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Abstract

:

Increasing agricultural productivity has always been a prominent feature on the regional agenda due to a high incidence of food and nutrition insecurity. This review assessed the current status of irrigated agriculture in southern Africa from a water–energy–food (WEF) nexus perspective. Gaps and opportunities for improving irrigated agriculture within the context of the WEF nexus were also assessed in terms of the feasible limits to which they can be exploited. Southern Africa faces water scarcity, and climate projections show that member states will face increased physical and/or economic water scarcity by as early as 2025, which will have negative impacts on water, energy and food production. Recurrent droughts experienced across the region reaffirm the sensitive issues of food and energy insecurity as well as water scarcity. Projections of an increasing population within the region indicate increased water, energy and food demand. With agriculture already accounting for about 70% of water withdrawals, increasing the area under irrigation will place additional demand on already strained energy grids and scarce water resources. This poses the question—is increasing irrigated agriculture a solution to improving water access, food security and energy supply? While there are prospects for increasing the area under irrigation and subsequent improvement in agricultural productivity, adopting a WEF nexus approach in doing so would mitigate trade-offs and unintended consequences. Consideration of the WEF nexus in integrated resources planning and management eliminates the possibilities of transferring problems from one sector to other, as it manages synergies and trade-offs. While it is acknowledged that improving water productivity in irrigated agriculture could reduce water and energy use while increasing yield output, there is a need to decide how such savings would then be reallocated. Any intervention to increase the irrigated area should be done in the context of a WEF nexus analytical framework to guide policy and decision-making. Technical planning should evolve around the WEF nexus approach in setting targets, as WEF nexus indicators would reveal the performance and impact of proposed interventions on any of the three WEF nexus components.






Keywords:


irrigation; southern Africa; WEF nexus; water productivity; water accounting; agriculture












1. Introduction


The current challenges facing agriculture are compounded by multiple stressors, which include, but are not limited to, increases in food demand, growing populations, migration, urbanisation and climate variability and change [1]. In addition to this classical Malthusian challenge, the growth of the middle class and accompanying resource demands presents an interesting conundrum from a resource management perspective. Africa’s developmental ambitions, as laid out in Vision 2063 and other continental frameworks, make it clear that we are envisaging higher levels of development that will, among other things, see increased industrialisation on the continent [2,3]. If the continent proceeds with the current industrialisation paradigm, the resource strain will increase. As it is, 43% of southern Africa is either arid or semiarid, while about 70% of the people rely on rainfed agriculture and face food insecurity [1,2]. Recurring droughts and other extreme weather events threaten the sustainability of agriculture. While irrigation has the potential to boost agricultural productivity by ~50% [3], it currently accounts for 9% of the southern Africa’s arable land, and the figure decreases to 7% for all of Africa [4]. This is far below developing regions such as South America (41%) and Southeast Asia (29%) [5], with which we share similar development trajectories. This has led to the argument that improvements in crop productivity lie in increasing the area under irrigated agriculture [6]. However, given the interlinkages between water, energy and food, there is need to adopt an integrated water–energy–food (WEF) nexus approach that balances the needs across sectors and mitigates trade-offs [7].



The WEF nexus addresses the complex and interrelated nature of resource systems [8]. It presents a holistic approach to better understand and systematically analyse the interactions between the natural environment and human activities, and to work towards a more coordinated management and use of natural resources across sectors and scales. The WEF nexus approach potentially provides a way of understanding the complex and dynamic interlinkages between food security, irrigation and water resources, which together constitute a theme around sustainable food production [4]. For example, the United Nations has recognised the WEF nexus as an important approach to achieving the Sustainable Development Goals (SDGs) on poverty alleviation, zero hunger, the provision of clean water and sanitation and access to affordable and reliable energy (Goals 1, 2, 6 and 7, respectively) [9].



This review assesses the prospects of increasing the area under irrigation in southern Africa in the context of the WEF nexus. This was achieved by (i) assessing the current status of agriculture, water and energy in the region; (ii) assessing the prospects for increasing the area under irrigation; and (iii) providing a WEF nexus perspective for achieving and balancing regional food security goals.



