Characteristics of local groundwater recharge cycles
in South African semi-arid hard rock terrains:
Rainfall–groundwater interaction
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Abstract
The semi-arid and arid regions occupy almost two-thirds of South Africa and fall in the winter and summer rainfall zones
of the sub-continent. The annual rainfall patterns can be regarded as intermittent with a significant spatial variability due
to the unique winter/summer synoptic systems manifesting over Southern Africa. Summer rainfall events indicate that episodic wet periods, consisting of up to 8 consecutive days, may contain falls that contribute to almost 45% to 60% of the total
annual rainfall of an area; associated with relatively higher rain rates (1.5 to 10 mm·h-1). Hyetograph-hydrograph time-series
data sets, however, indicate that episodic rainfall events are responsible for rapid, but sustainable groundwater recharge
events. The recurrence rate of these events in the semi-arid and arid regions is still low and aquifer storage-recharge is
therefore not an annual event. The recharge flow path through the unsaturated zone reservoir plays an important role in the
underdrainage flow pattern, and subsequently the saturated flow regime. It resembles a simple L-shaped flow path driven
by direct recharge mounding in the fractured hard rock terrain and indirect recharge to the surrounding sub-reservoirs. The
lag-times between rainfall events and water table responses were found to be significantly short; a matter of a few hours to
less than a few days. Evidence of multi-modal, time-related infiltration phases during the summer early and peak rainfall
intervals, governed by the field capacity status of the unsaturated zone reservoir and the growth status of the local vegetation, were observed. A unique rainfall pattern in semi-arid and arid regions is required before a sustainable aquifer storagerecharge condition develops and such incidences could be a one-in-several-year (5 to 9) event.
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Introduction
Due to the lack of sufficient spatial hydrometeorological data
available to groundwater practitioners working in the arid and
semi-arid regions of Southern Africa, groundwater recharge
estimations are based on long-term average rainfall data. In
many cases, meteorological data from distant weather/rainfall
stations are the only available source of rainfall data for a
particular recharge terrain, most probably in a completely
different rainfall response area. It is known that the effects
of local relief, viz. peneplanes and mountainous terrains,
influence rainfall patterns/depths significantly. In addition,
insufficient short-term water table trends/time series response
data are available to draw conclusions on the actual rainwater–groundwater interaction under highly variable rainfall
scenarios.
This paper deals with the physical interaction between
rainfall (rainfall depths/frequencies and intensities) and the
timely response of the local aquifer systems during water
table rebounds initiated by recharge-producing rainfall
surplus incidents. An earlier publication by the same authors
describes the sources of airborne moisture generated over the
surrounding western Indian and Southern Atlantic oceanic
regions (Van Wyk et al., 2011). The hydrochemical composition of rainfall intervals was observed and the results portray
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a significant hydrochemical difference between winter/
summer rainfall regions, and early, peak and dry rainfall
intervals over hydrological cycles. These differences in space
and time should be acknowledged when environmental
tracers such as Cl- in rainwater are applied for estimating
groundwater recharge utilising the chloride mass balance
application.
Application of the hyetograph-hydrograph data sets provides a physical assessment of the occurrence and magnitude
of episodic rainfall patterns. It provides information to estimate boundary conditions of rainfall intensities and depths
required for aquifer storage-recharge. Theoretically, semi-arid
and arid hard rock terrains provide suitable hydrogeological
conditions to study rainfall–groundwater interactions.

Rainfall patterns and intensities
Introduction
Rainfall patterns in the semi-arid regions manifest as intermittent events, separated by long periods of sub-average rainfall
depths, referenced as dry-spells. The synoptic patterns, especially for the summer rainfall regions, are highly erratic due to
the diverse atmospheric and geomorphological controls over
the Southern African subcontinent. In addition, orographic and
ground-surface temperature variations play an important role
in the spatial distribution and intensities of rainfall events, as
well as the high evapotranspiration losses from super-heated
land surfaces (>50°C) (Kendall and McDonnell, 1998) typical
of semi-arid and arid environments.
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