Hydrology, sediment transport dynamics and geomorphology
of a variable flow river: The Mfolozi River, South Africa
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Abstract
The co-efficient of variation for inter-annual streamflow of the Mfolozi River is extremely high at 79%. An analysis of flow
frequency indicated that streamflow is skewed towards low-flow values, with a number of extremely large flood events occurring as outliers on the histogram. Streamflow variability in the Mfolozi River may be linked to multiple factors including
a large catchment size, a seasonal climate of a dry winter and wet summer, evergreen vegetation in the catchment, variable
precipitation and the occurrence of regionally pervasive climatic oscillations. This research aimed to address how streamflow
variability impacted upon sediment transport and thus, geomorphology. It was found that sediment transport variability
occurred at the intra- and inter-annual scale. Analysis of mean monthly sediment concentration and discharge showed a
hysteresis effect, such that sediment concentration peaked prior to discharge in the early wet season. During the late wet season,
peak discharges often had unexpectedly low sediment concentrations. Furthermore, data suggested the existence of long-term
hysteresis that may be related to decadal-scale climatic oscillations that alter sediment availability and stream capacity,
resulting in discharge peaking in 2000 and sediment concentration in 2005. However, more data are required to confirm
this relationship. Variability in streamflow appears to share a causal relationship with sediment transport variability, as
both are linked to variation in precipitation and the resultant impacts on vegetation growth and evapotranspiration rates.
The variability of streamflow and sediment transport has implications for stream and floodplain geomorphology, and the
hydrology of variable rivers should be considered when interpreting their geomorphology.
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Introduction and regional setting
Streamflow variability
The impact of variable river flows on fluvial geomorphological processes has only received adequate attention in dry-land
environments (Tooth, 2000). However, many variable rivers do
not fit into the category of dry-land rivers as defined by geomorphologists, even though they may experience similar hydrology in terms of variability. Rivers on the eastern seaboard of
southern Africa, exhibiting similar variability to those of Australia, do not experience transmission losses and are not located
in areas of low precipitation (e.g. Costelloe et al., 2003). Furthermore, flow is generally perennial. Despite modest precipitation on the eastern seaboard (±1 000 mm/a average), most of the
region experiences a negative annual water budget due to the
impact of evapotranspiration (Schulze, 1997). Tooth (2000) suggests that dry-land rivers are characterised by few large floods,
with intervening low flows for the majority of the water year.
This is similar to other authors’ descriptions of variable rivers
of Southern Africa, described as ‘flashy’ (Poff et al., 2006). The
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impact of variable flow hydrology on channel geomorphology
has since been cause for much debate. In Tooth’s (2000) description of dry-land rivers, large-magnitude floods are the major
landscape driver, as low flows lack capacity to do extensive geomorphic work in intervening periods. Contrastingly, Heritage et
al. (2001) found that the channel form of the Sabie River, South
Africa, is not related to a single channel-forming discharge, but
rather to low frequency, large flood events, as well as high frequency, comparatively low-flow events. In some cases, a combination of hydroclimatic trends and the occurrence of channel
stabilising riparian vegetation may be important in determining channel shape (Dollar and Rowntree, 1995; Rowntree and
Dollar, 1996; 1999).
Using measures of flow variability, this paper investigates
how streamflow variability impacts upon sediment transport.
Using the Mfolozi River as a case study, a river on the eastern
seaboard of Southern Africa, it considers how flow variability
may potentially affect floodplain geomorphology and processes.
Dettinger and Diaz (2000) showed that variation in annual
precipitation was generally low worldwide, although variability
in runoff has repeatedly been shown to be far greater in Southern
Africa and Australia than in other continental areas, even when
compared to areas of a similar climate (e.g. Puckridge et al.,
1998; Dettinger and Diaz, 2000; Peel et al., 2001). Coefficients
of variation (CV) for Southern Africa and Australia vary from 75
to 110%, as compared to global norms of between 20 and 45%.
Poff et al. (2006), using principle component analysis, found that
South African streams were characterised by flashy flows on an
inter- and intra-annual scale, noting that streams in South Africa
and Australia could be described as globally the most ‘extreme’.

271