The focus is on southern Africa (Figure 1), which forms part of the Southern African Development Community (SADC). For the purpose of this study, we have focused on the mainland states in the analyses; this is because most of the shared and transboundary resources, as well as data availability, are within the context of the mainland states. The first section of the review outlines Africa’s and southern Africa’s visions for achieving food and nutrition security and the role of irrigated agriculture. The second section then assesses the status of water, energy and food in southern Africa and gives an overview of the irrigation potential within the region. The main objective of this section was to set the scene for the adoption of the WEF nexus relative to regional goals and ambitions. The section highlights possible trade-offs and synergies within the WEF nexus. The third and last section lists recommendations for the integration of the WEF nexus when considering irrigation expansion for improved agricultural productivity.



What Is the Vision for Food Security in Africa and Southern Africa?


Nearly 240 million people in sub-Saharan Africa (SSA), or one person in every four, lack adequate food for a healthy and active life, and record food prices and drought are pushing more people into poverty and hunger [10]. By 2050, Africa’s population will have more than doubled to 2.4 billion people. In addition, two-thirds of Africa is arid or semiarid, and 38% of people in SSA live in water-scarce environments [5]. Smallholder farms represent 80% of all farms in SSA and contribute up to 90% of the agricultural production in some SSA countries [11]. However, they too suffer from food insecurity as they rely on rainfed agriculture, meaning that if there is drought, there are food shortages. Improving agriculture on small farms is critical for reducing hunger. In response to the widening food crises in Africa, with a specific mandate to promote agricultural investment and development to combat hunger and poverty, the Comprehensive Africa Agriculture Development Programme (CAADP) spearheaded by the New Partnership for Africa’s Development (NEPAD) in partnership with the United Nations’ Food and Agriculture Organisation (FAO) [12,13] was launched. The CAADP set four pillars: (i) extending the area under sustainable land management and reliable water control systems, (ii) improving rural infrastructure and trade-related capacities for improved market access, (iii) increasing food supply and reducing hunger, and (iv) increasing research and development. Targeted investments in these pillars would bring immediate transformations to Africa’s food security crises. It suggested that rapidly increasing the area equipped with irrigation, especially small-scale irrigation, could provide opportunities for farmers to sustainably increase yield and address food insecurity. The CAADP proposed increasing the area under irrigation (new and rehabilitated) to 20 million ha, at an estimated cost of US$37 billion, while infrastructure operation and maintenance required a further US$31 billion.



The CAADP addressed this by placing emphasis on prioritising investment in small-scale irrigation, setting a target of about 14.2 million ha for small-scale irrigation schemes. The 2014 Malabo Declaration signed by African Heads of State and Government in Equatorial Guinea recommitted to the principles of the CAADP, including additional commitments for the continent to end hunger by 2025 [14]. Interventions required to achieve the continental goal and targets of ending hunger included doubling crop productivity by focussing on inputs, irrigation and mechanisation [14]. The SADC’s Regional Indicative Strategic Development Plan (RISDP) [15] and Regional Agricultural Policy (RAP) [16], informed by the CAADP, also highlighted the need to improve crop productivity through increasing irrigation. Although the CAADP seeks to promote irrigation, among other interventions, it also noted that increased irrigation was not the panacea for all of Africa’s food security ills. There is a need to complement such interventions with improvements in water productivity, nutrition and human health [17,18]. A holistic and systems approach would be best placed to sustainably tackle the complex challenge of food insecurity.



