
The agricultural sector is responsible for 72% of global water withdrawals, and is the 
biggest employer of the world’s most vulnerable and poor populations. Still, close to 84% of 
smallholder farms in low- and middle-income economies are located in water-scarce regions, 
with less than one third of them having access to irrigation (UN, 2024). These small-scale 
farmers also bear the heavy weight of land degradation and climate crisis.

It is estimated that food production will need to increase by 50% by 2050 to meet the 
requirements of the growing world population (FAO, 2020). The agriculture sector amounts 
to 35% of total African GDP, yet a mere 4% of total government expenditure went into 
this sector (Hodder and Migwala, 2023). It is imperative to increase system resilience by 
reducing water-energy-food interdependencies through improved multisectoral policies, 
technologies, and adapted management. With the impacts of climate-related extreme events 
and the vulnerability of rural populations, an integrated approach to water management is 
the only way to close the water gap. Moving forward towards achieving global sustainable 
goals, rural communities must be empowered to ensure that they are the drivers of the expected 
socio-economic development through water development and management. This policy brief 
explores sustainable development in Africa through investment in rural development as the 
foundation for economic growth and community development. It provides a case study exploring 
the interrelationships of the resource nexus in Morocco, and the need to promote water as a 
catalyst for development and for development of policy coherence with related sectors.
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	 BACKGROUND
The Water Gap and Climate Change in Africa
Africa’s renewable water resources comprise less than 9% of the estimated total global 
renewable resources. About 85% of Africa’s water withdrawals are for agriculture, and even 
though 25% of the world’s arable land is in the sub-Saharan Africa, the whole of Africa produces 
only 10% of global agricultural output (FAO, 2016).

Averaged across Africa, annual precipitation is about 678 mm, ranging from 51 mm (hyperarid) 
to 3200 mm/yr (tropical). While With less than 1% of Africa’s total renewable water resources, 
North Africa is the driest region; with 48%, Central Africa is the wettest region (FAO, 2016).

Africa has nearly one third of the world’s international water bodies, with around 80 international 
rivers and basins.  Despite this, cooperation is lacking and almost no shared governance plans 
exist, making rural communities more vulnerable to conflict and lack of access to water for 
agriculture (UN Water, 2003)  The major18 international water basins in Africa include the 
Congo/Zaire, the Nile, and the West basins.. While the irrigation potential in Africa totals 
42.5 million ha, the actual irrigated acreage is Africa is only 13.4 million ha, and this water is 
unequally distributed. Lowland cultivation constitutes 13% of the total water-managed areas 
of Africa (FAO, 2016).

More than one third of African countries, with more than half a billion people, are considered 
water insecure (MacAlister et al, 2023; Oluwasanya et al, 2022).

Sub-Saharan Africa is expected to be strongly affected by climate change due to its heavy 
reliance on agriculture. One model of water resources in a region of West Africa projected 
decreases of 1% to 4% in the discharge from the Sassandra River for the period 2021-2040 
(Coulibaly et al, 2018). Climate change affects crops directly through crop loss, and indirectly 
through decreased water availability and increased pests and diseases (UN, 2024).

Most climate models and predictions indicate that drought and flood events will increase 
in frequency and severity, causing in many cases irreversible damage to water ecosystems 
(IPCC, 2023). Drought, flow changes, and flooding events all affect water quality by increasing 
salinity, pollutants, and water nutrient levels, as well as by reducing the amount of arable land 
(Kusangaya et al, 2014). Resilience is highly dependent on addressing these threats through 
adapting water-resource management.

The 2030 Water Resource Group projects a 17% water gap for South Africa, and that 784 
million people in sub-Saharan Africa will also be affected. The gap exists as a consequence 
of natural water allocation, inefficient use of available water, and lack of synergy in water use 
(Danert et al, 2016).

Different Challenges Across the Continent
Water security varies by region: in South Africa, the challenge is distribution and storage; 
in the north, it is scarcity. Across the continent, water affects health, food security, poverty 
reduction, and livelihoods.

