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1 Introduction 
 

1.1 Agricultural water management for poverty alleviation and sustainable growth  

 

About 70 percent of citizens of the Southern African Development Community (SADC) 

depend on rainfed agriculture for their livelihoods (SADC 2003). Moreover, enhanced and 

sustainable development of this sector is the engine of improved economic growth, socio-

human development, food and nutrition security and alleviation of poverty (SADC 2014a). 

Broad-based agricultural growth with agriculture-based industrialization can replace the 

extractive, capital-ƛƴǘŜƴǎƛǾŜ ŀƴŘ ƻŦǘŜƴ ΨƧƻōƭŜǎǎ ƎǊƻǿǘƘΩ ǇŀǘƘ ŀǎ ŎǳǊǊŜƴǘƭȅ ǇŜǊǎƛǎǘǎ ƛƴ {!5/Ωǎ 

dual economies. Inclusive agricultural growth not only contributes to national food security at 

affordable prices, export and foreign currency; it also creates employment for the rapidly 

growing new generations, narrows the wealth gaps, ŀƴŘ ǎǘŀōƛƭƛȊŜǎ {!5/Ωǎ ȅƻǳƴƎ 

democracies. 

 

However, rain fed agriculture is directly exposed to the hazards of climate. {!5/Ωǎ Ǌainfall 

patterns are characterised by high and unpredictable variability over the seasons, years, and 

decades. Moreover, Southern Africa is predicted to warm up faster than the rest of the world 

(IPCC, 2014). It is one of the few regions in the world that will experience significantly drier 

conditions, more extreme and unpredictable dry spells, droughts, and floods, while sea levels 

will rise faster here than elsewhere. These increased temperatures and less predictable, 

more variable extreme events hold SA5/Ωǎ ŦŀǊƳŜǊǎ ŀƴŘ ŜŎƻƴƻƳȅ ΨƘƻǎǘŀƎŜ ǘƻ ƘȅŘǊƻƭƻƎȅΩ. This 

is also true where average rainfall is abundant. These predictions of long-term climate-

induced changes render the need for Ψƴƻ ǊŜƎǊŜǘΩ ƳŜŀǎǳǊŜs today even more urgent.  

 

! ƪŜȅ Ψƴƻ ǊŜƎǊŜǘΩ ƳŜŀǎǳǊŜ ǘƘŀǘ ǘǳǊƴǎ ǘƘŜǎŜ ŎƭƛƳŀǘŜ ƘŀȊŀǊŘǎ ƛƴǘƻ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛǎ ƛƳǇǊƻǾŜŘ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΣ ƻǊ ΨŀƎǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΩΦ !ƎǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ 

encompasses a broad menu of techniques ranging from improved on-field water harvesting 

and soil moisture retention to year-round water storage for year-round fully controlled 

irrigation of crops, trees and livestock feed; improved water supplies for livestock; and the 

development of fisheries and aquaculture. Agricultural water management was a vital 

ŎƻƳǇƻƴŜƴǘ ƛƴ !ǎƛŀΩǎ DǊŜŜƴ wŜǾƻƭǳǘƛƻƴ ǘƻ ōƻƻǎǘ ǘƘŜ ΨǘǊƛŎƪƭŜ-ǳǇΩ ƎǊƻǿǘƘ ǇŀǘƘ ǘƘǊƻǳƎƘ ǇƻǾŜǊǘȅ 

alleviation (Jazairy, 1992).  

 

The CAADP ƻŦ ǘƘŜ !ŦǊƛŎŀƴ ¦ƴƛƻƴΩǎ ό!¦Ωǎύ bŜǿ tŀǊǘƴŜǊǎƘƛǇ ŦƻǊ !ŦǊƛŎŀΩǎ 5ŜǾŜƭopment (NEPAD) 

recognized this unlocked potential throughout Africa by prioritizing the first of its four pillars, 

that of Ψ{ǳǎǘŀƛƴŀōƭŜ [ŀƴŘ ŀƴŘ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘΩΦ Lƴ ǇƛƭƭŀǊ ƻƴŜΣ !ŦǊƛŎŀƴ ǎǘŀǘŜǎ ŎƻƳƳƛǘǘŜŘ ǘƻ 

the doubling of irrigated area from the 3.5 percent at the time to 7 percent by 2015 (CAADP 

2009).  
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{!5/Ωǎ wŜƎƛƻƴŀƭ LƴŘƛŎŀǘƛǾŜ {ǘǊŀǘŜƎƛŎ 5ŜǾŜƭƻǇƳŜƴǘ tƭŀƴ όнллоΣ ǊŜǾƛǎŜŘ ƛƴ нллт ŀƴŘ нлмрύ ǊŜ-

affirms CAADP goals, including pillar one. SADC operationalizes this through both its Water 

Division and the Food, Agriculture and Natural Resources (FANR) Division. The SADC Regional 

Agricultural Policy (RAP) (SADC 2014a) envisages the improvement of the management of 

water resources for agriculture (SADC 2014a, section 10.5). In the results framework, 

outcome 1.4 foresees that water infrastructure for agriculture is expanded and upgraded. 

