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Executive Summary 
Scope 
 

This report confirms that groundwater, if managed sustainably, can be an important 
development resource across the Sub-Saharan Africa (SSA) region. The report presents data 
related to groundwater resource characteristics and highlights the opportunities and challenges 
presented in promoting sustainable and resilient groundwater development in the region. 
Groundwater has significant potential to support human and economic development in SSA, as 
it has done in other global regions. 
 
This report recommends investment in expanding groundwater development as an integral 
component of national water resources strategy for countries in SSA. Investment in 
groundwater can be financially viable and a wise policy option to support socioeconomic 
development if safeguards specific to groundwater are incorporated into investment 
programs. The expansion should be designed within a sustainable framework responsive to the 
special social and cultural and economic features of groundwater resources, compounded by 
their special hydrological, environmental and engineering dimensions to guide sustainable 
development of this important component of water resources.  
 
 

Water and development challenges in SSA 
 

SSA suffers from underdevelopment of its water sector, with significant human and economic 
consequences. Groundwater development could make significant contributions to regional 
poverty reduction and shared prosperity goals. SSA is constrained by 315 million people 
remaining without access to improved drinking water (across both rural and urban areas); only 3 
percent of total cultivated land is irrigated (compared to 37 percent in Asia); and recurrent 
water scarcity and drought events impact millions (for example, SSA is currently in the grip of its 
worst drought in 35 years, with 38 million people at risk across eastern and southern Africa). 
Such absolute and economic water scarcity contributes to chronic food insecurity, 
environmental migration and civil instability being endemic in some SSA countries. 
 
Major climate and non-climate drivers are forecast to place further pressure on water 
resources in SSA, threatening development progress achieved to date. In addition to the 
chronic challenges experienced today, regional increases in water demand between 2005 and 
2030 are projected to reach almost 300 percent – up to three times higher than any other global 
region. Greatest non-climate demand is expected to come from agriculture and the municipal 
and domestic sectors. Urban populations are predicted to triple by 2050 and rural populations 
are expected to continue to grow, by approximately 45 percent by 2050. While climate drivers 
will vary across SSA, generally accelerated warming is likely to increase precipitation in wet 
months and decrease precipitation in dry months, increase desertification, reduce river flow, 
increase risk of flash flooding, and reduce long-cycle crop production. Water resources 
development will need to keep pace with climate and non-climate drivers. 
 
As traditional sources of surface water become scarce and expensive, groundwater – an 
integral component of national water resource base – has the greatest potential for positive 
development impact in the forty percent of SSA classified as ‘drylands’. National water 
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resource options include surface waters, groundwater and non-conventional water sources 
(Figure A). Groundwater is by far the largest water resource in these areas, and could help 
overcome water scarcity and drought-related shocks, which compound existing poverty and 
divert scarce humanitarian resources.  
 

 
Figure A – Water typologies for development 

 
Although groundwater is hidden, both physically and institutionally, when sustainably 
managed it can yield significant benefits: 

 International experience shows that groundwater can underpin impressive 
development outcomes and increase resilience, as evidenced in regions such as South 
Asia and China. There is opportunity to build on the successes and learn from the 
drawbacks of groundwater development in those regions; 

 When properly managed, the inherent advantages of groundwater include local 
availability, protection from pollution and cost effective and incremental development 
potential; and 

 Groundwater’s large storage volumes and protection from evaporation make 
groundwater a strategic asset in adapting to climate change impacts. 

 
To date, the expansion of groundwater development that has occurred in SSA has been largely 
informal, driven primarily by private well owners exploiting shallow aquifers for drinking 
water and small-scale irrigation. In contrast, most deeper aquifers in SSA remain essentially 
unutilized. Given the widespread water scarcity across much of the region, this represents a 
potentially significant dormant economic and human development opportunity. 
 
 
This report confirms that, at the regional scale, there are sufficient groundwater 
resources to support sustainable development in SSA. 
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Groundwater is, by far, the largest stock of water in SSA – multiple times more than surface 
water resources. The total volume of groundwater in storage in SSA is approximately 660,000 
km3, comprising both renewable and non-renewable resources. This is equivalent to more than 
7,000 years of average total flow of the Nile River. 
 
Regional renewable groundwater resources are significant and there is large capacity to scale 
up their utilization to support economic development. Renewable groundwater resources in 
SSA amount to about 1,400 km3/year (equivalent to 15 years of average total flow of the Nile 
River). Groundwater is severely underutilized in the region - only Djibouti, Mauritania and South 
Africa use more than 25percent of their renewable groundwater resources. Hence, there is 
significant potential to scale up renewable groundwater utilization across the region, including 
in dryland areas (Table A). 
 
Table A – Comparison between renewable groundwater available and groundwater abstracted (SSA, SSA drylands, 

India) 
Region Total renewable 

groundwater 
Total groundwater 

abstracted 
Groundwater abstracted 

per capita 
SSA 1 400 km3/yr 20 km3/yr 28 m3/yr 

SSA Drylands 324 km3/yr 15 km3/yr 37 m3/yr 
India 432 km3/yr 251 km3/yr 208 m3/yr 

 
Renewable groundwater resource potential is also considerable across SSA’s drylands, where 
its utilization could be scaled up to overcome surface water scarcities for many populations. 
Drylands compose 43percent of the region and are home to half of the population, three 
quarters of whom live in poverty. Table i suggests that current groundwater abstractions in 
drylands countries represent only around 5percent of the renewable groundwater resource. 
However, the main groundwater used is from shallow local aquifers with limited capacity that 
are vulnerable to extended periods of drought whereas the deeper aquifers are less utilized. 
Groundwater is a resource that depends on local geology, topography and climate, and its 
potential is variable in space. While regional data indicate high groundwater potential overall, 
physical resource characteristics need to be confirmed at local levels to determine key 
parameters such as sustainable yields and water quality. 
 
Regional non-renewable groundwater resources are substantial and could be utilized 
strategically. Non-renewable groundwater cannot be used indefinitely and may be difficult to 
access, but it could be valuable in the medium term as a strategic asset and as an emergency 
water supply. 
 

However, multiple factors contribute to low levels of formal investment in 
groundwater, particularly a lack of information on resource characteristics at regional, 
national and local scales, which are preventing its development potential being 
realized.  
 
Overall, groundwater resources in SSA are poorly understood, which remains a barrier to their 
sustainable development at regional, national and local scales. A few well-monitored aquifers 
contrast with large areas where little is known apart from regional averages. Many countries 
have inadequate groundwater monitoring networks. Regional and national datasets provide a 
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generalized sense of groundwater potential, but may miss local anomalies. Satellite and other 
remotely sensed data adds value to existing information, however much more is needed to 
support sustainable development. 
 
Considering existing groundwater uses for water supply and pastoralism (and their projected 
growth) and minimum (rather than average) groundwater availability, current projections of 
groundwater potential for irrigation using shallow groundwater resources are likely to be too 
optimistic and need to be confirmed at the level of individual aquifers. The potential of deeper 
aquifers in dryland regions is substantial but the higher construction and operating cost of 
deeper wells and associated issues such as environmental cost and land tenure policies make 
them less attractive for small-holder irrigation. It is important to evaluate the groundwater 
irrigation potential based on economic assumptions in line with the shallow and deep 
groundwater resource availability. 
 

A strategy on groundwater in Sub-Saharan Africa 

This report is informed by the experiences from the World Bank contribution to the 
development of the water sector in general and in Sub-Saharan Africa in particular. 
The proposed strategy is informed by lessons learned from the World Bank lending to 
the water sector as well as thoughtful recommendations presented in series of studies 
conducted by several donors and national and international water agencies and 
research centers    
 

The World Bank has steadily increased lending to the water sector in SSA, prioritizing surface 
water development. Lending in the water sector is an important component of the Bank’s 
global portfolio of projects, and Bank investment in SSA’s water sector has generally increased 
over the past decade (US$820m in FY07 to US$1,780m in FY17). Surface water projects (such as 
watershed management, dams and hydropower, rivers and lakes) have received the greatest 
investment focus in the Bank’s water portfolio. However, major surface water resources are 
spatially limited and 85 percent of SSA’s population lives at more than 10 km from a major river 
or lake. Surface water resources are becoming increasingly costly to develop and are also more 
vulnerable to the effects of climate change.  
 
Looking forward, integrating groundwater resource development in the national strategy for 
water resources management will help meet the growing gap in demand in SSA. Investment in 
the water sector, from irrigated agriculture and WSS to rural development and disaster risk 
reduction – will become increasingly reliant on groundwater resources, either utilized 
independently or in conjunction with surface water resources. The current low profile of 
groundwater investment portfolio in SSA suggests significant opportunity to promote 
groundwater more explicitly as part of a holistic development approach. 

A framework to guide investment in management of groundwater in SSA 
 

A framework is presented to guide sustainable groundwater development in SSA, highlighting 
measures to overcome the current knowledge, policy and investment gaps (Figure B). A 
framework is built around regional, national and local level pillars, where future interventions 
can provide support where investment can be prioritized around four themes: information, 
institutions (and policies), infrastructure investment, and incentives (secondary factors).  
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Figure B – A framework to guide a World Bank sustainable development strategy for shallow and deeper 

groundwater resources in SSA 

The main elements of the proposed strategy are to articulate support around the four themes: 
 The information element: SSA would benefit from adopting advanced information 

technologies to expand and update water data and increase the application of remote 
sensing at national and local levels, to help characterize and monitor groundwater 
resources and their key parameters. Basic characterization of groundwater resources 
should become standardized of investment and interventions in SSA water resources, 
with direct and indirect impacts / reliance on water resources. Environmental 
safeguards require confirmation of sustainability of water resources used by World Bank 
investments but in SSA adequate data to evaluate impacts on groundwater resources 
are often lacking. 

 The institutions (and policy) element: Institutional capacity building at regional and 
national level is required to enhance water development strategies integrating 
groundwater resources through scientific inquiries to update data collection and 
knowledge production to guide water policies and investment programs. Also important 
is to updating water policies in response to the changing dynamics of economic growth, 
urbanization and industrialization and the impact on the national water balance 
between supply and demand and advances in water and information technologies. 
Existing institutions, such as the SADC groundwater institute, can help facilitate this and 
provide a template for South-South knowledge exchange and collaboration. An 
important dimension of institutional support is to enhance strong links between 
research, education and policy development in the water sector. For example, 
institutional support could aim to support interdisciplinary water center(s) for teaching 
and research on emerging water development topics (e.g. water resources planning 
integrating conventional and non-conventional water resources, government water 
policies including public expenditure and pricing and the performance of water 
agencies, adaptation to climate change; water scarcity and security for urban and rural 
communities, and food safety) at selected universities in SSA. These facilities and 
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programs could develop and deliver quality innovative, interdisciplinary research, 
teaching and extension programs, primarily to policy makers and to audiences in their 
respective communities (farmers, students, agribusiness), and would also serve national 
constituencies and be models for replication in other countries. 

 The infrastructure investment element: the financial requirements need for expanding 
and modernizing water infrastructure, especially groundwater resources in SSA are 
significant. A combination of public and private investment will be required to develop 
groundwater resources, particularly deeper resources. To date, investment has been 
limited to shallow groundwater private investment. Investment in supporting 
infrastructure will be required, as well as in end use efficiencies (e.g. irrigation, urban 
water security). Analysis of public expenditure in groundwater development and the 
costs and benefits of groundwater investment at regional, national and local levels is 
required. At local levels, supporting smallholder access to finance and insurance will be 
key for further investments; and 

 The incentives (secondary factors) element: Secondary factors – from markets and 
trade policies, availability and affordability of technology, private sector engagement 
and managing adverse environmental impacts – can either be barriers or facilitators of 
sustainable groundwater development. 

 

Highlights of opportunities at the regional level include consideration of transboundary 
resource exploration, development and governance models; convening of stakeholders 
(including interactions between formal and informal institutions); and accounting for 
environmental baseflows (understanding recharge, avoiding depletion, and managing quality).  

Highlights of opportunities at the national level include consideration of public expenditure 
and budget allocations for water services in general and the groundwater sub-sector with a 
special focus on responsive water pricing and cost recovery. Also important the role of tenure 
policies and land titling in attracting the private sector to invest in the water resources within 
national water security framework; costs and benefits of groundwater investment for both small 
and large investors and the role of the ministry of finance in setting water pricing and tariff 
regime to ensure conducive investment by the private sector in the provision of reliable and 
viable water services; the role of private sector (including public-private partnerships and 
related policies for water and land rights ); developing markets and trade and related local 
infrastructure; utilizing technology advancements in information technology, in drilling and well 
construction, in water delivery networks, and in irrigation and productivity for water supply and 
agricultural purposes; and accounting for environmental baseflows (understanding recharge, 
avoiding depletion, and managing quality). Box A captures many of the factors that should be 
considered at the national level in a comprehensive assessment of water resources. It highlights 
that traditionally considered factors, such as economic and financial elements, should only be 
considered in the context of other competing factors contributing to national development 
objectives. 

Highlights of opportunities at the local level include consideration of increasing access to 
technology for small-scale drilling and pumping of groundwater; piloting models to bolster 
community water security (through local delivery networks); and promoting community-led 
local governance and management models, informed by understanding of local resource 
characteristics.  
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Box A –  support for national water resource assessments 

Investment in the water sector could support SSA countries conduct holistic assessments of their national 
water resource potential (including groundwater, surface water and non-conventional sources). Such 
assessments could be presented to national Ministries of Finance to help prioritize public expenditures. As 
outlined in Figure C, a comprehensive set of measures should be included to produce a holistic 
assessment for national water resource prioritization: i. Economic and Financial (including returns on 
investment, cost-benefit analyses); ii. Social and Cultural (including gender and humanitarian 
considerations, cultural norms); iii. Environmental (including climate resilience, resource quality, 
ecological baseflows); iv. Political Economy (national security, water as ‘social’ or ‘economic’ good, 
tariffs/subsidies); v. Institutional (formal and informal, state and local, public and private); vi. 
Informational (resource knowledge status, mapping / quantification of resources); and vii. Technical 
(resource development, water production and delivery, technological requirements). Such assessments 
would be bespoke country-by-country and help to raise the profile of groundwater as an important and 
competitive strategic national resource. 

 
Figure C– Example of holistic water resources assessment at national level 

The figure above illustrates that many factors should contribute to decision-making for water resource 
development – in particular, economic and financial factors should be assessed only in the broader 
context of other competing factors.  

 

Priority groundwater actions for the World Bank 
 

Three strategic areas of intervention, where groundwater has the potential to trigger 
transformational change, have been identified. 
 
Macroeconomic development through irrigated agriculture 
Through IDA18, the World Bank is currently engaging twelve SSA countries on irrigation sector 
reform and investment (Mauritania, Senegal, Guinea, Mali, Burkina Faso, Niger, Chad, Benin, 
Nigeria, Cameroon, Ethiopia and Mozambique) and potentially expanding into new countries 
(Uganda, Kenya and Ghana). Key ASA include the Sahel Initiative, Cameroon (through the 
Agriculture GP), and planned activities under the GWSP.  
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The baseline Bank’s annual investment in irrigation in SSA is about one third of lending to the 
water sector or US$ 600 million. The rate of growth in irrigated areas in SSA is currently 3 
percent (60,000 ha) per annum driven largely by SSA farmers. The World Bank could support 
expanding irrigation and consider matching this increase over the next 10 years to help SSA 
countries expand groundwater-based irrigation, currently two million hectares, by 50percent at 
an annual increase in lending to about US$ 900 million.  
 
There is opportunity to accelerate and scale up growth in irrigation using groundwater, 
starting in the SSA countries already being engaged. It is estimated that the costs of developing 
and expanding groundwater based irrigation schemes in SSA would be similar to other regions 
(US$5,000 – 8,000 per ha). It is desirable to use community based managed investment for small 
scale irrigation. 
 
Shortlist of potential priority regions / countries for World Bank support: The Sahel region, 
particularly countries involved in the SIIP (Chad, Mali and Niger) show greatest potential for 
macro irrigation schemes to promote economic development, supported by groundwater 
resources. Cameroon (currently engaged by the Agriculture GP) and the other IDA SSA countries 
could also be considered for support. 
 
Urban and rural water security 
Through IDA18, the World Bank is currently engaging 20 SSA to enhance water services for 
urban and rural population, (Senegal, Guinea Bissau, Guinea, Liberia, Ivory Coast, Ghana, 
Benin, Nigeria, Mali, Burkina Faso, Niger, Ethiopia, Kenya, Uganda, Tanzania, Mozambique, 
Zimbabwe, Lesotho, Angola and DRC) and may also engage in 7 other countries (Mauritania, 
Togo, Cameroon, Congo, Zambia, Malawi and Madagascar) This partnership includes support 
for improving  efficiency of services and enhance and cost recovery of utilities and improving 
technical performance and financial viability and sustainable services and the provision of  Key 
advisory services and analytics (ASA) include WASH diagnostics and planned activities under the 
GWSP. 
 
SSA countries are currently achieving 3 percent annual expansion of WSS services, to both 
urban and rural communities. SSA countries allocate ~US$7.5 to 9 billion annually on WSS 
services. The Bank annual lending to WSS in SSA is about US$ 950 million. The Bank should 
consider matching the publicly funded annual expansion in WSS over the next 10 years at an 
annual increase in lending to WSS to about US$ 1.3 billion.    
 
There is opportunity for the World Bank to accelerate the expansion of WSS services using 
groundwater, starting in the SSA countries already being engaged. This will help SSA countries 
reach Sustainable Development Goal (SDG) 6 on water. Promoting integrated urban water 
management (adopting a holistic view of all components of the urban water cycle –water 
supply, sanitation, storm water management), promises strategic advantages in rapidly growing 
secondary cities. Managed Aquifer Recharge (MAR) systems can assist in managing drought 
periods and climate shocks. Groundwater is strategic for rural and small-town WSS and the 
World Bank could support decentralized community networks. 
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Shortlist of potential priority cities for World Bank support: Drought risk exposure in many 
urban areas is already high and forecast to increase to 2050. The following cities are the largest 
and most exposed to drought based on current and future population forecasts (Jacobsen, 
2013) and hence may be priority cities for groundwater assessment: Kinshasa (Republic of 
Congo), Khartoum (Sudan), Addis Ababa (Ethiopia), Nairobi (Kenya), Dar Es Salaam (Tanzania), 
Luanda (Angola), Abidjan (Ivory Coast), Lagos (Nigeria), Abuja (Nigeria), Dakar (Senegal), 
Kampala (Uganda), Conakry (Guinea) and Mogadishu (Somalia). Furthermore, the number of 
cities with populations of more than 1 million is projected to almost double from 42 in 2010 to 
80 in 2025 and many of today’s secondary cities will become tomorrow’s megacities, with 
necessary allocations for IWRM and sustainable WSS services. Shortlisting of priority cities could 
be coordinated with the Water Scarce Cities Initiative. 
 
Resilience to drought and other shocks 
Through IDA18, the World Bank is currently engaging 24 SSA countries (and potentially 
engaging 5 more) on water resources management, including strengthening policies and 
institutions to improve WRM (water allocation mechanisms, infrastructure for managing 
water extremes, and water quality information). Key ASA include water security diagnostics 
and analytical activity on groundwater. 
 
An aspirational goal for IDA18 is eleven countries with improved information and institutions 
for better management of extremes (floods and droughts) benefiting 50 million people. 
 
There is opportunity for the World Bank to more strategically address recurrent drought and 
climate shocks through innovative investments, including water supply systems that utilize 
groundwater’s greater storage volumes. Evidence shows that proactive resilience building 
yields longer lasting economic and humanitarian benefits, relative to emergency response. 
 
