 
   
     Result is   1

1
+
+

k
ijh      ;  i = 1,  . . . ., N  

Set solution to  H(3,i) 
 
 

                                      NO            ERR = MAXi  {H(3,i) – H(2,i) } <  EPS 
 
 
                   YES , but check mass balance next , EMB 
 
 
 
            t = t + ∆t                             H(1,i) = H(3,i) , for all i 
 
 



 
 
Define relative error between iterations as: 
 

)k(
ij

k
ij

)k(
ij

N,.,i h
hh

MaxERR 1
1

1
1

1

1 +
+

+
+

+

=

−
=  

 
If ERR > ε , Re-iterate 
If ERR < ε , OK, and   1

1
+
+

k
ijh   is the solution.    In ONEDIM, ε = ERR = 0.001 

 
Program ONEDIM limits the nr of iterations NC to 50.  
If NC > 50, reduce time step by one half, and start over. 
 
So, how about time step size ∆t  = DT (in ONEDIM): 
This is done using mass balance calculations: 
 
 
 
MASS BALANCE CALCUATIONS in ONEDIM 
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∂θ  , for the complete soil domain. That is, between the surface and bottom boundary. 
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SO: 
 
Absolute mass balance, EMB = DELMO – DELFLU 
Relative mass balance, REMB = EMB/DELFLU 
 
Now: 
If EMB > DEL   (DEL = 0.001) 
      Decrease ∆t: ∆t = 0.5∆t 
      Start over again, i.e., reject hi,j+1 and start re-iterating. 
 
IF EMB < (0.1xDEL) 
      Increase ∆t:  ∆t =1.5∆t 
      Now advance in time. 
 
IF  0.1DEL < EMB < DEL 
      Advance in time, 
      But do not change ∆t 
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