The RAP commits to assess the effective utilisation of existing irrigation infrastructure and to 

promote new infrastructure development (SADC 2014a, section 16.1 (75)). In terms of 

monitoring, the RAP results framework signals the need to provide baseline data on the 

number of dams, irrigated area and irrigation management practiced in the SADC region 

(SADC 2014b).  

 

The Regional Strategic Action Plan IV (RSAP IV) (SADC 2015), which is based on the SADC 

Water Policy (2006) and Strategy (2007) aims at ΨAn equitable and sustainable utilization of 

water for social and environmental justice, regional integration and economic benefit for 

ǇǊŜǎŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎΩΦ Noting that there is about 50 million hectares (ha) of 

irrigable land available within the SADC Region of which only 3.4 million ha (7 percent) is 

currently irrigated, the RSAP IV emphasizes the importance of infrastructure development 

and water resource management for food security in the water-food nexus, and the stronger 

urgency to take action in the view of climate variability and change. RSAP IV also highlights 

the benefits of multipurpose dams for both energy and irrigation. At local level, SADC Water 

commits to conduct action-research to develop and sustainably implement resilient water-

related infrastructure; and to innovate affordable and appropriate technologies and 

innovative approaches and practices. Priority interventions are the demonstration and 

upscaling of community-based water for livelihoods projects (SADC 2015). 

  

1.2 Trends in irrigated area 

 

In spite of the major unlocked potentials and strong policy commitments, the average 

percentage of arable land in SADC has only slightly increased from 7.6 percent in 1990 to 8.4 

percent in 2012 according to the Food and Agricultural Organization of the United Nations 

(C!hΩǎ) AQUASTAT (see Figure 1). A peak was reached a decade earlier. Moreover, the high 

average percentage of irrigated land is largely the result of irrigation by large-scale 

agribusiness in only four countries (Madagascar, Mauritius, South Africa and Swaziland). 

Moreover, both smallholder irrigation in South Africa and irrigated land area in Madagascar 

declined.  
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Figure 1: Irrigated area as proportion of arable area 

Source: FAO AQUASTAT 

 

This raises a pertinent question: why is irrigation expansion stagnating, and how can this be 

turned around? Unfortunately, there is no systematic regional body of knowledge to analyze 

these trends and provide answers. As the Regional Agricultural Policy observes, there is not 

even a base line on irrigation management practiced in the region, neither for the upgrading 

of existing infrastructure nor for new investments.  

 

Moreover, in spite of the clearly related common goals of the Water and FANR divisions in 

SADC and in national states, forums to bring these sectors and other relevant stakeholders 

together are rare. Potential synergies between sectors that would allow each sector to better 

achieve its goals remain untapped. 

 

¢ƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅ ƻƴ Ψ¢ǊŜƴŘǎ ŀƴŘ hǳǘƭƻƻƪΥ Agricultural Water Management in Southern 

!ŦǊƛŎŀΩ ǎŜŜƪǎ ǘƻ Ŧƛƭƭ ǘƘŜǎŜ ƎŀǇǎΦ ¢ƘŜ ǇǊƻƧŜŎǘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ReSAKSS ς SA project, implemented 

by the Southern Africa Regional Program of the IWMI. It is supported by ¦{!L5Ωǎ CŜŜŘ ǘƘŜ 

Future Program ǘƘǊƻǳƎƘ ¦{!L5Ωs Southern Africa Regional Program. At the interface of both 

water and agriculture, the IWMI is well placed to enable such dialogue and provide a robust 

knowledge base on inclusive agricultural growth in general, and agwater management in 

particular.  

 

1.3 Study aim and method 

 

In order to explain the current stagnation and find ways to overcome this, the following 

questions will be answered: 

¶ What are the precise hydrological hazards of climate variability and change, and what 

ƛǎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ΨǿŀǘŜǊ ǎŎŀǊŎƛǘȅΩ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴ {!5/Κ  
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¶ What lessons can be learnt from past and current investments in agwater 

management in SADC, in particular from their strengths and weaknesses in 

sustainably contributing to poverty alleviation, food security and agricultural and 

economic growth?  

¶ How can SADC and national government, non-governmental organizations (NGOs) 

and donors build on these strengths and overcome weaknesses?  

