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Abstract
Flash floods and droughts are of major concern in Southern Africa. Hydrologists and engineers have to assist decision makers
to address the issue of forecasting and monitoring extreme events. For these purposes, hydrological models are useful tools
to:
• Identify the dominant hydrological processes which influence the water balance and result in conditions of extreme water
excess and/or deficit
• Assist in generating both short- and long-term hydrological forecasts for use by water resource managers.
In this study the physically-based and fully distributed hydrological TOPKAPI model (Liu and Todini, 2002),which has
already been successfully applied in several countries in the world (Liu and Todini, 2002; Bartholomes and Todini, 2005; Liu
et al., 2005; Martina et al., 2006), is applied in Africa for the first time. This paper contains the main theoretical and numerical
components that have been integrated by the authors to model code and presents details of the application of the model in the
Liebenbergsvlei catchment (4 625 km 2) in South Africa.
The physical basis of the equations, the fine-scale representation of the spatial catchment features, the parsimonious
parameterisation linked to field/catchment information, the good computation time performance, the modularity of the processes, the ease of use and finally the good results obtained in modelling the river discharges of Liebenbergsvlei catchment,
make the TOPKAPI model a promising tool for hydrological modelling of catchments in South Africa.
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Introduction
Planning and management of water resources are of major concern in Southern Africa. Droughts and floods are extreme hydrological hazards that regularly face the population. Food security
and public health are directly dependent on these hydrological
phenomena (Kleinschmidt et al., 2001; Jury et al., 2002). In this
context, environmental scientists and engineers are involved in
two important challenges:
• Providing short-term forecasts of the extreme hydrological
events
• Assessing how these events could possibly evolve in the context of ongoing global climate change.
For this purpose, the numerical modelling of the water cycle is
essential in order to provide tools for operational hydrology in
order to assist decision makers to develop suitable environmental strategies, and for improved understanding of the hydrological processes involved in the variability of the water cycle.
As part of a current Water Research Commission funded
research project (K5/1683: Soil Moisture from Satellites: Daily
Maps over RSA), as referred to in Pegram et al. (2006), the
TOPKAPI model was adapted and coded using algorithms
from the literature. The early development performed by
Now at: Jeffares and Green (Pty) Ltd., PO Box 13009, Cascades
3202, South Africa
* To whom all correspondence should be addressed. Now at: Laboratoire d’étude des Transferts en Hydrologie et Environnement (UMR
5564), 38000 Grenoble, France
 +33(0)4 76 82 70 89; fax: +33(0)4 76 82 52 86;
e-mail: theo.vischel@hmg.inpg.fr
Received 7 August 2007; accepted in revised form 15 April 2008.
#

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 34 No. 3 July 2008
ISSN 1816-7950 = Water SA (on-line)

Parak (2007) was reported in Pegram et al. (2007). One of
the objectives within the current project is to use the distributed TOPKAPI catchment model to estimate the soil moisture
from hydrological data and then to compare this estimate with
remote-sensing estimates using two different types of satellite data. Thus the research-based model had to be further
developed to run with practical hydrological applications
in an operational manner. The initial results of the application of the model to compare simulated and remotely sensed
soil-moisture estimates have been reported on in a companion paper (Vischel et al., 2008), which does not include much
of the detail of model setup and calibration, issues of more
interest to practising hydrologists. By contrast, the purpose of
this paper is to present the development and application of the
TOPKAPI model to a South African catchment, including the
details of the model. There is naturally some material appearing in this paper which is common to Vischel et al. (2008), but
the emphases are different.
In this paper the model TOPKAPI, initially developed by
Liu and Todini (2002), is presented and applied to a catchment
in South Africa (Liebenbergsvlei, 4 625 km 2). TOPKAPI meets
most of the requirements expected by both operational and
research hydrology:
• It is a fully distributed model; the spatial range of the grid
cell discretisation within which the model is valid up to
1 km (Martina, 2004).
• It is physically-based, meaning that it explicitly represents
the hydrological processes on the basis of the fluid mechanics and soil physics, while the input parameters can be
directly obtained from existing spatial datasets.
• There are relatively few (15) input parameters for a distributed model of which only three or four typically require calibration (Liu and Todini, 2002; Liu et al., 2005).
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