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Iterative methods
Iterative methods need initial values at iteration level m, hi,j

m and the purpose is to calculate 
Hi,j

m+1. 

Jacobi iteration

Resulted values from previous level of iteration are used in actual iteration – not often used

Gauss-Seidel iteration

Newly computed values in the iteration formula are used: iteration level m+1 values are 
available for nodes (i-1,j) and (i,j-1) when calculating h for node (i,j) - more efficient than 
Jacobi iteration 

Succesive over relaxation (SOR)

Convergence rate of Gauss-Seidel iteration method can be improved by relaxation factor ω, 
which is obtained by trial and error and optimal value is between 1,5  - 1,8
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Gauss-Seidel Iteration

initial guesses m and 
next step m+1

1mm hh

initial guesses m

Iteration reached Convergence criteria

Iterative methods

Let’s try iterative method 
in spreadsheet by hand



Steady-state flow without leaves and/or enters
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Laplace’s 

equation
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Darcy’s law in x

and y direction
Water balance 

equation
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Finite difference approximation of Laplace’s equation

Central difference

=+
K is constant

providing dx and dz is the same

2-D Cross-section



Boundary conditions – mesh centered grid

No-flow boundary
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Constant head boundary

Simply enter appropriate head value in the boundary cell and use central difference

providing dx and dz is the same

providing dx and dz is the same



Steady-state flow with leaves and/or enters
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Poisson equation

Confined aquifer

Poisson equation

Unconfined aquifer

Finite difference approximation of Poisson equation

4

5432

1

K

Q
hhhh

h

Note – from mathematical expression implies:

• Negative sign means recharge (e. g. injection well)

• Positive sign means discharge (e.g. pumping well)

providing dx and dz is the same



Cross-section model – Tóth problem

2-D simulation, steady-state flow

Unconfined, isotropic aquifer

Physical model conception Mathematical model conception



Water balance at Mesh and Block centered grid

Cell in grid

Only ½Q at
no-flow
boundary
condition

Grid node
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Cell in grid

Grid node



Cross-section model – Tóth problem

2-D simulation, steady-state flow

Unconfined, isotropic aquifer
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Water balance in mesh centered grid
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Spreadsheet approach – groundwater flow

Well



2-D flow in Excel spreadsheet
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2-D water balance in Excel spreadsheet
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Water balance in mesh centered grid

Difference between input and output = error of numerical approximation -

related to (among others) Convergence criteria and grid spacing



Block-centered grid in Excel spreadsheet
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