Shortlist of potential priority regions / countries for World Bank support: A strategic regional 
approach to drought resilience investment could be targeted in the Horn of Africa, which 
experiences recurrent drought events. Some of the countries most vulnerable to drought 
include Sudan, Somalia, Uganda, Malawi, Zimbabwe and Ethiopia, which could realize 
socioeconomic, environmental and humanitarian benefits from strategic groundwater 
development. 
 
Analytical and operational guidance to identify priority countries 
Sustainable groundwater development potential is high across SSA countries1 and warrants 
strong integration into broader national water resources strategies. Further to this, a multi-
criteria analysis of the status of water source and supply in SSA countries – comprising 
measures of water stress, vulnerability of fresh water supplies to climate change, drought 
vulnerability; and groundwater potential – suggests that sustainable groundwater 
development could make the greatest contribution to national water security and resilience in 
countries across the Greater Horn of Africa (Eritrea, Ethiopia, Somalia, South Sudan, Sudan) 
and the Sahel (Chad, Mali, Mauritania2, Niger, Nigeria). Many of the identified countries have 
high vulnerability of fresh water supplies to climate change and high vulnerability (and 
                                                           
1 Except Mauritania, where greater than the sustainable yield is already being exploited. 
2 Mauritania warrants support as the only country where groundwater is being exploited at rates beyond 
the sustainable yield. 
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exposure) to drought, with low capacities for coping (see Annex 6). Importantly, all the countries 
have dormant groundwater potential around which to sustainably develop urban water security, 
irrigated agriculture and drought resilience strategies. While this analysis provides an overview 
at a national scale, further work will be required to understand potentially large intra-national 
variability in measures such as degree of water stress and vulnerability to drought, to enable 
support to be targeted effectively.  
 

Technical Assistance Activities for Immediate Follow-on from this Study 
 
Based on findings from this assessment, the following are recommended as immediate follow-
on activities: 

 Conduct national integrated water resources assessments for priority countries / 
typologies of countries, including targeted strategies for groundwater development / 
investment. The economic case for groundwater can be strengthened by engaging 
Ministries of Finance and incorporating groundwater considerations into public 
expenditure frameworks. 

 Strengthen and expand strategic partnerships with regional and international 
partners already engaged in groundwater in SSA, with a focus on innovative 
technology dissemination to help address resource knowledge, development and 
management deficiencies.  

 Help strengthen regional and national institutional capacities– including tertiary 
institutions and centers of excellence – to build youth capabilities and raise the profile 
of groundwater development as a potential applied research and career pathway.  

 Integrate the water resource management agenda (including groundwater resource 
development) with the urban WSS agenda. The Water Scarce Cities Initiative provides 
global examples of this approach which can be shared with clients.  
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1. Report Scope& Objectives 
1.1 Scope 
This report focuses on groundwater as an important component of all water resources in Sub-
Saharan Africa (SSA) and as a crucial resource for development across the region. Given the 
outstanding human and economic development challenges in SSA, and the relatively low level of 
knowledge and development of aquifer resources, this document catalogues broad resource 
characteristics and highlights the opportunities (and challenges) presented by groundwater in 
promoting sustainable and resilient development in the region. The report presents data to 
confirm that groundwater can play a central role in supporting human and economic 
development in SSA, as it has done in other global regions, and outlines a framework for 
groundwater development in SSA at a time when knowledge, policy and governance of 
resources in the region are at a nascent stage. This document presents a baseline on current 
knowledge to inform strategic decisions. The major differences in physical characteristics and 
management approaches for groundwater and surface waters are outlined in Box 1. 
 
Box 1 – Defining water resources and assessing their availabilities 
 

Water resources are generally divided in 3 different typologies: surface water, groundwater and non-
conventional water resources. In a given country or region these resources are available in different 
quantities, their mobilization / production costs vary and each resource is more or less vulnerable to 
climate variability or pollution. Figure 1 is a conceptual framework informed by several studies3 which 
illustrates respective costs ranges and available volumes of water from these different sources in a county 
or region. Surface water is water found in rivers, lakes, ponds and streams and naturally available 
quantities can often be enhanced by building storage and harvesting infrastructure. Groundwater is water 
found below the ground surface in interconnected pores, cracks and other openings and can be divided in 
renewable and non-renewable reserves. Available groundwater volumes can also be enhanced through 
artificial recharge of aquifers.  
 

 
Figure 1 – Conceptual Framework comparing respective cost ranges and available volumes of different water 

resources typologies in a country or region. 

                                                           
3 Banerjee & Morella (2011), World Bank (2011) and World Bank (2015a). 
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Non-conventional water sources include a range of potential sources, including desalination of sea water, 
desalination of brackish groundwater, reuse of treated wastewater and aquifer recharge using treated 
waste water.  
 
In general, in dryland regions volumes of groundwater are far larger than surface water, but the resource 
can be difficult to locate and to manage. Both surface water and groundwater have advantages and 
drawbacks, depending on the circumstances. Water managers and scientists recognize that surface water 
and groundwater are interrelated parts of the water cycle – for example, groundwater emerges at springs 
and as baseflow to rivers, whilst surface water percolates downwards to replenish groundwater. This is 
acknowledged in modern water management approaches such as Integrated Water Resources 
Management (IWRM).  
 
However, surface water and groundwater can require different management approaches, relying on 
different procedures and skills sets. The techniques needed to assess and manage a groundwater aquifer 
are different to those needed for a surface water body, for example. It is therefore often useful to 
distinguish the two from a management and operational perspective. Groundwater, being physically 
invisible, is often overlooked or undervalued, making it institutionally invisible too. Funding and policy in 
Africa remains geared to surface water resources. Non-conventional water sources can be more complex 
and expensive to develop, but can be useful when used in conjunction with, or as supplements for, 
surface water or groundwater. 
 
The distinction between groundwater and surface water is similar to that made between shallow and 
deep groundwater: they are part of the same resource but are recognized separately for operational and 
practical convenience (see paragraph below). 

 
A technical distinction for this report, is dividing groundwater into shallow and deeper 
resources. While this is a distinction for economic and management purposes (rather than 
scientific), it provides a targeted approach for development in SSA. Groundwater occurs at a 
range of depths, depending on hydrogeological conditions, and there is no common scientific 
definition of shallow or deeper groundwater. However, a distinction is useful for economic and 
management purposes. Shallow groundwater (within about 30 m of the ground surface) can be 
accessed more easily (often by traditional methods such as dug wells) and requires less energy 
to pump. Accessing deeper resources requires more complex and expensive drilling technology 
and pumps. Shallow groundwater may also be more vulnerable to drought, and therefore less 
reliable. Deeper groundwater is more difficult and expensive to access and pump, but can be 
less susceptible to drought, to over-extraction and to contamination. Hydrogeological maps 
often depict depth to groundwater, and sometimes also seasonal depth fluctuations, for these 
reasons. Some of these features are illustrated in Figure 2, including trade-offs between the 
generally increasing costs of exploration, exploitation and management / operation of 
groundwater resources as they become deeper but the increasing scope for large-scale, climate 
resilient development opportunities. 
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Figure 2 – Distinguishing between shallow and deeper groundwater resources for SSA 

To date, the expansion of groundwater development that has occurred in SSA has been largely 
informal, driven primarily by private well owners exploiting shallow aquifers for drinking 
water and small-scale irrigation. It is estimated that up to three quarters of people in SSA 
depend on groundwater for their domestic water supplies. Groundwater also underpins millions 
of farming and pastoral livelihoods – modest quantities are often found close to where they are 
needed. Shallow groundwater is also being used by residents in growing urban and peri-urban 
settlements. 
 
In contrast, most deeper aquifers in SSA remain essentially unutilized. Given the widespread 
water scarcity across much of the region, this represents a significant dormant economic and 
human development opportunity. Compared to shallow aquifers, deeper groundwater 
resources require greater technology and financing for development. Other challenges include 
limited knowledge of deeper groundwater resources and their potential transboundary nature. 
However, they are largely climate proof and their spatial extent is believed to be significant, 
albeit spatially inconsistent. In dryland areas, deeper groundwater resources could represent a 
significant water source for many communities. 
 
While the scope of the report covers the entire SSA region, it prioritizes the greater than forty 
percent classified as ‘drylands’4 (Figure 3), where groundwater has the greatest latent 
potential for positive development impact. Across the 44 SSA countries, groundwater is by far 
the largest water resource in dryland areas and could help overcome surface water scarcity and 
drought-related shocks, both of which compound existing poverty and divert humanitarian 
resources.  

                                                           
4 Drylands are defined based on an aridity index and include arid, semi-arid and dry sub-humid areas. 
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Figure 3 – Drylands comprise arid, semi-arid and dry-sub-humid and occupy more than 40 percent of SSA 

 
 
The intended audience for this document is Senior Management in the Africa Region and the 
Water Global Practice. The document provides strategic context for operational guidance, with 
the goal of supporting groundwater development and management of investments. 
 

1.2 Objectives 
The objective of this document is to present a framework for the sustainable development 
and management of groundwater resources in SSA. It is intended that the framework serve to 
guide investment decisions in groundwater development in line with the World Bank’s twin 
goals to end extreme poverty and promote shared prosperity. 
 
To achieve this objective, the document seeks to: 
 Understand and quantify the spatial distribution of groundwater resources (deep and 

shallow, renewable and non-renewable) across SSA, synthesizing best available existing 
data;  

 Assess opportunities (and risks) of investing in the water sector to increase the utilization  
of groundwater development in SSA, focusing on macroeconomic development (primarily 
irrigation) and urban and rural water security (including resilience to acute shock events);  

 Present a strategic framework – built around regional, national and local level pillars – for 
the sustainable development and management of groundwater resources in SSA (to help 
guide transboundary coordination, country partnership strategies and inform concerned 
policy makers and practitioners about technical and hydrological dimensions facing the 
sector); and  

 Provide guidance and prioritize investment opportunities for sustainable management of 
the water sector portfolio. 

 
The methodology for this study is contained in Annex 1. 
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1.3 Report Structure 
This report is structured around the following chapters: 
 
Chapter 2 provides a review of the status of water and development in SSA. It includes a 
summary of current water sector challenges, predicted climate and non-climate drivers of 
demand for water, and current utilization of surface and groundwater resources for 
development.  
 
Chapter 3 provides an assessment of groundwater potential for development in SSA by 
synthesizing latest information sources. It confirms the availability of reliable and adequate 
groundwater resources that can be utilized as a foundation to support the advancement of 
economic and human development in SSA countries.  
 
Chapter 4 identifies strategic areas for intervention where groundwater has the potential to 
trigger transformational change. Building on the findings from Chapters 2 and 3, this chapter 
prioritizes groundwater investment which can support the following three strategic challenges: 
(i) macroeconomic development, chiefly through irrigated agriculture; (ii) urban water security 
for growing cities; and (iii) rural water security (including disaster risk reduction and climate 
resilience). 
 
Chapter 5 outlines a strategic framework for the sustainable development and management of 
shallow and deeper groundwater resources in SSA. The framework is built around the “Four I’s”  
– information, institutions, infrastructure investment, and incentives – for application across 
regional, national and local scales, with the intention of helping to guide strategic investments in 
groundwater in SSA. 
 
Chapter 6 outlines the components of an operational investment strategy for groundwater in 
SSA. It describes criteria for identifying priority activities for national and regional focus, based 
on the framework derived in Chapter 5. It includes a focus on the Four I’s across regional, 
national and local scales.  
 
Chapter 7 describes an action plan for the World Bank to support sustainable groundwater 
development in SSA. It also outlines financial resourcing requirements for the components of 
the strategy. Recommendations for country priorities are made in accordance with IDA18 
special themes. 
 
Seven Annexes support the report, with special note given to Annex 5 which outlines the 
evolving role of investment and development of the nexus of water and development. It 
includes a preliminary portfolio review of the World Bank’s water sector investments in SSA 
between 1997-2017 and a synopsis of an Independent Evaluation Group (IEG) evaluation of 
broader World Bank investments in the water sector globally. The reviews find strong 
justification to increase investment in groundwater development in SSA. 
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2. Status of Water and Development in Sub-Saharan Africa 
Ensuring continuous access to water of sufficient quality and quantity is fundamental for 
human and economic development. In SSA, as in other global regions, water is an important 
component in improving the quality of life through the delivery of clean drinking water supply 
and sanitation (WSS), and in enhancing agricultural production for food security and income 
generation for rural and urban dwellers. Access to water also enhances resilience to drought 
and other shock events, thereby helping prevent conflict, famine and forced migration. 
 
Investment in the water sector will play a critical role in SSA eradicating extreme poverty and 
promoting shared prosperity. Almost half of the SSA population lives below the international 
poverty line. Investment in the water sector in SSA has been slow, however recent trends 
indicate more resources are being allocated to expand water development. More targeted 
resource allocation will be required to realize the economic and social benefits of this sector in 
SSA. 
 
While groundwater has played a substantial role in contributing to development objectives in 
many global regions – such as contributing to the Green Revolution in Asia – this has yet to 
occur in SSA. Hence, there is strong justification to explore reasons for this lag in development 
and to identify opportunities for sustainable expansion. A synopsis of the current water 
situation in SSA is provided below. 
 

2.1 Current water situation in SSA 
Large populations in SSA remain without access to clean water. SSA lags other global regions in 
expanding the use of water for economic and social development. SSA is constrained by 315 
million people remaining without access to improved drinking water (across both rural and 
urban areas)5. The challenge is most acute in rural areas (Figure 4), where less than half of the 
regional population use any form of improved water source6. There are also strong disparities in 
access to improved water sources among different wealth levels in both urban and rural areas. 
 

 
Figure 4 – Drinking water coverage by wealth quintiles, rural residence, SSA, based on population-weighted averages 

from 35 countries (Source: UN 2012) 

                                                           
5 UNDESA 2015. 
6 UNDESA 2015. 
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SSA contains high proportions of urban dwellers in ever-growing slums, who do not have 
access to formal water, sanitation and hygiene (WASH) services. SSA has a relatively small 
share of the global slum population (20 percent in 2005), but this proportion has increased from 
14 percent in 1990 and slum populations doubled during those 15 years. The proportion of SSA’s 
urban population living in slums has stayed the same (72 percent) whereas this proportion has 
dropped from 47 percent to 41 percent on average in other developing regions7. 
 
Food production in SSA is almost entirely rain-fed. SSA is the only region globally where 
chronic food insecurity, including the threat of famine, as well as malnourishment, remain 
endemic8.Rainfall is highly variable in SSA, insufficient for agriculture in many areas. SSA 
countries exhibit the greatest incidence of undernutrition of any region globally (Figure 5a). 
Rainfall volatility threatens the production of 93percent of rainfed agriculture in Africa9. 
Irrigated areas make up just 3-5 percent of total cultivated area10 (Figure 5b) – compared to 37 
percent in Asia and 14 percent in Latin America – and have the potential to boost agricultural 
yields by more than 50 percent. Furthermore, two-thirds of SSA’s irrigated land is concentrated 
in just three countries: Madagascar, South Africa, and Sudan. 
 

 
Figure 5 – (a) High levels of undernutrition are concentrated in SSA, undernourished as percentage of total 

population (Source: UNStat database 2005), (b) Cultivated areas with irrigation, global regions (%) 

Despite most farming being rain-fed, agriculture is the greatest user of water in SSA and the 
largest contributing sector to regional GDP. Agriculture is the largest contributing sector to 
SSA’s GDP (greater than 1/3 in most individual countries)11 and rainfed crops are the main 
source of incomes for 90percent of the rural population12. While agriculture is the largest 
consumer of water in SSA13, pastoral communities comprise over a quarter of Africa’s 
population14 and are also reliant on available water of sufficient quantity and quality for human 
and livestock consumption. 
 

                                                           
7 Jacobsen et al. 2013. 
8In 2011, the World Food Program noted that, among the 10 countries worldwide which suffered rates of 
“acute hunger or starvation” above 35 percent of the population, all 10 were in SSA (Besada & Werner 
2015, Baro & Deubel 2006). 
9 UNDP 2012. 
10Siebert et al. 2010, IWMI 2013. 
11Ludi 2009. 
12 UNDP 2012. 
13 UNDP 2010. 
14 Department of Rural Economy and Agriculture 2010. 
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Water scarcity in SSA is high. Water consumption and water availability are often 
countercyclical, with consumption being highest when availability is lowest. As illustrated in 
Figure 6, the northern and southern regions of SSA experience multiple months each year when 
water scarcity is high. The most significant populations in SSA facing severe water scarcity during 
at least part of the year live in Nigeria (110 million), while countries such as Somalia and Niger 
have very large fractions of their population (80-90percent and 50-55percent respectively) 
experiencing severe water scarcity15. 

 
Figure 6 – Northern and southern areas of SSA suffer water scarcity for most, if not all, of the year, number of 

months per year in which water scarcity is greater than 100 percent (1996-2005) (Source: Mekonnen & Hoekstra 
2016) 

Much of the water scarcity in SSA is economic water scarcity – poor management and 
inequitable distribution – rather than a crisis of absolute scarcity, which means that it can be 
remedied with targeted investment. Whilst SSA contains regions of absolute physical water 
scarcity, economic water scarcity is more pervasive (Figure 7). Economic water scarcity occurs 
when investments on infrastructure development (e.g., water supply pipe networks and 
reservoirs) needed to cope with the growing water demand are constrained by financial, human 
or institutional capacity16. Water scarcity contributes to chronic food insecurity, environmental 
migration and civil instability being endemic in some SSA countries. 
 
SSA suffers from recurrent and severe drought events, which have become more frequent and 
impacting more people. Historical records show that droughts in SSA have already intensified 
and increased in frequency due to climate change. Africa experienced more than a third of the 
global share of climatologically driven disasters between 2005 and 201017. Droughts can 
contribute to regional social instability, disasters and forced migration. Figure 8 shows the 
increasing frequency and human impact of drought in SSA, and Box 2 highlights the ongoing 
challenge of droughts in SSA. 
 

                                                           
15Mekkonen & Hoekstra 2016. 
16 IWMI 2007. 
17 UNDP 2012. 
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Figure 7 – SSA suffers predominantly from economic water scarcity, indicating that it can be overcome with 

development intervention, areas of physical and economic water scarcity (Source: IWMI, Mancosu et al. 2015) 

 

 
Figure 8 – Increased frequency and impact of reported disasters in SSA (1970-2008), with drought being the most 

frequent and impactful event type (Source: World Bank, based on EMDAT Emergency Events database 2010) 

  



10 
 

Box 2 – Recurrent extreme droughts in SSA 
 

The United Nations has described recent recurring droughts in southern Africa as “the worst in 35 
years”18, with more than 38 million people at risk across eastern and southern Africa and famine already 
being experienced in some countries. At least seventeen countries are struggling to manage the impact19, 
with the highest numbers of at risk populations in Ethiopia (5.7 million), Malawi (6.7 million), Somalia (6.2 
million), Sudan (4.6 million) and Zimbabwe (4.1 million)20. Additionally, South Sudan and Nigeria are 
already experiencing famines21, a threat which could extend to other countries, such as Somalia. It is 
estimated that multiple billions of dollars in aid is needed to avert further catastrophe. The current event 
follows similar humanitarian crises in the region, such as in 2011 when 13 million people were directly 
affected by drought. Recent research has confirmed that human-induced climate change contributed to 
recent droughts in Africa (particularly in eastern and southern regions) by increasing El Nino sea surface 
temperatures and local air temperatures, causing reduced rainfall and runoff, and contributing to severe 
food insecurity22. 
 

In addition to humanitarian costs, drought events cause economic costs via agricultural and pastoralism 
losses (crop losses, livestock losses), energy generation losses (reduced hydropower generation), 
industrial production losses, impaired water supply (increased water collection time, time loss due to 
conflict management meetings, cost of water vendor), forest fires and fishery damage. In some countries, 
such as Malawi, where recurrent droughts are common, it is estimated that greater than 1 percent is lost 
annually to drought23. 
 