Increasing the irrigated area implies increasing water withdrawals for agriculture, which already accounts for the bulk of freshwater withdrawals. Secondly, it requires significant investments in infrastructure and energy, especially in countries with economic water scarcity. Thirdly, irrigation requires significant energy outlays to pump and distribute water, yet the region currently faces energy insecurity; but at the same time, needs to produce more food to feed a growing population [19]. The SADC’s RAP also prioritises energy availability for irrigation, adding an interesting section that stresses the significance of the region’s shared water resources and the establishment of cross-border irrigation schemes. The importance of incorporating energy in development planning [20] and the transboundary nature of the SADC’s watercourses [7] underlines the need to balance and coordinate resource development through the WEF nexus. Figure 2 presents a map of southern Africa showing the current distribution of agricultural area by system. Irrigated area accounts for only 9% of southern Africa’s arable land.





2. WEF Nexus Considerations for Expanding the Area under Irrigation


2.1. Water for Agriculture: Irrigation Infrastructure Development in Southern Africa


It is envisaged that southern Africa will become drier in the near future, negatively impacting vulnerable and poor smallholder farmers with low adaptive capacity. Most of the arable land in southern Africa is under smallholder farmer use [11]. Heavy reliance on rainfall for agriculture makes them vulnerable to the negative impacts of climate variability and change. Due to the increasing uncertainty in water availability, the viability and sustainability of rainfed cropping systems will gradually decline [22]. On the other hand, increasing populations, changing dietary requirements and increasing middle-class earnings will lead to the requirement of more food under the same limited water conditions. If the region is to increase the area under irrigation for increased agricultural production, the damming of runoff water is vital.



Of the total mean annual runoff (MAR) of 98,926 km3/year in southern Africa, only 0.43% is dammed and the remaining 99.57% is underutilised; most of the surface water flows to the ocean [23]. Thus, there is a need to build more dams to store the water which just flows to the ocean without being used for irrigation and other purposes. Projections indicate that 14% more water will be needed for irrigated agriculture in developing countries alone by 2030 [24]. This requires some 220 km3 of extra storage. Current storage capacity is dwindling through the siltation of existing reservoirs. Storage losses through siltation are estimated at about 1% or 60 km3/year. This implies that more reservoirs should be constructed to meet the additional water requirements needed to meet the CAADP target of 5 million ha of irrigated land by 2025, whilst at the same time rehabilitating and maintaining current water infrastructure. Dam construction may exclude countries such as Zimbabwe and South Africa, which already have a high density of dams (Figure 3), but may need rehabilitation.



Damming creates plausible opportunities for promoting programmes for irrigation expansion. With the exception of South Africa and Zimbabwe, the rest of the SADC countries have very few dams that can ensure surface water availability throughout the year. The two countries also have much of their arable land equipped for irrigation (see Table 1 and Figure 3). The distribution of the 819 dams in the region is uneven (see Figure 3), making the implementation of policy on irrigation difficult. Even though there are 38 planned dams in the north (see Figure 3), they may not be enough to meet the water requirements, let alone the energy requirements, needed to irrigate the proposed 5 million ha by 2025. However, with countries such as South Africa which are already at the limit of feasible dam construction, this highlights that a regional water investment/transfer strategy would be needed. Besides increasing dams within the region, irrigation projects should be based on proper planning (assessment of catchment-based water potential), improved water-use efficiency and agricultural water management.



The present scenario, where agriculture accounts for the bulk of freshwater withdrawals, while food insecurity is unsustainable, requires that we focus on improving water productivity in agriculture. This will address both the issue of reducing water use in agriculture and increasing agricultural productivity. Improving water productivity would suggest minimising, where possible, unproductive water losses [26], such as soil evaporation, drainage and runoff. This would also entail improving agricultural water management to reduce water use and avail it for other sectors. At a field level, improvements in water productivity could be realised through a combination of improved agronomic, engineering, management and institutional strategies. Rainwater harvesting and soil water conservation should be promoted, especially for smallholder farmers. The use of improved varieties with high water productivity and improved agronomic practices that contribute to increased water productivity should be strengthened. Alternative practices such as intercropping could be considered for smallholder farmers, as they allow for increased water productivity [27,28]. Investments in irrigation should favour efficient systems, such as micro-irrigation systems (drip and subsurface irrigation) in the place of macro-irrigation systems (overhead and sprinkler-type irrigation). Micro-irrigation has the potential to achieve the highest uniformity (90%) in the water applied to each plant relative to macro-irrigation [29]. Management strategies such as deficit irrigation should be adopted, as they can increase water productivity. Improving water productivity would translate to lower energy and water use, hence relieving pressure on the WEF nexus. However, this will require developing institutional arrangements to support coordinated agricultural water management in catchments and at the field scale.




