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Abstract
This study examines how the east–west gradient of climate over South Africa is represented in terms of mean rainfall,
tropospheric humidity and circulation, and surface latent heat flux in the satellite era 1980-2001. Inter-comparisons of
NCEP2 reanalysis and GPCP satellite-gauge merged rainfall with coupled general circulation model (GCM) simulations
from generic CMIP-3 are made, with a focus on the maize belt 25°-29°S, 25°-30°E. The summer climatology is analysed for
the zonal gradient in vertical atmospheric structure and the annual cycle of rainfall. A wet bias is found in most simulations
over the eastern mountains, but in two GCMs (CSM3, PCM) it extends over the western plateau. The east-west gradient in vegetation affects the vertical flux of surface moisture into the atmosphere. ECMWF reanalysis and SAFARI-2000
flux tower data reveal that this process is triggered during daytime heating, so model ability to handle the diurnal cycle is
crucial. Inter-annual variability is briefly studied and two operational ensemble models (CFS and ECHAM4) simulate and
forecast summer rainfall variations with positive correlation to observed values. The AIRS satellite night and day relative
humidity structure is contrasted for dry and wet January months. All five generic CMIP-3 models: GFDL2, CSM3, PCM,
HADen, ECHAM4 project a drying trend in the maize area over the period 2000–2050, using the SRES A1B scenario.
Recommendations for observing the surface and mixed layer moisture fluxes are given.
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Introduction
Understanding and predicting South African climate is challenging because of the sharp east–west moisture gradient over
the subtropical plateau (Hulme et al., 1996). As a food-exporting nation, South Africa’s maize production is highly sensitive
to summer (December to February) rainfall anomalies: varying
from an area-averaged 1 to 4 t/ha (Schulze et al., 1993; Martin
et al., 2000). Much of the rainfall comes from tropical–temperate troughs that induce NW-oriented cloud bands across the
eastern Kalahari savanna (Barclay et al., 1993). The annual
rainfall cycle peaks in January as the inter-tropical convergence
zone dips south-eastward. External forcing of South Africa’s
climate comes through the Pacific El Niño Southern Oscillation
(ENSO) and regional changes in SE Atlantic / SW Indian
Ocean sea surface temperatures (SST) and winds (Mason and
Jury, 1997).
Coupled general circulation models (GCM) have shown
skill in simulating the distribution and variability of rainfall
and temperature over Southern Africa (Barnston et al., 2003).
The subcontinent creates zones of convergence through orographic friction, thermally-induced circulations and evapotranspiration (cf. surface fields in Fig. 1). Soil moisture and latent
heat flux are useful determinants of the surface water budget
and potential for agriculture (Delworth and Manabe, 1989;
Poveda et al., 2001; Atlas et al., 1993; Poveda et al., 2005).
Southern Africa is of sufficient scale to be represented in
general circulation models (GCMs) of 2º resolution, for land–
surface feedbacks with atmospheric convection to be evaluated.
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Furthermore, climatologies over South Africa’s maize belt will
benefit from a well-maintained and dense observing system
(Fig. 1b).
Model-simulated rainfall distributions are related to pathways between moisture sources and sinks over oceans and
continents (Misra et al., 2002). While moisture is sourced from
warm seas, lifting mechanisms are more vigorous in mountain
locations during summer heating. Typically, mean rainfall
declines westward across subtropical continents, but a poor
representation of this gradient over South Africa may arise
through the way interactions are handled between the warm
humid air mass off the east coast, mid-tropospheric subsidence, the seasonally-alternating zonal circulation and surface
fluxes. Research is needed to assess model ability to simulate
rainfall and other climatic variables over South Africa’s maize
belt by inter-comparison with satellite-gauge merged products
and observation-based reanalyses. Prospects for improved
long-range forecasts partially depend on how well the earth
system feedbacks are represented, and the ability of monitoring
and modelling tools to quantify the initial state and external
forcing.
Here the ability of GCMs to simulate and predict the South
African summer circulation and east–west moisture gradient
is assessed. The main focus is on representation of the climatology rather than forecasts or projections. Comparative work
can be found in Tadross et al. (2005), Christensen et al. (2007),
and Engelbrecht (2009). Answers are sought to the following
questions: How well do GCMs simulate the zonal overturning
circulation that is critical for summer water balance? How do
satellite-gauge merged and reanalysis estimates of mean rainfall compare with GCMs? Are GCM rainfall biases related to
tropospheric circulations, surface fluxes, or systematic model
errors? What is the amplitude of diurnal and synoptic forcing
in dry and wet summers? And, how can this information be
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