Water scarcity and shocks and poor access to WSS services limit human development, with 
disproportionate impacts on women and girls. The World Bank (2017) finds that the long-term 
effects of rainfall shocks can play a role in reducing female agency and empowerment, and 
increasing fertility rates, perhaps through the effects of lower incomes or education.  
Furthermore, women and girls often experience underrepresentation in decision making across 
many levels (lack of voice and participation); traditional roles of water collection come at the 
expense of education and other economic activities; disproportionate benefits of WSS accrue to 
men because of the capital-intensive nature of WSS development and management 
(empowerment and participation); and gender-based biases and violence occurs where there is 
a lack access to safe sanitation24.Gender is an important component of the Sustainable 
Development Goals (SDGs) – including on issues around access to WSS 25  - and hence 
improvements in access to water are required to significantly benefit women and girls26. 
 

                                                           
18UNOCHA 2016. 
19 Populations currently at risk include: Angola (1.2 million), Burundi (3 million), Djibouti (225,000), Eritrea 
(450,000+), Ethiopia (5.7million), Kenya (2.6 million), Lesotho (160,000), Madagascar (978,000), Malawi 
(6.7 million), Mozambique (2 million+), Rwanda (unknown), Somalia (6.2 million), Sudan (4.6 million), 
Swaziland (638,000), Tanzania (unknown), Uganda (390,000+) and Zimbabwe (4.1 million). 
20 IRIN 2017. 
21 These famines are related to conflict and drought. 
22 Funk et al. 2016. 
23Pauw et al. 2010. 
24 IEG 2017. 
25SDG 5 seeks to ensure gender equality and empower all women and girls by 2030 and SDG 6 seeks to 
ensure availability and sustainable management of water and sanitation for all over the same period.  
26 World Bank 2015. 
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2.2 Predicted demand for water in SSA 
Beyond the current water sector challenges in SSA, the region is projected to undergo a 
globally significant increase in total water demand. The increase in water demand in Africa 
between 2005 and 2030 is projected to be 283 percent – almost three times higher than any 
other global region. A significant portion of this new demand (an estimated 92 billion cubic 
meters, or 20 percent) will come from the municipal and domestic sectors, and competition 
with other water-using sectors, most notably agriculture (which accounts for 72 percent of this 
increase), will increase dramatically27. 
 
Per-capita water demand will also increase significantly. Per-capita consumption of water 
(potable and irrigation), food and energy are all predicted to increase in SSA28. Increased access 
to water will help economies develop and move people out of poverty29.On one hand, this 
creates potential threats to water resources, through exposure to quantity and quality issues 
from lack of management, and opportunities to chart more sustainable water resources 
development pathways as a driver for socioeconomic development. 

While such non-climate drivers will increase demand for water, climate drivers are predicted 
to alter hydrological cycles. Contributing factors for each are reviewed below. 

2.2.1 Non-climatic drivers of water demand 
The overall impacts of non-climatic drivers – such as population growth, urbanization and 
changing consumption patterns, increased reliance on irrigation to meet food demand, and 
land use – on water resources in SSA is expected to be significant on both patterns and 
magnitudes of water demand30. Non-climate stressors are known with high levels of certainty 
and are predicted to have a far greater influence on groundwater resources than climate 
stressors in the short-to-medium term. For example, in Ethiopia, the population is expected to 
increase by 90percent to 2050 and some authors31predict that the majority (up to 80 percent) of 
future water shortages (particularly in the short-to-medium term) will be attributed to 
socioeconomic factors rather than climate change. 
 
Rapid urbanization will arguably be the most important structural transformation to occur in 
SSA, concentrating demand for water and placing pressure on water resources. SSA is already 
experiencing some of the world’s highest urbanization rates32, with the urban population 
projected to triple (and comprise 60 percent of inhabitants) by 205033. This will see an 
approximate doubling of the current inhabitants in urban areas over that period34 (Figure 9). 
Urbanization will be accompanied by informal settlements (400 million slum dwellers by 2020) 
and an increase in urban water demands by at least a factor of 4 by 205035, which will place 
pressure on water resources and create wastewater management challenges. 
 

                                                           
27  Jacobsen et al. 2013. 
28 Carter & Parker 2009. 
29Hunter et al. 2010 in Macdonald et al 2012. 
30Calow & MacDonald 2009, Carter & Parker 2009, MacDonald et al. 2009, Taylor et al. 2009. 
31 Such as Calow & MacDonald (2009) and Droogers et al. (2012). 
32UNHABITAT 2008. 
33UNDESA Population Division 2010, Collier 2017. 
34UN Habitat 2010. 
35 Carter & Parker 2009. 
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Figure 9 – Trends in urbanization in Africa, showing an approximate doubling by 2050 (Source: UNDESA 2012) 

The gap between urban water demand and water supply is growing in SSA. Water demand is 
increasing at a higher rate than population growth – as income levels of urban dwellers rise and 
they demand better services – whereas water availability is shrinking due to competing 
demands from agriculture, mining and industry, and from deteriorating water quality and 
climate change. SSA cities must ‘sprint to stand still’ to meet the demands of rapid urban 
population growth36. 
 
Concurrently, absolute rural populations are expected to continue to grow, by approximately 
45 percent between 2000 and 205037, meaning that rural water security and irrigated 
agriculture will remain priorities. Livestock production and irrigated agriculture are forecast to 
grow to support rural population growth, both of which will consume large volumes of water. In 
other global regions, such as North Africa, the Middle East, the Near East and South Asia, more 
than 75 percent of food is produced by means of irrigation38. Some authors39 estimate that the 
largest relative increase of irrigation requirements globally will occur in Africa (of +300percent) 
between 2000 to 2080. 
 
Population growth and changing consumption patterns will increase demands for energy and 
industrialization, both of which rely on water as inputs40. Surface water resources may 
experience competition from hydropower for energy generation and industrialization may draw 
on both surface and ground water resources. 
 
2.2.2 Climate drivers of water demand 
Further to the primary non-climate stressors outlined above, the effects of climate change on 
water resources will be spatially variable across SSA and may be felt most severely in the 
medium-to-longer-term. While spatially variable, generally forecasted accelerated warming in 
coming decades is likely to increase precipitation in wet months and decrease precipitation in 
dry months; increase desertification; reduce river flow due to increased evaporation; increase 

                                                           
36 Jacobsen et al. 2013. 
37 Carter & Parker 2009. 
38Mancosu et al. 2015. 
39 Fischer et al. 2007. 
40 World Bank 2016. 
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risk of flash flooding; and reduce long-cycle crop production41. This will amplify existing stress on 
water availability in SSA42and ultimately become a key constraint on the region’s continued 
economic development. For example, climate change may cause an estimated 40percent of SSA 
countries to be “at risk of significant declines in crop and pasture production”43, to affect rural-
urban migration patterns44 and place major stresses on water delivery infrastructures45. Climate-
change induced water stress is projected to influence 75-250 million people in SSA by 202046 
and expose both urban and rural populations to drought. 
 
Climate change may shift the location and extent of drylands. Climate modeling indicates that 
dryland areas will expand and shift because of climate change. Some zones may become 
incapable of sustaining livestock production and intensive agriculture (particularly regarding 
predicted rainfall and surface water scarcity changes). In drier climate scenarios, the extent of 
SSA dryland may increase up to 20 percent47. Figure 10 illustrates possible drylands shift and 
expansion zones under climate change. 

 
Figure 10 – Expected shift and expansion of dryland areas due to climate change (Source: Saghir 2015) 

2.2.3 Overarching global agreements to help address water-development challenges 
The international community has established several agreements to strategically address both 
the non-climate and climate drivers of water-development challenges ahead. International 
agreements, including the SDGs48, the Sendai Disaster Risk Framework49, and the Paris Climate 

                                                           
41Besada 2015. 
42 IPCC 2012. 
43Ludi 2009. 
44 UN-HABITAT & UNEP 2010, Yuen & Kumssa 2011. 
45 IPCC 2014. 
46 UNDP 2012. 
47Saghir 2015. 
48 Which build upon the Millennium Development Goals (MDGs). 
49 Which contains four priority areas: (i) understanding disaster risk; (ii) strengthening disaster risk 
governance to manage disaster risk; (iii) investing in disaster risk reduction for resilience; and (iv) 
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Accord50, have been established to promote sustainable development and poverty reduction, 
disaster risk reduction and management, and climate resilience, respectively. For each 
agreement, water is included as a fundamental resource for achieving the desired outcomes.  
 

2.3 Comparative utilization of surface water and shallow and deep groundwater 
in SSA 
Given the outstanding demand for water to meet human and economic needs in SSA today – 
coupled with the forecast growth in demand from both non-climate and climate drivers –  it is 
important to understand how surface water and groundwater resources are currently being 
utilized in SSA51. 
 
2.3.1 Surface water utilization in SSA 
SSA contains significant regional surface water resources. However, availability is unevenly 
distributed within and between countries, with some blessed with abundance and others 
scarcity. SSA exhibits a wide range of surface runoff scenarios within and between countries. 
The high variability of precipitation and temperature across SSA translates into widely varying 
runoff, with basins such as the Congo displaying extremely high runoff and the arid and semi-
arid regions of Egypt, the Sahel, Sudan, and southern Africa displaying very low runoff.  
 
Considerable inter- and intra-annual variation in precipitation and surface runoff are common 
across SSA. Much of Africa exhibits significant changes in runoff and flows within and across 
years52. 
 
There are many transboundary surface water systems in SSA, which require regionally 
coordinated governance53. Africa has 80 transboundary rivers and lake basins and 17 large 
water catchment areas exceeding 100,000km2 each54.Shared watersheds increase competition 
between states for limited resources. These transboundary issues may also affect international 
aquifers associated with these rivers and lakes.  
 
Surface water development is advanced in SSA (relative to groundwater), being the preferred 
source for uses ranging from urban water supplies to energy generation. Surface water 
development has been strongly promoted and funded by national and international investors. 
As an example, most large urban water utilities rely almost exclusively on surface water sources 
for permanent supply (less than a handful of large urban water utilities use groundwater as a 
permanent source of supply55). 
 

                                                                                                                                                                             
enhancing disaster preparedness for effective response and to “Build Back Better” in recovery, 
rehabilitation and reconstruction (UNISDR 2015). 
50 Which brings all nations into a common cause to undertake ambitious efforts to combat climate change 
and adapt to its effects, with enhanced support to assist developing countries to do so. 
51Non-conventional water sources are not considered separately here, but specific cases of desalination, 
reuse of treated wastewater and rainwater harvesting are outlined in the report. 
52 Jacobsen et al. 2013. 
53Berada 2015. 
54Ruphael 2004. 
55 Foster et al. 2010. 
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As such, it is predicted that to increase production from already developed surface water 
resources will become increasingly expensive to meet growing demand from non-climate 
drivers and potentially reduced supply from both climate and non-climate drivers. Many 
surface water resources have already been influenced by interventions such as upstream 
diversions, channel re-routing, dams/reservoirs and hydropower installations. Increasingly, 
large-scale infrastructure projects may cause political tensions and potentially increase the 
impacts of floods and droughts on downstream and/or neighboring regions56. 
 
For those countries without plentiful surface water sources, or those with surface water 
sources already developed, groundwater may offer one of the only alternatives to match 
predicted demand increases. Beyond surface waters, and ocean desalination options for 
countries with coastal access, groundwater resources present the greatest potential for many 
countries. 
 
2.3.2 Deep and shallow groundwater:  utilization in SSA 
There is currently a high dependence on, particularly shallow, groundwater in SSA, albeit 
mostly informal development by smallholder farmers. It is estimated that between 
50percent57to 75percent58of SSA’s population relies on groundwater, particularly for drinking 
purposes59. A World Bank study of WASH infrastructure in SSA confirms that groundwater plays 
an important role in many sectors, particularly in arid and semi-arid areas, rural areas60and 
where rainfall variability is high61. Development and management is largely informal and by 
smallholder farmers. 
 
At the regional scale, groundwater utilization – whilst small relative to its potential (see 
Chapter 3) – has increased in recent decades. A 2012 study by IWMI confirms that extraction of 
groundwater for water supply has doubled in the last two decades in three regions: West Africa, 
Southern Africa and East Africa. More than 60 thousand boreholes were drilled in the 15 
countries studied (5 countries from each region) to provide drinking water for more than 
60percent of the population of small town and rural areas and to increase groundwater use for 
small scale irrigation and livestock. 
 
Most development to date has focused on shallow groundwater resources, which are 
accessible but less resilient than deeper resources. Many communities and private landholders, 
particularly in drylands, have developed shallow groundwater wells for drinking and agricultural 
/ pastoral purposes. However, such resources can be seasonably variable and limited in their 
yield and capacity to guard against drought events. 
 

                                                           
56 WWF International. 
57 Carter & Parker 2009. 
58Goulden et al. 2009. 
59 MacDonald et al. 2012. 
60 JMP (2008) estimates that up to 80 percent of rural dwellers rely on groundwater-based community or 
household supplies for domestic and other water needs). 
61 Existing data shows that hydrological variability in Africa is higher than in any other region on the 
planet. Rainfall is likely to become increasingly unpredictable in terms of both intensity and duration, with 
increases in the frequency of extreme events (Calow & MacDonald 2009). Inter-annual and seasonal 
variability is likely to increase (ibid.). 
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Although groundwater resources can provide a buffering capacity to climate change, shallow 
resources are vulnerable to seasonal variations (Figure 11) and even deeper resources will 
ultimately be influenced by any long-term changes in precipitation patterns. Predicted impacts 
of climate change on groundwater will vary across climatic zones. Some authors62 predict 
greatest influence in areas receiving between 200 and 500 mm rainfall per year, where a decline 
in groundwater recharge could particularly influence shallow aquifers63 and coastal aquifers may 
be vulnerable to saltwater intrusion64.Factors such as the timing, intensity and duration of 
rainfall events in relation to temperature, storage potential of underlying aquifers, soil-
vegetation conditions and land use could all be significant and altered by climate change65. The 
IPCC’s 4th Assessment Report reflects a paucity of information on SSA groundwater resources 
and uncertainties associated with climate change66. 
 

 
Figure 11 – Shallow groundwater is cheaper and easier to access than deeper resources; but is also more vulnerable 

to seasonal variation (red lines illustrate seasonal groundwater levels) 

 

Deeper aquifers are generally poorly understood and rarely accessed in SSA (). However, 
where available and of adequate quality, these resources may hold significant potential in 
supporting economic and humanitarian development at scale, particularly in the context of 
climate and non-climate drivers. At present, deep groundwater resources are suspected to be 
severely underutilized. While only a fraction of SSA’s total subsurface potential may be available 
for extraction through wells, it may likely be enough to satisfy the potable water needs of most 
of Africa’s rural populations67. Deep groundwater may be a most reliable source during 
extended periods of variable rainfall, dry spells, and droughts, however currently they are not 
being utilized at scale for this purpose (Figure 11). Chapter 3 investigates the location and 
potential of these deeper groundwater resources. 
 

                                                           
62 Such as MacDonald et al. 2009. 
63 Barthel et al. 2009. 
64Kundzewicz&Döll 2009. 
65Calow & MacDonald 2009. 
66Bates et al. (2008). 
67 Drury 2012. 
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Despite strong informal development, and a high and increasing dependence on groundwater 
resources, there are major deficiencies in knowledge and understanding of subsurface 
systems in SSA. Groundwater systems are complex, with strengths and weaknesses compared 
to surface water resources68. A quantitative understanding of groundwater resources is 
required69, however current knowledge is limited to only a low-resolution understanding. Many 
authors70note that inadequate or absent observational data in SSA remains a systemic 
limitation. As a result, the relationship between SSA’s highly variable hydro-climatology and 
groundwater resources is not clear71.Key groundwater dynamics are not well understood, 
particularly in the context of climate change72, and groundwater models are limited to specific 
projects and regions73. Some authors74call for quantitative, spatially explicit information on 
groundwater to characterize resources to usefully inform strategies to adapt to increasing water 
demand. 
 
Weak data and information systems for groundwater management is a serious challenge. In 
the absence of reliable data on resource characteristics, sustainable groundwater 
management is not possible and both shallow and deeper resources may be mismanaged. 
Renewable and non-renewable resource potential cannot be defined without a thorough 
understanding of groundwater system dynamics. Evidence-based land-use planning can also not 
be coordinated to prevent pollution damaging shallow and unconfined aquifers. Information 
deficiencies also lead to opportunity costs, where resource utilization is well below sustainable 
potential. 
 
Beyond a paucity of data and information on the physical characteristics of groundwater 
resources, there is also a deficiency of understanding of ‘secondary factors’ related to 
groundwater development. There is a lack of strategic water resources information relevant for 
economic and sector planning. To make medium and long-term investment plans in critical 
water dependent sectors like water supply, agriculture or extractives, in addition to an adequate 
understanding of available water resources, there is a need to understand the comparative costs 
and benefits of investment in both shallow and deep aquifers and associated secondary factors 
such as governance arrangements, technological requirements, infrastructure such as energy 
and transport access, and costs of development, operation and maintenance. An assessment of 
available and accessible groundwater storage and associated development, operation and 

                                                           
68 Potential benefits associated with groundwater can include lower development costs, less treatment 
requirements, lower evaporation losses, greater resilience (buffer) to climate variations/change and 
extreme events, location often able to be close to demand centers, and enhancing reliability of water 
supply for multiple purposes (Taylor et al. 2009, Calow et al. 2010, MacDonald et al. 2012, CGIAR 2016, 
Calow & MacDonald 2009). However, at the same time, groundwater is invisible (Wijnen et al. 2012) and 
as a result often poorly understood by the public and decision makers, contains limited data on its 
physical distribution and aquifer characteristics, access is difficult to manage (multiple, uncontrolled 
users), surface-groundwater interactions are often poorly understood and initial resource evaluations are 
often high cost and with high uncertainty. 
69 Taylor et al. 2009. 
70Such as Bonsor& MacDonald 2011, Batisani 2011, Taylor et al. 2009, Neumann et al. 2007. 
71 Taylor et al. 2009. 
72Kundzewiczet al. 2007. 
73Bonsor & MacDonald 2011. 
74Such as MacDonald et al. 2012. 
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maintenance costs would also allow for a more economic basis for natural resource planning 
and water allocation. 
 
Overall, shallow groundwater development is proceeding in SSA, particularly in dryland rural 
areas, albeit in a largely unplanned manner. In contrast, deep groundwater is largely 
unutilized and is suspected to have significant potential as a strategic development resource. 
Recent studies estimate that about sixty thousand shallow tube wells are dug annually in SSA, 
largely by private users. However, knowledge of groundwater and key physical characteristics is 
low – both for shallow and deeper resources – which has been an obstacle to deeper 
groundwater development to date. Chapter 3synthesizes the latest information on the state of 
knowledge on groundwater resources in SSA, with a focus on their spatial distribution, 
accessibility and consideration of macro trends and secondary factors contributing to their 
development potential. 
 
2.3.3 Conjunctive use of surface and groundwater resources in SSA? 
Currently in SSA, there is little consideration of conjunctive use of water resources (surface 
and ground water interactions), neither at strategic nor operational levels. While there have 
been many activities in SSA on water scarcity and surface water resource development, much 
less has been focused on groundwater. Furthermore, surface water development is often 
pursued without consideration of dependency or interaction on groundwater resources. 
 
There is insufficient attention to groundwater as part of integrated water resources 
management in SSA. While the decentralized nature of groundwater resources is important to 
meet local smallholder needs, sustainable investment in groundwater requires careful analysis 
of local institutional and governance issues, and local hydrological, social, environmental and 
economic factors which are not as visible as those related to investment in surface water 
resources. Hence, attention to sustainable management of groundwater resources in SSA should 
expand the strategic framework of IWRM to address the unique features related to investment 
in groundwater resource development and management. 
 