2.2. Water for Energy


Water and energy are critical resource inputs for economic growth and food security [30], as well as for irrigation. Southern Africa has vast but unexploited water and energy resources. However, the majority of the population in the region already lacks access to clean and reliable water and energy [31]. Irrigation expansion at a time when the region is still depending on hydropower as the main source of energy may exacerbate the challenges of water and energy supply in the region. With the exception of South Africa, less than 30% of southern Africa’s population has access to electricity and uses biomass fuel for cooking and heating [32]. To improve access to energy for all, the region has the potential to increase energy supply through hydroelectric, fossil and biofuels; however, this means more water supply is required [33]. Then again, to improve water supply to urban areas for irrigation and to food-processing industries, more energy is required to pump and distribute the water [34]. Water for energy and energy for water are two challenges that have emerged in the last century that can potentially affect the need to expand the area under irrigation. The WEF nexus analytical approach looks into all these scenarios to guide policy harmonisation and thereafter coordinate implementation. The alternative in such a scenario would be to turn to the vast solar and wind energy potential in the region, sources of energy that do not require a lot of water.



In most energy-production processes, water is an essential input: fossil fuels require water for extraction, transport and processing; it is used for cooling in thermoelectric generation based on nuclear and fossil fuels; and hydropower can be produced only if water is readily available in rivers or reservoirs [10,34,35]. Feedstock production for biofuels, such as ethanol, may depend on water for irrigation, and renewable energy resources such as solar require water for cooling and cleaning panels or collectors for improved efficiency [10]. Solar photovoltaic (PV) and wind technologies demand minimal quantities of water [20,36]. Energy is itself required to make water resources available for human use and consumption (including irrigation) through pumping, transportation, treatment and desalination [10]. The technology choice, source of water and fuel type determine the impacts of energy on the withdrawal, consumption and quality of water resources. These factors are taken into consideration when assessing a country’s performance in resources management and ranking its sustainability level through the WEF nexus analytical approach. The same factors are also looked into when assessing performance of a country towards achieving SDG targets.




2.3. Energy for Agriculture


The correlation between food security and energy demand has been widely established [37]. Agriculture and the food sector use about 30% of the global energy [38], and this is expected to increase owing to the increase in the demand for food. With the exception of South Africa, southern Africa is energy-poor, with more than 60% of its population having no access to electricity and using biomass energy sources for heating, cooking and lighting [39]. The region faces severe energy poverty, and the low availability of energy services hampers economic development, and more importantly, threatens the expansion of land under irrigation. Data on the amount of energy used for irrigation on a regional scale is largely unavailable, making it difficult to quantify the extent to which it will influence the WEF nexus if we are to increase the area under irrigation. Energy used in irrigation can account for >50% of a farm’s total energy bill [40,41]. Increasing irrigated area may see farmers paying an additional 70% for energy on their total farm bills. However, the increasing scarcity of fossil energy sources, urbanisation, dilapidating energy infrastructure and a lack thereof, and correspondingly, rising energy prices are further challenges concerning the access of energy for increased agricultural productivity [42]. Expanding the area under irrigation creates new energy demands on already strained energy grids [38]. As it is, evidence suggests that the current energy status of the region cannot accommodate the present or future expansion of the area under irrigation. Low tariffs, poor project preparation, issues with power purchase agreements and absent regulatory frameworks stunt investment and financing in the energy sector. In response to the need to increase energy access in agriculture for increased productivity, the development and use of renewable energy sources such as solar photovoltaic (PV) and wind technologies [20,36] has increased over the last decade [10,43,44]. Several countries (Zimbabwe, Mozambique, Zambia and Tanzania) have invested in the construction of dual-purpose dams that generate hydroelectricity and water for irrigation [16,45]. This would provide enough energy for irrigation and provide additional energy released to the energy grid for other uses. In addition to this, bioenergy has become a potential source by which to increase energy within the region.



