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Abstract Investments in irrigation contribute to poverty reduction and enhance food
security. This paper considers irrigation investments more broadly in the context of
rural–urban linkages and thus examines rural irrigation schemes and peri-urban
and urban agriculture using freshwater, groundwater and wastewater. We present
case studies from East, West and Southern Africa, while focusing on the impera-
tive of smallholders and of food security and nutrition. Evidence from Big Data and
telecoupling show that, amid global change and sustainability issues, irrigation devel-
opment strengthens connections between humans and nature with notable benefits to
food security. Transforming investments to feed the future generation require pri-
ority investments in irrigation, solar energy for groundwater pumping, groundwater
development policy, and integration of peri-urban and urban agriculture into food
systems. Equally important will be no-regret interventions in wastewater reuse,
water storage and groundwater buffer, micro-irrigation, and wholesale reconfigura-
tion of farming systems, through anticipatory investments, to safeguard food security
and sustainability into the distant future.

1 Introduction

Food security and agriculture are top development priorities across Sub-Saharan
Africa (SSA). The Sustainable Development Goals (SDGs) aim to end poverty, end
hunger, enhance food security and nutrition, and double agricultural production for
smallholders. The EU Agenda for Change and the African Union prioritise sustain-
able agriculture and smallholder irrigation as a strategy for poverty reduction in
Africa. Agricultural transformation and the doubling of irrigated area is a key pillar
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of the Comprehensive Africa Agricultural Development Programme (CAADP) and
Feed Africa Strategy (AfDB 2016). Irrigation is in the manifesto of many politi-
cal parties across the Southern African Development Community (SADC). National
policies support new irrigation investments in agricultural greenbelts and growth cor-
ridors in Malawi and Tanzania. World Bank (2008) and other donors have renewed
calls for re-engaging in agricultural water management solutions to achieve water
security for sustainable development (Grey and Sadoff 2007; Sadoff et al. 2015).

Public policies and investments are needed today to ensure sustainable food secu-
rity—defined as sustained poverty reduction and access to nutritious and healthy food
for all (Hanjra et al. 2017c). Investments in sustainable intensification of agriculture
are required for human prosperity and global sustainability (Conceição et al. 2016;
Rockström et al. 2016; Hanjra et al. 2017e). Investments in irrigation can contribute
to poverty reduction and enhance food security through several impact pathways,
including higher crop yield, higher food production, higher income and consumption,
gains in employment, higher wage earnings, women’s empowerment through female
employment, lower food prices, year-round food availability, augmentation of house-
hold assets, public infrastructure, education and health, and greater human prosperity
(Hussain and Hanjra 2004; Hanjra and Gichuki 2008). Irrigation also improves crop
diversification and market access, which together have positive effects on dietary
diversity. Investment in irrigation improves food security and reduces poverty—there
is robust evidence from Asia (Hussain and Hanjra 2003, 2004; Shinkai et al. 2007;
Fan et al. 2008; Pingali 2012; Ward et al. 2013; Unver et al. 2016; Giordano et al.
2017) and strong emerging evidence from SSA (Hanjra et al. 2009a, b; Burney and
Naylor 2012; Wichelns 2014; Williams 2015). Smallholder irrigation also improves
nutrition outcomes—there is inconclusive but new evidence from Africa (Burney
et al. 2010; Dillon 2011; Alaofè et al. 2016; Hanjra et al. 2017c). Also, the following
nutrition impact pathways are supported by strong evidence: (i) food production, (ii)
income (agricultural and non-agricultural) and (iii) female employment.

This chapter focuses on smallholder agriculture and considers irrigation more
broadly within the rural–urban continuum in three sub-sectors: rural irrigation
schemes using surface and groundwater, peri-urban and urban agriculture using
wastewater and groundwater for irrigation. We aim to illustrate the contribution
of smallholder-irrigated agriculture to various dimensions of food security and the
overall contribution of small farms to economic growth, within the bigger picture of
structural transformation and global change. In-depth case studies into public invest-
ments in irrigation in South Africa, public–private partnerships in Zimbabwe, and
sustainable intensification in Tanzania are presented, along with a broader review
of evidence from East, West and Southern Africa, including Big Data and telecou-
pling. The analysis shows what irrigation contributes to the well-being of smallhold-
ers (‘beneficiaries’), what smallholder farmers in irrigation contribute towards food
security (‘agents of change’), and what policy opportunities exist to enhance food
security and target nutrition. Programmatic-level support and policy interventions
are needed to shape future investments in irrigation and promote related investments
in appropriate farming and agrifood systems to deliver sustainable transformations,
the EU Agenda for Change and the SDGs across SSA.
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2 Global Change and Transformation of Smallholder
Agriculture in Africa

Global food production more than doubled during the past 50 years and outpaced
population growth and food demand in all regions except SSA. Global population
stabilisation seems unlikely this century andworld population is projected to increase
from the current 7.2 to 9.6 billion in 2050 and 10.9 billion in 2100 (Gerland et al.
2014). Much of the population growth is expected to occur in Africa, where the
population is projected to increase from roughly 1 billion today to between 3.1 and
5.7 billion by the end of this century. That would make Africa’s population den-
sity roughly equal to that of China today, with huge policy implications for future
food security and related areas—environmental (natural resources, water quality,
wastewater reuse), economic (jobs, wages, poverty, inequality, rural-urban divide,
migration), social (crime, unrest), health (higher maternal and child mortality), gov-
ernment (investments in agriculture, irrigation, health, education, energy, infrastruc-
ture, water and sanitation) and climate change (biofuels, solar power, food miles,
carbon emissions).

Africa has made tremendous gains in food security during the past decades.While
the outlook for 2050 and beyond is encouraging, population growth, urbanisation,
natural resource distribution patterns, climate change and, above all, future changes
in diets (Keats and Wiggins 2017) pose complex challenges in terms of sustainably
feeding the future generation and achieving the SDGs. Urbanisation drives up the
demand for food products, such as premium rice, that are not supplied by local farm-
ers, suggesting that net negative tradewill increasewithout transformation. However,
Africa has enough labour, land, water, energy and natural resources, andAfrican food
security prospects are brighter than ever (FAO 2015). Nonetheless, investments are
needed to transform farming systems across Africa (Williams 2015; Dixon et al.
2017).

Three basic transformations are needed to ensure food security: structural, agricul-
tural and dietary transformation (Timmer 2017). Structural transformation involves
four main drivers including: a declining share of agriculture in national income and
employment, a rising share of urban economic activity in manufacturing and mod-
ern services, migration of rural workers to urban areas, and demographic transition
towards lower birth and death rates and better health standards. Indeed, structural
transformation has been the main pathway towards food security and out of poverty
for many of today’s developed societies; it depends on rising productivity in both
agricultural and non-agricultural sectors accompanied by a declining share of agricul-
ture in income and employment (Timmer 2017). Data from 29 developing countries
confirm that structural transformation raises total income and poverty falls faster with
government support for smallholder agriculture, which in turn improves nutrition in
rural areas (Webb and Block 2012).

Agricultural transformation is driven by changing demand for food in domes-
tic markets, opportunities for food exports, commercialisation, intensification and
diversification of agriculture and adoption of innovations in commodity value chains
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Fig. 1 Progress towards poverty reduction (below USD 1.90/day). Data Source World Bank

which together serve to raise productivity per ha and productivity per worker (Barrett
et al. 2017; Timmer 2017). Africa shows early signs of “coupled growth”, i.e. agri-
cultural growth and structural transformation (e.g. in Ethiopia, Rwanda) (Abro et al.
2014; Barrett et al. 2017; Sheahan and Barrett 2017). Examples of country spe-
cific transformation include tenure security and irrigation investments in Tanzania,
improved rice yields in Senegal and Mali, higher cotton yield in Burkina, scaling-up
of agricultural innovations in Nigeria, warehousing receipt system in Uganda, land
use consolidation policy and registration system in Rwanda, floriculture exports in
Ethiopia and horticulture exports in Kenya (Verdier-Chouchane and Boly 2017).

