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Abstract
Spatially interpolated rainfall estimates from rain-gauges are widely used as input to hydrological models, but deriving
accurate estimates at appropriate space and time scales remain a major problem. In South Africa there has been a gradual
decrease in the number of active rain-gauges over time. Satellite-based estimates of spatial rainfall are becoming more readily available and offer a viable substitute. The paper presents the potential of using Climate Prediction Center African daily
precipitation climatology (CPCAPC) satellite-based datasets (2001-2006) to drive a Pitman hydrological model which has
been calibrated using gauge-based rainfall data (1920-1990). However, if two sources of rainfall data are to be used together,
it is necessary to ensure that they are compatible in terms of their statistical properties. A non-linear frequency of exceedance
transformation technique was used to correct the satellite data to be more consistent with historical spatial rainfall estimates.
The technique generated simulation results for the 2001 to 2006 period that were greatly improved compared to the direct
use of the untransformed satellite data. While there remain some further questions about the use of satellite-derived rainfall
data in different parts of the country, they do seem to have the potential to contribute to extending water resource modelling
into the future.
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Introduction
It is widely known that the accuracy of streamflow predictions
from a hydrological model is heavily dependent on the accuracy of rainfall inputs (Gourley and Vieux, 2006). Spatial rainfall estimates derived from rain-gauges are widely used as input
to hydrological models and as ‘ground truth’ for satellite rainfall measurements (Seed and Austin, 1990). However, deriving
accurate estimates of basin rainfall at appropriate space and time
scales has long been a major problem. Generally, the accuracy of
spatial rainfall estimates increases with an increase in the number
of rain-gauges within the basin. Many problems in hydrological
applications include the extrapolation of sparse point measurements of rainfall to a wider spatial domain. According to Schäfer
(1991) different methods used to generate spatial rainfall data
in South Africa have been demonstrated to give similar results.
As a result of rainfall variability, estimates based on few point
measurements are very prone to error (Andréassian et al., 2001).
However, South Africa and many other developing countries are
experiencing a sharp decline of active rain-gauge networks with
vast areas ungauged, while radar is not always a feasible proposition on the grounds of cost, technical infrastructure and topography. It is therefore difficult to obtain long representative rainfall records that cover periods long enough to allow for current
and future water resource assessments. Inevitably, sustainable
planning of water resources requires information on the present
spatial and temporal variability of rainfall. As a consequence,
there is an increasing demand from the climate and hydrological
communities, for accurate spatial rainfall estimates for all basin
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scales and over extended periods. The incorporation of satellite-based rainfall estimates in hydrological modelling has the
potential to improve our capability to constrain uncertainty in
rainfall inputs and extend water resource simulations.
Satellite-based rainfall estimates are becoming more
readily available and are expected to offer an alternative to
ground based rainfall estimates in the present and the foreseeable future. The use of satellite-based information to improve
spatial rainfall estimates has been widely reported (Hsu et
al., 1999; Sooroshian et al., 2000; Grimes and Diop, 2003).
However, downscaling of remotely sensed data remains an
issue and hence these satellite-based rainfall estimates do
not compare well with the gauge data. The problem of scale
holds when measurements of rainfall rates provided by rain
gauge data are compared with the areal time averaged rainfall remotely sensed from satellite borne sensors (e.g. Sandham et al., 1998). Consequently, models have been developed
to combine satellite and raingauge data to account for local and
regional variability in cloud and rainfall relations (Todd et al.,
1999). However, the accuracy of the final operational satellitebased rainfall estimates are dependent on these interpretative
models that are also subject to calibration. In addition, there
are frequently insufficient gauge data available to calibrate the
satellite-based estimation methods. The assessment and quantification of uncertainty affecting remote sensing estimates
of hydrological variables has been explored (Huffman et al.,
1997). Although extensive literature on satellite-based rainfall
estimates exists, this has concentrated more on development
of methods to derive rainfall from satellite imagery. However,
very few studies have so far investigated the application of
these data sets in hydrological models. Recently, studies were
conducted to evaluate the performance of hydrological models
using operational satellite rainfall estimates in southern Africa
(Thorne, et al., 2001; Hughes, 2006a, 2006b; Wilk et al., 2006).
These studies suggested the need to correct the satellite-based