¶ What are the untapped synergies between the public sector agencies with mandates 

in agriculture and those with mandates in water management, so that both sectors 

can achieve their goals more effectively?  

 

The method to answer these generic questions consisted of both an extensive literature 

review and analysis of past performance (Mutiro and Lautze 2015), as well as interviews with 

key stakeholders at SADC and national levels. Further national studies with illustrative in-

depth case studies were conducted in four selected countries: Malawi, South Africa, Zambia 

and Zimbabwe. This report is the Country Report for South Africa. 

 

The Synthesis Report and the four country reports of the Trends and Outlook: Agricultural 

Water Management in Southern Africa Project are available at www.iwmi.org - Southern 

Africa Regional Program. 

 

1.4 Definitions and research approach 

 

Agwater management encompasses a wide range of interrelated hard- and software 

measures to ensure that the right quantities of water of the right quality reaches the right 

sites of agricultural (and other) uses at the right time. Improved water control enables crop 

diversification, stabilizes and increases crop yields, and enables more cropping seasons, 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǎƭŀŎƪ ŀƴŘ ƘǳƴƎŜǊ ǎŜŀǎƻƴǎΦ {ǘƻǊŀƎŜ ƛƴ ŘŀƳǎ ƻǊ ƛƴ ΨƎǊŜŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ όǎǳŎƘ ŀǎ 

recharged aquifers or managed wetlands) attenuates floods. Hardware typically includes 

(combinations of) infrastructure to harvest and store precipitation and run-off water by 

recharging aquifers, to convey and apply water, and to drain excess water. This study focuses 

primarily on water supply to crops through infrastructure that extends beyond in-field soil 

and water conservation alone.  

 

There are various classification systems of agwater management ς and even more blends: by 

source (well, surface storage, stream, wetland, groundwater); by technology (which often 

determines the scale as well); by ownership and/or management either by individuals or 

communal groups; by plot size and/or scheme size; by goal of investment and type of 

beneficiaries (household food security; marketing); by formal or informal in terms of 

formalized, written and state-backed rules; whether privately invested in capital costs and/or 

operation and maintenance (O&M), and rehabilitation, or by government, NGOs or 

otherwise; etc.  

http://www.iwmi.org/
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Figure 2: Classification of types of investments in irrigation based on types of investors 

 

For the present purpose of learning lessons for investments, we build on the latter; so the 

main criterion to distinguish the different types of irrigation is: who is the main investor in 

the construction and installation of infrastructure? Capital costs are usually the most 

expensive part of irrigation. Moreover, claims to the water stored and conveyed tend to go 

ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ƳŀƛƴǘŜƴŀƴŎŜ όΨƘȅŘǊŀǳƭƛŎ 

property rights crŜŀǘƛƻƴΩύ (Coward 1986). As we will see, although their performance varies 

widely, each type is quite specific in terms of the historical and political-economic context in 

which it emerged and continues to exist, and its strengths and weaknesses in contributing to 

poverty alleviation and socio-economic growth. 

 

The first type of irrigation investments are by governments, both before and after 

independence. International donors and financers typically work through governments, while 

most NGOs also work in close collaboration. Government- or NGO-financed schemes are 

typically collective schemes. They may be accompanied by resettlement at local or wider 

scales. The involvement of government can range from very strong (in government-run 

schemes) to a role that is limited to design and financing of the infrastructure construction 

and sometimes rehabilitation, leaving all other tasks to communities. In addition to investing 

in infrastructure, governments also play unique roles as regulator and custodian of the 

natioƴΩǎ ƭŀƴŘ ŀƴŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ {!5/Ωǎ ŜǾƻƭǾƛƴƎ ǊŜǎƻǳǊŎŜ ǘŜƴǳǊŜ ǎȅǎǘŜƳǎΦ DƻǾŜǊƴƳŜƴǘǎ 

influence the next two types of irrigation in both capacities.  

 

The second type of irrigation investments are by citizens ς also known as self-supply ς where 

citizens are the key investors in infrastructure for their own benefits. That is done by 



 6 

individuals or groups, and often is seen as informal. Adaptation to climate variability through 

these investments Ƙŀǎ ōŜŜƴ ŀǘ ǘƘŜ ƘŜŀǊǘ ƻŦ ŀƎǊŀǊƛŀƴ ǎƻŎƛŜǘƛŜǎΩ ǎǳǊǾƛǾŀƭ ǎƛƴŎŜ ǘƛƳŜ 

immemorial. One strategy for people is move to and from water through their settlement 

patterns. Both farmers and pastoralists look for the better-watered areas with better rainfall 

and fertile soils throughout the seasons, also using receding floods and water that 

accumulates in valley bottoms or entire floodplains for dry season cropping and grazing. 