But the challenge is in bringing to scale existing and successful interventions to
enhance food security and reduce poverty for millions of households across Africa
(Appendix). Poverty has declined overtime in SSA (World Bank 2018) (Fig. 1), and
the inclusiveness of child health improvements has increased (Sahn and Younger
2017). The number of undernourished increased from 177 million (2005) to 232 mil-
lion (2017), with rapid growth in almost all sub-regions in recent years, especially in
WesternAfrica (FAO2019). This situation is evenworse in conflict-affected countries
of SSA (where undernourished people increased by 23.4 million between 2015 and
2018) and in drought-sensitive countries (where undernourished people increased
by 45.6% since 2012). Thus, major investments are needed in agriculture itself to
support structural transformation and governments must provide strong support to
ensure food security for their citizens across Africa.

2.1 Global Change and Rural–Urban Linkages

Rapid population and income growth and greater rural–urban linkages are increasing
demand for energy, food and water across Africa. Supportive developments have
also taken place in regional trade liberalisation and food markets, strengthening
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institutions and policies, social media, and investments in human capital and modern
technology. Amid such drivers and trends, rural–urban linkages and farming systems
are changing dynamically. Urbanisation pushes farmers outwards, such that many
begin to farmon city outskirts to grow fresh vegetables for cities, usingwastewater for
irrigation (Hanjra et al. 2012). This transition transforms the role of peri-urban areas
in food security. Urban areas are extending further into peri-urban and rural areas,
such that urban expansion is taking arable land out of food production—resulting in
about 1.8–2.4% loss of global croplands by 2030, with 85% of this taking place in
Asia and Africa. The most affected countries and regions in Africa in terms of crop
production loss are Egypt (36% loss), Nigeria (12% loss), and the region around
Lake Victoria basin in East Africa (Bren d’Amour et al. 2016).

Urbanisation impacts the dynamics of city region food systems and the food mix
demanded by urban consumers—reflecting income, cultural diversity and lifestyle
(westernisation of diets—Pingali 2007)—and this, in turn, influences foodproduction
and global food supply chains (Schmidt et al. 2015). Indeed, dynamic areas around
modern cities are subject to rising population pressure, with cities contributing to the
uncoupling of food consumption and local agriculture and reducing capacity for food
self-sufficiency (Tedesco et al. 2017). There is ample opportunity to recouple food
production and consumption in urban and peri-urban agriculture through recovery
and reuse of nutrients, wastewater and energy from urban sanitation systems in
agriculture, but investments are needed to accomplish this (Otoo andDrechsel 2017).

2.2 The Imperative of Smallholders and Food Security

There are about 475 million farms in the developing world (Rapsomanikis 2015).
They contribute to food security, sustainable use of natural resources, rural economies
and livelihoods. Recent assessments suggest that growth in smallholder agriculture
can have strong impacts on poverty reduction and food security (IFAD 2011; Lowder
et al. 2016). Also, the success of rural development strategies in Africa depends on
small farms (Salami et al. 2010; Wiggins et al. 2010; Larson et al. 2016).

Smallholders make a notable contribution towards food security and global food
production, producing nearly half of the world’s food. Smallholder-dominated sys-
tems (<5 ha per household) in Latin America, SSA, and South and East Asia account
for about 380 million farming households, 30% of agricultural land, 70% of food
calorie production in these regions and more than half globally. They provide 70%
of calories consumed compared with 50% globally (Leah et al. 2016). SSA has
43.55 million smallholder families (<2 ha), accounting for 80% of farms; 69% of the
calories produced in smallholder systems, and 84% on farms in urban areas.

Smallholder food production within and around cities has the potential to enhance
access to healthy and nutritious food; improve environmental quality by reducing
urban heat island effect, emissions and storm water runoff; promote local circular
economies; create new jobs in peri-urban areas; reduce dependence on expensive
food imports; and support agricultural transformation that reduces poverty (Zezza
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and Tasciotti 2010; Grewal and Grewal 2012). Achieving the imperative of local
food security through self-reliance requires effective use of local land and water
resources and investment and policy support from city authorities and governments
to promote safe reuse of wastewater and nutrients in urban and peri-urban food
production systems. This will support a circular metabolism model for enhanced
urban resilience (Hanjra et al. 2017d).

We need the World Bank, we need the IMF, we need all the big foundations, we need all the
governments to admit that for 30 years we all blew it, including me, when I was President.
We blew it. We were wrong to believe that food is like some other product in international
trade. And we all have to go back to a more environmentally responsible, sustainable form
of agriculture. We should go back to a policy of maximum food self-sufficiency.

Former US President Bill Clinton, 2008.

3 Methodology and Conceptual Framework

The overall objective of this paper is to showcase what works where, and agricultural
transformation pathways to enhance future food security and prosperity in Africa
through renewed investments in smallholder-irrigated farming systems and support-
ive public policies. This is in contrast to the usual portrayal of irrigation success or
failure and deep-rooted factors limiting paths to successful transformation in Africa.
Our focus is on steering local change towards a brighter future outlook for shared
prosperity for the people of Africa. To end poverty (SDG 1), end hunger and enhance
food security and nutrition (SDG 2) in Africa, our conceptual framework no longer
focuses on conventional irrigation using freshwater only, but instead presents wider
options—to ensure sustainable water management and sanitation (SDG 6), sustain-
able energy (SDG 7) using solar power for groundwater irrigation, and sustainable
production and consumption patterns (SDG 12). Thus, another major methodologi-
cal departure is the broader focus on irrigation along the rural–urban continuum to
link directly to realities on the ground across Africa. We chose case study data
and methods to examine smallholder rural irrigation schemes and peri-urban and
urban agriculture systems using surface water, groundwater, and wastewater. Rural–
urban linkages and solar energy options help to provide more promising perspectives
on sustainable water management solutions for enhancing food security, within the
urban sanitation-agriculture interface and green energy solutions.

We present findings from studies across East, West and Southern Africa, using
mixed methods. National irrigation scheme (NIS) databases for South Africa, Tan-
zania and Zimbabwe were used to select several irrigation schemes in each country
for in-depth case studies, involving extensive field data collection missions, face-
to-face interviews with irrigators and other stakeholders, workshops with irrigation
authorities, panel discussions with local leadership and district authorities, regional
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water policy dialogue, and presentations to donors and global experts1 (Riesgo et al.
2016). We applied extensive data filtering to select and review recent studies pub-
lished in peer-reviewed journals to illustrate the contribution of irrigation investments
to food security in SSA, including the Middle East and North Africa (MENA). Our
primary focus was on food and nutrition security, within the broader context of the
SDGs and predicted climatic and demographic changes.

4 Results

There is widespread consensus that past investments in irrigation have enhanced food
security, alleviated poverty and transformed agriculture across Asia (Fan et al. 2000,
2008; Hussain and Hanjra 2003, 2004; Kurosaki 2003; Pingali 2015; Mishra et al.
2017). However, relatively little has been published about the poverty and food secu-
rity impacts of past investments in irrigation in SSA, though there is strong evidence
from new studies on smallholder irrigation across Africa (Hanjra and Gichuki 2008;
Hanjra et al. 2009a, b; Burney and Naylor 2012; Hagos et al. 2017; Woodhouse et al.
2017). Evidence on nutrition outcomes is, however, relatively limited (Burney et al.
2010; Dillon 2011; Alaofè et al. 2016; Hanjra et al. 2017c).