By 2050, model scenarios project bioenergy growth to reach 35% of the global primary energy, and by 2100, bioenergy will contribute 10 to 50% of the global primary energy [46,47]. This suggests that bioenergy will contribute directly to energy for irrigation in the near and distant future. The argument for bioenergy is centred on the net emission of carbon dioxide, which is said to be negligible as long as plants continue to assimilate for biomass energy purposes [48], hence contributing to the mitigation of carbon emissions. However, the net emissions associated with biomass use for energy services can easily be negated because of the complexity of challenges emanating from potential changes in land use and land management, and its apparent demand on resources—energy, water and nitrogen [49]. Land use issues that often arise are the assumed conflicts between food production and biomass crops. Within the context of the WEF nexus, there is competition for land between food production and biofuels feedstock production; hence the need for the WEF nexus as a planning tool [19]. It is counter-argued that the large-scale cultivation of biomass strengthens the agenda around bioenergy and inevitably increases global food prices and increase in water withdrawals through irrigation [50]. According to Kline et al. [47], long-term data shows little to no correlation between food price, increases in water use and bioenergy. Kline et al. [47] go on to argue that when risks are observed, bioenergy can actually address food security concerns, since in most instances, they are food crops. Popp et al. [50] suggest the use of integrated landscapes where agricultural, forestry and biofuel crops can be produced simultaneously to increase the sustainability of bioenergy. Producing biomass on underutilized land under rainfed conditions could also reduce competition with food crops for irrigation water [47]. At a smaller scale, systems that include crop rotations, multiple cropping, intercropping across seasons and agroforestry approaches can reduce the risk.



On the other hand, because of the close association between bioenergy and food, the use of biomass has the potential to create environmental and social challenges beyond its use as a substitute for fossil fuels [19,51]. Impacts on soils, water resources, biodiversity, ecosystem function and local communities will differ depending on choices made regarding the types of biomass used, as well as where and how they are produced [47,52,53]. The extent of these impacts also depends on uncertainties which are biophysical (e.g., carbon density, land productivity, and climate) and economic (e.g., land conversion and yield responses) [54]. As it is, the water footprint for biomass production for bioenergy is said to be higher than that of fossil fuels, as water is required along the entire value chain [55]. Under rainfed conditions, a profitable biofuel enterprise will require irrigation to maximise productivity. In view of these uncertainties and risks associated with their production, proponents for bioenergy are calling for more efficient value chains and alternative crop choices that do not threaten the status quo of food production. Next- or second-generation biofuels, also known as advanced biofuels, can be used to promote increase investments in bioenergy. Second-generation biofuels are manufactured from various types of non-food biomass and/or food waste and are produced using new technology [44]. Some of these technologies are also aimed at converting cellulosic fractions from crops into biofuels [56]. This fraction of biofuels can substantially increase the production sustainability of the industry. Second-generation biofuels are said to have a small impact on the WEF nexus when compared with first-generation biofuels, as they do not directly compete for land, water, food or energy. Within the context of the WEF nexus, the use of second-generation biofuels can support the interrelationships among first-generation biofuels and the different sectors within the nexus by relieving competition for resources. The use of both first- and second-generation biofuels can help offset the demands of food and water and provide a greater contribution towards energy supply. However, the production and trade of second-generation biofuels in southern Africa is limited [56]. The difficulties of African biofuels production are attributed to unsustainable large-scale projects, several of them involving Jatropha, and controversies over land-grabbing allegations [56,57]. Given all these investments and the need to provide more energy across multiple sectors, policy-makers should consider a WEF nexus approach when planning the development of biofuels to balance competing demands.