tŜƻǇƭŜΩǎ ƻǘƘŜǊ ŀƎŜ-old strategy is to make water move to them, which requires investments 

in infrastructure. Household wells provide groundwater for domestic uses, livestock, and 

small-scale production at and around homesteads. Free gravity energy has long been tapped 

in mountainous areas in river-diversions, sometimes with night storage. These are typically 

for domestic uses, irrigation, brick making and other uses. The availability of new appropriate 

technologies boosts innovation. Multi-purpose infrastructure is the rule; single uses are the 

rare exception, because rural (and peri-urban) people have multiple water needs, and multi-

purpose infrastructure is more cost-effective. People also use and re-use the changing 

multiple water sources for greater environmental resilience. 

 

The public sector plays a role in supporting technology development and uptake, for example 

by stimulating market-led equipment supply chains. The Regional Agriculture Policy (SADC 

2014a) promotes the removal of import tariffs on equipment for that reason. Effective 

forward and backward linkages as a result of broader agricultural support for inputs, 

marketing and skills development are ŀ ƪŜȅ ΨǇǳƭƭΩ ŦŀŎǘƻǊ ǘƻ ŎƻƴǾƛƴŎŜ ŦŀǊƳŜǊǎ ǘƻ ƛƴǾŜǎǘ ƛƴ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ CǳǊǘƘŜǊΣ ƎƻǾŜǊƴƳŜƴǘΩǎ ƭŀƴŘ ŀƴŘ ǿŀǘŜǊ ǇƻƭƛŎƛŜǎΣ ƭŀǿǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ ŀƭǎƻ 

affect investments for self-supply. 

 

The third type of investments in infrastructure are those by agri-business. Colonial settlement 

and state formation was largely shaped around this type of investment, and it forms the basis 

ŦƻǊ {!5/Ωǎ Řǳŀƭ ŜŎƻƴƻƳȅ ƻŦ ƘƛƎƘƭȅ ƳŜŎƘŀƴƛȊŜŘ, often export-oriented large-scale farming; 

alongside largely manual smallholder agriculture, lack of electricity, poverty and 

unemployment. The financial crisis of 2008 fuelled further foreign or national investments in 

{!5/Ωǎ ŀōǳƴŘŀƴǘ ƭŀƴŘ ŀƴŘ ǊŜƭŀǘŜŘ ǿŀǘŜǊ ŀƴŘ ƳƛƴŜǊŀƭ ǊŜǎƻǳǊŎŜǎΣ ŀƭǎƻ ŘǳōōŜŘ ŀǎ ΨƭŀƴŘ ŀƴŘ 

ǿŀǘŜǊ ƎǊŀōǎΩ όaŜƘǘŀ, 2012). Governments play key roles in these investments through their 

national investment policies, public-private partnerships and, especially, their post-colonial 

custodianship of both land and water resources.  

 

In South Africa with its specific colonial history, the dominant form of agricultural production 

is by this last form of investors: medium- to large-scale farming. These capital-intensive farms 

ŎƻǾŜǊ Ƴƻǎǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ мнΦт Ƴƛƭƭƛƻƴ ƘŜŎǘŀǊŜǎ (ha) that are cultivated (which is 10 percent 

of the total land area). Slightly more than 1.3 million ha of this cultivated land (i.e. 10 

percent) is under irrigation (DAFF, 2010). Only an estimated 3 percent of these are irrigation 

schemes in the former homelands, cultivated by smallholders. The Sections two to six (by Joe 

Stevens of the University of Pretoria) provide a detailed national analysis of what is largely 
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agri-business agriculture and overall water resources availability and sectoral uses, water 

policies, laws, institutions and investments and national food security, nutrition and poverty. 

The case study in Section seven focuses on the Flag Boshielo (smallholder) Irrigation Scheme 

in a former homeland of one of the poorest provinces: Limpopo Province (by Barbara van 

Koppen, IWMI). Four comparative small case studies were compiled by Janane Jiyane and 

Barbara van Koppen. 

 

2. Water resources 
 

Water is a common thread that connects the three critical issues of food, energy and climate 

change. It is one of the key focus areas in enabling growth and development, and plays an 

important role in the green economy. Water is essential for social and economic 

developments and for the maintaining of healthy ecosystems. Sustainable economic 

development is only possible if we recognise the limited capacity of ecosystems to supply the 

necessary water needed for agriculture, industry, energy, generation and the production of 

many goods and services required by society. The National Development Plan: Vision 2030 

identifies water as a strategic resource that is critical for social and economic development 

(National Planning Commission, 2011). 