Studies from Nigeria, Mozambique, Tanzania, Uganda and Nepal show that
agricultural production has direct and important linkages with household dietary
and nutrition outcomes (Carletto et al. 2015), while data from Indonesia, Kenya,
Ethiopia, and Malawi show that empirical evidence on the link between produc-
tion and consumption diversity is weak (Sibhatu et al. 2015). Thus, the evidence
on agriculture and nutrition outcomes remains inconclusive. The lack of evidence
on the impact of agricultural programmes on nutrition outcomes is interpreted as a
reflection of the weakness in programme design and implementation, lack of rigour
in evaluation, and more importantly the fact that emphasis on irrigation/agriculture
and nutrition outcomes is relatively new (Carletto et al. 2015; Pingali 2015). How-
ever, for the first time, SDG 2 has a dedicated target to ‘end all forms ofmalnutrition’.
Programmatic support for agriculture and irrigation interventions can play a direct
role in enhancing food security and nutrition, but nutrition outcomes may depend on
local conditions and the state of the economy (Domènech 2015; Fiorella et al. 2016;
Pandey et al. 2016). Evidence-based interventions and nutrition-sensitive approaches
are needed to support agricultural programmes to achieve SDG 2 targets on food and
nutrition security (Hanjra et al. 2017c).

1This work was presented at the European Commission Joint Research Centre workshop held in
2015 in Seville, Spain (see Acknowledgements).
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4.1 Rural Irrigation Schemes Using Surface
and Groundwater

4.1.1 Public Investments: South Africa

South Africa’s national irrigation development plan prioritised the rehabilitation of
old irrigation schemes and the development of new schemes to benefit smallholders.
Research evidence has shown that irrigation has a very high social value for subsis-
tence farmers and public investments offer remarkable returns in food security and
social equality. The NIS database shows that South Africa has about 1.3 million ha
under irrigation, but only 47,670 ha in 302 schemes are under smallholder irrigation
(van Averbeke et al. 2011). Located in former homelands, these schemes have the
potential to contribute to food security and income and to create employment for the
poor.

IWMI’s Southern Africa regional office based in Pretoria, South Africa (IWMI
SA) and national partners have accumulated vast knowledge over the past 20 years
on agronomy, water management and revitalisation of irrigation schemes in Southern
Africa. However, knowledge gaps remain in water economics, financial and invest-
ment analysis and policy measures to address the needs of smallholders and poor
farmers. Smallholder irrigators lack experience, motivation, funds, assets, machin-
ery and marketing skills to take full advantage of government funding targeting the
rehabilitation of irrigation schemes to increase productivity, profitability and social
integration of new entrants into the national fabric.

Data from irrigated areas in the Limpopo basin show that rural poverty varies
widely between the basin states: in Zimbabwe (69%), Mozambique (68%), South
Africa (56%) and Botswana (20%). Food insecurity had a lower range (0–40%)
than poverty (0–95%). ‘Areas of high food insecurity and poverty consistently coin-
cide with areas experiencing low water availability’ (Magombeyi et al. 2016: 20).
Indeed, households with access to irrigation in the Limpopo province of South Africa
are more food secure (86%) compared to dryland farmers (53%) (Oni et al. 2011).
Irrigation increases crop yield, income, assets and farm diversification to enhance
household food security. To further enhance food security, irrigators should be tar-
geted for education and extension services, while food aid should be targeted to
those households without access to irrigation and those with large families and few
assets (e.g. agricultural land and tools). Policymakers need to support irrigation to
assist farmers to produce their own food, to help break the food aid ‘dependency
syndrome’. Nutrition should be part of the public agriculture programme to promote
a paradigm shift in local eating habits to combat undernutrition and obesity.

Despite public funding, amid poverty and lack of skills, smallholder farmers
continue to prioritise low value crops for food security reasons. Data from the Mooi
river irrigation scheme of KwaZulu-Natal, South Africa show that farmers applied
less water (62%) to their potato crop (with a water value of USD 0.25 per m3) than
to crops with a lower water value, such as maize (USD 0.12 per m3) and beans
(USD 0.10 per m3) that are important for household food security (Muchara et al.
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2016). As water is provided free to farmer groups, unequal distribution at tails and
inefficient water use are common in this scheme. This suggests that cost recovery
mechanisms and user participation policies can incentivise efficient water use. This
observation is supported by evidence from the Tugela Ferry irrigation scheme in the
Msinga District (Fanadzo 2012; Sinyolo et al. 2014; Maziya et al. 2017).

Data from 223 small farming households in the Eastern Cape, one of the poorest
provinces in SouthAfrica, show thatmaize yieldwill be positively affected by climate
change under rainfed or irrigated conditions, while potato yield will decline. Both
institutional and infrastructural support, through access to credit and irrigation facil-
ities, were recommended for adequate adaptation to future climate change impacts
on food security (Hosu et al. 2016). Public policies and planning processes should
carefully consider such yield trade-offs inmaking integrated policies to enhance food
security and sustainability at scale.

4.1.2 Public Private Partnerships Model: Zimbabwe

The NIS database for Zimbabwe shows that the total area equipped for irrigation is
186,000 ha, with 130,000 ha currently functional and 56,000 ha in need of rehabili-
tation. Zimbabwe has a total potential irrigable area of 2.5 million ha that could be
developed at a total cost of about USD 10 billion, for which government needs to
attract private sector investment into new irrigation developments (Table 1) (Hanjra
et al. 2016b). This area spans old resettlement, communal, agriculture authority and
new settlement farming sectors. It could be irrigated using water from existing and
planned dams, and small, medium and large rivers and groundwater. However, the
main challenges remain investment and sustainability.

Table 1 Current status and investment opportunities in irrigated farming systems in Zimbabwe

Sub-sector Equipped Functional Under Rehabilitation

Irrigated farming systems (ha, 2015)

Communal 15,000 10,000 5000

Old resettlement (A1) 30,000 23,000 7000

New settlement (A2) 61,000 22,000 39,000

Agriculture development authority
(ARDA)

17,000 12,000 5000

Plantations 63,000 63,000 0

National total 186,000 130,000 56,000

Investment opportunities

Equipped New irrigation Under Rehabilitation

Capital cost (estimated) (USD million) – 10,000 196

Financing model Public Hybrid Public–private

Source Department of Irrigation (Hanjra et al. 2016b)
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Detailedfieldwork in14 smallholder irrigation schemes in theMasvingo province
of Zimbabwe showed that common drivers of success of enhanced food security are
proximity to markets, access to credit, contract farming, farmer organisation, crop
choices, extension support, infrastructure maintenance and storage facilities (Hanjra
et al. 2016b). Output marketing is a serious challenge in almost all rural schemes,
and there is a need for grading and standardisation of weights and measures and
quality assurance. Indeed, even town and city market traders rarely use scales,
but instead use buckets, and other indigenous measures. Irrigation schemes directly
selling to local institutions such as residential colleges, schools, hospitals, churches,
and mining workers tend to be more productive and profitable. Irrigators follow
cropping plans at scheme level and acquire inputs at competitive prices through
group bargaining. Smallholder irrigators here are generally much better organised
than smallholders across the border in South Africa. Most irrigation schemes have
clear by-laws and rules but no recourse beyond their associations. For instance, after
the rehabilitation of some surface irrigation schemes, food production improved
dramatically and smallholders entered into joint production and marketing contracts
with some supermarkets and fast food giants in South Africa. However, in order to
take full advantage of these opportunities they needed government support and legal
assistance in contract negotiation and enforcement.