2.4 What potential roles for groundwater development? 
Many aspects of SSA’s future development, such as irrigated agriculture, urban and rural 
water security and drought resilience may become increasingly reliant on groundwater. 
Hence, demand for resources is expected to increase significantly. Demand for groundwater 
across SSA is likely to increase as (i) rainfall and surface water sources become less reliable, and 
(ii) demand from multiple sectors increases. Groundwater may be the only reliable source in 
many areas during drought events when many surface waters may have reduced or depleted 
availability. Groundwater is anticipated to be an increasingly critical source as urban centers and 
irrigated agriculture expand. Some authors75 state that increasing reliable water supplies 
throughout SSA will depend on the development of groundwater, particularly in the face of 
climate change76. 
 
The potential costs of not developing groundwater in SSA may significantly outweigh the costs 
of its development. The cost of developing the water sector includes diverting public financial 

                                                           
75 Such as Giordano 2009 and MacDonald & Calow 2009. 
76 Taylor et al. 2009. 
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resources for the benefit of select communities with little or no cost recovery creating uneven 
development favoring landowners in the irrigated areas, depreciation of capital invested in 
water delivery with limited resources for operations and maintenance, environmental 
degradation including destruction of natural habitats, depletion of scarce resources especially 
poorly recharged aquifers, increased salinity, especially in costal zones as a result of over 
drafting groundwater resources close to the coast, and social cost including waterborne diseases 
and risks of supplying contaminated water77. However, failure to deal with forecast water crises 
could undermine development progress achieved, and underway, and both cause and 
exacerbate conflicts, environmental degradation, poverty and food insecurity. The potential 
costs of no groundwater development seem to significantly outweigh the costs of its 
development. 
 
Multiple demand- and supply-side factors are converging to make now the opportune time for 
the World Bank to help drive a sustainable groundwater development agenda forward in SSA. 
On the demand-side, current and forecast water scarcities will drive the need for alternatives to 
surface water resources, which are experiencing pressures from climate and non-climate drivers 
of demand. Additionally, policymakers in SSA are aware that their countries lag other regions, 
such as in Asia and Latin America, in developing groundwater resources for sustainable 
economic growth, poverty reduction and for livelihood improvements. On the supply-side, 
technological advancements in exploring, characterizing, developing and pumping groundwater 
resources have lowered groundwater development and operational costs. This includes earth 
observation and global data sets and solar pumping technologies. Synergies with other 
development sectors, such as energy and transport, present opportunities for enhanced 
groundwater development. As climate change impacts precipitation patterns, groundwater 
resources offer buffering capacity against increasing variability and extreme events. 
 
Given that 85 percent of SSA’s population lives more than 10km from a major river or lake, 
groundwater has a distinct potential of being developed close to where it is needed. It can 
also be developed incrementally, in response to demand. This gives groundwater an advantage 
over surface water, making it ideal for small-scale water supplies and irrigation in rural areas 
and for smaller municipalities and agro-pastoralist communities. Long pipelines from distant 
water sources are not required. Groundwater development can be incremental and staged – 
where and when needed – avoiding large upfront investments often associated with many 
surface water projects (e.g. dams, reservoirs) and conveyance infrastructure. Where sufficient 
groundwater resources are available, boreholes can be drilled as demand and budgets increase. 
 
While the potential contributions of groundwater are clear, and demand for water is 
increasing, up until now there has been little certainty in the availability of accessible 
groundwater resources. Chapter 3 synthesizes available information and presents spatial 
distribution and volumetric potential of shallow and deep groundwater resources in SSA. 

  

                                                           
772007 World Development Report. 
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3. An Assessment of Groundwater Resources in SSA 
3.1 Overview 
There is significant potential for an increase in groundwater use, including for irrigation, in 
SSA. The sub-continent uses only around 2 percent of its internally renewable groundwater 
resource, defined as the total amount of recharge received by its combined aquifers. With its 
variable rainfall, propensity to drought and vulnerability to climate change, sustainable 
increases in irrigation are amongst the most effective ways of improving livelihoods, bolstering 
economic growth and increasing resilience in the region. 
 
Although groundwater resources are significant in SSA, they are also unevenly distributed, 
and accessibility is highly variable. Rainfall and recharge are highest in the equatorial region of 
Africa78, but groundwater is most needed in drier parts of the continent. Although average 
annual rainfall is much lower in the semi-arid and arid regions of SSA, the estimated volumes of 
renewable groundwater available in drylands areas are nevertheless still very significant (less 
than 5 percent are currently being used). However, even within drylands areas groundwater 
availability is highly variable. 
 
Relative to the size of the African continent, knowledge of its groundwater resources is poor. 
Whilst detailed studies have been carried out in many regions over the past decades, a 
significant share of these studies is not easily accessible because the reports are in paper form 
or not in the public domain. Groundwater resources in Africa are amongst the least monitored 
and understood of any continent79. Continent-wide datasets on water resources exist, mostly 
based on remotely sensed data or global model outputs. Groundwater is a resource that 
depends on local geology, topography and climate, and its potential is highly variable in space. 
While regional data indicate significant groundwater potential overall, physical resource 
characteristics need to be confirmed at local levels to determine key parameters such as 
sustainable yields and water quality. 
 
Groundwater monitoring networks cannot provide even a partial picture of groundwater 
levels and quality in many places. A few well-monitored aquifers contrast with large areas 
where little is known apart from regional averages. In some countries (such as Angola, DRC, 
Equatorial Guinea) routine groundwater monitoring does not take place, and in several others 
(such as Zimbabwe, Malawi) it is in decline. Recharge rates that are a measure of the renewable 
groundwater potential are not known for most of the aquifers in SSA. Available estimates of 
renewable groundwater are based on global hydrological models that provide average values of 
groundwater recharge for regions (Figure 12). 
 

                                                           
78 MacDonald et al. 2012, AGW-Net 2014. 
79 See for example Tuinhof et al. 2011 and Vilholth2013. 
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Figure 12 – Detail of the Hydrogeological Map of Africa at 1/10 M Scale (BRGM, 2008) showing parts of West-Africa 
and the Sahel. Colors indicate estimated values of groundwater recharge (in mm/yr) calculated by Döll et al. (2005) 

using a global hydrological model. 

3.2How much groundwater is there in SSA? 
When evaluating the amount of groundwater available, different measures can be used each 
of which describes another dimension of the groundwater resource. A common indicator of 
the amount of groundwater that can be used sustainably is the amount of groundwater 
recharge or the share of rainfall and surface water that infiltrates and percolates down to the 
groundwater body or aquifer on an annual basis. Annual recharge volumes are often referred to 
as “renewable groundwater”. Another dimension of groundwater is the total volume in storage 
in the subsoil. These volumes can be significant but are not always relevant as only a small 
portion of the groundwater stored can be extracted due to technical and economic constraints. 
Limitations to the amount of water that can be extracted are maximum depth and density of 
wells and capacity of pumps to lift water to the surface. Box 3 provides further background on 
limitations to groundwater use.  
 
The total volume of renewable groundwater in Sub Saharan Africa is calculated80 to be about 
1,400 cubic kilometers per annum (km3/a) – equivalent to 15 years of average total flow of the 
Nile River. Of this volume, it is estimated that only about 20 km3/a (±0.14percent) is being 
abstracted. The comparable figures for India are an estimated renewable groundwater resource 
of about 432 km3/a, with about 251 km3/a of this resource being withdrawn (about 58 
percent)81. In the drylands, only about 15 km3/a of the renewable groundwater resource is 
abstracted from an estimated available renewable volume of 324 km3/a (5 percent). 

                                                           
80 Based on FAO Aquastat data, quoted in Margat and van der Gun 2013. This refers to groundwater 
produced internally in Sub Saharan Africa, including baseflow to rivers, lakes and wetlands. It does not 
include non-renewable groundwater resources. The total volume of groundwater in storage in Africa, 
including non-renewable groundwater, is about 0.66 million km3 (MacDonald et al., 2012), making 
groundwater by far the largest stock of fresh water on the continent. 
81 Based on FAO Aquastat data. Some scholars (e.g. Sekhri 2014) focus on emerging dis-benefits of 
groundwater abstraction in some parts of India, but in general these are far outweighed by the economic 
and food security benefits of the South Asian ‘Green Revolution’ (Shah 2017). 
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Box 3 – Renewable and non-renewable groundwater, artesian conditions, and groundwater storage 
 

A distinction needs to be made between “renewable” and “non-renewable” groundwater resources. 
Renewable groundwater is groundwater that is replenished under the current climate, often seasonally or 
every few years. Non-renewable groundwater, sometimes called “fossil groundwater”, is groundwater 
that receives little or no modern recharge due to changes in the water cycle (e.g. long-term reductions in 
precipitation and recharge). Both renewable and non-renewable groundwater are vulnerable to 
unsustainable use. Although non-renewable groundwater cannot be used indefinitely, it can sometimes 
be used for decades or longer. For example, Libya’s “great man-made river” project uses fossil 
groundwater from the Nubian Sandstone aquifer to provide water to coastal cities, in the knowledge that 
this resource is finite82. This situation is analogous to the mining of a mineral resource.  
 

The volume of groundwater stored in an aquifer is usually many times the volume that it receives as 
annual recharge. This explains the difference between the figures for total groundwater in storage in Sub-
Saharan Africa, and the volume that is annually replenished. This characteristic can make aquifers useful 
in drought mitigation, since storage may be depleted in dry years in the expectation of replenishment in 
years of above-average recharge. This report provides figures for renewable groundwater, rather than 
total groundwater in storage, unless otherwise specified.  
 

In some cases, it is the depth to groundwater from the surface rather than the volume in storage that 
defines what is economically exploitable. Groundwater levels deeper than 300 m below ground level are 
generally considered a maximum useful depth in terms of pumping costs and technological complexity. 
Where an aquifer is confined by overlying impermeable strata, the water table often rises above the top 
of the aquifer when reached by a borehole, known as artesian conditions see diagram below). In these 
cases, a very deep aquifer can still be economically exploitable if the groundwater table rises close to the 
surface. These technical issues highlight the need of a sound hydrogeological understanding of any aquifer 
or groundwater resource that is under consideration as part of a coordinated development strategy. 

 
(Diagram after Fetter, 1994) 
 

 
SSA abstracts, on average, about 28 m3/a of groundwater per person (Table 1). The 
comparable figure for India is about 208 m3/a. Broken down by country, only Djibouti, 
Mauritania and South Africa use more than 25 percent of their renewable groundwater 
resources. 

                                                           
82 Voss and Soliman, 2014 
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Table 1 – Comparison between renewable groundwater, and groundwater abstracted, SSA and India 

 Total renewable 
groundwater 

Total groundwater 
abstracted 

Groundwater abstracted per 
capita 

SSA 1,400 km3/a 20 km3/a 28 m3/a 
Drylands# 324 km3/a 15 km3/a 37 m3/a 

India 432 km3/a 251 km3/a 208 m3/a 
Source: FAO Aquastat data; # Countries in Sub Saharan Africa with more than 40 percent of their area classified as dry sub-humid or 
drier. 
 

3.3 Where is SSA’s groundwater found? 
Regional and national groundwater datasets provide a high-level picture of SSA’s groundwater 
resources. For example, continental and regional scale maps83 show major aquifers, depth to 
groundwater, recharge, aquifer productivity, and other important hydrogeological parameters. 
These maps provide a generalized sense of groundwater potential. More detailed local-level 
mapping is needed to inform sustainable abstraction and to minimize project risk but is not 
available for much of the sub-continent. 
 
There are some areas of Sub Saharan Africa where more detailed studies exist. Some of these 
studies are easily accessible84, but others can be difficult to obtain as they are only available in 
print form or are not in the public domain. Separate hydrogeological maps are also available for 
many Sub Saharan African countries, but these can be out of date, or in incompatible formats. 
There remains a need to consolidate and make accessible existing groundwater data and studies 
in SSA. Increasingly, satellite data and other remotely sensed information adds value to existing 
information.  
 
Approximately 40 percent of SSA drylands are underlain either by very shallow (depth < 7 m) 
or shallow (depth 7<25 m) groundwater (Figure 13). This groundwater is more accessible to 
people with limited resources and/or human powered pumps. Considering population density, 
the potential of shallow groundwater is even more evident as 64 percent of the population in 
the drylands lives in areas where groundwater can be found at a depth of less than 25 m. 
Recharge determines the sustainability of groundwater supplies. It is generally low in semi-arid 
areas. Nevertheless, nearly half (47 percent) of the drylands population lives in areas where 
aquifers receive more than 20 mm of recharge per annum. 

                                                           
83 See MacDonald et al. (2012), and BGR and BRGM (2008), for an overview of hydrogeological maps of 
Africa produced by the BGS and BGR respectively. See SADC (2009; 2010) for information on the 
hydrogeological map of the SADC region. 
84 For example, the SADC Groundwater Archive, at http://www.bgs.ac.uk/sadc/. There is an opportunity 
to expand this archive to other regions in SSA. 
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Figure 13 – Areas covered by shallow and very shallow groundwater in the drylands 

Although groundwater resource potential is considerable across SSA’s drylands current uses 
depend disproportionally on shallow aquifers with limited capacity. Table 1 indicates that 
current groundwater abstractions in drylands countries represent only around 5percent of the 
renewable groundwater resource. However, a significant share of the groundwater used is from 
shallow local aquifers that often have a limited geographical extent and a limited capacity. 
These small aquifers, often linked to alluvial deposits or found in hard-rock areas, are more 
vulnerable to extended periods of drought. Deeper aquifers that are less sensitive to annual 
fluctuations in rainfall are less utilized because wells require more complex drilling and pump 
technology and, as a result, are more expensive in construction and operation.  
 

3.4 How much groundwater is available for irrigation and other socioeconomic 
development purposes? 
 

Recent studies confirm that small-scale irrigation by groundwater has tremendous potential in 
SSA85. Table 2 shows that the total area of cultivated land in SSA is about 237 million hectares 
(Mha), and of this total only about 7 Mha is irrigated. The percentage of cultivated land irrigated 
by groundwater is lower still – less than 1 percent of cultivated land, or about 2 Mha. Only 
eleven countries in Sub Saharan African have irrigated areas larger than 0.1 Mha, and only two 
(Madagascar and South Africa) have irrigated areas larger than 1 Mha86. 

                                                           
85For example, Pavelic et al. 2013, Altchenko & Vilholth2015, Xie et al. 2014. 
86 In comparison, the state of Nebraska alone has about 3.4 MHa under irrigation, about the same as the 
top three Sub Saharan African countries combined. Data: Nebraska Government Website; 
http://www.neo.ne.gov/statshtml/73b.html. 
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Table 2 – Cultivation and irrigation in India and Sub Saharan Africa (SSA) 

 Pop. 
(billions) 

Total area 
of 

cultivable 
land (Mha) 

Area of 
land that is 
cultivated 

(Mha) 

Area of 
land that 

is irrigated 
(Mha) 

Cultivated 
land that is 

irrigated 
(%) 

Surface 
water 

irrigation 
(Mha) 

Ground- 
water 

irrigation 
(Mha) 

SSA 0.9 400 237 7 3% 5 2 
India 1.3 173 160 66.3 39% 24.5 41.8 

Source: FAO Aquastat and World Bank data 
 
Caution is required with respect to the projected availability of groundwater for irrigation 
development because of spatial and temporal variability. The largest potential benefits from 
groundwater irrigation exist in the dryland regions of SSA. These dryland regions not only have 
modest to low average recharge values but the renewable groundwater potential is also 
unevenly distributed in space and time. Shallow aquifers are sensitive to fluctuations in the 
amount of direct recharge they receive and during extended periods of drought the available 
amount of groundwater of shallow aquifers of limited extent will be significantly lower than 
estimated based on regional long-term recharge values. 
 
Considering existing groundwater uses for water supply and pastoralism (and their projected 
growth) and minimum (rather than average) groundwater availability, current projections of 
groundwater potential for irrigation using shallow groundwater resources are likely to be too 
optimistic and need to be confirmed at the level of individual aquifers. The potential of deeper 
aquifers in dryland regions is substantial but the higher construction and operating cost of 
deeper wells makes them less attractive for small-holder irrigation. It is important to evaluate 
the groundwater irrigation potential based on economic assumptions in line with the shallow 
and deep groundwater resource availability. 
 
Additionally, SSA’s rapidly growing urban populations will require climate resilient water 
sources, for which groundwater supplies may prove critical. A select number of large cities are 
already demonstrating that groundwater utilization can be an important part of integrated 
source planning. To date, only a small number of urban water utilities in SSA – for example, 
Abidjan, Bamako, Hargeisa, Pretoria, Dodoma, and Lusaka – use groundwater as a permanent 
source of supply87. For growing cities in Africa’s dryland regions, groundwater may be the only 
reliable and substantive future source for water supply (see Figure 14). 
 
Besides quantitative limitations to groundwater use, quality further limits groundwater 
availability. Groundwater can contain both natural (geogenic) pollutants, arsenic or fluoride 
(see Figure 15), or anthropogenic pollutants, like fertilizers, pesticides or bacteriological 
pollution from untreated waste water, that limit its use. The most common quality constraint for 
groundwater in Africa is high salinity that limits its use for human and livestock consumption but 
also irrigation. Treatment options exist but are often costly. 

                                                           
87Foster et al. 2010b. 
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Figure 14 – Large SSA cities where groundwater is a major source for drinking water supply 

 

 

Figure 15–Modelled groundwater geogenic fluoride and arsenic pollution. The colors show probability of fluoride 
concentration in groundwater exceeding the WHO guideline of 1.5 mg/L and of arsenic concentration in 

groundwater exceeding the WHO guideline of 10 μg/L (Source: EAWAG Aquatic Research Groundwater Assessment 
Platform maps) 
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3.5Will groundwater abstraction impact the environment? 
Significant increases in groundwater irrigation are compatible with environmental 
sustainability. Relatively small volumes of groundwater are abstracted in SSA, and a very small 
proportion of arable land is under irrigation. Nevertheless, environmental sustainability is often 
raised as a concern. The challenge is effective assessment at local level. This reinforces the need 
for better local data, and for local level investigations prior to large-scale groundwater 
abstraction. Among the potential negative environmental impacts of increased groundwater use 
are reduced spring flow, lowering water levels in wetlands, reduced baseflow in streams and 
rivers, increasing groundwater salinity. Intensive groundwater use in certain coastal or other 
low-lying areas can cause subsidence, altering natural drainage and increasing flood risk. 
 
For nearly all SSA countries, groundwater abstraction could be greatly increased on average, 
even after making stringent environmental provisions. When environmental functioning is 
considered, between 44.5 Mha and 105.3 Mha of cropland can be irrigated with groundwater in 
SSA88. These areas can be compared with the 2 Mha irrigated with groundwater today (Figure 
16).  
 

 
Figure 16 – Potential areas in SSA with irrigable groundwater, whilst reserving groundwater (30%, 50% or 70%) 

for environmental requirements (Source: Altchenko & Vilholth 2015) 

3.6Secondary factors 
Secondary factors greatly affect groundwater use in SSA. These include a diverse range of 
issues, such as access to electricity, transport networks, availability of credit, national policies 
and tariff barriers, or land tenure arrangements89. These factors can be more important than the 
physical groundwater availability, when considering overall water supply sustainability. 
Groundwater physical conditions and secondary factors interact in any groundwater economy to 
give rise to complex or ‘wicked’ problems with non-linear components90.  
 