The main challenges for Africa’s smallholder farmers are limited access to water, growing 
dependence on groundwater, increasing aquifer depletion, and extensive use of diesel as a 
source of energy. These are in addition to the competition for water between the energy and 
agriculture sectors. 
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Taking into account these challenges and other regional aspects, choosing the most appropriate 
production systems and technology for the water and energy sectors must account for: a) 
resource requirements in terms of water, energy, and land, b) economic and financial aspects, 
c) environmental impacts on land, water, and air, d) human resources needed to develop and 
maintain the technologies, e) technical suitability to local conditions and robustness, and f) social 
and cultural suitability to local practices. Also, innovative practices must include the integration of 
soft technologies such as models and computer tools, to help reduce interdependencies of water, 
energy, and food.

Technological solutions to make farming more efficient remain a priority. Precision agriculture 
has proven successful, and, more recently, artificial intelligence applied in agriculture promises a 
paradigm shift in farming. AI-powered solutions will only enable farmers to do more with less, and 
will also improve quality and ensure shorter seed-to-market time for crops.

Most crops produced around the world are rainfed. Only around 40% of global agriculture 
production comes from irrigated land, which is only about 20% of all agricultural land (OECD/FAO, 
2021). Important for food production and natural vegetation, and underpinning biodiversity, green 
water (water held in the soil matrix) accounts for 87% of the water used in global crop production.

Scientists and policymakers need to recognize the importance of green water, especially in dryland 
countries (Mohtar and Assi, 2018). Managing the different types of water in water-scarce regions 
requires scientific approaches that account for green water and soil parameters, and transmit this 
knowledge to decision-makers (Mohtar and Assi, 2018; Braudeau et al, 2016; Blake et al, 2019). 

According to the World Bank (Our World in Data, 2024), the agricultural value added per farm 
worker in sub-Saharan Africa was around $1,500 in 2019, while added value for a U.S. farm worker 
exceeded $100,000. These shocking numbers clearly point to the need to invest and improve 
African farm productivity.

	 RURAL TRANSFORMATION AND SOCIO-ECONOMIC 	
	 ISSUES

Beyond the technological challenges and solutions, social issues affect rural transformation in 
Africa.

Empowering young people and women in rural communities is an important part of this equation 
when discussing sustainability of agricultural systems, as they constitute a large percentage of the 
rural population and possess the elements to create change.

Today, access to water is still considered a luxury in many rural areas. This must be addressed. 
Access is possible through inclusive water policies and investment programs; these programs must 
ensure equity and social safety nets.

A political dimension of water management is transboundary water. This has been a source of 
conflict around the world but can be viewed also as an opportunity to promote cooperation, 
sustainable development and peace. Although challenging, the management of transboundary 
water through conflict resolution, shared benefits, and national and international law, is of utmost 
importance for the African continent. Food security can be a driver for peace and prosperity.

The lack of access to reliable water sources has been a major driver of migration. According to 
the UN World Water Development Report (2024), two out of three people will be living in towns 
and cities by 2050, with most growth occurring in the less-developed regions of Africa and Asia. 
In Africa, about 80% of international refugees are hosted in rural areas, which emphasizes the rural 
dimension of migration and forced displacement. This puts stress on the natural resources of the 
destination areas. Therefore, the water-migration nexus must be considered in rural development. 
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Finally, it is important to highlight that indigenous water harvesting and conservation practices 
constitute a wealth of knowledge that could be applied, or taken into consideration, when 
implementing sustainable solutions for rural development. 

Nutrition and Water Productivity in Food production.
The production of food in rural Africa takes place with limited land and water resources, and limited 
energy. Further efforts are needed to improve efficiency and productivity in irrigated agriculture. 
Increasing on-farm productivity through efficient use of resources must include:

•	 Use of remote sensing and precision farming to improve irrigation efficiency;

•	 Enabling alternative energy sources;

•	 Selecting region-specific crops and varieties;

•	 Implementing soil-management techniques that help reduce soil degradation;

•	 Investing in infrastructure that improves the efficiency of water distribution, irrigation systems, 
and water storage, which can in turn support and improve smallholders’ livelihoods and 
profitability;

•	 Investment in post-harvest storage facilities, especially in ares vulnerable to climate change;

•	 Training of local people on the implementation of technology;

•	 Use of models and nexus tools to evaluate adaptation and scale it up.