2.4. Water Markets and the WEF Nexus


The ability of early civilizations, and more recently, nations to move water to and within fields has depended on the availability of energy [58,59,60]. This transfer of water from one sector to another is referred to as water marketing and is predominant in areas experiencing water scarcity [8]. Water marketing involves the transfer or sale of water or water rights among users and is often done without investing in new infrastructure [61]. A good example of water marketing is the inter-basin water transfers in a region, where water is transferred from one basin to the other (Figure 4). One such inter-basin water transfer agreement is the Lesotho Highlands Water Treaty [6,7], which culminated with the formation of the Lesotho Highlands Water Project, which has clearly defined volumetric allocation based on known flows. The Lesotho Highlands Water Project addresses South Africa’s water scarcity challenges through the transfer of some of Lesotho’s abundant water resources to the Gauteng region. The revenues from the project are enabling Lesotho to develop its hydropower capacity and improve water distribution within the country [8]. This is a good case of a balanced WEF nexus initiative being spearheaded by a regional watercourse commission. Similar initiatives of inter-basin water transfers should also consider applying the WEF nexus to avoid transferring challenges.



In early agriculture, manual labour and oxen provided the means to build irrigation channels to draw water and divert rivers. As of more recently, modern energy is used to pump water from groundwater reserves and divert whole rivers across larger distances. With the global population and global economic growth set to continue and a significant proportion of the current human population lacking access to clean water supply and sewerage services, the energy-for-water challenge has become a significant, global-scale concern, more so in developing regions, and has seen an upsurge of water trading [62]. Underpinning both challenges is the previously described ‘water scarcity’ issue, and the recent challenge of ‘water stress’ [63]. A WEF nexus approach may be the pedal to deal with these challenges, especially in the advent of climate change.




2.5. Land and the WEF Nexus


Across SSA, issues around land are highly contentious, and this is worsened when water issues are introduced. The key land issues of concern in the region include: access to land (individual or collective), rights to land (individual or collective), land tenure (formal or informal), land tenure security (secured or insecure), land governance (transparency and accountability), the use of land (extensive or intensive) and the management of land (protective or productive) [64,65]. In addition, land tenure has bearings on food production, water rights for irrigation, and the expansion of land under bioenergy uses, hence the WEF nexus [10]. The relationship between land and water is politically, economically and culturally complex and this complexity is expected to increase with the progression of growing populations, increasing water and energy scarcity, growing demand for water and energy and food security concerns [7], and more so with the current plans of increasing the land under irrigation.



Land reform fragmentation has also led to infrastructure imbalances [66], and this has delayed the institutionalization of the WEF nexus across the region due to the uncertainty in land and water rights. These factors bring about a complex matrix of land-related factors that impact on the willingness to invest in agriculture and infrastructure, and more so, on the rehabilitation of existing irrigation infrastructure [67]. Statistics are hard to come by in terms of the proportion of farmers in the region with access and a right to securely tenured land [66]; generally, it is agreed that most do not have these [68,69]. Consequently, the lack of ownership and or secure land rights also constrains efforts to improve agricultural productivity [66]. Medium-to-long-term investments in irrigation need access to secure land to incentivise such investments. Secured land tenure drives investments in land improvement and agricultural production, the land can be used as collateral, the land can be traded and there is a reduction in conflicts over the access to and use of the land. However, the lack of ownership and or secure land rights, for example, for most women, affect their potential in making effective investments that could contribute to improving agricultural productivity, and by extension, improve household food security.