                                                           
88Altchenko &Vilholth2015. 
89 e.g. Villholth2013, Chokkakula and Giordano 2013, Shah et al. 2013. 
90De Fries & Nagendra 2017. 
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Favorable secondary factors can be key to groundwater viability. For example, cheaper 
electricity and pumps can allow groundwater to be pumped from deeper levels, effectively 
changing the level of the (economically exploitable) water table91. Complementary investments 
in secondary factors (e.g. roll-out of renewable energy) can increase groundwater use. 
Unfortunately, just as primary groundwater data is sparse for many parts of Africa, so 
information on many secondary factors and how they affect local groundwater economies is 
also scarce. Proposed groundwater investments require an assessment of primary groundwater 
availability as well as applicable ‘secondary’ or political economy factors that together have 
implications for project risk. 
 
In particular, new technologies, including solar power, may help reduce costs for groundwater 
development and operation. Lower cost Chinese-made motor pumps, stable energy prices, and 
lower cost solar energy systems have led to the rapid spread of mechanized pumping for small 
scale irrigation in parts of Mauritania, Niger, Chad and Senegal92. Small pumps can be powered 
by solar panels where groundwater levels permit, enabling irrigation by electric submersible 
pumps in areas where electricity grids do not exist. A low cost solar pump for small-scale 
irrigation, the Sunflower Pump, is currently being tested in Ethiopia, Kenya and Zambia93. 
 
Country-level statistics on groundwater resource potential and irrigation area are provided in 
Annex 2. 
 

  

                                                           
91e.g. Shah &Das Chowdhury 2017. 
92 World Bank 2015a. 
93 According to World Bank (2015), sunflower pumps use a 70/80 W solar panel and can lift 2m3 / h at 1 m 
groundwater depth, or 0.9m3 / h at 6 m groundwater depth. They can also be locally manufactured and 
repaired. 
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4. Key Benefits and Challenges for Groundwater Investment in SSA 
Based on the strategic challenges and resource characteristics outlined in Chapters2 and 3, key 
opportunities for groundwater investment in SSA are defined for shallow and deep 
groundwater resources. As outlined in Figure 17, this chapter identifies three strategic areas 
where investments in groundwater resources can be transformational: (i) macroeconomic 
development, chiefly through irrigated agriculture; (ii) urban water security; and (iii) rural water 
security (including disaster risk reduction and management). Additionally, opportunities to 
support existing shallow groundwater development to become more resilient and sustainable 
for all three purposes are outlined. 
 

 
Figure 17 – Key investment opportunities in SSA for shallow and deeper groundwater resources 

 

4.1 Groundwater development opportunities 
4.1.1 Macroeconomic development through irrigated agriculture 
Groundwater can be a catalyst for economic opportunity, particularly by enhancing 
agricultural sector production through irrigation – regarded by some authors94 as the single 
most promising engine of growth in the majority of SSA countries. Given the significant role 
that agriculture plays in the SSA regional economy, through supporting irrigation, groundwater 
could help enhance this sector’s efficiency, reliability and diversification of outputs. Irrigation 
has the potential to boost agricultural yields in SSA by at least 50percent. Agriculture accounts 
for 30 percent of the GDP of SSA, and employs 65 percent of the population, so any 
improvement in this sector could be potentially transformational and help lift many of the 
almost 50percent of the regional population currently living below the international poverty 
line. Irrigation can increase crop yields and agricultural productivity, increase value chain and 
employment opportunities, enhance land values and increase the assets of rural households95. 
 

                                                           
94 Such as IWMI 2007. 
95Schoengold & Zilberman2007. 
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The potential for irrigation development in SSA is large and could make a significant 
contribution to economic growth. The potential of irrigated agriculture to impact at the 
regional macroeconomic scale is illustrated by the fact that it accounts for nearly 38percent of 
total agricultural output in SSA, despite only occupying 7 million hectares96. 
 
Increased agricultural sector production through irrigation could strengthen food security, 
export commodities and macroeconomic stability. A series of studies conducted by the FAO, 
IFPRI, IWMI and several regional and national research and development agencies has provided 
further evidence of the potential of agricultural sector contribution to national and regional 
economic growth through expansion of export commodities, expanding food production to 
substitute increasing import of food commodities, and diversifying to higher-value crops. Some 
estimates suggest that the area irrigated by groundwater in SSA has the potential to increase by 
a factor of twenty or more, but not everywhere97.Groundwater irrigation serves to promote 
higher value crops (e.g. vegetables) rather than enhance rainfed staple crops (e.g. grains)98. 
Groundwater can also provide important support as livestock drinking water and enhancing 
fodder production. 
 
The volumes of groundwater resources presented in Chapter 3 suggest that regional irrigation 
levels could be increased to trigger economic development, along similar pathways as 
experienced in other global regions. Box 4 illustrates some of the benefits of irrigated 
agriculture experienced in South and Southeast Asia. Further, Figure 18 illustrates the disparity 
between irrigated land in SSA (particularly from groundwater) relative to other global regions. 
SSA is regarded by some authors99as the only global region with scope for significant expansion 
of irrigated agriculture.  
 
Box 4 – Irrigated agriculture as a basis for macro-economic and household development 
Irrigated agriculture can intensify land use and permit the planting of more than one crop annually. For 
example, in many south and south-east Asian countries, groundwater irrigation made possible a new dry 
season crop, mostly vegetables for the market100. Vietnam became the largest exporter of peppers and 
robusta coffee through irrigation from groundwater101. A survey of over 17,000 farmers in India showed 
that farm households with wells or surface water access (compared to farm households without such 
access), contained 35 percent higher land use intensity, 35 percent more livestock (cattle and buffaloes), 
derived 61 percent more income from milk and eggs, and 86 percent more in sales of poultry and 
livestock. 
 

                                                           
96You et al. 2010. 
97 CGIAR 2016. 
98Vilholth 2013. 
99IWMI 2007. 
100Molden 2007. 
101IWMI 2007. 
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Figure 18 – Surface and groundwater irrigation in world regions (million ha) (Adapted from Siebert et al. 2010) 

Evidence from Chapter 3 shows that there is potential to expand groundwater irrigation to 
multiple countries within SSA. There is potential to expand irrigation from beyond the three 
countries where it is currently predominant (Madagascar, South Africa and Sudan).  
 
Beyond confirmation of the physical availability of groundwater resources for irrigation, 
several secondary factors need to be overcome to promote increased investment in irrigation 
in SSA. Based on some historical irrigation interventions, there is a sense of hesitancy to invest 
in large-scale irrigation interventions in SSA (see Box 5). Average rates of expansion of irrigated 
areas in SSA over the past two decades have been only 1percent per year – half the rate 
recorded in Asia. Outputs from studies commissioned by the World Bank and IFAD identified the 
following factors to be overcome to promote increased investment in irrigation in SSA: 

 Economic factors, such as dispersed populations, small local markets, low levels of 
transport infrastructure, and limited export possibilities.  

 Cultural factors, primarily a lack of familiarity with irrigated agricultural in most SSA 
countries.  

 Financial factors, such as irrigation development costs being relatively high due to 
remote location of many sites and high irrigation infrastructure construction costs with 
weak policies for water pricing and cost recovery especially for operation and 
management 

 Fiscal factors, such as many SSA countries having low fiscal capacities to underwrite 
costly irrigation expansion.  Limited allocation in public expenditure and poverty of 
national budgets earmarked to irrigation.  

 
Given the confirmation of resource availability, the acknowledgement and understanding of 
reasons for hesitancy in investment, and the renewed momentum for irrigation interventions, 
there is the opportunity to promote sustainable groundwater development for irrigation in 
SSA. There may be opportunity to support large-scale irrigation schemes using deeper 
groundwater resources, as well as providing support for more resilient and sustainable 
development of already exploited shallow resources. 
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Box 5 – Overcoming hesitancy to invest in large-scale irrigation, based on past interventions 
 

SSA must overcome a poor record of irrigation development interventions, and a subsequent hesitancy to 
invest. Irrigation development during the 1970s and 1980s in SSA delivered low rates of return (between 
1975 and 1979, nine major externally financed irrigation projects delivered average rates of return of just 
2 percent) and many nationally financed schemes failed (as experienced in countries such as Nigeria). 
Such poor results deterred governments and donors in financing further irrigation expansion102.For 
example, large-scale irrigation interventions in the Office du Niger in Mali and the Gezira Scheme in Sudan 
proved challenging in terms of institutional reform, efficient management and rehabilitation, and 
sustainable crop productivity. 
 

There is some evidence of renewed investor interest in new irrigation development models in SSA, 
particularly to support small-scale farmers. Lower-cost and more sustainable technological approaches for 
small-scale irrigation, coupled with participatory, bottom-up governance models, have renewed investor 
support103. Multilateral and bilateral donors, as well as foundations, are starting to re-engage in irrigation 
interventions. 
 
 

4.1.2 Urban and rural water security 
Nations face the dilemma of clean water existing as both a social good / service on one hand 
and an economic good / service on the other. It is common for public sector utilities manage 
urban supplies and community-based organizations manage rural water supplies. Governments 
are generally politically averse to allowing public utilities to pass the full cost of water services to 
consumers and community-based organizations in rural areas rarely charge adequate tariffs 
because beneficiaries cannot afford them. This situation poses serious challenge to expanding 
water services to the growing populations in SSA countries because water providers cannot 
finance expensive assets and related O&M expenses without subsidies from their ministries of 
finance.  
 
Urbanization increases demand for water, generates more wastewater and alters patterns of 
demand for agricultural products. At its best, urbanization can be the essential motor of 
economic development, rapidly lifting societies out of mass poverty, while at its worst, it results 
in concentrations of squalor and disaffection which foment political fragility104.While growing 
cities offer possibilities for employment and income, they can also shift water away from 
agriculture, put strain on rural communities, and pollute water105. Demand for water in cities is 
growing. This is driven both by population growth and economic growth. Industry requires 
water and prosperity raises expectation for improved water services. Projected increases in 
urban and agricultural water demands are expected to quadruple the demand for water in 
Africa over the next 25 years – the fastest rate of increase than any other region globally106. 
Across SSA, despite successes in increasing access to improved water and sanitation in cities, 
this has been offset by urban population increases such that the share of the population with 
access to those services has remained unchanged (at 83 and 43 percent respectively)107. 
 

                                                           
102 Ward et al. 2016. 
103 Ward et al. 2016. 
104 Collier 2017. 
105 IWMI 2007. 
106 2030 Water Resources Group 2009. 
107 Jacobsen et al. 2013. 
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Increases in access to improved water sources in urban areas in SSA are not keeping pace with 
population growth. Developing groundwater infrastructure is identified as a source to correct 
this imbalance. The combined growth rates of the various improved forms of water supply in 
urban areas (less than 1percent annually) still fall short of population growth (greater than 3-
4percent annually), meaning that greater numbers of people are without access annually. To 
facilitate the required increase in water service provision, policy and institutional reforms will 
need to be accompanied by access to finance for infrastructure development. Much of the 
coverage would have to come from investment in developing groundwater infrastructure108.   
 
A recent World Bank report confirms that although water delivery services in several SSA 
urban centers have improved, the portion of households connected to clean water supplies 
have declined by more than 15 percent. Continuing rural-urban migration, mostly to low-
income informal settlements in major cities in SSA translates into growing challenges for 
extending basic WSS access while overburdening service providers already constrained by 
insufficient financial and operational autonomy. Despite strong growth in the number of people 
in urban areas gaining access to improved water supply in these countries, the share with access 
to improved water sources and household piped connections has declined109.  
 
Many settlements, particularly growing urban areas, are outgrowing their traditional surface 
water sources. Coupled with climate change (and increased frequency of extreme weather 
events) and increased consumer demand for water, city growth and prosperity may be limited 
without supplementary sources. Recently, Cape Town, South Africa has captured worldwide 
attention because of severe city-wide water shortages caused by drought. There is a possibility 
of the city (home to almost 4 million people) – already under water rationing – to reaching ‘Day 
Zero’, when the city’s taps run dry (see Box 6). Increased demand and competition for water is 
happening in many cities throughout SSA, and is expected to continue. Like Cape Town, without 
exploration of groundwater and unconventional water sources, many other cities may reach Day 
Zero. 
 
Groundwater can contribute to the diversity of sources needed for cities to be resilient in the 
face of rapid growth in demand and climate change. An exclusive reliance on surface water can 
make cities vulnerable (see Box 6). Furthermore, reliance on a limited number of surface water 
sources to supply centralized systems, may put cities at risk of increased competition for water, 
climate variability, and political wrangling110. 
 
Groundwater is the fastest growing source of urban water supply in SSA, albeit largely 
informally. Water utility usage of groundwater is increasing across SSA, albeit from a small base 
(Figure 14). In addition, privately owned boreholes and wells for direct water collection (or 
reticulation to stand posts) have widely become the fastest growing source of urban water. 
According to some estimates, 24 percent of urban water supply is collected from wells, which 
represent the fastest growing source and serve an additional 1.5 percent per year of the urban 
population111.  

                                                           
108Banerjee 2012. 
109 IEG 2017. 
109 Banerjee 2012. 
110 Jacobsen et al. 2013. 
111Tuinhof &Heederik 2003. 
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Box 6 – Day Zero and the Cape Town water supply crisis 
 

Cape Town is South Africa’s second-largest city (after Johannesburg), with a population of about 3.7 
million people. It is the legislative capital of South Africa, and home to the national parliament. Six 
reservoirs in the mountains around Cape Town supply most of the city’s water, storing a combined 
maximum of about 900Mm3 (i.e. 0.9 km3). Beginning in 2015 a severe drought, linked to climate change, 
has reduced the volumes stored in these reservoirs to critical levels. Without good rains in 2018, there is a 
real possibility of “Day Zero”, when the city’s taps run dry. If this happens, emergency water supplies will 
be delivered by tanker to communal water points around the city. 
 

Cape Town has responded to the crisis in several ways. Leaks in the system have been reduced to about 
17%, half of the national average. Campaigns and water restrictions have halved total water used in the 
city, to about 200 Mm3/a (million cubic meters per year). Even tighter restrictions are now in place. 
Temporary desalination plants and emergency groundwater supplies will soon bolster supply (about 6 
Mm3/a and 55 Mm3/a, respectively). Stand-alone boreholes are being drilled at schools, hospitals and 
other important locations to reduce their vulnerability to Day Zero. 
 

Like all large South African cities, Cape Town relies mainly on surface water. Growing populations 
combined with climate change mean that groundwater is increasingly seen as an important auxiliary 
source. Studies indicate the promise of large aquifers near Cape Town, including the Cape Flats and the 
Table Mountain Group aquifers. There is also potential for managed aquifer recharge (MAR), like the 
scheme at Windhoek (see Box 7). The nearby town of Atlantis has long experience of MAR technology – a 
successful scheme installed in the late 1970s is capable of meeting Atlantis’ water requirements. There is 
not enough time to develop such integrated groundwater schemes in Cape Town before Day Zero, but 
they are likely to form a cost-effective part of the climate change mitigation strategies of cities such as 
Cape Town in the future. 
 
 
Beyond securing water sources, SSA lags other global regions in provision of modern water 
services and hence investment is needed to improve potable WSS services. Whilst improved 
access to water and sanitation services is required across all urban wealth quintiles, there will 
continue to be a need to improve access in informal urban settlements (urban slums), perhaps 
through decentralized groundwater-supplied systems. To extend improved water supply to 
households without access, groundwater could be utilized as a source for decentralized supply 
systems installed and operated by small-scale independent providers or community 
cooperatives. Investors could consider such approaches, considering centralized services may be 
unlikely to reach such customers in many cases. 
 
Mismanagement of sanitation and other pollutants in urban areas can compromise 
groundwater quality and create health risks. Localized groundwater abstraction in urban areas 
presents significant groundwater quality challenges that need to be addressed when planning 
for current and future water supplies. Wastewater infiltration from poorly maintained latrines 
can pollute aquifers, hence groundwater protection and improved wastewater management 
and sanitation are connected issues112. Additionally, groundwater quality concerns are more 
acute in coastal areas where the lack of control of aquifer pumping can cause salinity problems 
due to seawater intrusion113. 

                                                           
112 Foster et al. 2006. 
113 Jacobsen et al. 2013. 
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The rate of urbanization is so rapid across Africa that half of the cities of 2035 have not yet 
been built. This presents opportunity to integrate new technologies and innovative 
management systems. In their study of 31 cities across Africa (including SSA), Jacobsen et al. 
(2013) suggest demonstration projects, transfer of knowledge from other regions, and 
modification of the way urban water projects are planned, designed, and realized. 
 
Secondary cities (with populations under 1 million) will shoulder much of SSA’s urban growth 
in coming decades, and many will themselves become megacities. Cities under 1 million have 
borne the bulk of the overall urban growth rate for the past decade (59 percent of growth from 
2005 to 2010) and over the next 15 years, 38percent of urban demographic growth is predicted 
to occur in cities of under 1 million people. Furthermore, today’s secondary cities may become 
tomorrow’s megacities: the number of cities with populations of more than 1 million is 
projected to almost double from 42 in 2010 to 80 in 2025 and thirty-one of Africa’s current 
secondary cities will turn into cities with over 1 million residents over the next 15 years114. 
 
Secondary cities will be exposed to similar risks as large cities, but will be less equipped to 
manage complexities around issues such as sustainable water management. Like megacities, 
secondary cities will experience rapid population growth, vulnerability to pollution, and 
increased competition for surface and groundwater sources, however with less financial, 
managerial and political capital, making them more vulnerable to water-related challenges115. 
 
Policy and regulation will need to be developed to keep up with the burgeoning use of wells 
and boreholes in urban areas for water supply. There may be opportunity to close the water 
cycle in urban areas by considering wastewater as a resource and exploring artificial recharge 
opportunities. 
A city’s water withdrawals and wastewater outputs have a large effect on the catchment from 
which they draw. Marginal-quality water could help to improve livelihoods, particularly of poor 
urban and peri-urban farmers116.For example, groundwater can be included in a portfolio of 
water sources, and integrating reuse, recycling and cascading uses, where water quality is 
matched to its intended function. Aquifers can be used as water storage through groundwater 
recharge processes and water reuse schemes and provide a buffer to provide water security 
during prolonged droughts as for example in Windhoek, Namibia (see Box 7).  
 
While drought contingencies are not currently integrated into SSA city water management 
plans, there is strong support from city leaders for these to be included. Groundwater can be 
integrated into these plans. Jacobsen et al. (2013) included a knowledge, attitudes, and 
practices survey for city leaders in Africa and found that leaders overwhelmingly agree that city 
water management plans should include drought and flooding contingencies, rainwater 
harvesting, or drainage and solid waste management, even though most typically do not. 
 
  

                                                           
114 Jacobsen et al. 2013. 
115 Jacobsen et al. 2013. 
116 IWMI 2007. 
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Box 7 – Windhoek Managed Aquifer Recharge (MAR) Scheme 
 

The capital of Namibia, Windhoek, receives only 360 mm of rainfall annually, making it one of the driest 
capital cities on earth. In the early 1990s, Windhoek’s existing water sources (three dams, and a 
groundwater wellfield) began to struggle to meet growing water demand. Studies showed that new 
sources of water were far away and very expensive (e.g. desalinating seawater and pumping it from the 
coast). 
City planners responded with an innovative set of solutions: During times of surplus, treated water was 
stored underground in aquifers, effectively ‘banking’ this water for use during times of shortage and 
protecting it from evaporation. This is known as a managed aquifer recharge (MAR) scheme. Windhoek 
also began to re-use a proportion of its wastewater, treating it to drinking water standards at a new 
treatment plant. A demand management strategy was aimed at identifying leaks, restricting garden 
watering and public education. Finally, Windhoek began to operate a ‘dual pipe’ water supply system in 
some areas: semi-purified sewage from an old water treatment plant is distributed to sports fields, parks 
and cemeteries for irrigation, further saving potable water.  
 

