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ABSTRACT  
The self-organisation of groundwater flow in nested systems (Tóth, 1963) is arguably one of the most fundamental 
properties of groundwater flow. In this contribution, we will reflect on regional groundwater flow systems in terms of its 
concept and theory, its acceptance in science and its significance of practical usage in the past and present. We also 
critically review the future need for further development of the theory as well as how regional groundwater flow systems 
can play an enhanced role in groundwater science, practice and policy. 
A number of observations emerged from the reflection and review of the literature. First is that overwhelmingly, a specified-
head top boundary condition has been used for the water table. This specified condition, often topography, can induce 
important errors in the flow solution, as the water table is in reality a function of the system’s properties and stresses. More 
research is needed to elucidate the general properties of nested groundwater flow systems under a free-surface water 
table condition, which should lead to scaling laws to describe the characteristics of nested groundwater flow systems. 
Second, most studies on nested groundwater flow systems considered cross-sectional conditions; we should tackle 
problems in three dimensions. Third, the effects on regional groundwater flow systems of the spatial distribution of 
recharge, the interaction with surface water and vegetation, the fractal characteristics of topography, and subsurface 
heterogeneities all have barely been investigated. Fourth, the impact of pumping and climate change on the hierarchical 
organisation of flow systems is largely unknown, and hence deserves more attention if we want to tackle the challenges 
posed by the current world’s pressures. While technical difficulties may have hampered advances on this topic in the past, 
a myriad of methods and computing power are now available to make this research possible. 