Value addition activities such as tomato paste, dried packaged beans, maize cere-
als, roasted peanuts, and premium grade organic food production can add further
value, but require storage, processing facilities and linkages with distant urban mar-
kets. Mobile phones allow smallholders to enquire about prices and do business with
supermarkets and bulk buyers, but poor transport facilities make it expensive to sell
small quantities in town and city markets (Hanjra et al. 2016b). Farmer training in
business management and financial accounting offers high returns on investment.
Energy shortages are a serious problem, particularly where pumping is required to
pressurise mini sprinklers. Reverting to gravity irrigation or using solar panels are
potential solutions.

4.1.3 Sustainable Intensification Business Model: Tanzania

The National Irrigation Master Plan 2002 identified the total potential irrigation
development area at 29.4 million ha, including 2.3 million ha of high potential area.
However, the actual area under irrigation is only 450,962 ha (Tanzania NIS database
2015) and there are 2427 small-scale irrigation schemes (Hanjra et al. 2016a). Tan-
zania’s National Water Policy and Water Resources Management Act 2009 pro-
vides strong support for irrigation and sustainable intensification development. In
many cases, smallholders initiate proposals for irrigation scheme development and
complementary rural infrastructure including schools, roads and health centres, and
manage the scheme under local by-laws with guidance from irrigation authorities.
In-depth studies in seven smallholder irrigation schemes in the Ruvu River Basin
andMorogoro region show successful transition from crop diversification to sustain-
able intensification. This covers the whole range of crop production, but the major
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irrigated crop in Tanzania is rice. For example in the Ruvu Basin, rice yield has
increased dramatically from 2 tonnes per hectare (t/ha) to about 5 t/ha (Fig. 2) and
up to 8 t/ha with sustainable rice intensification (SRI). Ruvu River branded rice
is a successful business model. Smallholders add further value through increased
investment in output marketing, such as branded rice, smaller packaging and direct
sale to town markets in partnerships with agribusiness. They also support infras-
tructure development such as local roads, storage, energy, water, schools and job
training for irrigators to support transition to non-farm jobs in nearby towns and to
attract private sector investment. Farmers are organised into Irrigator Associations
and regular meetings ensure inclusivity and sustainability.

Irrigation schemes in the Morogoro region are a model for sustainable intensifi-
cation. Here maize, paddy and beans are the predominant crops, but the sustainable
intensification trajectory leads to the integration of vegetables first, followed by live-
stock and fruit orchards and finally fish in the most innovative schemes. For example,
livestock integration into irrigated crop production in Kilosa district has enhanced
food security and directly improved nutrition outcomes, due to greater milk and pro-
tein consumption at household level. Influx of large livestock herds during the dry
season can cause serious damage to irrigation infrastructure. TheKilosa district live-
stock grazing fee model is a business innovation for enhancing profitability and
sustainability. Some irrigation schemes have responded to the livestock challenge
by offering fallow croplands to communal pastoralists/seasonal livestock herders
to graze their animals on crop residues and after-harvest regrowth, in exchange for
a levy per livestock unit (Hanjra et al. 2016a). The herder’s livestock productivity
improves (higher cow milk production and reduced calf mortality in the dry season)
due to better quality and palatable feed. This business model brings new income
for irrigators, which is partly used to maintain watercourses, while direct grazing or
tethering brings free livestock manure to fallow fields to enhance soil fertility.

Many schemes practice irrigation using an irrigation businessmodel, where small-
holders pool their land and water resources to produce high value crops (chillies,
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Fig. 2 Closing the yield gap, enhancing prosperity and sustainability (Hanjra et al. 2016a)
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tomatoes and table grapes) formarket sale through contractswith supermarket chains.
Some schemes even undertake their own processing and marketing to sell branded
rice (e.g. surface water irrigation, Ruvu basin), table grapes and bottled grape juice
(e.g. groundwater irrigation, high-tech facility in Chamwino district). Indeed, the
Chamwino district grape production system is a business model innovation by
smallholders. Investment comes from commercial loans to install modern irrigation
systems, such as pressurised drip irrigation using groundwater. Local political lead-
ership, including district development authorities, provides strong support and loan
guarantees to the agriculture development bank on behalf of smallholder farmers,
who still work on their commercial farm as labourers, to hire service providers for
technical works. Annual benefits are distributed equally among all the farmers (Han-
jra et al. 2016a). Equal landholding and benefit sharing on business principles help
to avoid equity problems. Member irrigators earn four times higher profit than non-
irrigators, and many more farmers are registered to join the scheme on a first-come,
first-served basis. This business model is gaining momentum and being scaled out
to other irrigation districts.

4.1.4 West and East Africa

Past irrigation policy inmanyWestAfrican countries encouraged investment in large-
scale irrigation for agricultural development and food security reasons, yet evidence
of success remains inconclusive (Williams et al. 2012). Large-scale irrigation projects
are expensive, per hectare and per person lifted out of poverty. Rice grown in some of
these irrigation schemes could not compete until recently against cheaper imported
rice in urban markets and was considered less attractive by large households and
women shoppers (Demont et al. 2017). Due to low quality of local rice and high cost
of production, rice production has low profitability, e.g. in Niger (Katic et al. 2013),
Benin (Nonvide et al. 2017) and Office du Niger, Mali (USD 138 per ha) (Sidibé
and Williams 2016). Farmers persist with irrigation as long as irrigation infrastruc-
ture works with minimum maintenance, as the real cost of rice production (4 tonnes
paddy/ha) is high and and sometimes exceeds return (Comas et al. 2012). Irrigators
therefore tend to maintain a diverse portfolio of livelihood activities, including rain-
fed agriculture and non-farm activities. Households combine irrigated ricewith tradi-
tional rainfed and flood-recession crops to enhance agricultural incomes. Rice yield
has improved remarkably, for instance, by 60% in Benin (Nonvide et al. 2017). How-
ever, the high cost of using irrigation due to irrigation water not being available all
the time, means that farmers tend to move in and out of irrigated farming depending
upon the availability of loans and investment needs. Higher rice yield, water use
efficiency, intensive use of irrigated land and greater emphasis on market-oriented
production will translate into greater success. Investment in small-scale irrigation
is supply-shifting, offering higher benefit to gender-equitable poverty reduction, but
must be complemented by investment in demand-lifting interventions such as quality
upgrading, branding and market promotion to achieve desired results.
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Studies linking solar irrigation and food security linkages are limited in num-
ber (Burney et al. 2010; Alaofè et al. 2016). Data from Kalale district in northern
Benin show that compared tomanual irrigation, solar-powered drip irrigation greatly
improves crop production diversity and dietary diversity (Alaofè et al. 2016).Women
irrigators increase their production of vegetable (25%) and fruit (55%) and consump-
tion threefold, thereby improving household food and nutrition security. In addition,
the purchase and consumption of other food items, including sorghum, oil, rice and
fish also increased. Many women used their additional income on food (60%), health
(55%), utilities (40%) and education (25%). Thus, solar irrigation offers potential to
enhance household nutritional status through direct food consumption and to increase
income to improve access to health and education.

Similar impacts on food security and poverty reduction have been widely reported
for smallholder irrigation in Ethiopia using surface water (Hanjra et al. 2009a),
groundwater (Hagos and Mamo 2014), both surface and groundwater (Zeweld et al.
2015), spate irrigation (Hagos et al. 2017) and in other countries (Fig. 3).