 

2.1 Climate 

 

Climate includes processes such as precipitation or rainfall, evaporation and temperature 

that are variable, and can have important implications on runoff, dam storage levels, and 

supply of water for domestic purposes, rain-fed agriculture, groundwater recharge, forestry, 

and biodiversity, as well as for maintaining or changing sea levels. A reduction in rainfall or its 

variability and an increase in evaporation due to higher temperatures have impacts on the 

ŎƻǳƴǘǊȅΩǎ ǎŎŀǊŎŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ ŎƭƛƳŀǘŜ ǾŀǊƛŜǎ ŦǊƻƳ ŘŜǎŜǊǘ ǘƻ ǎŜƳƛ-desert in the west 

to sub-humid along the eastern coastal areas. The natural availability of water across the 

country is highly uneven due to the poor spatial distribution of rainfall. This is compounded 

by the strong seasonality of rainfall over virtually the entire country, and the high within-

season variability of rainfall.  

 

¢ƘŜ ŎƻǳƴǘǊȅΩǎ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ ƛǎ прл ƳƳ ǇŜǊ ȅŜŀǊΣ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ ǿƻǊƭŘΩǎ ŀǾŜǊŀƎŜ ƻŦ 

860 mm, while evaporation is comparatively high (Stats SA, 2010). Only 10 percent of the 

country receives an annual precipitation of more than 750 mm, and approximately 62 

percent ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜ ƛǎ ǳǎŜŘ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǳǊǇƻǎŜǎΦ wŀƛƴŦŀƭƭ ƛƴ {ƻǳǘƘ 

Africa has a water supply potential per capita of just over 1 100 m3 pa. Both commercial 

farming and especially subsistence farming may be affected by less availability of water owing 

to adverse climate change. This is expected to vary across the different agro-climatic zones, 

provinces and different agricultural systems in the country. In general, less rain was received 

during the 2011/12 hydrological year (Figure 3) as compared to the previous period of 
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2010/11 (Figure 4). The central part of the country receives its rain mainly in summer. 

However Figure 3 shows that the central interior experienced heavy rainfall rain in June; this 

could be a contribution of changes in climate. Figure 3 shows that approximately half of the 

country experienced dry to very dry conditions. Only parts of Western, Eastern and Northern 

Cape Provinces received fair rainfall. The month of May was the driest month as almost the 

whole country received very little or no rain (Figure 3). 

 

 
Figure 3: Percentage of normal rainfall for the hydrological season 2011/12 

Source: SAWS in DWA undated 

 

 
Figure 4: Percentage of normal rainfall for the hydrological season 2011/12 

Source: SAWS in DWA undated 

 

Figure 5 shows the average provincial rainfall for 2011/2012, and according to this figure 

most provinces experienced high rainfall during the months December and January 

2011/2012. Mpumalanga and Limpopo Provinces received the most during January as a 

result of the tropical cyclone Dando, which caused floods during that time. KwaZulu-Natal 
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was hit by tropical cyclone Irina in March, resulting in the high rainfall. The Western Cape 

received the highest rainfall during June-August as it was expected as the southern-western 

region of the country receives winter rainfall. 

 

 
Figure 5: Provincial average rainfall (mm) for the period of October 2011 to September 2012 

Source: DWA undated 

 

The rainfall trend, per province, over an 11 year period, is showing a downward trend in 

rainfall as of 2001-нллфΦ ¢ƘŜ ŎƻǳƴǘǊȅ ǊŜŎŜƛǾŜŘ ǘƘŜ ƭŜŀǎǘ Ǌŀƛƴ όҗ 40 mm pa) between 2005 and 

2009, with the exception of the Western Cape which received between 60-80 mm pa. 

 

2.2 Temperature 

 

There has been a noticeable increase in temperatures across the country in the past 40 years. 

During the summer months of 2011/12, temperatures greater than 26 ᴈ were observed in 

the Northern Cape, North West, Limpopo and northern parts of KwaZulu-Natal Provinces 

(SAWS, 2014). The winter months saw temperatures soaring to below 10 ᴈ, resulting in 

some parts of the country experiencing cold conditions and snow fall. The statistical evidence 

is showing that South Africa is getting hotter over the past four decades. Kruger and Shongwe 

(2004) analyzed climate data from 26 weather stations across the country (Figure 6). Of 

these, 23 showed that the average annual maximum temperature had increased, in 13 of 

them significantly. Average annual minimum temperatures also showed an increase, of which 

му ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘΦ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜƛǊ ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǾŜǊŀƎŜ ȅŜŀǊƭȅ 

temperatures increased by 0.13°C per decade between 1960 and 2003, with varying 

increases across the seasons: fall 0.21°C, winter 0.13°C, spring 0.08°C and summer 0.12°C. 