At a regional level, countries (e.g., Namibia, Mozambique, Tanzania and the Democratic Republic of Congo) in the SADC have international land transfer deals (land grabs) amounting to 10 million ha out of a total of over 50 million ha in the whole of Africa [70]. Land grabs, as they are commonly known, although signed by national governments, have a tendency of negatively impacting the rural farmers’ access to productive agricultural land and existing water sources. In worst-case scenarios, land grabs can reduce rural farmers to indentured labourers on these huge farms. All this does not auger well for the productivity of the land, especially in cases where the scale of production is based on small-scale operations by many farmers, as is common in most countries in the region. Another point of interest to note is the land expropriation (alternatively termed land reform or land redistribution) programmes that have happened in countries such as Zimbabwe and Mozambique. The immediate effect of such programmes has been a massive reduction in agricultural productivity and production, to the extent of nations requiring food imports. South Africa is poised for an extensive land expropriation programme in the near future, and it can only be hoped that this will be undertaken in a properly organised manner so as not to affect agricultural output. In this context, indicators modelled around the WEF nexus can be used to develop sound land distribution frameworks that recognize the linkages between agricultural productivity, resource use and land tenure.





3. Recommendations


The success of irrigation expansion in the agro-based economies of southern Africa is reliant on a holistic and systematic WEF nexus approach. Whilst food security is a priority, a WEF nexus approach would ensure that trade-offs with energy and water are mitigated whilst maximising the synergies. The following recommendations are suggested:

	
Linking developmental projects related to water, energy and food (agriculture) to the WEF nexus analytical framework to guide decision-making;



	
Develop capacity for water storage through dam construction; this should prioritise small dams for small-scale irrigation in rural areas to improve agricultural production and local food security. The focus on dam construction should be balanced with the rehabilitation and maintenance of existing infrastructure as well as investments in ecological infrastructure, which will make more water available sustainably;



	
Exploit untapped groundwater resources to counter rainfall variability and add to surface water resources;



	
Conjunctive irrigation–green water models for agricultural water management;



	
Increased use of alternative water sources, e.g., partially treated wastewater, for peri-urban irrigated agricultural activities to support urban and peri-urban food supplies in quality and quantity;



	
Broaden the energy base through pursuing innovative, sustainable and renewable energy sources to increase energy supply and reduce the cost of energy to the consumers. Currently, the cost of energy is often a hindrance to the success of small-scale irrigation schemes;



	
Adopt policies that promote small-scale irrigation and empower smallholder famers to adapt and build resilience to climate variability and change;



	
Promote innovative, water- and energy-efficient irrigation practices that can enhance economic advantages for irrigated agriculture while mitigating negative environmental impacts. This would include developing remote-sensing and crop-modelling technologies for precision soil water-content determination and irrigation scheduling support; this could reduce overirrigation and energy usage in large-scale irrigation schemes and improve water productivity;



	
Prioritise human capacity development and the development of training plans for workers on sustainability as a strategy to support and sustain the innovations and improve the water productivity of new and existing irrigation schemes;



	
Align interventions to improve agricultural productivity through irrigation with the Sustainable Development Goals (SDGs); and



	
Improved access to and rights to securely tenured land for irrigated agricultural use in rural areas.








While the above WEF nexus policy and technical recommendations add value and future direction, there is a need to also complement these with sound agricultural practices. This would ensure the sustainable implementation of policy and any such interventions. Additional considerations that could be made in this regard include, but are not limited to:

	
Improved agronomic practices: currently, the proportion of fertilizer used across SSA is less than 5% of the global agriculture consumption. Improving soil fertility is critical for efforts aimed at addressing the productivity of the agricultural sector and tackling hunger in the region and increasing return on investments in increasing the area under irrigation;



	
Promoting climate-smart agriculture methods that increase food and biofuel crop production and efficient resource use under rainfed and irrigated conditions; and



	
Improving the access to and capacity of agricultural advisory services needed to support the technical interventions.









4. Limitations and Risks


As already alluded to, the WEF nexus has previously been applied as a conceptual framework for natural resources governance, as a tool for decision support systems (DSS), as a perspective to resources management, as an analytical approach for solution seeking, as a conceptual framework for political analysis and as a web-based tool for management decisions. Despite this wide array of applications, the WEF nexus is not without limitations and risks, especially when applied to a subcontinent as diverse as southern Africa. Below are some of the limitations and risks with the WEF nexus, in light of what the authors are proposing in this paper.