Fig. 3 Water management solutions and poverty reduction across SSA
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Pathways linking irrigation with nutrition and health gains remain under-
studied. Only a few rigorous studies assess the linkages between irrigation and
nutrition, but most show a positive effect of irrigation interventions on food secu-
rity (Domènech 2015). In a review of (28) studies mainly focusing on SSA, only
one study had assessment of nutrition outcomes as a primary objective. The study
by Hagos et al. (2017), however, did not find any evidence of nutrition outcomes
attributable to spate irrigation in Ethiopia. Other studies report mixed or inconclu-
sive results. A study in Ghana (Namara et al. 2011) found inconclusive evidence
on household dietary diversity score for rainfed versus groundwater irrigation. Data
from Burkina Faso on household and child nutrition and dietary diversity measures
showed an increase in household micronutrient-rich foods, such as dark green leafy
vegetables and yellow or orange fruits, and maternal and child intake of leafy veg-
etables or eggs as a result of irrigation (Olney et al. 2015). A study in northern Mali
(Dillon 2011) showed that between 1998 and 2006, households with access to irriga-
tion greatly increased their daily calorie intake (1836 cal) compared to those without
irrigation (925 cal), suggesting that irrigation helped to improve calorie intake over
time. Also, a study in Zimbabwe that examined the linkages between irrigation and
dietary diversity ranked independent irrigators (highest), and scheme irrigators, home
gardens and non-irrigators (lowest), based on diversity of food produced and weekly
food consumption (Moyo and Machethe 2016).

4.2 Urban and Peri-urban Agriculture Using Wastewater
and Groundwater

Urban and peri-urban agriculture can contribute towards food and nutrition security
and poverty reduction throughmore nutritient-rich food and directmarket access than
traditional irrigated agriculture producing cereals. The focus on fruits and vegetables
supports, in particular, improved nutritional benefits. Various studies demonstrate
the linkage between agricultural interventions and nutrition outcomes, showing that
the production of targeted nutritient-rich crops, home gardens, and diversification
of agricultural production systems towards fruits, vegetables and aquaculture can
potentially improve nutrient intake and nutrition outcomes (Zezza andTasciotti 2010;
Pandey et al. 2016).

Peri-urban areas continue to expand fast amid urbanisation in Africa, creating
the challenge of turning increasing quantities of wastewater and urban organic waste
into opportunities for reuse and recycling in agriculture.With rising demand for fresh
vegetables in cities, local production within and around urban areas across Africa
is increasingly specialising in highly profitable irrigated vegetable production. For
instance, Accra, Ghana, has some 800–1000 vegetable farmers cultivating unused
open spaces near streams and drains within its core area, producing exotic vegetables
(lettuce, cabbage, spring onions and cauliflower) and local vegetables (tomatoes,
okra and chilli peppers). Sources of water are shallow wells and streams carrying
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wastewater. Watering cans are used for fetching wastewater from drains, which is
very labour intensive as the hot climate especially in West Africa demands daily
or twice-daily irrigation. Therefore, plots cultivated per farmer are usually small
(0.01–0.05 ha). Motorised pumps allow larger plots and they are increasingly used
and shared among farmers where the distance between water source and fields is
long. But even then, farmers still use watering cans to draw water from on-farm
storage reservoirs filled by pumping (Drechsel and Keraita 2014: 3).

High market demand, close market proximity and year-round availability
of (waste) water are the main drivers of urban and peri-urban vegetable produc-
tion (Drechsel and Keraita 2014). Vegetable farming is a profitable venture, such
that two out of every three vegetable farmers were unwilling to leave even if they
were offered regular salaried jobs. Potential health risks exist but have not stopped
farmers from gaining a livelihood by using ‘unsafe’ water for irrigation as this leads
to higher profits compared with rural rainfed farming on similar sized-plots. Other
studies provide supportive evidence on the acceptance of wastewater use in urban
and peri-urban areas in Morogoro, Tanzania (Samson et al. 2017), Bulawayo city in
Zimbabwe (Makoni et al. 2016), Blantyre, Lilongwe and Mzuzu in Malawi (Msil-
imba andWanda 2012; Holm et al. 2014), andAddis Ababa,Ethiopia (Weldesilassie
et al. 2011). The main risk is less with the farmer, but with the large number of con-
sumers whomaybe unaware of the water source used. IWMI estimates that in Ghana,
the ‘beneficiaries’ of urban vegetable production include about 2,000 urban farm-
ers, 5,300 street food sellers and 800,000 daily consumers within the major cities
(Drechsel and Keraita 2014: 3). Benefits from urban farming manifest in different
ways as shown by reports across Africa summarized below.

In Accra, Ghana, the wastewater of about 225,000 residents—some 14% of
the total urban population—currently has a ‘natural’ wastewater treatment system
that is not disposal-oriented, but turns wastewater into an asset through its use in
irrigated open-space farming. This number is probably larger than the one served
by sewerage and existing treatment plants in the city (Lydecker and Drechsel 2010).
Urban market gardening is generally practised on large open areas not used for
other commercial purposes, or in home gardens (backyards). Overall, open-space
farming mainly supports cash-crop niche markets (e.g. for exotic vegetables), while
backyard farming supplies household food susbsistence needs and thus serve to
reduce household food expenditure.

In Zambia, a quarter of urban households engage in urban agriculture, growing
vegetables and other crops. Low-income city gardeners makeUSD 230 per year from
sales (FAO 2012). Home gardening accounts for nearly half of fruit and vegetable
production. In Lusaka, 90% of the residents practising urban agriculture in 2005
were women and for the majority it provided nearly one quarter to one half of their
income, with 70% of growers cultivating small fields of less than 0.5 ha. A survey in
four Zambian cities—Lusaka, Kabwe, Kitwe and Ndola—found that maize was the
most frequently grown crop, but half of production consisted of horticultural crops:
pumpkins, beans, onions, rape, tomatoes, groundnuts, sweet potatoes and cabbage
(FAO 2012). Also, 80% of Lusaka’s supply of leafy rape is produced locally and
marketed through small vendors in city streets and neighbourhoods, while revenue
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from sales accounts for 18% of annual household income in Lusaka and about 50%
in the other three cities (FAO 2012).

In Zimbabwe, around 70% of urban households practise some form of urban
agriculture on residential land in the capital city of Harare, with about 17% practising
it outside the residential properties in the vicinity of water bodies (Hanjra et al.
2017a). The streams and wetlands around the city often receive wastewater and this
co-mingled water supports agricultural activities and contributes to food security and
nutrition for the urban poor. Data around Bulawayo city for 2006 showed that some
500 farmers were using wastewater for irrigation of vegetable crops on small plots
of half a hectare each (Mutengu et al. 2007). This is also supported by recent work
(Makoni et al. 2016).

In Malawi, urban agriculture has social value for food security of poor house-
holds. About 25% of the population live in urban areas and use wastewater for
irrigated agriculture (Msilimba andWanda 2012). The 2030 Urban Structure Plan of
Lilongwe City (GoM 2013) notes that ‘urban agriculture mainly consists of illegal
farming practised seasonally in open spaces in the city’ and ‘it should be regulated
land use’ for ‘commercial farms in the future’ (p. 26).