	 SYSTEMS-BASED HOLISTIC APPROACH TO WATER 	
	 ISSUES

The complexity of water-scarcity problems requires a new business model that incorporates water, 
energy, food, health, and nutrition into a holistic systems approach. Considering the effects of 
climate change, it must also build resilience into the systems and societies affected. Solutions 
require holistic approaches that also address the systems around food, energy, socioeconomics, 
and health. The interconnectivities of the systems require evaluation of tradeoffs. Optimized water 
distribution needs quantitative accounting of the links between those tradeoffs.

SDG-6 aims at sustainable, equitable access to safe, reliable water, including irrigation water, water 
used in food production and processing, water-management practices and development, water 
efficiency, and the protection of aquatic ecosystems, under the umbrella of integrated water-
resources management.

The model proposed here includes creating synergies between resources, while simultaneously 
reducing interdependencies, enhancing resilience, and improving equity of distribution. Resilience 
can be enhanced through innovation and technologies to improve the efficiency of local production.

Synergistic models require engagement and involvement of stakeholders, including government, 
business, industry, NGOs, civil society, rural communities, and the private sector: these are the 
producers and end-users. Dialogue ensures alignment of models with relevant social, ethnic, 
and economic standards and requirements. Engagement ensures knowledge dissemination for 
acceptance, sustainability, and continuity of the proposed new models. Success in local synergistic 
models requires clear, coherent, and inclusive governance policies for managing and preventing 
abuse of resources, and conflict over boundaries.
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A Water-Energy-Food Nexus That Supports Rural Development
The ‘WEF nexus’ is the overarching system including the water, energy, food systems. Through 
analytical framework of this system, tradeoffs between allocations are quantified, and the hotspots 
where sustainable future interventions are defined. The nexus approach was originally proposed as 
an equitable model to provide basic and universal rights for resources management in a way that 
creates cooperation among sectors. A schematic of the interdependencies of water energy and 
food is shown in figure 1.

  Figure 1.  

The WEF Nexus and its interdependencies

Source: Mohtar and Daher, 2012

In a rural nexus system, it is important to understand the connections between governance 
authorities and their local and regional communications. This is achieved through enhanced farm 
sustainability, accounting for water storage, farm-waste management, energy production and use, 
crop production, and capacity building. These farm-scale activities also provide access to drinking 
water and sanitation, which are integral to the optimized frameworks: they enable resilience. Many 
nexus approaches have focused mostly on management of resources and enhancing productivity; 
yet, in rural settings, the water-energy-food nexus should focus also on the access to resources, 
the capacity to utilize resources as well as dynamics of social power relations and the strength of 
institutions (Biggs et al, 2015). 

Meeting the demands of water, food, and energy with diminishing availability of arable land and 
water for irrigation in agriculture is a major scientific challenge. And even though there are multiple 
models and tools available, a unified framework to integrate them is still lacking, especially in the 
agriculture sector (Nie et al, 2019).
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Water management the water demanded by all sectors, including the energy and the food sectors, 
which depend on water.

In sub-Saharan Africa, a business model of water and energy-use efficiency should be focused on 
accommodating the needs of poor smallholder farmers.

Case study: Water-Energy-Food Security in Morocco
Morocco recently announced a plan to better manage its water, energy, and food systems. The 
agricultural sector produces around 14% of the country’s GDP, but employs 40% of the population. 

In the Green Morocco Plan for 2010–2020 (Agricultural Development Agency, 2008), the country 
laid out plans to double GDP from agriculture and add 15 million jobs (Al monitor, 2014). The crops 
in focus are olives, citrus, fruits, and vegetables. Another goal of the plan was to increase cereal 
yields, and use agricultural land for production of higher value crops. 

