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Abstract
The temporal distribution of rainfall, viz. the distribution of rainfall intensity during a storm, is an important factor affecting the timing and magnitude of peak flow from a catchment and hence the flood-generating potential of rainfall events.
Rainfall intensity is also one of the primary inputs into hydrological models used for the design of hydraulic structures.
In the absence of continuously recorded rainfall data, one method of estimating the temporal distribution of rainfall is to
disaggregate coarser-scale data into a finer resolution, e.g. from daily data into hourly rainfall information. In this study, a
daily to hourly disaggregation model developed in Australia, and modified for application in South Africa, is used. However,
this model requires input obtained from short-duration data at the desired location. Owing to the paucity of short-duration
data in South Africa, the methodology is regionalised to enable the application of the model at a national scale, particularly
at locations where only daily data are available. The regionalised model was independently tested at 15 locations in differing
climatic regions in South Africa. At each location, observed hourly data were aggregated to yield daily values and were then
disaggregated using the methodology. Results show that the regionalised model is capable of replicating the results obtained
when ‘at-site’ short duration rainfall data are used as input to the disaggregation model, and is able to retain the daily totals
and the statistical characteristics of the hourly rainfall.
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Introduction

Rainfall data used in study

Continuous-simulation hydrological models are important tools
when analysing complex hydrological or hydraulic problems
where issues need to be investigated at different timescales, for
example, in flood prediction and the modelling of water quality
(Mikkelsen et al., 1998). These models require detailed rainfall
data, viz. hourly or sub-hourly. The advantage of such a timeseries is that they reflect all relevant rainfall characteristics from
peak intensities associated with short duration to variations in
annual rainfall (Mikkelsen et al., 1998). However, hydrological
data are generally only widely available at more aggregated levels, such as daily. Koutsoyiannis and Onof (2001) note that in
many countries the number of rain-gauges providing hourly or
sub-hourly resolution data is smaller than the number of daily
gauges by about an order of magnitude. This situation reflects a
paucity of rainfall data for timescales of one hour or less, both
in the number of gauges and length of the recorded series (Koutsoyiannis and Onof, 2001). This, too, is the case in South Africa
where it was reported in 2000 that there were 172 recording
gauges with at least 10 years of breakpoint data (Smithers and
Schulze, 2000a), compared to 1806 daily rainfall stations with at
least 40 years of data (Smithers and Schulze, 2000b).
The need for a model to disaggregate daily rainfall into a
sequence of individual storms of finer timescale cannot be overemphasised (Gyasi-Agyei, 1999). The objectives of this paper
are to provide a brief background to the methodology, detail the
regionalisation performed and to assess the performance of a
regionalised rainfall disaggregation model for South Africa.

Hourly rainfall data from 172 recording stations in South
Africa, all of which had record lengths greater than 10 years,
were available for use (Smithers and Schulze, 2000a). It was
necessary to exclude some stations from the model development process in order to evaluate the model independently.
One station from each of the 15 relatively homogeneous
extreme rainfall clusters, identified and described by Smithers
and Schulze (2000a), was removed from the dataset and not
used in the development of the disaggregation model. In order
to select the stations for testing, the 172 stations were divided
into their respective homogeneous clusters and the station with
the median record length in each cluster was excluded from
the development of the model. This resulted in 15 test stations,
located as shown in Fig. 1. The locations of the remaining 157
stations, which were used for model development, are shown
in Fig. 2.
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The disaggregation model
The daily to hourly disaggregation model which was modified
and applied in South Africa by Knoesen (2005) is based on the
work done by Boughton (2000), which is summarised below. For
more details regarding the methodology the reader is referred to
Knoesen (2005).
The model comprises four main parts:
a) The distribution of the fraction of the daily total, R, that
occurs in the hour of maximum rainfall. A value of R = 1.0
indicates that all of the rainfall on the day fell in a single
hour. This is the upper limit of R and is the boundary of nonuniformity. Completely uniform rainfall throughout a day
would yield R = 0.04167 (i.e. 1/24 of the daily total). This is
the lower limit of R.
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