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Abstract
The estimation of design floods is necessary for the design of hydraulic structures and to quantify the risk of failure of the
structures. Most of the methods used for design flood estimation in South Africa were developed in the late 1960s and early
1970s and are in need of updating with more than 40 years of additional data currently available and with new approaches
used internationally. This paper reviews methods used for design flood estimation in South Africa and internationally and
highlights research needs in order to update the methods used for design flood estimation in South Africa.
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Introduction
Recent floods in South Africa, such as those of February 2000
which occurred in the north-eastern part of South Africa,
Zimbabwe and Mozambique, flooding in the Western Cape in
2005 and floods in the Free State and Eastern Cape in 2011,
highlight the need to re-assess the risks associated with floods.
Realistic design flood estimation, where the magnitude of a
flood is associated with a level of risk (e.g. return period), is
necessary in the planning, design and operation of hydraulic
structures (e.g. bridges, culverts, dam spillways, drainage
canals etc) for the preservation of human life and property
(Rahman et al., 1998; Pegram and Parak, 2004; Reis and
Stedinger, 2005).
Flood frequency analysis remains a subject of great
importance owing to its economic and environmental impact
(Pilgrim and Cordery, 1993; Bobee and Rasmussen, 1995).
However, reliable estimates of flood frequency in terms of peak
flows and volumes remain a challenge in hydrology (Cameron
et al., 1999). Cordery and Pilgrim (2000) express the opinion
that the demands for improved estimates of floods have not
been met with any increased understanding of the fundamental hydrological processes. The urgency for new approaches
to design flood estimation in South Africa are highlighted by
Alexander (2002), Smithers and Schulze (2003) and Görgens
(2007). Acording to Van der Spuy and Rademeyer (2010),
there is still no universally applicable method for design flood
estimation in South Africa.
Standard techniques for design flood estimation have been
developed for most countries. These generally include statistical analyses of observed peak discharges and event modelling
using rainfall-runoff techniques. Observed streamflow data
are often not available at the site of interest and rainfall event–
based methods have to be used. Reviews of approaches to
design flood estimation are contained in Cordery and Pilgrim
(2000) and Smithers and Schulze (2001).
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The majority of design decisions in Australia are made for
small- (< 25 km 2) and medium-sized (< 250–1 000 km 2) catchments, where no observed flood data are available (Pilgrim,
1987) This view is similar to that expressed in HRU (1972),
in which it was stated that the most frequent need for estimating design floods was for catchments < 15 km 2, followed less
frequently by intermediate-sized catchment with areas ranging
from 10 to 5 000 km 2. Pilgrim and Cordery (1993) estimate that
the expenditure in Australia on hydraulic structures in small,
rural catchments is the greatest (46%), followed by that in
urban drainage (26%) and in large catchments (28%). However,
most techniques for design flood estimation are focussed on
large catchments. Although the estimation of design floods for
small catchments is required more frequently than estimates
for large catchments, an attempt is made in this paper to review
procedures for design flood estimation at both small and larger
catchments scales.
The objective of this paper may be summarised as follows:
• To present a brief overview of methodologies currently
used to estimate design floods in South Africa, including
methods used internationally.
• To present perceived deficiencies in the techniques currently used to estimate design floods in South Africa.
• To identify and discuss research needed to improve the
estimation of design floods in South Africa.
The following section contains a broad overview of techniques
which may be used for design flood estimation. This is followed
by a description of approaches that may be adopted in situations where long records of gauged streamflow data are available and alternatively in situations where no, or inadequate,
data are available. More emphasis is placed on the review of
techniques to estimate design floods at ungauged sites, or sites
at which the streamflow data are inadequate, as this is the situation generally faced by design engineers and hydrologists.

Approaches to design flood estimation
Procedures for design flood estimation may be broadly categorised as methods based on the analysis of observed floods
and rainfall-based methods (Smithers and Schulze, 2003).
According to HRU (1972), design floods may be estimated
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