In East African capitals including Addis Ababa, Dar-es-Salaam, Kampala and
Nairobi, the proportion of urban households that are farming (25–55%) has not
diminished with urban growth, and urban farming households are better off (Lee-
Smith 2010). Socio-economic benefits of wastewater irrigation are widely docu-
mented (Hanjra et al. 2015a;Makoni et al. 2016). For example, in Moshi Municipal-
ity, Tanzania, the use of treated wastewater in urban agriculture improved incomes
and provides employment. However, improperly practised effluent irrigation is asso-
ciated with public health risks to workers. Despite this, it still has positive social
and economic implications and wastewater irrigation practitioners continue to do
it (Kihila et al. 2014). Data from Dar-es-Salaam for the period from 1992 to 2005
(Drechsel and Dongus 2009) showed that total production areas are relatively stable.
In recent times, crop production in urban open spaces by residential suburban cultiva-
tors in Dar-es-Salaam appears to be amarket-driven, highly productive and profitable
business activity (Owens 2016). However, the common use of polluted water limits
official support for irrigated urban farming. Farmers in Yaoundé, Cameroon using
wastewater irrigation can sell vegetables in the dry season at double the price of wet
season production, and incomes were nearly 50% above the minimum wage, with
leafy vegetables providing 8% of protein and 40% of calcium intake of all urban
consumers. In Dar-es-Salaam, 67% of farmers had higher than average incomes,
with 90% of leafy vegetables and 60% of milk consumed coming from urban and
peri-urban agriculture. All crop farmers in Addis Ababa had incomes well above the
median national income.

Integrating urban agriculture into urban planning can enhance the benefits of
wastewater irrigation in urban and peri-urban areas. Examples include ‘green zones’
for horticulture in Maputo city, while the city of Ndola in Zambia has recognised
crop and livestock production as legitimate land uses in its strategic plan. Many other
cities have responded with policy initiatives (Table 2).
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Table 2 Policy initiatives supporting urban agriculture in selected African cities

City, country Policy

Maputo, Mozambique Long recognised urban agriculture and supported ‘green zones’ for
horticulture

Ndola, Zambia Recognised crop and livestock production as legitimate land uses in
its strategic plan

Lilongwe, Malawi The 2030 Urban Plan recognises urban agriculture as regulated land
use, although raw wastewater use is still against the policy
framework in Malawi

Gaborone, Botswana Established a national incubator providing training to farmers
across the country on wastewater irrigation for vegetable
production and business skills development

Dar-es-Salaam, Tanzania Urban agriculture built into Agriculture and Livestock Policy and
official planning and management; city provides improved
extension services to help build farmers’ organisational capacity

Kampala, Uganda City Council has a Department of Agriculture and provides
extension services to farmers, by-laws governing urban agriculture,
a typology, and longitudinal measurement of its scale and extent
(best practice)

Nairobi, Kenya Urban agriculture incorporated into national land policy, adopted
by parliament in 2010; municipal councils developed by-laws;
farmers formed a gender-balanced network

Accra, Ghana Due to the decentralisation of agricultural ministry, there is also a
Directorate for Farming in Accra, providing extension services and
support to urban farmers on learning how to organise, advocate, and
increase their efforts towards land security, but also tackle issues in
accessing safe water for irrigation

Source Authors

4.3 Big Data

Structural transformation and nutrition: Analysis of multi-year data for 29 devel-
oping countries shows that structural transformation increases total income, and that
poverty falls faster with stronger support for agriculture (Webb and Block 2012). In
turn, poverty reduction supports improved nutrition, especially in rural areas. The
transformation process must be managed through targeted support for smallholder
agriculture.

Drivers of food security: Big Data for small farms, including 13,000 farm house-
holds from 93 sites in 17 countries across contrasting agro-ecologies, show that the
main drivers of food availability in SSA are crop production, off-farm income and
market access. Crop production is the major source (63%) of food availability. Off-
farm income contribution ranged from 12% for households without enough food
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available to 27% for households with sufficient food available. Only three key vari-
ables (household size, number of livestock and land area) can predict food avail-
ability for 72% of households (Frelat et al. 2016), but market access strongly influ-
enced these linkages. This calls for multisector policy harmonisation, incentives and
income diversification, instead of a singular focus on area expansion for agricultural
development.

Yield gaps are poverty gaps: Household panel data from 21 regions in eight SSA
countries show that poverty gaps are increasing with yield gaps, particularly in low
potential areas (Dzanku et al. 2015). Indeed, yield gaps are increasingwith expansion
of cultivated area into marginal lands. Instead of area expansion, investments in
intensification and irrigation development could help to close both yield and poverty
gaps.

Urban and peri-urban agriculture: IWMI and the University of California,
Berkeleymodelled the use of pollutedwater in farmingon aglobal scale. Study results
show that 65% of all irrigated areas less than 40 km downstream of urban centres—
about 35.9 million ha worldwide—are affected by wastewater flows (Thebo et al.
2017). Of this total area, 29.3 million ha is in countries with very limited wastewater
treatment; thus, wastewater reuse provides economic opportunities for smallholders,
but exposes 885 million urban consumers, farmers and food vendors to health risks.
This calls for urgent investments to enhance the recovery of water, nutrients and
energy from wastewater for safe reuse, thus transforming urban wastewater into an
economic asset (Hanjra et al. 2015b; Miller et al. 2017). These investments will also
improve public health, consumer safety and food handling.

4.4 Telecoupling and Irrigation Development

Water development and irrigation investments increase the interconnectedness of
hydrologic and socioeconomic systems and can have cascading effects known as
‘telecoupling’, i.e. socioeconomic and environmental interactions in coupled human
and natural systems at different scales over great distances (Liu et al. 2013). Tele-
coupling in water development can significantly influence the outcomes and sus-
tainability of development projects. For example, Ethiopia receives about half of its
annual budget from foreign development assistance. Water development is linking
its hydrology with distant communities and markets, creating new flows of peo-
ple, materials and investments. This is resulting in cascading impacts and feedback
between urbanisation, the economy and the water-food-energy nexus in East Africa
(Chignell and Laituri 2016).

Policy changes in leading global economies (USA, China, Brazil and India) will
have collateral effects in vulnerable countries in Africa. For example, China in a
bid to improve trade to bridge the gap between food production and consumption
is supporting large water transfer projects in some African countries (for exam-
ple, Botswana, Namibia, Lesotho and South Africa), and the world’s largest and
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longest one, the South-NorthWater Transfer Scheme in China with a planned invest-
ment ofUSD77billion (Liu et al. 2013).Other examples include the growing demand
for biofuels and large-scale agricultural land acquisitionswhichmay takewater away
from human food systems, (Williams et al. 2012; Schoneveld 2014), conservation
investments such as payments for ecosystem services and rising global food trade.

Asian irrigation and the development of West African irrigation is strengthen-
ing interconnections between humans and nature (Im et al. 2014; de Vrese et al.
2016). Irrigation development changes agrifood systems over large distances, with
spillover effects on food security and land use dynamics. Smallholder farmers in
Africa are not just beneficiaries of irrigation development through satisfaction
of their own food security. They are also agents of change, playing a significant role
in cumulative irrigation development and influencing complex drivers that transcend
spatial, institutional and temporal scales (Table 3).

