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Abstract
Strategies for increasing the development and use of groundwater for agriculture over much of sub-Saharan Africa (SSA)
are urgently needed. Expansion of small-scale groundwater irrigation offers an attractive option to smallholder farmers to overcome unreliable wet-season rainfall and enhance dry-season production. This paper presents a simple, generic
groundwater-balance-based methodology that uses a set of type-curves to assist with decision making on the scope for
developing sustainable groundwater irrigation supplies, and to help understand how cropping choices influence the potential
areal extent of irrigation. Guidance to avoid over-exploitation of the resource is also provided. The methodology is applied
to 2 sites in West Africa with contrasting climatic and subsurface conditions. At both sites the analysis reveals that there is
significant potential for further groundwater development for irrigation whilst allowing provisions for other sectoral uses,
including basic human needs and the environment.
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Introduction
Enhanced groundwater irrigation for smallholder agriculture
in sub-Saharan Africa (SSA) is widely recognised as being an
important aspirational goal that would dramatically improve
food security and livelihoods by protecting against poor and
highly variable wet-season rainfall and by enabling productive use of land during the dry season (Kay, 2001; Allaire,
2009). However, groundwater-sourced agricultural development across SSA has been severely lagging behind most other
regions of the world (Shah et al., 2007). Less than 2% of rural
households are served by groundwater for irrigation purposes
in SSA, whereas, in contrast, the figures for China and India
may be in the order of 30% and 50%, respectively (Giordano,
2005). According to national-level figures from a cross-section
of 16 SSA countries, groundwater is being used to irrigate less
than 1% of the arable land (Table 1). At the same time, positive
developments are emerging, with groundwater being increasingly recognised as a largely untapped resource for agricultural development in SSA, albeit with numerous technical and
non-technical issues which severely constrain development
(Giordano, 2006; Masiyandima and Giordano, 2007). There
is emerging evidence that farmers are increasingly resorting
to groundwater for irrigating high-value crops across Ghana
where there is much optimism amongst decision-makers
and investors that groundwater can play an important role in
enhancing productivity and alleviate poverty (Namara et al.,
2011). Other successful examples of agricultural groundwater
development, often using rudimentary abstraction technologies
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include the fadama cropping systems along the inland valley
areas of Nigeria (Tarhule and Woo, 1997). In countries such as
Ethiopia and Zimbabwe, smallholder farmers with higher, yearround access to irrigation water through the use of groundwater
are better able to produce higher-valued, marketable vegetables
than those without (Hagos et al., 2009). These examples offer
hope for the expansion of areas under cultivation and higher
cropping intensities if technical, technological, economic and
policy-related barriers can be overcome.
One of the issues that must be addressed when proposing
new groundwater irrigation development for smallholder farmers is the threat of over-abstraction posed to existing groundwater users, along with the ecosystems supported by groundwater. In countries such as South Africa, where groundwater
irrigation development is the most advanced within the SSA
region (Table 1), as well as in some other countries in the lower
rainfall zones, commercial-scale developments have in some
cases already led to continuously falling groundwater levels
(Wada et al., 2010).
Across much of the region, very little is known about
the physical extent, accessibility and development potential
of groundwater, but interest and knowledge are emerging
(Namara et al., 2011). Data availability remains scarce, and
that which is being gathered is often being collected unsystematically and disconnected from information systems (Adelana
and MacDonald, 2008). Not only is the quantum of information and the level of understanding often very poor, it is also
highly heterogeneous across the region, which makes it difficult
to perform broad-scale assessments. As a result, uncertainties
and misconceptions emerge about the development potential.
In areas where the development of the groundwater
resources is low, the extent of smallholder irrigation that could
be introduced is usually unknown. Given the above-mentioned
challenges, simple methods that follow ‘start small and learnas-you-go’ principles are needed in order to gauge the levels of
irrigation development that can be sustained, and to determine
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