Windhoek’s MAR scheme and other water management actions have proved far less expensive than other 
water supply solutions. Windhoek is now a world leader in the sustainable use of reclaimed water, and in 
MAR. There are considerable opportunities for south-south collaboration and learning based on 
Windhoek’s example, since many other rapidly growing towns in Africa’s drylands are beginning to 
experience similar water supply constraints. 
 

Windhoek’s MAR scheme is described in more detail in Annex 3. 
 
There is opportunity for conjunctive use of surface water with groundwater storage and 
abstraction in urban areas. In rapidly growing cities, such conjunctive use could complement 
urban water supply and add security and flexibility in case of seasonal resource variation117. 
However, to date there has been little evidence of this in SSA118. Box 8 outlines an example 
where groundwater has been integrated into conjunctive city water supply. 
 
Box 8 – Integrating groundwater into conjunctive city water supply 
 

The deep Kimbiji Aquifer was discovered in 2006 as a potentially important water source for Dar Es 
Salaam, Tanzania through to 2030. The aquifer is estimated to cover an area of 10,000 square kilometers 
and have a storage volume of approximately 1 million megaliters (Ml). Average annual recharge rate is 
estimated to be about 1,000 Ml/year—an enormous potential water source compared to the city’s 
estimated additional 2030 water demand of around 200 Ml/day. Conjunctive use and management of 
water from the Ruvu River (the existing city water supply) with water from the Kimbiji Aquifer can offer 
flexibility to effectively respond to hydrological variability during periods of drought. Moreover, the 
Kimbiji Aquifer (as a naturally buffered system) offers resilience from the impacts of climate change on 
the city’s water supply. 
 

Sources: Hirji 2012, Ruden 2007. 
 
Given the potential scale of groundwater development for urban areas, there may be scope 
for private-public partnerships / investments. Where investments can serve a large customer 
base, there may be potential for private sector involvement in WSS service provision. 
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4.1.3 Strategic resilience to drought and other shocks 
Many countries in SSA remain highly vulnerable to recurrent drought events, now and in the 
future, and which have multiple adverse economic and humanitarian impacts. Between 1970 
and 20017, more than 30 countries in SSA experienced at least 8 droughts, and 14 of them 
experienced at least 10 droughts, precipitating crop damage, livestock death, food crises and 
destabilization of farming communities. Projected changes in precipitation up to 2075 vary 
widely for SSA, however nearly all climate change projections signal greater chances of severe 
drought.  
 
There is a major disparity between disaster response and disaster prevention and 
preparedness, despite the latter being more cost-effective. Only 4.2percent of total 
humanitarian aid in 2009 was for disaster prevention and preparedness. For every US$100 spent 
on the top twenty humanitarian recipients over the past five years only 62 cents (less than 1 
percent) was spent on preparedness119. This occurs despite widely held claims that investment 
in building the resilience of communities to cope with risk in disaster prone regions is more cost-
effective than the ever-mounting humanitarian response120.  
 
There is a somewhat predictable pattern of drought recurrence for some regions, such as the 
Horn of Africa, meaning that strategically targeted approaches could be effective in reducing 
adverse impacts. The Horn of Africa experienced severe drought in 2011121 and is currently amid 
a two-year drought, which has severely affected crop production, livestock and human 
wellbeing. While water management cannot prevent drought122, it can mitigate or exacerbate 
the impacts of drought on society and the economy and put in place policies to address long-
term water scarcity challenges. There are increasing calls for donors to increase investments 
that strengthen resilience in contexts experiencing recurrent crises.  
 
There is increasing evidence that investing in resilience can mitigate the worst impacts of 
recurrent humanitarian crises and can preserve development gains. A recent 
study123demonstrated that investing in innovative, long-term resilience interventions can help 
mitigate the worst effects of humanitarian emergencies and protect development gains in 
vulnerable communities. The results lend support to the efficacy of multi-year, multi-sectoral 
approaches aimed at strengthening systems (markets, ecological, livelihood) that enable 
households and communities to respond and adapt to the major shocks and stressors they face. 
Mercy Corps (2017) recommends increasing investments in strengthening resilience in contexts 
experiencing recurrent crises, and providing greater support to “systems approaches” to spark 
transformative changes in systems that underpin people’s ability to effectively manage shocks 
and stresses like drought. Whilst not specifically outlined in the report, groundwater may have 
potential to contribute to resilience approaches. 
 
An Independent Evaluation Group (IEG) review of the World Bank’s water sector portfolio 
found that lending for droughts tends to be reactive rather than proactive. Furthermore, 

                                                           
119Kellet& Sweeney 2011. 
120 Cabot Venton et al. 2012. 
121Burnlet et al. 2013. 
122 Which is a natural hazard caused by large scale climate variability (Van Loon & Van Lanen 2013, Sadoff 
2016). 
123 Mercy Corps 2017. 
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projects in drought-prone areas often do not anticipate the risk of drought, even though hot 
spots are well known. 
 
There may be a range of options where deeper groundwater could be used to improve the 
resilience against drought and water insecurity in SSA. Options could include the development 
and management of watering points for drinking water for humans and livestock and for small-
scale irrigation. Watering points constructed for pastoralist and agro-pastoralist communities in 
Sudan, Somalia and Ethiopia have helped enhance resilience. A major share of Africa’s drylands 
is underlain by shallow aquifers that can be mobilized to provide water security to rural and 
pastoralist communities. 
 
There may be merit in investing in resilience measures in areas suffering recurrent drought 
that focus on early/pre-planned responses and disaster resilience activities which incorporate 
groundwater, rather than primarily late humanitarian/emergency relief. There is evidence that 
the comparatively high up-front costs of resilience building are significantly offset by the 
benefits. In 2015, Mercy Corps undertook an evaluation of the effects of a resilience-focused 
project in the face of a severe El-Nino shock event in eastern Africa. The results are encouraging, 
with compelling evidence that supports the efficacy of multi-year, flexibly funded, integrated 
approaches to building resilience to severe shocks. 
 
The avoided costs of disaster/s and emergency service provision if groundwater sources can 
maintain base supplies during drought events could be significant. Resilience building should 
be integrated into areas where recurrent drought occurs. Early response can decrease costs 
and losses substantially, with very high benefit to cost ratios indicating tremendous potential to 
improve value for money. While there is a great deal of uncertainty around the cost of building 
resilience, nonetheless, while the cost of resilience is comparatively high, the wider benefits of 
building resilience can significantly outweigh the costs, leading to the conclusion that 
investment in resilience is the best value for money124.  
 

4.2 Support to shallow groundwater development & integrating non-
conventional water sources 
4.2.1 Securing livelihoods of smallholder farmers and pastoralists 
Millions of small private investments by smallholder farmers and pastoralists have constituted 
the greatest groundwater development in SSA, albeit largely informal. Many small water 
management systems, built and operated by communities or individuals – from sources 
including groundwater – are often not officially recognized, despite their critical and widespread 
importance. IWMI states that targeting smallholder farmers, particularly in largely rainfed areas, 
offers the best chance for reducing poverty quickly. Smallholder farmers possess the greatest 
unexploited potential to directly influence land and water use management. Increased visibility 
of irrigation and water management of informal systems could influence governments to 
provide policy and technical support and help to ensure poor farmers’ continuing access125. 
 
Where available, shallow groundwater resources are valued by smallholder farmers for their 
general reliability and autonomous accessibility. The expansion of small-scale irrigation in SSA 
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125 IWMI 2007. 
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has been driven by smallholder farmers investing in small-scale, shallow wells126. The high 
availability of shallow groundwater resources (compared to surface sources) and the 
autonomous control make groundwater development attractive to smallholder farmers. Many 
smallholder farmers with access to shallow groundwater have already taken the initiative to 
invest in irrigation to diversify and increase their farming incomes127. Such investments are 
almost exclusively utilized for high-value horticultural production (mostly vegetables, otherwise 
fruits, flowers, herbs, etc.). They are made in response to factors such as increasing market 
demand for horticultural crops, higher suitability of smaller irrigated and intensively managed 
plots, and greater willingness of farmers to diversify their production to higher value crops. This 
can also enable farmers to plant a second crop, or even year-round production, because crops 
are not limited by the length of the rainy season. Irrigation can also help guard against the 
impacts of climate stress associated with drought and extreme heat. 
 
Small-scale shallow groundwater irrigation has helped some smallholder farmers overcome 
poverty cycles. Irrigation can reduce poverty by increase farmer incomes, provide employment 
for the landless, reduce staple food prices, and contribute to overall economic growth by 
inducing secondary benefits, such as boosting agroindustry128. Where risks of crop failure (due 
to enduring periods of variable rainfall, dry spells and droughts) can be overcome, farmers are 
typically more willing to invest in other farm inputs, such as fertilizers, pesticides, labor, which 
can help overcome the cycle of risk and poverty. In turn this can facilitate intensification, 
diversification, higher and more stable productivity / outputs, and net incomes (per unit area 
under cultivation and per labor unit input) when compared to rainfed and/or surface water 
farming systems129. 
 
The benefit-cost ratio of well drilling interventions is high. The costs, which are often front-
loaded, are offset substantially over the lifetime of a well through avoided costs of water aid, 
time savings, decreased incidence of water borne illness, increased attendance at school, 
increased productive days, avoided health costs, avoided morbidity and mortality, reduced cost 
of food and non-food aid, and reduced loss of animals. Even where only some of these benefits 
are included, the benefit-cost ratio can be high. The challenge for private investors or 
communities is coming up with the up-front financing. 
 
Groundwater irrigation purportedly has significant benefits for citizens over large surface 
water irrigation. It can also have gender benefits. IWMI (2007) reports that overwhelming 
evidence from Asia suggests that groundwater irrigation promotes greater interpersonal, 
intergender, interclass, and spatial equity than does large surface irrigation. Regarding gender 
roles, where rainfed cropping coexists with irrigated gardens, men maintain a primary role in 
cropping while women focus on irrigated gardening. The garden provides a more diversified and 
nutritious diet for the household and where higher value garden crops are sold, women can play 
an enhanced role in household income.  
 
Supply-side solutions, such as groundwater development for irrigation, should be 
accompanied demand-side solutions to optimize the efficiency of water extracted. Low-cost 

                                                           
126 Shah 2010. 
127Woodhouse et al. 2016. 
128 IWMI 2007. 
129 IWMI 2007. 
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measures, such as integrated soil and water conservation technologies, can improve the 
efficiency and effectiveness of groundwater development. Through empowering beneficiaries, 
building local ownership, promoting inclusion and sustainability principles130, the payoffs can 
reach 20percent or more131. Other demand-side initiatives can increase the productivity of 
water by gaining more yield and value from less water can reduce future demand for water, 
limiting environmental degradation and easing competition for water132. 
 
With many rural households unlikely to receive centralized WSS services, some use private 
wells as multi-use systems. Many of SSA’s rural population lack any form of utility-provided 
water, often relying on untreated surface or groundwater. SSA’s rural population constitutes 
400 million people, most of whom lack any improved or formal water supply. Hence, with piped 
water almost unseen in rural areas in SSA (among all wealth quintiles)133, many smallholders 
(and/or communities) have developed multi-use systems for purposes ranging from potable 
supply for humans and livestock to aquaculture or agroforestry134. Wells and boreholes serve 
more than 50percent of households in SSA already, making them the most prevalent form of 
water supply in the region. Furthermore, wells and boreholes are by far the fastest growing 
source of improved water in both urban and rural areas, expanding much more quickly than all 
utility-based alternatives. 
 
Groundwater development for community water supplies could help overcome remaining 
‘last mile’ access and quality of supply issues. Borehole drilling programs could be coupled with 
new technologies, such as solar pumping and affordable treatment solutions (such as reverse 
osmosis and/or filtration), for community water supplies. Focusing on livelihood gains by small-
scale, individually managed water technologies holds great promise for poverty reduction in the 
semi-arid and arid tropics. These include small pumps and innovative technologies such as low-
cost drip irrigation, small affordable pumps, and small-scale water storage135. 
 
4.2.2 Local resiliency building measures 
The water harvesting/artificial recharge potential in dryland areas is substantial but 
investments in water security often lack adequate planning. In areas where shallow 
groundwater resources are not available water harvesting and artificial recharge infrastructure 
established in favorable locations can provide water security to low intensity uses. Assessments 
of runoff generated from the arid and semi-arid parts of dryland areas (corresponding to the 
yellow part in Figure 19a) indicate an average annual volume of 318 km3 (see Figure 19b). A 
large share of this runoff is already utilized or feeds downstream rivers but if 10percent of the 
runoff could be harvested this would represent two times the current groundwater abstractions 
in dryland regions. As runoff is highly variable in space and time building water harvesting 
structures requires adequate planning. In areas where this harvesting potential is not available, 
deeper groundwater can be the ultimate strategic water resource to provide water security. 
 

                                                           
130 Ward et al. 2016. 
131Sadoff 2016. 
132 IWMI 2007. 
133 These statistics draw on data analyzed from 35 SSA countries, representing 84 percent of the region’s 
population, UN 2012. 
134 IWMI 2007. 
135 IWMI 2007. 
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Figure 19 – (a) Presence of shallow groundwater resources below Africa’s dryland regions. In areas without shallow 
groundwater resources water harvesting and artificial recharge in favorable locations can provide water security 
to low intensity water uses (b) Average annual runoff generated over African dryland regions (average of 1985-
2016 simulated runoff by African Flood and Drought Monitor, Princeton University). 

In addition to rainwater harvesting, other non-conventional water sources – such as 
desalination and reuse of treated wastewater – may be used in conjunction with groundwater 
development. In cases where groundwater is brackish or saline – such as in some coastal areas –  
there may be opportunity to desalinate groundwater for potable or other (high value) uses. 
Advances in desalination technologies, for both large- and small-scale instalments, may help 
lower costs and make the development of some groundwater resources feasible. MAR is 
discussed in Box 7 and Annex 3. 
 
Investment in the water sector could support community-based water schemes and 
community capacity building could help to bolster early response and resilience. There is a 
need to sequence, layer and integrate interventions to build household and community capacity 
to learn, cope, adapt, and transform in the face of shocks and stresses, rather than a reliance on 
costly direct emergency assistance after the fact. Inclusive, participatory processes for producing 
and implementing development plans at community and district levels are key to ensuring 
solutions fit local contexts and needs, and that benefits are delivered that outweigh costs. 
 

4.3 Challenges and caveats to groundwater development – potential risks and 
tradeoffs 
Further to the strong potential offered by deep and shallow groundwater to help address 
some of the strategic challenges in SSA outlined above, this section outlines some potential 
risks and tradeoffs to groundwater development. 
 
‘Secondary’ factors may collectively be the largest obstacle to a groundwater revolution in 
SSA. Yet, because they are woven into the fabric of the political economy and are obscured, 
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they are rarely recognized as combining to form the important constraint that they are. Not 
enough is known about the collective functioning of these secondary factors: Which ones apply 
in which countries? How do they combine? What costs do they imply? Are they controlled by 
national policy, or are they mainly the outcomes of exogenous factors such as climate or 
population density? Most importantly, how can they best be resolved, and what role can the 
World Bank play? 
 
Some of these secondary factors are outlined below. 
 
4.3.1 Governance and institutional challenges 
Groundwater is an open-access resource, which can suffer from tragedy of the commons 
governance challenges. This is one of the greatest obstacles to optimal and sustainable 
management. Where property rights to a natural resource are ill-defined, the challenge of open 
access to many individuals arises. In cases where the resource is limited in supply, users of the 
resource may not consider the effects of their use on the future availability and cost of the 
resource to other users. Since groundwater is rarely regulated, anyone can dig a well and pump 
water for personal use and each user inflicts an externality on others as greater levels of water 
extracted reduces availability to other users in the future. Once groundwater resources have 
been accessed, it is often difficult to maintain abstraction levels at sustainable yields. The open 
access nature of the resource, coupled with its invisibility, makes governance difficult. 
 
Groundwater resources are invisible136 and can be fragmented and scattered in different 
aquifers, all of which makes characterization and understanding of resource dynamics 
difficult. This leaves many groundwater resources open to potential underutilization or 
overexploitation. Indeed, there are major deficiencies in knowledge and understanding of 
groundwater in the three dry regions of SSA: West Africa, Eastern Africa, and Southern Africa. 
Although several studies seem to agree that in many regions the existing regional groundwater 
potential is not fully utilized, questions remain about how to quantify the potential and how to 
mobilize the groundwater resource in a sustainable way. 
 
Whilst groundwater resources can extend across large areas, decisions regarding their 
development and management are usually local. Strategic and local governance need to be 
aligned. Inadequate institutional linkages between strategic resource development and local 
exploitation can lead to the depletion and deterioration of water quality (including salinization 
and pollution). Furthermore, even when such linkages are present, they need to be enforced 
through adequate regulations. Often neither the linkages nor the regulations (and their 
enforcement) are present. 
 
Decentralized development and management of groundwater offers a pathway of 
empowerment for local stakeholders, but many obstacles must be overcome. Decentralized 
planning, development and management of groundwater would involve local stakeholders and 
require them to contribute to policy formulation. Stakeholders could comprise private firms, 
financially autonomous entities, community organizations, and individual operators through 
community actions, water associations and cooperatives.  
 

                                                           
136Wijnen et al. 2012. 
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4.3.2 Information and knowledge challenges 
SSA suffers from an acute lack of groundwater data and information137. The problem also 
appears to be worsening138, for reasons including lack of hydrogeological capacity, lack of 
investment, political instability, and the rise of shorter-term and more tangible interventions. In 
some African countries, groundwater level or quality monitoring are practically non-existent. 
Knowledge of political economy or “secondary” factors such as energy availability and cost, land 
tenure arrangements, drilling costs, or availability of spare parts, is also limited139.The public 
sector in Africa struggles to fund and staff long-term hydrogeological data collection, and there 
are few incentives for private sector engagement. Figure 20 highlights groundwater data 
deficiencies.  
 

Figure 20 – (a) Estimated groundwater data holdings, and (b) hydrogeology maps in SSA (World Bank 2017a, 
MacDonald et al. 2012, BGR-WHYMAP 2017, SADC 2010) 

Regional or national maps and datasets adequately describe average conditions but lack detail 
at finer scales. Figure 21 illustrates the decreasing knowledge of groundwater conditions for 
development in Somaliland as map and database resolutions increase.  
 

 
 

Figure 21 – Example of scale dependency of groundwater knowledge, from Somaliland 

                                                           
137Adelana 2009, Robins et al. 2002, World Bank 2017a. In this context, groundwater data means 
parameters such as water levels, borehole yields, or aquifer properties. Groundwater information refers 
to knowledge products such as reports, maps and guidelines, which interpret groundwater data. 
138 Leduc et al. 2017, Robins et al. 2002, Pitman & Bailey 2015, Lapworth et al. 2017, Foster et al. 2006. 
139Chokkakula & Giordano 2013, Villholth et al. 2013. 
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However, progress on data resolution is nevertheless being made in several areas. For 
example, a concerted effort in Uganda since the mid-1980s has endowed that country with a 
groundwater monitoring network, a National Groundwater Database, and a series of local 
hydrogeological maps140. Uganda is dependent on groundwater for both rural and urban water 
supplies, and these knowledge resources help in planning for future demand in the context of 
population growth and climate change. In the SADC region, the SADC Groundwater 
Management Institute 141  was established in 2016 and is coordinating several regional 
groundwater initiatives, including the collation of groundwater data and an assessment of 
institutional groundwater capacity in SADC member states. 
 
Opportunities exist to leverage existing activities in SSA to boost groundwater data collection 
cost effectively. For example, drilling companies, water utilities, mining companies and non-
profit organizations are at the heart of much local level groundwater development in Africa. 
There is an opportunity to link these actors to regional or national groundwater data collection 
initiatives. The standardization and digitization of existing groundwater data held in national 
databases, or the collation of existing “grey” groundwater literature, also represent clear 
possibilities. 
 
