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Abstract
Design rainfall comprises of a depth and duration associated with a given probability of exceedance or return period. The
purpose of the study was to evaluate and compare the methods used in flood hydrology to estimate depth-duration-frequency (DDF) relationships of design rainfall in South Africa based on the critical storm duration or time of concentration
(TC) of a catchment. The influence of the type of rainfall, areal and temporal distribution of rainfall were also investigated to
establish if a relationship exists between the catchment area, TC and areal reduction factors (ARFs). The DDF relationships
based on the least-square regression analyses of Log-Extreme Value Type 1 distributions, the modified Hershfield equation, the regionalised South African Weather Service (SAWS) n-day design rainfall data and the Regional Linear Moment
Algorithm and Scale Invariance (RLMA&SI) approach were compared in 3 distinctive TC -ranges. The results showed
that the RMLA&SI approach can be considered as the preferred DDF relationship in future design flood estimations.
The results also showed that a direct relationship exists between the catchment area and TC , thus ARFs can be explicitly
expressed in terms of only the catchment area.
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Introduction
Design rainfall comprises of a depth and duration associated
with a given probability of exceedance or return period. Short
and long duration design rainfall estimations can either be
based on point or regionalised data. Rainfall durations less than
24 h are generally classified as short, while long durations typically range from 1 to 7 days (Smithers and Schulze, 2004).
Several regional and national scale studies in South Africa
based on short durations and point data were conducted
between 1945 and 2001. The studies focusing on long durations
based on daily point rainfall data included studies done by the
SAWB (South African Weather Bureau) (1956), Schulze (1980),
Adamson (1981), Pegram and Adamson (1988) and Smithers
and Schulze (2000b). Smithers and Schulze (2000a; 2000b)
also used a regionalised approach in an attempt to increase the
reliability of the design values at gauged sites, as well as for
the estimation of design values at ungauged sites (Smithers and
Schulze, 2003).
Irrespective of whether a single site or regional approach
is followed, the design rainfall depth to be used in design flood
estimation, especially in the deterministic methods, must be
based on the critical storm duration or time of concentration
(TC) of a catchment.
This paper attempts to provide preliminary insight into the
applicability of the various methods used in South Africa to
estimate design rainfall. The purpose of the study is discussed
and explained in the next section, followed by an overview
of the study area’s spatial distribution and characteristics.
Thereafter, the methods used in South Africa to estimate
TC , depth-duration-frequency (DDF) relationships and areal
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reduction factors (ARFs) are reviewed in detail. The methodologies involved in assessing the paper’s purpose and objectives
are then expanded on in detail, followed by the results, discussion, conclusions and recommendations.

Purpose of study
The purpose of the study was to evaluate the methods used
in flood hydrology to estimate DDF relationships of design
rainfall in South Africa, based on the critical storm duration
or TC of a catchment, in 3 distinctive TC -ranges. The focus was
not necessarily to establish the best method; the results from
the different methods were compared to highlight any inherent
shortcomings present in these methods. In catchments where
TC exceeded 24 h, the different methods were compared to the
regionalised South African Weather Service (SAWS) daily
design rainfall database (after Smithers and Schulze, 2000b).
For TC less than 24 h, the Regional Linear Moment Algorithm
and Scale Invariance (RLMA&SI) approach for estimating
design rainfall (after Smithers and Schulze, 2000a) was used as
the reference method. These 2 reference methods were used to
assess the relative accuracy of all the other available methods.
The influences of the type of rainfall and point-to-point differences in the areal and temporal distribution of rainfall were
also investigated. This was done to establish whether a relationship exists between the catchment area, TC and ARFs.
Firstly, it was hypothesised that runoff depends not only
on the amount and intensity of rainfall, but is also affected by
the duration, size, uniformity, velocity and direction of a storm
passing over a catchment. Secondly, it was hypothesised that
flood-causing storms have durations just long enough to allow
runoff from all parts of the catchment to contribute simultaneously to the flood peak; hence the relationship between the
critical duration of a storm and TC. Thirdly, it was hypothesised
that flood-producing storm rainfall is almost never evenly
distributed, both in time and space, over an area. Lastly, it
was hypothesised that water engineers and other consultants
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