There was also an increase in the number of warmer days and a decrease in the number of 

cooler days. 
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Figure 6: Annual mean temperature anomalies (base period 1961-1990) of 27 climate stations in 

South Africa 

Source: Kruger et al 2012 

 

These changes in temperature, together with the already scarce water resources in the 

country are expected to have a significant effect on all sectors of the economy, in particular 

agriculture. For example, anecdotal evidence suggests that climate change could lead to a fall 

of about 1.5 percent ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƎǊƻǎǎ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎǘ όD5tύ ōȅ нлрл ς a fall roughly 

equivalent to the total annual foreign direct investment in South Africa at present. Moreover, 

climate change and the resulting loss of biodiversity could do irreparable damage to the 

ŎƻǳƴǘǊȅΩǎ ǘƻǳǊƛǎƳ ƛƴŘǳǎǘǊȅΣ ǿƘƛŎƘ ƛǎ ǿƻǊǘƘ ŀƴ ŜǎǘƛƳŀǘŜŘ wмлл ōƛƭƭƛƻƴ/pa (about USD 10 

million). 

 

2.3 Evaporation 

 

As shown in Figures 7 and 8, evaporation appears to have increased over a wide area in 

South Africa. In 2011/12 the Lower Orange and Lower Vaal Water Management Areas 

(WMAs) being the most affected and Limpopo to some extent. In 2010/11, the most affected 

area was in the Lower Orange WMA. The high evaporation in these areas can be linked to 

very high temperatures between January and March 2012. 
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Figure 7: Average S-pan evaporation 2011/2012 hydrological year 

Source: DWA undated 

 

 
Figure 8: Average S-pan evaporation 2010/2011 hydrological year 

Source: DWA undated 
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2.4 Surface runoff and water availability 

 

The surface runoff is the total amount of water from precipitation flowing into a river or a 

stream or the sum of the direct run off and base flow. Direct runoff is the sum of surface and 

interflow (Stats SA, 2010). About one third of the precipitation that falls over the land runs 

into streams and rivers and is returned to the oceans. The other two thirds is evaporated, 

transpired or infiltrates into groundwater. The drainage, vegetation, land use and soil types 

have an influence on runoff. Also human factors such as urbanisation and development can 

reduce infiltration. In South Africa the construction of drainage networks, removal of soil and 

vegetation (degradation) and cultivation of land surface, increase the runoff volumes and 

shorten runoff times into streams and rivers. During the period 2011/2012 the surface runoff 

was generally lower than previous years, except for the southern and Western Cape, as these 

areas experienced heavy winter rains which caused flooding in July 2012 (DWA, 2013b). 

 

South Africa experiences uneven spatial distribution and seasonal rainfall as illustrated, and 

therefore some of the ŎƻǳƴǘǊȅΩǎ ŎŀǘŎƘƳŜƴǘǎ ŀƴŘ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀǊŜŀǎ ŀǊŜ ŜȄǇŜǊƛŜƴŎƛƴƎ 

water stress. The uneven distribution of rainfall together with the rapid population growth 

(approximately 52 million people (Stats SA, 2013) and economic development are 

exacerbating the problem of adequate supply. Approximately 9 500 km3 pa of the total 

requirements for water of 12 871 km3 pa is abstracted from the surface water resources, 

while the remainder comes from groundwater, the re-use of return flows and the 

interception of water by afforestation. Total requirements therefore represent approximately 

20 percent of the total Mean Annual Runoff of 49 040 km3 pa. A further 8 percent is lost by 

evaporation from storage and conveyance along rivers, and 6 percent through land use. 

Approximately 66 percent of the Mean Annual Runoff country wide remains in the rivers. The 

temporal flow distribution of the remaining water has been significantly altered as a result of 

upstream regulation and use, and it therefore no longer reflects the characteristics of the 

natural stream. It however fulfils the substantial requirements of the Ecological Reserve and 

the downstream international commitments. 

 

2.4.1 National water storage levels 

Generally, the surface water resources are highly developed over the country, with about 

350 major dams and many smaller storage dams, having a total capacity of more than 37 000 

km3, or more than 66 percent of the Mean Annual Runoff. This includes the draining of 

Lesotho (4 800 km3 pa) and Swaziland (500 km3 pa). 

 

In South Africa 4 755 dams were registered up to 2012 in terms of section 120 of National 

Water Act. In terms of this Section, all dams with a safety risk (i.e. if the wall height exceeds 

5m and if the storage capacity exceeds 50 000 m3 must be registered by the dam owners 

(DWA, 2013b). Table 1 provides the distribution of registered dams according to reservoir 

storage capacity. 