The country relies heavily on imported energy sources. Projects to expand renewable energy sources 
are underway as part of the Morocco Energy Strategy 2030. Morocco is one of the first African 
countries to embrace renewable energy and align economic growth with sustainable development 
(Ben Meir et al, 2022).

Morocco also has an ambitious plan to expand industrial output, with an aim to double mining and 
triple chemical capacities. This requires intensive amounts of land, water, and resources.

All these plans require a multisectoral approach that promotes coherence and cooperation between 
policies and stakeholders.

In a study published by Daher and Mohtar (2021), the authors used a decision-making support 
system, the Nexus Tool 2.0, to quantify the resource requirements and impacts on the water, energy, 
and land domains, using different scenarios for achieving the national goals. Figure 2 shows the 
framework used to model these scenarios.

This simulation generated the possible increase in the required water, energy, and land if the country 
were to achieve 25%, 50%, 75%, and 100% of its national goals for agriculture, energy production 
(solar, wind and hydropower), and water production (through desalination and water treatment).
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  Figure 2.  

SDGs Nexus Tool Structure

 Source: Daher and Mohtar, 2021

The comparison between different scenarios clearly showed the competition that exists between 
achieving national strategies for water, energy, and land. The plan to reallocate 20% of the land 
currently used for the production of cereals is a clear trade-off strategy where the country accepts 
less self-sufficiency in cereal production in order to reduce land and water stresses and allocate 
those resources for more energy self-sufficiency. Also, the scenario analysis showed how a short-
term high investment in renewable energy production will release Moroccan budget resources in 
the long term, since it releases the country from the current budget allocated to energy imports 
and subsidies. Another clear tradeoff that this study showed is the increased energy requirements 
for desalination and wastewater treatment, versus decreased stress on Morocco’s already scarce 
water supply.
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This is a clear example of the impact of the use of nexus tools for creating stronger regulatory 
frameworks and national strategies for water management, reducing groundwater overexploitation, 
while still strategically growing the rural areas to increase productivity. Even when the water and 
energy systems are well developed in Morocco, there is a need to develop more integrated water-
energy-food nexus frameworks (El Youssfi et al, 2020).

Governments in Africa will obviously be compelled to invest more in infrastructure, water distribution 
and food, waste management, and energy independence. This must be done while also investing 
in climate adaptation and achieving the SDGs. Ultimately, all stakeholders have decisions to make 
now, while problems are still manageable.

	 KEY MESSAGES
•	 Water management is fundamentally connected to rural economic development, and as 

such must consider the new economic realities, including climate change and geopolitical 
circumstances. Improvements in water access and infrastructure intrinsically have a powerful 
effect on the prosperity and transformation of rural communities.

•	 Improve productivity and income through more efficient resource use.

•	 Water is a catalyst for increased resilience, improved livelihoods, and reduced socio-economic 
challenges. 

•	 Reduce water, energy, food interdependencies through improved multisectoral policies, 
technologies, and adapted management that increases system resilience and reduces system 
interdependencies.

•	 One Water, One Health: better environmental control for disease prevention. Water is a common 
conduit between wild and domestic animals, and human exposure to animal diseases; it is 
important to raise the profile of water, sanitation, and wastewater management in the context 
of One Water, One Health, especially in Africa. The One Water, One Health concept is highly 
relevant, as more than half of human infectious diseases are zoonotic; more than three-quarters 
of emerging illnesses have a zoonotic link.

•	 Assessing the tradeoffs between water, nutrition, and agriculture, the productivity nexus, will 
enhance opportunities for research and development interventions.

•	 Recognize the importance of small-scale irrigation and provide opportunities for future 
investment.

•	 Develop a foreign investment framework that maintains a balance between market interests 
and developmental, environmental, and social needs.

•	 Engage and empower the targeted beneficiary rural communities to ensure that they are 
the drivers of the expected socio-economic development through water development and 
management.

•	 Water governance is key to enhancing cooperation among communities and implementing the 
SDG-6.
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