	(a)

	
Institutional

	
Absence of operational WEF nexus policies and their adoption in member countries.



	
Lack of buy-in to the WEF nexus from policy people and strategists on the ground.



	
Resource limitations from the government departments responsible for coordinating and implementing the WEF nexus.









	(b)

	
Technical

	
Limitations in the ability of implementing persons to apply and operationalise the WEF nexus.



	
Inaccessibility and inadequacies in the data required to effectively apply the WEF nexus.



	
Lack of proper tools, e.g., models, to successfully apply the WEF nexus.



	
Lack of proper metrics applicable to the region in general and countries specifically.



	
Lack of frameworks to measure the success of any WEF nexus implementation and applications.









	(c)

	
Sociopolitical

	
Shift in political positions by governments that will negate the effective application of the WEF nexus, e.g., change in policies, rules and regulations that govern water, land and energy resources.



	
Market manipulations for political expediency, thus negating the proper management of natural and agricultural resources, e.g., drastic land and water reforms.



	
Uncontrollable externalities that might dominate the WEF nexus, e.g., climate change/variations or regional political instability.













5. Conclusions


It is feasible to increase the area under irrigation in Southern Africa. If done correctly, this could sustainably increase food production and improve food security. Targets to increase the area under irrigation should be matched with available water and energy resources, i.e., adopt a WEF nexus approach. This will allow for coordinated interventions and sustainable improvements in agricultural productivity. The inclusion of smallholder farmers through investments in small-scale irrigation schemes will assist in the development of resilient food systems and strengthening their capacity to adapt to climate variability and change. There is a need for human capacity development to ensure that smallholder farmers are equipped to take advantage of the investments. This will sustain gains achieved from increasing the area under irrigation and may enable farm management to shift towards climate-smart agriculture. In this regard, climate-smart agriculture practices that (i) promote rainwater harvesting and soil water conservation, (ii) the use of improved crop varieties with high water productivity, and (iii) improved agronomic practices and alternative practices such as intercropping that contribute to increased water productivity should be strengthened.
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Figure 1. Location of Southern African Development Community (SADC) countries in Africa. Source: Developed by the authors. Note: Madagascar, Mauritius, Seychelles and Comoros are part of the SADC, but are not highlighted in colour as the study is focussing on mainland southern Africa. 
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Figure 2. Cultivated land use by agricultural system in southern Africa. Source: International Water Management Institute’s (IWMI) Irrigated Area Map [21]. 
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Figure 3. Existing and proposed dams in southern Africa. Source: Developed by authors from FAO Aquastat data [25]. 
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Figure 4. Current and planned inter-basin transfers in southern Africa. Note: Orange lines indicate current transfers; purple lines indicate planned transfers. Source: [9]. 
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Table 1. Area of irrigation potential and area under water management in southern African countries.
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	Country
	Irrigation Potential (1000 ha)
	Irrigation Potential Equipped for Irrigation (1000 ha)
	Potential Area for New Irrigation Development (1000 ha)
	Area Under Non-Equipped Agricultural Water Management (1000 ha)





	Angola
	3700
	85.5
	3614.50
	0.4



	Botswana
	13
	1.4
	11.6
	6.5



	DRC*
	7000
	10.5
	6989.50
	3



	Lesotho
	13
	2.6
	9.9
	0



	Malawi
	162
	73.5
	88.4
	0



	Mozambique
	3072
	104.4
	2967.60
	13.7



	Namibia
	47
	7.6
	39.7
	2



	South Africa
	1500
	1500.00
	0
	170



	Swaziland
	93
	49.9
	43.4
	4935.10



	Tanzania
	2132
	184.2
	1947.80
	0.3



	Zambia
	523
	155.9
	367.1
	100



	Zimbabwe
	366
	173.5
	192.1
	20



	SADC
	18,621
	5626.2
	12,994.4
	5250.9







Source: FAO Aquastat database [25]. *DRC = Democratic Republic of Congo.
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