Table 3 What smallholders contribute to irrigation development and transformational change

Contribution Remarks

Investments African farmers invest significantly in irrigation development (capital,
labour, canals, pumps, machines, infrastructure, management) beyond
official statistics

Innovations Production practices, site selection, technology adoption/copy, new
investment patterns, rural–urban market linkages

Social networks Farmer interactions with outside agents (informal trading networks,
agrodealers, pump mechanics, mobile phone and Internet, contractors,
extension, engineers, authorities, civil society, donors) promoting
change

Markets City and regional markets, cash, credit, output and input linkages,
transport, banking, finance

Resource management Sustainable management of land, water, energy and food, despite
land tenure risk

Infrastructure Maintenance of irrigation schemes, canals, roads, bridges, schools,
health centres

Knowledge Indigenous knowledge, ancient water management practices,
landraces, customs, traditions, risk management strategies

Youth engagement Youth engagement in agriculture; youth retention in traditional artisan
communities; youth training to provide future generation of irrigators

Human migration Reduced rural–urban out-migration due to irrigation development;
employment of young migrants (e.g. from Burkina Faso in Accra’s
urban agriculture using wastewater irrigation; farmworkers returning
from Zimbabwe to central Mozambique’s mountainous irrigation
area); labour mobility to large-scale irrigation development schemes
and population settlement in uninhabited areas

Food trade Increased market sale; supply contracts with supermarkets; informal
regional market links; pan-African food trade

Source Authors
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5 Discussion: Transforming Investments to Feed the Future

There is no reasonwhyAfrica cannot be self-sufficientwhen it comes to food. It has sufficient
arable land. What’s lacking is the right seeds, the right irrigation, but also the kinds of
institutional mechanisms that ensure that a farmer is going to be able to grow crops, get them
to market, get a fair price.

US President Barack Obama, G8, Italy, 10 July 2009. (Cited in Lankford 2009: 476)

5.1 Investing in Small-Scale Irrigation and Complementary
Infrastructure

A review of 104 studies (82% of them from Africa) indicates that enhancing future
food security will require a primary focus on sustainable intensification of African
smallholder farming systems along five domains: productivity, economics, environ-
ment, social and human well-being (nutrition and social equity). Strong metrics
exist for all domains except social and human well-being which have major
gaps (Smith et al. 2017). Gains in smallholder productivity and poverty reduc-
tion are far greater when irrigation investments are combined with complementary
interventions in infrastructure—energy, rural roads and rural vehicle supply to ease
movement of input and output from farms (Tamene and Megento 2017)—and in
services—education and market access—for smallholder irrigators (Hanjra et al.
2009a).

Africa faces unique policy and investment challenges, as smallholders are among
the poorest and most food insecure amid droughts and water poverty (Hanjra and
Gichuki 2008). For example, about 90% of Africa’s arable land is concentrated in
just nine countries (Jayne et al. 2014); vast areas are uninhabited and utilisation of
available arable land is limited due to lack of investment (Chamberlin et al. 2014); and
population is clustered in some areas with unsustainable intensification (Jayne et al.
2014). Livelihood opportunities outside the farming sector must improve to create
faster growth in rural non-farm employment (Ricker-Gilbert et al. 2014), along with
better population planning and policies (Headey and Jayne 2014).

Africa faces the largest food gap, with its cereal demand tripling by 2050. Thiswill
require sustainable intensification, including significant increase in yield, cropping
intensity and sustainable expansion of irrigated production (van Ittersum et al. 2016),
and water-smart agricultural practices (Nicol et al. 2015). Data spanning 43 years
show that climate-smart agriculture in Nigeria will require more area under irrigation
to enhance the development of all sub-sectors of agriculture for future food security
(Olayide et al. 2016).
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5.2 Groundwater Development Policy

A boom in African groundwater utilization is a pre-requisite for irrigation develop-
ment and improved well-being (Villholth 2013). Africa is nowhere near the level
of groundwater use in agriculture in Asia. For example, groundwater accounts for
nearly 50% of irrigated area in India (Giordano 2009) whereas it is a relatively
underutilised resource in SSA, providing less than 7% of irrigation water. Invest-
ments need to be directed particularly towards (i) estimating availability of shallow
groundwater to identify high-yielding local sites suited to smallholder irrigation
development (Ebrahim and Villholth 2016); and (ii) providing access to affordable
energy sources, to drill boreholes and pump water for irrigation (Villholth et al.
2013). Transition to groundwater seems feasible for the sustainable intensification
of irrigated agriculture, notwithstanding the complex bottlenecks such as incom-
plete knowledge of groundwater availability, high energy costs, poor market and
infrastructure and acute seasonal labour shortages (Amjath-Babu et al. 2016). The
strategic importance of groundwater for global water and food security will likely
intensify under climate change adaptation strategies (Taylor et al. 2013). Ground-
water acts as a buffer against impacts of climate variability and alleviates poverty
in low-income settings by reducing crop failure and increasing yields and incomes
(Richts and Vrba 2016) and hydroclimatic extremes such as droughts and floods
(Pavelic et al. 2015). In Oman, modern groundwater irrigation methods, such as drip
irrigation for vegetable production, enhance crop water productivity and economic
returns (Al-Said et al. 2012). However, costs and investments needed for groundwa-
ter development and pumping are prohibitively high; requiring public financing and
cost-sharing business models targeting smallholders (Gebregziabher et al. 2013). For
instance, in the Saiss plain in Morocco, the boom in groundwater economy bene-
fited entrepreneurial and more affluent farmers, but their greater access to capital
and state subsidies contributed to the marginalisation of smallholders, increasing
socio-economic inequalities despite rapid transformation (Ameur et al. 2017).

Groundwater policy interventionsmust target different issues at different scales—
local, national and river basin—and involve both formal and informal actors. A sys-
tematic reviewof 37 studies of pumped irrigation systems in 13 countries found: eight
countries where motorised pumps are used (Mauritania, Ethiopia, Nigeria, Mali,
Niger, Kenya, South Africa, Malawi), four where treadle pumps are used (Malawi,
Zimbabwe, Ghana, Kenya), twowhere solar pumps are used (Benin, Ethiopia) and
onewhere rope pump is used (Zimbabwe), but none usingwind pumps (Kamwamba-
Mtethiwa et al. 2016). The choice of pump and energy is important and must take
advantage of recent advances in science and technology. Also, groundwater develop-
ment policy must be inclusive. Three case studies in Morocco, Tunisia and Algeria
showed that, although groundwater supply chain actors are often informal and oper-
ate at the margin of public policy, they are catalysers for groundwater development
and their greater involvement can reduce risks, facilitate access to credit and sub-
sidies and dissemination of innovations in groundwater development (Lejars et al.
2017).
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5.3 Investing in Solar Energy for Groundwater Pumping
for Irrigation

Investment in solar energy is needed to promote small-scale distributed irrigation
across SSA, where feasible. Mobisol, a German solar company working in Tanza-
nia in partnership with USAID’s Power Africa initiative, provides solar panels to
enable customers use power welding and pipe-cutting equipment, water pumps, egg
incubators and fans to make cooking stoves more fuel-efficient. Scaling Solar, an
initiative of theWorld Bank, supported an auction in Zambia to introduce and procure
solar energy quickly and at very competitive prices—6.02 US cents per kWh, com-
pared to oil-based power which can be three to four times as expensive (Brookings
2016). Madagascar and Senegal are also participating in a Scaling Solar initiative
that could amount to nearly USD 1 billion of investment. New Deal on Energy in
Africa, a multi-billion-dollar initiative by AfDB, aims to establish 75 million new
off-grid connections. Since the launch of USAID’s Power Africa in 2013, the pro-
gramme’s off-grid partners have added about 2.5million newconnections (Brookings
2016).