 13 

 

Table 1: Distribution of registered dams according to reservoir storage capacity 

Capacity(x106 m3) Number  percent 

0.00-0.05 152 3.1 

0.05-0.10 1 181 24.8 

0.10-0.25 1 710 36 

0.25-1.00 1 078 22.7 

1.00-10.00 437 9.2 

10.00-100.00 129 2.7 

100-1 000 60 1.3 

1 000-10 000 8 0.2 

Total 4 755 100 

Source: DWA 2013b 

 

There have been fluctuations in the storage levels in the past 13 years with 2011/2012 being 

the 9th highest in total storage (DWA, 2013b). This could be an indication of the lower rainfall 

and runoff experienced during 2011/2012 (Figure 9).The storage levels in 2011/12 showed a 

decrease in storage till June 2012, thereafter a gradual increase. Generally the storage 

(2011/12) was lower than during 2010/11 (DWA, 2013b).  

 

 
Figure 9: The national water storages for the period 2000 till 2012 

Source: DWA 2013b 

 

Some provinces have dams with large capacities while others have small capacity. The Free 

State Province has five large dams with total full supply capacity of greater than 1 000 million 
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m3 namely; Gariep, Vanderkloof, Sterkfontein, Vaal and Bloemhof. Gauteng has only 5 very 

small dams with total full supply capacity of 114.8 million m3. Northern Cape has few small 

dams with total full supply capacity of 145.5 million m3 which is the lowest of all the 

provinces. The Western Cape has many very small dams with Tweewaterskloof Dam being 

the largest. The storage situations of reservoirs within the provinces for 2011/12 were lower 

compared to the previous hydrological year with the exception of the Western Cape, which 

showed higher storage than the previous period (DWA, 2013b). This could be attributed to 

less rainfall experienced during the reporting period. The high rainfall in the Western Cape 

caused flooding in some areas.  

 

The Upper Orange WMA had the highest full supply capacity followed by the Upper Vaal and 

Usutu to Mhlathuze. Because of the volumes of water in the Upper Orange, there are a 

number of transfers to other catchments (Figure 10). The Upper Vaal receives a transfer from 

the Lesotho Highlands to ensure it meets the water demand. The Lower Vaal, Lower Orange 

and Olifants/Doorn have the least number of dams with very low capacities. Although Usutu 

to Mhlathuze has eight dams, their total capacity is low at 115.3 million m3. 

 

 
Figure 10: Comparison of water storages per WMA for 2011 and 2012 

Source: DWA 2013b 

 

Table 2 illustrates the storage status of 25 major dams in the country.  
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Table 2: Status of 25 major dams in South Africa 

 
Source: DWA 2013b 

 

2.5 Groundwater 

 

Responses of groundwater quantity and quality are different from surface waters in that 

groundwater depends on geological structures, soil conditions, rainfall patterns and 

anthropogenic activities in the recharge zones of the aquifer systems. Aquifer media in South 

Africa is classified as illustrated in Figure 11. The Department of Water Affairs (DWA)1 has 

produced Hydrogeological Maps at a scale of 1:500 000 covering most of the country, 

indicating aquifer types and related aquifer properties. The Department also developed a 

National Groundwater Strategy in 2010 (DWAF, 2010). One of its aims is that the knowledge 

and use of groundwater is increased along with the capacity to ensure sustainable 

management. Some aquifers extend across international borders (transboundary aquifers), 

resulting in a joint responsibility for their management and development. 

 

                                                           
1 The name was Department of Water Affairs and Forestry. When Forestry moved to the department 
of agriculture, the name became Department of Water Affairs (DWA), as used in this report. In 2014 
the name changed to Department of Water and Sanitation (DWS).  
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The Utilizable Groundwater Exploitation Potential in South Africa is estimated at 10 343 km3 

per year (7 500 km3 in a drought year), allowing for factors such as physical constraints on 

extraction, potability, and a maximum allowable drawdown (DWAF, 2010; Middleton and 

Bailey, 2009). The country only uses between 2 000 km3 and 4 000 km3 per year of this 

groundwater currently. This is approximately 16.1P ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ǿŀǘŜǊ ǳǎŜ όōƻǘƘ 

surface and groundwater) based on the information registered in Water Authorisation, 

Registration and Management System (WARMS) (DWAF 2007). The actual percentage is 

perceived to be higher considering that Schedule 1 use is not registered in the system. The 

biggest challenge for South Africa is that the groundwater resources are not evenly 

distributed, but spread variably over the country. This can be an advantage in providing water 

for small-scale local use, but for distributing it to centres of need will require a large number 

of boreholes and connecting pipelines.  

