Projected future runoff of the Breede River
under climate change
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Abstract
The Breede River is the largest river in the Western Cape Province of South Africa, and as such, is a key resource for a
variety of activities within the region. It is this significance of the river that prompted a study into the impact of climate
change on future runoff in the river and hence, the potential impacts a projected change in catchment runoff may have on
the future use of the river. Due to the complexities of the catchment only specialised hydrological models can capture the
system dynamics of the river adequately. This limitation prompted the use of an alternative approach (self-organising maps
(SOMs)) to hydrological modelling and, at the same time, performed an assessment of the appropriateness of this alternative
approach for use in such applications.
SOMs are a powerful tool in synoptic climatology as they can be used to objectively classify a large number of daily
synoptic states into a predetermined number of groups. Each archetypal synoptic pattern is linked to an observed associated runoff in the catchment. With an assessment of the change in frequency of each atmospheric state from control to
future comes an assessment of the change in frequency of the associated runoff from control to future. The end result of
this is a quantified assessment of the projected change in both high-frequency runoff events and in the projected change in
mean annual runoff (MAR) in the catchment from the present to the future under 3 climate models.
Not only does this information assist in the process of long-term policy decisions made in relation to water-transfer
schemes, but it also allows for an assessment of the future ecological sustainability of the catchment. This is achieved by
assessing the projected future level of flow at each runoff gauging station against the current benchmark for ecological
sustainability.
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Introduction to the study area
The Breede River, situated in the Western Cape, is the largest
river in the province with a total catchment area of 12 600 km 2
(Fig. 1) comprising 7 drainage basins (DWAFa, 2002). The
river lies on the east coast of the Western Cape, approximately
250 km from Cape Town, and extends from Cape Infanta up
into the Hex River Mountains. Originating in the Ceres Valley,
it drains in a south-easterly direction meeting the Indian Ocean
at Witsand/Cape Infanta (Sebastian Bay) and flows through a
key agricultural region in the Western Cape (DWAFb, 2002).
Being a winter rainfall region, roughly 80% of precipitation
falls within the months of April to September, brought by midlatitude cyclones, which are dominant over the region in these
months. As is the case with many mountainous areas, there
is a considerable spatial variation in rainfall. In the Western
mountain areas rainfall can be as high as 2 300 mm/a whereas
in the middle reaches rainfall decreases to as low as 400 mm/a
(DWAFa, 2002).
Operation of the Breede River is such that water is collected during the winter period in municipal storage dams,
such as Brandvlei and Theewaterskloof, for subsequent
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dispersal during summer. A unique feature in the operation of
the Theewaterskloof Dam is the transference of water into the
dam from the Berg River water management area for seasonal
storage, as the Berg River does not have sufficient storage
capacity of its own in the form of dams and reservoirs. During
the dry season, the water is then transferred back into the Berg
River together with a large quantity of additional water from
the Breede River in order to meet the demands for water from
the Berg River (DWAFc, 2002).
It is this inter-basin transfer custom that prompted this
study, which seeks to understand the sustainability of this
practice under projected climate change. This paper attempts
to quantify how the runoff in the Breede River will change in
the future (without taking into account the possibility of future
inter-basin transfers) and whether this runoff will be enough to
sustain future ecological functioning. For the purposes of this
study, runoff is defined as the amount of water flowing in the
river at a stream gauge.

Methodology
The Kohonen self-organising map
Self-organising maps (SOMs) (Kohonen et al., 1996), which
are a type of artificial neural network (ANN), are the principle technique used for the analysis of atmospheric data in this
study. In this application, SOMs are used to downscale global
climate model (GCM) data to catchment scale by relating
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