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Abstract
Snowmelt in the mountainous areas of the Table Mountain Group (TMG) in South Africa is believed to be one of sources of
groundwater recharge in some winter seasons. This paper provides a scientiﬁc assessment of snow impact on groundwater
recharge in Table Mountain Group Aquifer Systems for the ﬁrst time. Snowfall periodically occurs on the highest mountain
ranges of about 1 000 to 1 200 m above mean sea level (a.m.s.l) in the TMG area. Snow over the mountainous catchments
is often observed on the gentle side of the slope, which is substantially affected by wind and vegetation. Based on climatic
analysis, recharge processes and Landsat 7 Enhanced Thematic Mapper (ETM) images, the recharge areas inﬂuenced by
snowmelt in the TMG are identiﬁed as those catchments that are located above 1 000 m a.m.s.l. Physical processes within
the snowpack are very complex involving mass and energy balances as well as heat and mass transport. Snowmelt rate was
calculated using a variable degree-day melt factor determined as a function of snowpack density and vegetation cover. The
hourly snowmelt rates estimated with different new snow density models. Groundwater recharge from snowmelt is affected
by snowmelt mechanisms and local recharge conditions. The recharge rate is constrained by characteristics of the fractures
rather than snowmelt rate. Recharge is also discounted due to prevailing interﬂow occurring in favourite geomorphological locations. This hypothesis is conﬁrmed by an inﬁltration experiment in which up to 13.6% of the inﬁltrating water can
recharge the aquifer. The estimated snowmelt recharge in the Kommissiekraal River catchment in the Villiersdorp of South
Africa ranges from 14.1 ·s-1 to 15.0 ·s-1.
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Introduction
Snow cover is an important hydrological phenomenon. Snowmelt is one of the sources of water in the TMG mountainous
area. It may signiﬁcantly contribute to runoff and produce considerable recharge as well. At the same time, seasonal snow
cover would affect biotic components and water quality in river
basins. Distributed modelling of snow accumulation and melt
is therefore an important issue. Three groups of the snowmelt
models, namely index models, energy-based models and detailed models, have been developed to describe the snow-water
equivalent (Parajka et al., 2004).
In recent years, distributed snowmelt models have become
increasingly commonplace in hydrological research (Blöschl et
al., 1991a, b; Cazorzi and Dalla Fontana, 1996; Cline et al., 1998;
Luce et al., 1998 and 1999; Dunn and Colohan, 1999; Hartman
et al., 1999; Marks et al., 1999). Their growth in popularity has
been driven by increased computing power and availability of
digital elevation and remote-sensing data, and an increased appreciation of the importance of spatial variability and scale in
the adequate prediction of catchment runoff response (Kirnbauer et al., 1994; Blöschl, 1999; Anderton et al., 2003). However,
models of this type require a large amount of diverse spatial and
temporal data for parameter estimation, speciﬁcation of initial
conditions, model forcing, calibration and validation (Anderton
* To whom all correspondence should be addressed.
 +2721 959-2413; fax: +2721 959-3118;
e-mail: ywu@uwc.ac.za
Received 19 November 2004; accepted in revised form 2 May 2005.

Available on website http://www.wrc.org.za

et al., 2003). This is especially problematic for mountainous areas, where rugged topography tends to promote great heterogeneity in meteorological conditions and in the distribution of
the snow-water equivalent. Remote sensing has become increasingly important in mapping the snow-cover extent in mountainous areas (Rango, 1993). However, no method exists yet for
evaluation of catchment snow-water equivalent, using remote
sensing at the spatial scales required to characterise the spatial
variability typically found in mountainous areas (Cline et al.,
1998). The distribution of the snow-water equivalent and meteorological inputs therefore must be interpolated from terrestrial
measurements (Anderton et al., 2003).
Topography exerts a strong control on the physical processes
controlling snow accumulation and melt. Quantifying relationships between snow distribution and the terrain characteristics
of mountain catchments is an area of research that has attracted
considerable interest recently (Anderton et al., 2003). A number
of studies have used regression-type approaches to model the
distribution of the snow-water equivalent of the probability of
snow cover as a function of topographic indices (Hosang and
Dettwiler, 1991; Blöschl and Kirnbauer, 1992; Cline, 1992).
Multivariate statistical analysis was used to explore relationships between catchment topography and spatial variability in
snow accumulation and melt processes in a small headwater
catchment in the Spanish Pyrenees (Anderton et al., 2003).
Snow cover can signiﬁcantly inﬂuence energy and moisture
ﬂuxes between the earth’s surface and the atmosphere. Snowcovered surfaces absorb much less solar radiation than most
other natural surfaces (Strack et al., 2004). In addition, snowcovered surfaces are limited to a maximum temperature of 0°C.
Finally, because of its low thermal conductivity, snow acts as
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