 

Groundwater level trends for 2011/12 are illustrated in Figure 11. The north-eastern parts of 

the country received άōŜƭƻǿ ƴƻǊƳŀƭέ ǊŀƛƴŦŀƭƭΣ ǿƘƛŎƘ ŀŦŦŜŎǘŜŘ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜΣ ǊŜǎǳƭǘƛƴƎ 

in the decline in groundwater levels. Due to continuation of local abstraction rates, a general 

decline in the aquifer saturation levels has been observed in some areas specifically the 

Limpopo Region (Limpopo, Luvuvhu and Letaba and the Olifants Catchments). These are the 

catchments that experience a long-term declining condition (water table recession rates in 

the order of 0.3 to 1 m pa). Towards the west, ground water level trends are also declining, 

although varying between 0.2 and 5 m pa. High water level declines were observed at bulk 

water supply schemes such as Grootfontein (5 m since June 2012) and certain dolomitic 

aquifer compartments in Gauteng (2 m since October 2011 in the Far West Rand). The annual 

rainfall for this region was significantly lower during 2011/12, with only 490 mm measured in 

Pretoria East, unlike the previous year where prolonged and heavy rainfall events were 

experienced from mid-December 2010 and led to significant recharges. Groundwater levels 

in KwaZulu-Natal reported similar declining trends (DWA, 2013b). The south-western regions 

of the country experienced significant groundwater recharges. High winter rainfall and 

snowfall in some regions initiated a replenishment of aquifer systems thus the rising water 

levels. Aquifer saturation levels of the Brandwag Aquifer Unit (east of Beaufort West) 

increased by almost 38 m due to the good rains received during that time. This particular 

recharge event was enhanced by significant snowfalls and associated winter rainfall in the 

Western Cape during the past two hydrological years (2010/11 and 2011/12) (DWA 2013b). 
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Figure 11: Groundwater level trends (2011/2012 hydrological year) 

Source: DWA 2010 

 

Concerning is the fact that very little research could be found on the groundwater-surface 

water interaction and related impacts. DWA is currently using a surface-ground water 

interaction model to quantify the impact; however the applicability on a large scale is 

questionable (DWA, 2010). 

 

Groundwater quality 

The north-western parts of the country indicate low quality conditions with electric 

connectivity recording above 520 mS/m. Groundwater quality deterioration in the northern 

sub-catchment of the Lower Orange, i.e. the Nossob and Auob Rivers flowing from Namibia, 

is a concern, and the cause for that is not clear yet. The groundwater salinity trends for the 

2011/12 hydrological year are illustrated in Figure 12. For the larger part of the country, 

salinity trends were quite stable and varied (standard deviation) between < 5 mg/l (almost 

stable) and 50 mg/l. These are representing small water quality oscillations due to internal 

aquifer quality modulation and annual recharge events replenishing the aquifer systems with 

good quality rainwater.  

 

Groundwater salinity improved in the Limpopo and Olifants Catchments and some localised 

aquifer systems in the Crocodile-West and Marico Catchments. Similarly, salinity improved in 

the northern parts of the Lower Vaal. In other areas groundwater quality deteriorated mainly 

showing higher salinity values. Although these increasing salinity values were significant (in 

the order of 205 -160 mg/l), they manifested after April-May 2012, and could be an 
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indication of sporadic local pollution due to local recharge events after a long dry period, 

especially those in the Gouritz, Fish to Tsitsikamma and the Mzimvubu to Keiskamma 

Catchments. However, the salinity increase in the Upper Orange and Lower Vaal is part of a 

long-term decreasing water quality trend in the order of about 15 mg/l pa.  

 

 
Figure 12: Increasing salinity trend of one of the monitoring boreholes of the Lower Orange 

catchment 

Source: DWA 2010 

 

To illustrate the alarmingly rapid deterioration of groundwater quality in the Lower Orange, 

Figure 12 was plotted showing salinity trends from 1996 to 2012. Since then, electrical 

conductivity increased from 220 mS/m to about 435 mS/m in this borehole.  

 

The acid mine drainage (AMD) is one of the water quality challenges emanating from mining 

activities. The seepage water from abandoned open pits, mine waste dumps, tailings, 

stockpiles and mine shafts is highly acidic. The most affected areas by AMD are the gold 

mines in the Western Basin (Krugersdorp area), the Central Basin (Roodepoort to Boksburg) 

and the Eastern Basin (Brakpan, Springs and Nigel areas) of the Witwatersrand. Mining in 

these areas ceased in 2010, and since then the underground voids have been filling up with 

AMD. Other areas affected by mining activities include Mpumalanga, Limpopo and Kwa-Zulu 

Natal. Various remedies are being implemented: 

¶ Reducing the ingress of water into the underground workings to reduce the volumes of 

water which need to be pumped out and treated to more acceptable levels.  

¶ Reducing or stopping decant of AMD into the river system, and only releasing during 

high water flows.  


