A short-range weather prediction system for South Africa
based on a multi-model approach
Stephanie Landman1,2*, Francois A Engelbrecht3,4, Christien J Engelbrecht5,
Liesl L Dyson2 and Willem A Landman2,3

South African Weather Service, Pretoria 0001, South Africa
2
Department of Geography. Geoinformatics and Meteorology, University of Pretoria 0002, South Africa
3
CSIR Natural Resources and the Environment: Climate Studies, Modelling and Environmental Health, Pretoria 0001, South Africa
4
Climatology Research Group, GAES, University of the Witwatersrand, South Africa
5
Agricultural Research Council – Institute for Soil, Climate and Water, Pretoria 0001, South Africa
1

Abstract
The accurate prediction of rainfall events, in terms of their timing, location and rainfall depth, is important to a wide range
of social and economic applications. At many operational weather prediction centres, as is also the case at the South African
Weather Service, forecasters use deterministic model outputs as guidance to produce subjective probabilistic rainfall
forecasts. The aim of this research was to determine the skill of a new objective multi-model, multi-institute probabilistic
ensemble forecast system for South Africa. Such forecasts are obtained by combining the rainfall forecasts of 2 operational high-resolution regional atmospheric models in South Africa. The first model is the Unified Model (UM), which is
operational at the South African Weather Service. The UM contributes 3 ensemble members, each with a different physics
scheme, data assimilation techniques and horizontal resolution. The second model is the Conformal-Cubic Atmospheric
Model (CCAM) which is operational at the Council for Scientific and Industrial Research, which in turn contributed 2
members to the ensemble system based on different horizontal resolutions. A single-model ensemble forecast, with each
of the ensemble members having equal weights, was constructed for the UM and CCAM models, respectively. These UM
and CCAM single-model ensemble predictions are then combined into a multi-model ensemble prediction, using simple
un-weighted averaging. The probabilistic forecasts produced by the single-model system as well as the multi-model system
have been tested against observed rainfall data over 3 austral summer 6-month periods from 2006/07 to 2008/09, using the
Brier skill score, relative operating characteristics, and the reliability diagram. The forecast system was found to be more
skilful than the persistence forecast. Moreover, the system outscores the forecast skill of the individual models.
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is assumed to be conditional on the present state of the atmosphere only, and evolution of the future state is governed by
deterministic equations. Therefore, an accurate short-range
numerical forecast is dependent on accurately describing the
initial conditions (Kalnay, 2003). The reason for this dependency on accurate initial conditions stems from the chaotic and
non-periodic characteristics of the atmosphere (Lorenz, 1963).
Forecasts that are initialised with only slightly different initial
states progressively diverge as a function of model integration time. Deterministic or best-guess forecasts are therefore
considered to be less reliable as the model integration-time
increases, due to uncertainties that exist in the initial conditions as well as the internal error (physics and dynamics) of the
numerical model itself (Lorenz, 1963; Ebert, 2001; Stensrud et
al., 2005; Theis et al., 2005).
Many national meteorological services (NMS) issue precipitation forecasts in terms of subjective probabilities, whereby it
is assumed that the user receives additional information regarding the uncertainty pertaining to the specific forecast (Staël von
Holstein, 1971). Forecasters have long been aware of the fact that
different models often produce a variety of the predicted weather
outcomes (Ebert, 2001). The probability forecasts issued by forecasters are subjective because they are based on the forecaster’s
own insights and experience being used in the mental integration of several model realisations (Staël von Holstein, 1971).
Methods that could produce objective probability forecasts at the
short-range time-scale have the potential to objectively address,
to some extent, the uncertainties associated with describing
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Precipitation forecasts are of high relevance to users of meteor
ological information in South Africa, but precipitation is
also highly variable in time and space, making it one of the
most difficult meteorological variables to predict skilfully.
Nonetheless, skilful precipitation forecasts are essential to provide early warning of heavy rainfall and floods that may lead to
loss of life and property. Most modern operational weather centres rely on limited-area numerical weather prediction (NWP)
models in order to generate reliable and accurate weather forecasts (Stensrud et al., 1999; Toth et al., 2001). At short-range
time scales (from 12 h up to 3 days), predicting the location
of a precipitation event has a greater error than the prediction
of the pattern and amount of precipitation (Theis et al., 2005).
The large spatial and temporal variability in rainfall, together
with some NWP model errors, contributes to the uncertainties
and low skill associated with rainfall predictions (Ebert, 2001;
Theis et al., 2005; Roy Bhowmik and Durai, 2010).
Precipitation forecasts from NWP models are often provided in a deterministic manner. An inherent characteristic of
deterministic forecasts is that the future state of the atmosphere