Information and governance challenges are linked and compounded by an inability to know 
how to manage a resource discouraging policy development. For example, smallholder 
irrigation is currently low on the policy agenda because of resource knowledge deficiencies and 
associated sustainability concerns and lack of clarity on how to balance multiple demands on 
groundwater resources.  
 
4.3.3 Economic and financial challenges 
Overcoming up-front groundwater investment costs has proven difficult for development 
partners. In some cases, the initial costs of groundwater development are not directly 
recoverable, and in other cases investments may take many years to vest. The distributed, often 
smaller scale nature of groundwater compared with large surface water schemes can make 
groundwater projects challenging to identify and manage. Experience in South Asia, China and 
elsewhere shows that the benefits of improved groundwater use are potentially immense, and a 
bigger focus on the resource in Africa is warranted.  
 
Compared to surface water development, groundwater can have higher up-front costs for 
resource confirmation and characterization prior to development – this can prove a major 
barrier. Figure 22 provides an illustration of the relative indicative costs of groundwater 
resource confirmation and characterization, and ongoing monitoring, compared to surface 
water. The plot illustrates the challenge of more significant and enduring up-front costs required 
to confirm and characterize groundwater resources. For example, while groundwater systems 
may require both physical monitoring bores and computer modeling for characterization – both 
of which can be expensive to establish – surface water resources may be characterized with 
more cost-effective procedures. However, once established, ongoing monitoring costs for both 
groundwater and surface waters may be similar.  
 

                                                           
140 World Bank, 2017 
141 See the SADC GMI website at sadc-gmi.org 
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Figure 22 – Indicative costs for resource confirmation and characterization and ongoing monitoring for sustainable 

groundwater and surface water developments 

 
While dependent on site-specific conditions and other secondary factors (as outlined in 
Section 4.3), in some cases, groundwater development (both small and large-scale) may have 
lower capital expenditures and ongoing operational expenditures than equivalent sized 
surface water development. Figure 23 provides a conceptual illustration of cases where the up-
front capital costs for surface water development – primarily reservoirs and conveyance 
infrastructure – are higher than those for groundwater (primarily well construction). Ongoing 
operational expenditures may be comparative for surface and groundwater development in 
many cases, with factors such as pumping and conveyance costs the predominant determining 
factors. In cases where groundwater resources are more spatially extensive and accessible, 
ongoing conveyance costs to demand centers may be lower than for more spatially limited 
surface water resources. 
 
There is a need to estimate the holistic costs of groundwater development by considering 
expenditures associated with the discrete components of infrastructure investment, operation 
and maintenance, and secondary factors (Figure 24). Within each of the discrete components 
are multiple elements which need to be considered, from investigation and exploration costs to 
energy costs to applicable taxes and subsidies. 
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Figure 23 – Indicative capital and operational costs for sustainable groundwater and surface water developments 

 

 
Figure 24 – Groundwater development entails discrete cost components and may be highly variable and inflated in 

SSA due to secondary factors 
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The costs of drilling and pump equipment to extract water from deep or shallow aquifers have 
a major influence on the viability of small-scale groundwater use. This is known from South 
Asia, and has been observed in Africa142. Anything to make these things cheaper and more 
widely available will likely have disproportionately large positive impacts. Many factors are at 
play, such as depth of aquifers and energy cost, economies of scale, African physical conditions, 
tax regimes, tariff barriers, information asymmetries, and corruption143. Little rigorous study has 
been done of the costs of equipment input factors, and the reasons for these costs. Once 
understood, policy can be developed to bring these costs into line with those seen in India, 
China and elsewhere. Available data indicate, that on average, large-scale deep wells could cost 
up to US$ 300 thousand and irrigate up to 100 hectares, or US$ 3,000 a hectare. Small scale 
irrigation from shallow aquifers could cost up to US$ 1,500.  
 
It is important to establish land tenure security through the various types of social, legal and 
administrative institutions prevailing in SSA. Security of tenure is associated with four sets of 
rights, namely: (i) user rights (to grow crops, trees, make permanent improvements including 
well drilling and water resources development, harvest trees and fruits, etc.); (ii) transfer rights 
(i.e. rights to sell, give, mortgage, lease, rent or bequeath); (iii) exclusion rights (rights by an 
individual, group or community to exclude others from the rights granted); and (iv) enforcement 
rights (legal, institutional and administrative provisions to guarantee rights).For practical 
purposes, there is a need to define the rules for land and water rights especially in open access 
lands. Box 9outlines a land tenure reform process in Niger. 
 
Box 9 – A guide to securing land tenure in irrigation schemes in Niger 
 

Niger’s National Office for Irrigation Schemes (ONAHA)presented a clear guideline to enhance the land 
tenure status of the 85 irrigation schemes in Niger, which cover approximately 16,000 hectares and 
employ more than 40,000 farmers. Under the Kandadji program for ecosystem regeneration and 
development in the Niger Valley, an additional 45,000 hectares are expected to be developed by 2030. 
 

As demographic pressures increase and available natural resources for agriculture become scarce, the 
informality of land management in irrigation schemes and of the status of the people who exploit them 
has become problematic. Former customary land rights holders have challenged State decisions on land 
allocation or ownership, and have sometimes blocked investments and works. Many of these challenges 
are brought before the courts, which rulings challenge the public control of irrigation schemes. 
 

To address these challenges, the ONAHA, with the support of Grown Water Institute (GWI), has 
conducted since 2014 a process of experimenting, formalizing and then generalizing a process to secure 
land tenure for existing and future irrigation schemes in Niger. This aims not only to preserve and formally 
recognize the State's rights over irrigation schemes, but also the rights of farmers: the former is achieved 
by establishing a formal legal status for developed lands through their registration and issuing a land title 
in the name of the State, and the latter by clarifying and protecting the rights of use of farmers by 
updating their occupancy contract and registering them on the land title144. 
 
Access to credit, banking systems, currency stability and interest rates all impact on 
groundwater development feasibility, particularly for small farmers. Without access to credit 
(perhaps secured using land title deeds as collateral) it is impossible for poor farmers to 
‘bootstrap’ themselves into the irrigation economy. The initial investment required is too high, 

                                                           
142 For example, Chokkakula and Giordano 2013. 
143 For example, Colenbrander and van Koppen2013. 
144ONAHA 2017. 
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even where groundwater is shallow. This is a complex bundle of political, financial and economic 
issues with both micro- and macro-economic roots. Far too little is understood in terms of their 
collective impacts on facilitating or retarding an African groundwater revolution. 
 
4.3.4Technological and infrastructure challenges 
Improved rural electrification in SSA would greatly enable higher levels of groundwater use. At 
present, electrical connections are scarce and other energy costs are prohibitively high. Work in 
India shows the close relationship between electricity pricing and groundwater exploitation145. 
Cheaper energy means that groundwater can be raised from greater depths for the same price, 
all other things being equal. Put another way, cheaper energy effectively raises the water table 
to within reach of more poor farmers. Projects to expand rural electrification, or innovate with 
decentralized and sustainable generation, should ideally take the possibility of groundwater 
irrigation into account at the planning stage. 
 
Transport infrastructure, border tariffs, fuel prices, regulations, and other costs associated 
with transporting goods to market also profoundly affect the viability of irrigated agriculture. 
Not enough is known about the transport ‘thresholds’ beyond which irrigation becomes viable, 
and the mix of secondary factors that combine to determine these. Facilities for the storage of 
produce are also important here. As with many of the secondary factors, small changes (e.g. to 
the route of a planned road or railway) can have transformative impacts on the viability of 
groundwater-based irrigation. 
 
4.3.5 Environmental and social challenges. 
Several factors could cause groundwater development to have adverse social and 
environment impacts. Where groundwater resources are polluted, they can be slow to recover 
(decades or centuries) and if utilized in such states, can cause illness or disease for humans and 
livestock. Over-exploitation of groundwater resources can dry up groundwater dependent 
surface waters or cause saline intrusion, making water unsuitable for many uses.  
 
Natural (geogenic) and anthropogenic pollution of groundwater can be a development 
constraint in parts of SSA, just as can be in parts of the rest of the world146. High salinity levels 
can make groundwater unsuitable for certain crops, or for some livestock147. Naturally occurring 
fluoride, arsenic or other dissolved species can render groundwater unfit for human 
consumption148. 
 
Anthropogenic groundwater pollution is also a challenge, particularly in urban areas149. 
Inadequate sewerage, on-site pit latrines, animal feedlots and other sources can give rise to 
dangerous microbiological contamination, whilst certain industries (petroleum, chemicals, metal 
fabrication, etc.) can lead to serious groundwater pollution150. 
 

                                                           
145 Shah &Das Chowdhury 2017. 
146Hynds et al. 2017. 
147 World Bank 2017a. 
148 Smedley et al. 2002, World Bank 2017a, GAP 2017. 
149Lapworth et al. 2017. 
150Lapworth et al. 2017. 
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Groundwater pumping can alter the dynamics of subterranean systems. Excessive pumping of 
groundwater can cause saline intrusion, ground subsidence, or both. This is normally only an 
issue in areas with high rates of groundwater abstraction (e.g. China, California, South Asia), and 
these problems are thankfully still relatively uncommon in SSA. Nevertheless, monitoring 
arrangements in SSA should anticipate these problems if groundwater abstractions increase 
from the present low levels. There is also a need to quantify the impact of local groundwater 
abstraction on groundwater-dependent ecosystems151. 
 
Most potentially adverse environmental and social challenges related to groundwater can be 
minimized by integrated monitoring systems. Groundwater quality problems, as well as 
problems consequent on over-use, are made more tractable by adequate groundwater 
monitoring, and sound hydrogeological knowledge informing effective governance systems152. 

  

                                                           
151 Foster et al. 2006. 
152 Ronen et al. 2012,Lapworth et al. 2017, World Bank 2017a, Foster et al. 2006. 
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5. A Strategic Framework for Sustainable Groundwater 
Development in SSA 
 

5.1 A guiding framework built around “four I’s” 
To successfully implement investment projects in SSA using groundwater resources, and to 
ensure their sustainable use, there is a need to ensure the most critical enabling conditions in 
terms of knowledge, capacity and economic assessments are in place. These conditions are 
captured under the key elements of the strategic framework elaborated below. The Bank’s 
efforts to assist SSA countries improve the performance of the water sector with a special 
emphasis on streamlining the important contribution of groundwater resources should address 
salient issues at regional, national and local levels for the protection of this important asset, to 
enhance the welfare of communities, and to advance their economic and social development. 
 
A framework has been established to guide groundwater strategy in SSA (Figure 25). Building 
upon Figure 2(Chapter 1) and Figure 17 (Chapter 4), Figure 25 outlines a framework to help 
structure a World Bank approach to support priority shallow and deeper groundwater 
development in SSA. The framework is built around the “Four I’s”153 – Information, Institutions, 
(Infrastructure)Investment, and Incentives – across regional, national and local scales for 
sustainable development of shallow and deeper groundwater resources in SSA. 
 

 
Figure 25 – A framework to guide a World Bank sustainable development strategy for shallow and deeper 

groundwater resources in SSA 

The framework emphasizes groundwater as an important component of SDG 6 on water. SDG 
6focuses on issues such as WASH, water pollution, water use efficiency, integrated water 
resources management (IWRM), international cooperation and capacity building, and 
integration of local communities. Groundwater can play an important contributing role to many 

                                                           
153As used by authors such as Shome & Sharma 2015. 
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aspects of SDG 6 (see Box 10). A strategy should define responsive policies and actions to 
enhance the contribution of groundwater to regional, national and local development.  
 
Box 10 – SDG 6 on availability and sustainable management of water and sanitation for all 
 

The SDGs build on the success of the MDGs to address a wider range of challenges related to water. SDG 6 
aims to “ensure access to water and sanitation for all”, with the following targets: 
- Achieve universal and equitable access to safe and affordable drinking water for all (by 2030), 
- Achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying 
special attention to the needs of women and girls and those in vulnerable situations (by 2030), 
- Improve water quality by reducing pollution, eliminating dumping and minimizing release of hazardous 
chemicals and materials, halving the proportion of untreated wastewater and substantially increasing 
recycling and safe reuse globally (by 2030), 
- Substantially increase water-use efficiency across all sectors and ensure sustainable withdrawals and 
supply of freshwater to address water scarcity and substantially reduce the number of people suffering 
from water scarcity (by 2030), 
- Implement integrated water resources management at all levels, including through transboundary 
cooperation as appropriate (by 2030), 
- Protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers 
and lakes (by 2020), 
- Expand international cooperation and capacity-building support to developing countries in water- and 
sanitation-related activities and programs, including water harvesting, desalination, water efficiency, 
wastewater treatment, recycling and reuse technologies (by 2030), and 
- Support and strengthen the participation of local communities in improving water and sanitation 
management. 
 
Source: United Nations, 2015 
 
The main elements of the strategic framework are described below. 
 

5.2 Information 
This element considers the role of information and technology across all scales of the 
framework, with emphasis on innovations occurring across the value chain from resource 
characterization, well drilling and construction, water delivery networks, and downstream 
water productivity. 
 
Advancements in information technology may help improve the knowledge and reduce the 
cost of groundwater resource characterization and development. In turn, this greater 
accessibility to information can inform evidence-based policy formulation. Improvements in 
information technologies to collect and monitor hydrogeological data can provide an evidence-
base for policy makers and investors.  
 
The collection, collation and sharing of groundwater data have more potential than ever. 
There is a need to produce data both at larger and smaller scales. Groundwater data should 
underpin the production of practical knowledge products that address pressing concerns154, 

                                                           
154An example of such a knowledge product, distilled from groundwater monitoring data, is the annual 
‘London Basin Report’ produced by the British Geological Survey. Intended for decision makers and 
planners, the Report shows updated groundwater piezometric contours and rates of change for the 
London Basin, part of the important Cretaceous Chalk aquifer of South East England. With relatively little 
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such as helping to provide a basis for supplying water-scarce towns or developing small-scale 
irrigation. Continent wide groundwater assessments cannot take local variability and exception 
into account – yet local variability is where many groundwater opportunities are to be found (as 
examples from southern Africa attest). National hydrogeological surveys or water departments 
in SSA, and numbers of skilled, trained, motivated groundwater staff, are not keeping up with 
population growth or increasing climate uncertainty155. There is a need to translate data to local 
levels, where it is needed most. 
 
The outstanding information and knowledge required for groundwater development suggest a 
role for the World Bank. Improvement of databases, production of better maps, facilitation of 
sharing of hydrogeological data, capture of out-of-print or ‘grey’ reports and maps, training of 
staff, investment in more efficient hydrogeological data collection, and numerous other 
technical areas suggest opportunities for World Bank support. 
 
Beyond groundwater resource characterization, there is also a need to improve hydrological 
data collection and processing and weather forecasting. There is a need for greater 
understanding of rainfall patterns, better surface water monitoring, and increased 
understanding of environmental functioning in the hydrosphere. In many SSA countries, these 
systems are in crisis, whilst the need for them has never been higher. Even in South Africa, one 
of the best resourced countries in the region, there has been a serious decline in hydrological 
monitoring, particularly the number of rainfall monitoring stations, in the last decade or so156. 
 
Once the information has been collated and processed, there is a need to make it available to 
guide groundwater investments. The technology of well drilling determines the cost of 
developing groundwater resources and greater likelihood of successful well drilling can be 
achieved with better access to information.   
 
Technological development, coupled with secondary (external) factors, such as energy prices 
and access to markets, also influences groundwater development. For example, the energy-
groundwater nexus has created a curious political economy paradox: soaring energy prices may 
help prevent aquifer overexploitation but threaten groundwater-based livelihood systems157. 
Higher energy prices increase the costs of pumping water, applying fertilizers, and transporting 
products, while improving the energy efficiency of groundwater irrigation may help save 
aquifers and livelihoods158.IWMI has been working with several countries to advance the 
adoption of solar energy to operate small water pumps to from shallow wells irrigate 1-2 
hectares. Investment in this renewable energy will assist small farmers reduce energy cost and 
increase profitability and reliability of small scale irrigation. However, lower energy costs require 
the adoption of other mechanisms to control groundwater use. Box 11 outlines advancements 
in pump technology and opportunities for smallholder farmers. 
 
 
 

                                                                                                                                                                             
extra cost, raw hydrogeological data can be turned into a useful product. 
155 Robins et al. 2002, Calow et al. 2010. 
156 Pitman &Bailey 2015. 
157 IWMI 2007. 
158 IWMI 2007. 
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Box 11 – Pump technology advancements increasing groundwater development 
 

Adoption of individual pump technology risks rebalancing responsibilities within the household away from 
women. More broadly, although pumps are relatively affordable, poorer people continue to face barriers 
to entry. Where water, markets, and functioning value chains are available, farmers find pump technology 
profitable and the risks manageable. Individual pump irrigation has many advantages. It involves modest 
levels of investment, requires no communal organization, and needs little government support. Expansion 
potential is considerable, especially where markets exist. Due to the requirement of cash outlays on a 
recurrent basis, cash crops must be produced and timely transported to nearby markets.    
 

This is not to say that individual pump irrigation does not face challenges. The biggest negative risk is the 
impact of unregulated extractions of groundwater on water resources. In many countries of SSA, supply 
chain inefficiencies reduce or prevent access to adequate equipment at reasonable prices. Commercial 
crop production is inherently risky, as many of the products are highly perishable. Adoption of individual 
pump technology risks rebalancing responsibilities within the household away from women. More 
broadly, although pumps are relatively affordable, poorer people continue to face barriers to entry. 
Environmental risks also come into play. When farmers pump from groundwater in an unregulated 
fashion (which is the case everywhere), water tables can drop. The same concern applies to surface water 
abstractions. 
 
Beyond the exploration and development of groundwater resources, the next link in the value 
chain is the effectiveness and efficiency of technologies used downstream. For example, 
technology for irrigation and water delivery affect the efficient use and benefits of groundwater 
investment. Where farmers rely on simple and low-cost furrow irrigation to deliver water to 
crops in the field, water use efficiency and water productivity are both low because of 
substantial losses to evaporation and seepage below the crop root zone. Hence, there are 
opportunities to link groundwater resource development to efficient downstream utilization. 
 
The final step in the value chain is the choice of end water use. If groundwater development is 
costly, then, to some extent, water use should reflect that cost by contributing high value 
returns to society. For example, in irrigated agriculture, adopting high yielding varieties and high 
value crops coupled with efficient water use. Many of the farming communities in SSA have 
been irrigating traditional crops which are high in water demand but low in financial returns 
such basic cereal crops. Irrigation tends to shift farmers to higher value crops as they can receive 
greater livelihood benefits. A balance needs to be struck, as basic drinking water needs for some 
should not be superseded by livelihood improvement opportunities for others. 
 
The private sector can play a role in helping to ensure efficient and affordable technology is 
accessible to groundwater users. The growing needs for long term and reliable water supply for 
drinking and for irrigation would require adoption of modern technologies across well drilling 
and construction, pumps size and quality, modern irrigation technologies based on low volume 
high frequency pressurized network such as drip and sub surface irrigation, and the cultivation 
of water efficient crops. The private sector is the main source of these technologies and is active 
in upgrading and marketing new discoveries which are a crucial component in advancing reliable 
investment in the water sector.   
 
The role of public water agencies is to help individuals and communities to access information 
and skills needed to adopt technology locally relevant to prevailing hydrological and 
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landscape conditions. Partnerships between key stakeholders are required. This process will 
require financial resources and specialized skills and updated knowledge about operating and 
maintaining investment packages. Many poor farmers may not be able to afford such 
investment, which would create inequitable opportunities for income growth and resilience. 
Partnership between public agencies, the private sector, and local formal and informal 
institutions at the local level can play import role in addressing these challenges, in providing 
extension and training and securing finance for small investors and farmers. The World Bank 
could play a role as a convener of such partnerships. 
 

