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EXTENDED ABSTRACT 
 

Water table fluctuations play an important role in coastline stability, 
solute exchange in the subsurface (eg. sea-salts, nutrients), and the fate of 
surface-introduced contaminants (eg. oil spills).  Nielsen and Perrochet 
(2000) investigated the response of a water table to cyclic forcing in one-
dimension using both laboratory and numerical experiments and were 
particularly interested in the effect of the capillary fringe on water table 
dynamics.  The experimental set-up consisted of a cyclic pressure boundary 
condition at the base of a sand column in which the location of the 
fluctuating water table was monitored.  They observed discrepancies 
between experimental data and their non-hysteretic Richards' equation-
based simulation. 

In the investigation presented here the role of hysteresis is explored in 
a series of numerical simulations that reproduce the laboratory experiments 
of Nielsen and Perrochet (2000).  The results are presented in terms of the 
complex frequency response function, F, which is defined by Nielsen and 
Perrochet to describe the water table wave characteristics relative to the 
forcing wave characteristics.  It is clear that hysteresis can account for 
observed discrepancies between their non-hysteretic simulation and 
experiment in terms of F. 

In addition, the use of a single-valued mean retention curve in lieu of 
a full hysteretic model, as advocated by some authors (eg. Stauffer and 
Kinzelbach, 2001), is also investigated in this case. It fails to provide a match 
between the simulated and observed behaviour of the Nielsen and Perrochet 
parameter F, but is shown to be adequate for predicting time-averaged soil 
moisture profiles. 

The numerical experiments adopt a modified version of HYDRUS1D 
(Simunek et al., 1998), which utilises the hysteretic algorithms of Parker and 
Lenhard (1987) to avoid artificial pumping errors. 
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