Changing hydroclimatic and discharge patterns
in the northern Limpopo Basin, Zimbabwe
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Abstract
Changing regional and global trends in climate and discharge, such as global warming-related declines in annual rainfall in
south-eastern Africa, are likely to have a strong influence on water resource availability, and to increase livelihood risk. It is
therefore important to characterise such trends. Information can be obtained by examining and comparing the rainfall and
runoff records at different locations within a basin. In this study, trends in various parameters of temperature (4 stations),
rainfall (10 stations) and discharge (16 stations) from the northern part of the Limpopo Basin, Zimbabwe, were statistically
analysed, using the Spearman rank test, the Mann-Kendall test and the Pettitt test. It was determined that rainfall and discharge in the study area have undergone a notable decline since 1980, both in terms of total annual water resources (declines
in annual rainfall, annual unit runoff) and in terms of the temporal availability of water (declines in number of rainy
days, increases in dry spells, increases in days without flow). Annual rainfall is negatively correlated to an index of the El
Niño – Southern Oscillation phenomenon. The main areas of rising risk are an increasing number of dry spells, which is
likely to decrease crop yields, and an increasing probability of annual discharge below the long-term average, which could
limit blue-water availability. As rainfall continues to decline, it is likely that a multiplier effect will be felt on discharge.
Increasing food shortages are a likely consequence of the impact of this declining water resource availability on rain-fed
and irrigated agriculture. Declining water resource availability will also further stress urban water supplies, notably those
of Zimbabwe’s second-largest city of Bulawayo, which depends to a large extent from these water resources and already
experiences chronic water shortages.
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Introduction
Rainfall in south-eastern Africa is temporally and spatially
intermittent (Unganai and Mason, 2002). Annual rainfall
for some sites can vary by up to 1 000 mm∙a-1 from year to
year (Twomlow and Bruneau, 2000). A drought year may
record less than 250 mm∙a-1, such as the 2004-2005 season
in the Limpopo Basin (Love et al., 2006). Rainfall variability in south-eastern Africa is strongly influenced by the
coupled ocean-atmosphere El Niño – Southern Oscillation
phenomenon (ENSO) (Trenberth et al., 2007). Positive ENSO
anomalies generally result in reduced rainfall in the region
and are becoming more common (Makarau and Jury, 1998;
Alemaw and Chaoka, 2006). Furthermore, there has been
a general decline in rainfall in Southern Africa since 1961
(New et al., 2006), with the period 1986-1995 being the driest
decade of the 20th century (Trenberth et al., 2007). General
circulation models developed with the Intergovernmental
Panel on Climate Change Special Report on Emission
Scenarios (IPCC SRES) scenarios suggest that annual rainfall in south-eastern Africa will decline further under the
impact of global warming (Christensen et al., 2007). This is
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expected to be between 10% and 20% below the 19001970
averages by 2050 (Milly et al., 2008) or by up to 10% below
the 1980-1999 averages by 2099 (Christensen et al., 2007).
Declines in rainfall, as discussed above, may translate into
more than proportional declines in discharge due to non-linear
processes, including, for example, interception thresholds. By
the years 2041-2060 in south-eastern Africa, runoff is expected
to decline by between 10% and 40% compared to 1900-1970
averages (Milly et al., 2005: Fig. 4a).
These changing regional and global trends in climate
and discharge are likely to have a strong influence on water
resource availability, and increase livelihood risk. It has
been shown that household food security in southern Africa
is highly vulnerable to climate stress (Archer et al., 2007).
Already in much of southern Africa there is a precarious balance between available water resources and water demand as
a result of generally low conversion of rainfall to runoff and
potential evaporation exceeding rainfall (e.g. Mazvimavi,
2004). Frequently, the water yield from the developed surface
water resource falls short of the demand, deficits being more
evident during the frequent droughts (e.g. Nyabeze, 2004).
Furthermore, some catchments, especially within the Limpopo
Basin, are already over-committed (Kabel, 1984; Basson
and Rossouw, 2003), leading to water stress: a high ratio of
water withdrawal or water use to discharge (Vörösmarty et
al., 2000). Changes of this nature constitute a major challenge to water resources management (Milly et al., 2008).
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