Investment in solar energy in Africa will support agricultural transformation and
enhance food security. Solar irrigation has positive effects on labour saving, crop
yield and profits on smallholder farms in Ethiopia. Investment in solar technology
and upstream pumping for large-scale land reclamation projects in the Sinai desert,
Egypt and solar energy farms in the Israel desert (Fischhendler et al. 2016) provide
useful examples that could revolutionise agriculture in MENA and dry regions of
SSA. The declining cost of solar panels could expand groundwater use in agriculture.
Yet, for uptake by smallholders, the capital cost of solar irrigation pumps (USD 650–
3000) must become competitive in comparison to fuel/electric pumps (USD 300–
1500) or treadle pumps (USD 25–100). India, for example, has over 11.5 million
electric and 6.7 million diesel pumps, but only 2000 solar irrigation pumps (Shah
et al. 2014).

New solar pump policy for irrigation should enhance solar power for food
security. This requires a supportive business model that packages conditional sub-
sidies—linked to compliance with design regulations, crop water requirements and
regular monitoring and reporting and targeted subsidies for smallholders that allow
only smaller solar irrigation pumps (1.5–2.5 kWp) for groundwater irrigation. Solar
water pumps could be widely adopted with policy support (subsidy, tax exemption,
access to technologies, finance and markets) to address initial affordability problems
and facilitate solar power concentration storage in batteries. A solar irrigation policy
package, comprising capital cost subsidy and guaranteed buyback of surplus power,
could transform both the energy and groundwater economies. The energy payback
period would be shorter and surplus solar energy buyback income would encourage
farmers to raise the productivity of both groundwater and solar energy, by investing in
micro-irrigation and choosing crops with high returns on irrigation. Solar irrigation
is aligned with government policy priorities in Ethiopia, Jordan, Morocco, Egypt
and Zambia. In off-grid areas, supportive policies are needed to co-optimise solar
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panels, batteries and water pumps. Solar irrigation saves on fuel costs, by replacing
petrol and diesel while also earning revenue from charging mobile phones—at ETB
2 (7 US cents) per phone—and selling water to neighbouring farmers. Decentralised
solar power generation in remote villages and rural irrigation schemes could enhance
local food security.

5.4 Investment in Peri-urban and Urban Agriculture

To support peri-urban and urban agriculture and promote safe reuse of wastewater,
policymust address the currentmismatch between national food security policies and
urban bias, e.g. maize policy in Zambia (Hanjra and Culas 2011). While investment
in rural irrigation schemes will remain key to food security, greater attention must be
paid to specific challenges in sustainably feeding urban areas. This should involve
harmonisation of national food security policy with urban planning that widens the
mandate of city councils beyond waste disposal to supporting safe reuse in urban
and peri-urban agriculture, in close coordination with irrigation authorities, energy
authorities, groundwater management boards, farmers and urban planners (Connor
et al. 2017; Hanjra et al. 2017b). To that end, the following key policy implementation
strategies are suggested (Hanjra et al. 2017b, d).

• Integrate urban and peri-urban agriculture into national policy processes.
• Provide social incentives and public subsidies on a par with the fertiliser

and bioenergy economy, to upscale wastewater irrigation and nutrient reuse in
agriculture.

• Mandate estate developers to allocate land parcels for community gardens and
residential complexes to undertake onsite wastewater treatment for reuse in
order to boost local food production and promote social cohesion.

5.5 No-Regret Investments for Managing Social Change

The nature of social change and associated vulnerabilities due to climate change are
not well understood (Nelson et al. 2016). Scenario exercises for 2030 conducted by
IWMI in East Africa, involving national policy experts and regional stakeholders,
show how the relative usefulness of capacity development approaches compared to
impact approaches to adaptation planning differs with the level of uncertainty and
associated lead time (Vermeulen et al. 2013). Capacity development approaches
are important for incremental adaptation and innovation, through institutional sup-
port to farmers (e.g. financial services education and participatory rehabilitation of
existing irrigation schemes) that are feasible, cost-effective and low-risk response.
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Impact approaches, involving wholesale reconfiguration of food and farming sys-
tems, large-scale anticipatory investments in irrigation and other infrastructure, liveli-
hood diversification and population migration to better endowed areas, are particu-
larly important for transformative adaptation. To avoid disruptive social change, such
innovations require strategic guidance on agricultural water management and water
policy in order to to make long-term no-regret interventions. These could include
investments in wastewater reuse for irrigation; wider storage options beyond surface
reservoirs, including groundwater as a buffer against long-term droughts (Scanlon
andVladimir 2016);micro-irrigation technologies; rainwater harvesting; farmer gene
banks (e.g. ICARDA’s global seed vault in a remote island of Norway); indigenous
crop races; and cultivation of wild foods and hardy land races under rainfed systems.
This would help to prepare against catastrophic risks and safeguard food security
and sustainability into the distant future.

6 Conclusions and Outlook

This chapter presented evidence on irrigation and food security linkages acrossAfrica
and produced three major conclusions. Firstly, investments in irrigation contribute
to poverty reduction. Here, ‘irrigation’ refers to surface water and groundwater use
in rural irrigation schemes, as well as wastewater use for food production in rural,
peri-urban and urban areas. Secondly, strong evidence exists that investments in irri-
gation enhance food security. Thirdly, existing evidence is supportive but still insuf-
ficient to draw broader conclusions on nutrition outcomes, primarily because nutri-
tion is only now being considered as an explicit objective of irrigation development
and agriculture policy (Pingali 2015). Nutrition-sensitive irrigation programmes and
delivery platforms are therefore needed to help realise the full potential of irriga-
tion for enhancing both food and nutrition security (Hanjra et al. 2017c). Strate-
gic priorities to enhance food and nutrition security are investments in smallholder
rural irrigation schemes, peri-urban and urban agriculture, and related support mea-
sures, including rural infrastructure and solar energy for well-distributed irrigation
development.

There is a need to frame ‘irrigation’ to integrate socio-economic and environmen-
tal interactions affecting sustainability, across local to global levels, through tele-
coupling. System integration and sustainability can transform how policymakers
think about irrigation and agricultural water management and facilitate the training
of a new generation that is well-equipped to develop food security and environmen-
tal sustainability solutions. There is also a need to realise the productive function of
urban and peri-urban agriculture within urban planning, and a need for better inte-
gration of food and nutrition security issues in land use planning, especially within
wastewater sanitation systems in cities and towns across Africa.
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Appendix: Indicators of Regional Change
and Transformation in SSA

World Bank data showed that, over the period 1990–2013, population growth
remained high (2.7% per annum). Agricultural productivity growth is continuing
but not apace to feed the population. Majority of the poor (82%) still live in rural
areas and the majority of rural households (69%) earn income from agriculture.
The share of agriculture in employment (61%) and GDP (25%) is still high result-
ing in widespread poverty (417 million people) across major agro-ecological zones
in Africa. Real agricultural value added has been growing (4.1%) over the period
1990–2013, but this was countered by high population growth and grew only slowly
(1.4%) in per capita terms (Barrett et al. 2017). Food security has improved, largely
due to annual growth in cultivated area under cereals (1.3%), but cereal yield growth
(1.6%) has been far lower than in Asia during the Green Revolution. Africa yield lev-
els started from a very low base and remain low. For example, average cereal yield
in Africa today (about 1.5 t/ha) is less than half of the level in South Asia (3.1 t/ha),
about a quarter of the level in China (6 t/ha) (Barrett et al. 2017), and about one
eighth of the level in Australia.

Structural transformation in Africa has been towards low productivity, non-
tradable services in urban areas, rather than tradable manufacturing (Rodrik 2016).
This has ignited urbanisation and the emergence of consumption cities (Gollin et al.
2016), with large metabolic throughput of water, food and energy and a rising share
of food imports to ensure local food security. Such resource-driven urbanisation and
structural transformation has led to expansion in slums, poor water and sanitation
services, a widening rural-urban income gap and inequality (Gollin et al. 2016).
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