5.3 Institutions 
This element considers the role of regional, national and local policies and institutions in 
governing and managing groundwater, as well as the increased resourcing and capacity 
requirements to facilitate such change. 
 
Case studies are provided to illustrate the advantages and limitations of selected approaches. 
Regional considerations include regional cooperation in sharing data, harmonizing rules and 
regulations, and cooperating on regional-scale challenges (such as transboundary groundwater 
resources). The strategic plan for groundwater resources by the Southern Africa Development 
Community (SADC) is a good model to illustrate the main pillars of the strategy and their 
benefits. National considerations include the costs and benefits of developing a groundwater 
strategy versus the cost of no action and maintaining business as usual. The case of South Africa 
is explored. Local considerations include the costs and benefits of investing in small scale 
irrigation, which has already been undertaken by millions of smallholder farmers in SSA.   
 
5.3.1 Regional governance 
Some regional and national agencies in SSA have developed strategic and policy frameworks 
to guide development in the groundwater sub-sector159, some of which consider economic 
and financial considerations. At the national level, countries such as Kenya Tanzania, 
Mozambique and South Africa have articulated national water strategies to inform their policies 
and guide investment in the groundwater sub-sector. South Africa went further and detailed a 
strategy for groundwater management to complement the recommendations for sustainable 
development of the water sector for enhancing economic growth and social welfare and poverty 
reduction.  
 
Groundwater governance at the regional level can be complicated by transboundary resources 
and the need to collaborate across countries. SSA countries often face natural constraints such 
as a high degree of spatial and temporal variability in the rainfall, and imposed constraints 
including a lack of basic data and knowledge, fragmented responsibility for management of 
water resources, lack of community involvement in management, inadequate policies, laws and 
regulations, and inadequate enforcement of existing regulations. These constraints are 
particularly apparent in the case of groundwater resources. Regional cooperation and 
partnerships can enhance the effectiveness of strategic plans at lower levels (e.g. national and 
local) and help to integrate governance of transboundary resources.  
 
                                                           
159 The Alliance includes the World Bank, the African Development Bank, FAO, IFAD, IWMI, and IFPRI with 
strong support from several bilateral aid agencies.   
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A good example of linking between regional and national groundwater strategies has been 
developed by the Southern Africa Development Community (SADC). The SADC regional 
strategy aims to provide a framework for governing groundwater resources in arid areas that 
are under threat from over-exploitation, pollution, sedimentation and introduction of exotic 
species (see Box 12). These threats arise primarily because of poverty linked to an increase in 
population pressure, as well as from increasing demand by irrigated agriculture, tourism, mining 
and pollution from human waste and agricultural chemicals. The threat to the groundwater 
resources of these vulnerable areas also constitutes a major threat to the related groundwater 
dependent eco-systems in drought prone areas of the region. Currently, there is very limited 
groundwater management in the countries of the region with inadequate resources dedicated 
to the task and a general lack of effective institutions and technical capacity. To date, this 
regional approach is proving effective in supporting national stakeholders in the community. 
 
Box 12 – SADC Regional groundwater strategy 
 

SADC regional groundwater strategies is based around the following three pillars: 
The first pillar is to enhance the institutional capacity for sustainable management of groundwater in 
SADC countries through: a) Provision of technical assistance and support to modernize and harmonize 
legal, policy and regulatory frameworks to address gaps in prevailing institutional groundwater 
management tools at national and transboundary levels. b) developing guidelines, standards and 
management tools to access and compare up-to-date management tools; c) strengthening groundwater 
monitoring and data management systems to support member states; and d) facilitating the integration 
of groundwater in shared watercourse commissions and agreements through transboundary cooperation. 
 

The second pillar is to advance knowledge on transboundary water and national groundwater through: 
a) assisting member states to identify finance for transboundary aquifer management in member states in 
through Transboundary Diagnostic Analysis, and Strategic Action plan; b) undertaking demonstration 
projects on emergent and priority ground water management challenges such as climate change, 
pollution, etc.; and c) building a knowledge-sharing platform for an integrated data management system 
interlinked to a GIS platform and website, through information and communication technologies.  
 

The third pillar is to promote groundwater infrastructure management and development through: a) 
facilitating the development of infrastructure for improved groundwater utilization, management and 
protection. This will be achieved through assessment, mapping, operation and maintenance of 
infrastructure at Member States level; b) evaluating impact and learning from groundwater infrastructure 
investments to help report on results; c) providing operational support for groundwater infrastructure 
development, including disseminating manuals on infrastructure solutions; and d) providing support to 
partnership developments and securing funding from among governments, private sector parties and 
bi/multilateral partners and others, for scaling- up successful solutions for infrastructure development.  
 

Source: SADC 2016 
 
5.3.2 National governance 
In preparing a national strategy for groundwater, the government of South Africa presented 
the financial implications and the cost and benefits of this strategy. The strategy starting point 
is to answer two main questions: How much groundwater is available? Is it economically viable 
and financially affordable and cheaper than other sources? To answer these questions the 
strategy called for investing establishing scientifically based information bank covering main 
aquifers to avoid the cost of inappropriate development of wells due to lack of information and 
knowledge specific to groundwater hydrology.  
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South Africa’s strategy outlines the overall benefits of developing groundwater resources. 
Benefits include direct contribution to economic growth and social development of the affected 
communities, ensuring sustainable and equitable water resources management, promoting rural 
development and enhancing local governments.  
 
The strategy also outlines the overall costs of developing groundwater resources. The primary 
cost is building the physical and administrative infrastructure needed to develop and manage 
groundwater resources. Some of this capital is usually provided by the national government but 
the rest is by local governments and beneficiaries. The cost also includes the establishment of 
national and local network to monitor and update water quality and quality through observation 
well designed and located in the aquifer zones. Such service requires specialized agencies with 
multidisciplinary trained manpower to perform needed services in terms of hydrology, 
implementation of rules and regulations, and provide information and training to the 
beneficiaries to conduct needed operation and maintenance160. Box 13 outlines the main pillars 
of South Africa’s national groundwater strategy. 
 
Box 13 – National groundwater strategy in South Africa 
 

The main pillars of the Groundwater Strategy of South Africa are: a) the legislation and regulations which 
are essential for sustainable management of the important resource and to guide water resource 
planning, b) institutional capacity building at national and local levels and support groundwater resource 
governance service, and c) improve information management and support locally relevant field research 
on groundwater resources. These pillars are designed to address the following issues: 
- Increase contribution to economic growth and social development. Investment in groundwater 
infrastructure to expand provision of safe drinking water supply to many large towns and industrial and 
farming communities. 
- Ensure equitable and sustainable water resources management to address water shortages in drought 
prone areas and poorly serviced communities. 
- Promote rural development, strengthen decentralization for effective drought management:  The 
potential of groundwater for water supply, poverty alleviation, drought planning, and other vital sectors 
needs to be made more widely known.  
- Groundwater must be incorporated into all water plans, and towns that need to augment their water 
supplies should seriously consider groundwater.  
- Groundwater on the other hand is often ideal for rural water supply purposes, for the following reasons: 
(i) groundwater is a “proximal resource” – it is usually found close to where it is needed, making it ideal 
for small-scale water supplies in rural areas and for smaller municipalities. Long pipelines from distant 
surface water sources are not required; (ii) groundwater is resistant to the effects of drought, because 
very large amounts of water are stored underground, and rates of evaporation are low. This means that 
boreholes can continue to yield water long after rivers and streams have dried up; and (iii) the natural 
quality of groundwater is usually good, with little or no treatment needed. This means that expensive 
treatment plants, with associated operation and maintenance implications, are usually not necessary for 
small-scale supplies. Some treatment of groundwater is often carried out however (e.g. chlorination), and 
not all groundwater is safe to drink without treatment.  
- Groundwater can also be developed “incrementally”. Surface water supplies usually require a large 
initial investment (e.g. dam and treatment plant) but boreholes can be drilled as demand increases and 
budgets allows. 
 

Source: Department of Water Affairs, Republic of South Africa 2010. 
 

                                                           
160 Department of Water Affairs, Republic of South Africa 2010. 
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5.3.3 Institutional resourcing & scope of investment 
Priority investment is needed to enhance resourcing (e.g. human and financial) of public 
interest agencies at both national and local government levels to enable delivery of integrated 
water programs. These should be informed by well-articulated policies. The programs should 
inform and shape local projects within sustainable development plans. These programs should 
shape the institutional structure of these agencies based on bottom up participatory framework 
with strong involvement of local stakeholders, local government, farmers groups and producer’s 
associations and civil society. Public policy and rules and regulations become effective when 
designed with participation of the stakeholders. The lessons learned from the experience of the 
South Africa Ground Water Strategy (see Box 13) is that the rules and regulations of developing 
and managing groundwater resources were well defined but poorly implemented because of 
weak participation by local communities.  
 
Public water institutions have a responsibility to provide reliable and timely information to 
inform evidence-based water sector investment. Public policy should help define special 
procedures needed to guide the scale intervention and investment in groundwater 
development and utilization. The main service of the public water agency is the provision of 
information about three dimensions of investment in the water sector: i)hydrological data about 
the status of the local aquifers including economic availability and quality of water; ii) enhance 
joint planning and regulation of water resources and integration within a basin approach to 
strengthen cooperation amongst communities drawing water from the same aquifer; and iii) 
provide training and capacity building and extension services to farmers and members of water 
associations.  
 
The types of groundwater investments currently being undertaken, and needed, should shape 
the partnership between public institutions and other stakeholders. Groundwater 
development is SSA currently occurs via two main means: a) individuals or group of investors 
who drill wells for small-scale irrigation and to provide domestic and livestock water supply, and 
b) community based and managed irrigation and village or town water supply networks to serve 
local needs. Strong partnerships with public agencies has improved the profitability and 
sustainability of small-scale irrigation and has also helped local investors form partnerships with 
outside agencies that can help finance the development of new sites and support the 
introduction of management practices to improve water use efficiency. For example, small-scale 
irrigation schemes have proven popular in most SSA countries, and many “community driven 
development” (CDD) programs have offered community-based irrigation as one of a range of 
possible investments. 
 
However, as water resources are increasingly developed and potential conflicts with other 
water users and environmental needs arise, small-scale irrigation needs to be supported by 
planning and regulatory frameworks. It will be important to maintain a balance between 
outside support and local institutions with internal autonomy, to avoid the emergence of a 
culture of dependence in the face of “top-down” and “engineering-led” approaches. Key factors 
for success may include: (i) well-functioning water users’ associations that have been trained in 
water management, general management, and administration; and (ii) clustering small schemes 
together, reducing technology cost uptake by increasing the sales volumes. 
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5.4 Infrastructure Investment 
This element explores the role of public expenditure in groundwater development, and the 
costs and benefits of groundwater investment at regional, national and local levels. 
 
5.4.1 Public expenditure 
This element aims to help shift public and private investment in the water sector in SSA 
toward sustainable groundwater development and management, with balanced attention to 
expanding water infrastructure and O&M expenses based on realistic structure of water 
pricing and cost recovery. 
 
At the national level, most countries in SSA have increased their scope of focus on water-
related issues to meet SDG 6. SDG 6 moves beyond basic access targets and calls for the 
protection of water resources from over-exploitation and pollution161. As outlined in Box 10, it 
includes sub-goals relating to water quality, reuse, scarcity, transboundary cooperation and 
integrated water resource management. 
 
This shift in focus has been accompanied by an increase in formal and informal investment in 
the water sector in most SSA countries in the last decade. However, these increases are 
currently insufficient to meet MDG/SDG targets. Public expenditure on water has been driven 
by expanding water infrastructure to meet the increasing demand for clean drinking water and 
for expanding small scale irrigation. According to a World Bank report, the overall price tag for 
reaching the MDG/SDG target of providing WSS to all in SSA is estimated to require allocations 
up to US$21 billion per year, or 2.7 percent of Africa’s gross domestic product (GDP)162. The cost 
of new infrastructure is the largest share, requiring allocations of up to 1.5 percent of Africa’s 
GDP every year, or 43 percent of overall spending. O&M needs are the next largest category, 
standing at 1.1 percent of Africa’s GDP, or 31 percent of overall costs. Rehabilitation of existing 
assets requires lower yet substantial allocations—up to 0.9 percent of Africa’s GDP—accounting 
for one-fourth of the overall needs. As of 2011, Sub-Saharan Africa spends about US$7.9 billion 
a year (1.2 percent of the region’s GDP) on WSS—about a third of what is required if the 
MDG/SDG is to be met163.  
 
Low-income and fragile SSA countries will need external support to meet water development 
goals. The proportion of the population in low income countries without access to WSS services 
is relatively large. Further, where water infrastructure does exist it may often be aged and/or 
dysfunctional, requiring financial resources for rehabilitation. It is estimated that, to reach SDG 
water targets, such countries would have to allocate at least 7 percent of GDP on water supply 
annually (and almost 12 percent for fragile states), figures which are prohibitively expensive.  
 
Financing gaps for WSS services are persistent in SSA and difficult to recover. A 2017 
evaluation of ten years of World Bank support for WSS focused on the financial viability of water 
utilities in global regions, including SSA164.The evaluation found that, generally, public sector 

                                                           
161World Bank (2016). 
162Banerjee& Morella2011. 
163 Middle-income countries spend US$2.6 billion, followed by low-income countries US$1.8 billion, 
resource-rich countries US$1.7 billion, and fragile states spend about US$0.5 billion in capital investment 
and O&M. 
164 IEG 2017. Assessment of support from 2007-2016. 
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utilities manage urban water supplies and community-based organizations manage rural 
supplies. Furthermore, Governments are generally politically averse to allowing public utilities to 
pass the full cost of service on to consumers, and community-based organizations rarely charge 
remunerative tariffs because the beneficiaries cannot afford them. Therefore, service providers 
cannot finance asset rehabilitation and the investments necessary to meet growing consumer 
demand, or even recover their operation and maintenance (O&M) costs. Consequently, service 
providers have little ability and often no incentives to manage their WSS assets efficiently, 
resulting in progressively deteriorating service quality and rising costs linked to deferred 
maintenance. 
 
There is scope for supporting public expenditure through efficient cost recovery and realistic 
policies for water pricing, through improved reliability of water delivery services and strong 
participation of the beneficiaries. Hence, there is a strong role for national ministries of 
finance (and donors) to play. Both public and private water utilities in SSA are lacking financial 
viability because of poor water pricing and tariff regimes associated with poor cost recovery. 
The financing gap that results from a lack of remunerative tariffs requires donor funding and 
government subsidies to address it, at least initially. To ensure reliable and sustainable WSS 
services to urban and rural communities, Ministries of Finance in SSA need to play a greater 
role165. 
 
The composition of public spending on the water sector varies substantially across country 
groups – from capital outlay to operation and maintenance. Middle-income countries allocate 
80 percent of spending on the water sector to maintenance, reflecting the fact that they have 
already built much of the infrastructure needed. By contrast, the other country groups allocate 
no more than 30 percent to this item. Therefore, resource-rich countries, low-income countries, 
and fragile states spend 70 to 90 percent of their budgets for water infrastructure on capital 
investments. Although this reflects their need to build new facilities, a danger looms of 
neglecting the maintenance needs of the limited network that is available. 
 
 
Public expenditure estimates do not include the significant informal investment in 
groundwater development by private stakeholders and smallholder farmers. Groundwater is 
the main source of drinking water supplies to most of the population in SSA: ranging from 
92percent in Niger, to 56percent in Tanzania. However, investments made by private 
stakeholders and smallholder farmers (such as drilling wells and delivering water to 
beneficiaries) are considered ‘informal’ and are not included in assessments of public 
expenditures. 
 
The donor community has increased support to the development of water services in SSA, 
particularly to expand WSS to urban and rural communities. There is opportunity to better 
integrate sustainable groundwater development into WSS and irrigation lending going 
forward. Over the last decade, more than 80 percent to the water sector in SSA has been 
allocated to WSS. Given the ongoing outstanding needs in SSA water sector, there is opportunity 
to support public expenditure realizing the benefits of sustainable groundwater development. 
 

                                                           
165 IEG 2017.  
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5.4.2Costs and benefits of regional and national groundwater strategy for cooperation 
SSA has the lowest level of irrigation development in the world166. Yet irrigation can transform 
the lives of small farmers and pastoralists, increasing resilience and reducing vulnerability167.The 
cost of irrigation is an important factor. Research suggests capital investment costs of USD12, 
000/Ha for large-scale irrigation from surface water sources, and USD4,500/Ha for small-scale 
irrigation from surface and groundwater sources in the African drylands168. 
 
Rates of return on irrigation are influenced by infrastructure costs. The return from deep wells 
is much lower than wells accessing shallow aquifers. The benefits of groundwater-based 
irrigation can be reduced, as reported by IFPRI, because of the risk of declining operation and 
maintenance of wells. This problem has impacted the performance of large scale irrigation in 
SSA where substantial areas equipped for irrigation are left fallow over many years because of 
poor operation and maintenance and weak partnerships between public institutions and the 
beneficiaries and farmers organizations. Many donors, including the World Bank, shied away 
from investing in irrigation because of the poor performance of public agencies responsible for 
operating and managing large irrigation schemes.     
 
A recent expert study carried out for the World Bank in 2015 focusing on 6 countries in the 
Sahel found that small-scale irrigation from groundwater has significant economic potential, 
as well as being technically viable169. This study found that costs for small-scale irrigation from 
groundwater were between USD 1,000/Ha and USD 3,000/Ha. Elsewhere in Africa, irrigation 
from groundwater has been costed at USD 1,650/Ha for fadama type schemes in Nigeria, USD 
4,900/Ha for hard-rock installations in Ethiopia, and USD 10,940/Ha for deep-well systems in 
Zimbabwe170 (Figure 26). In the sedimentary aquifers of the Nile delta, irrigation by groundwater 
can cost as little as USD 650/Ha171. These costs depend partly on the depth to groundwater, the 
equipment installed, and factors such as whether sophisticated systems such as sprinklers or 
drip irrigation are used.  
 

                                                           
166 Ward et al. 2016. 
167Cervigni & Morris 2015. 
168 Ward et al. 2016. Large scale irrigation in this context relies on dams, whilst small scale irrigation relies 
on a variety of available sources, including groundwater. 
169 World Bank 2015a. 
170Villholth 2013. 
171 El-Agha et al. 2017. 
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Figure 26 – Small-scale groundwater irrigation costs per hectare 

These figures suggest that groundwater-based irrigation in SSA is no more expensive than 
surface-water irrigation for the small-scale irrigation installations that have the most potential 
to increase resilience in SSA. In many cases (e.g. where surface water resources are distant or 
unreliable), irrigation from groundwater is by far the cheaper option. Box 14 provides an 
example of small scale irrigation in action in SSA. 
 
Box 14 – Economic and financial analysis of investment in groundwater irrigation: Sahel Irrigation 
Initiative Support Project (SIIP) 
 

A recently World Bank approved investment operation in small scale irrigation in the Sahel indicates that 
investment in groundwater development is good business. The SIIP identified the main constraints to the 
productive use of the water is the economic cost of storage and abstraction. Experience shows that the 
cost can be significantly lowered when appropriate techniques and best design and construction practices 
are utilized. These techniques include improved rainwater harvesting with partial water control to 
recharge shallow aquifers including the construction of small sand dams for groundwater recharge in the 
valleys and flood plains. The operation is financing the development of small-scale private irrigation 
systems (less than 1 ha up to a few ha) for individuals or small groups of producers, involving pumping 
equipment, devoted to high value crops such as vegetables and small-scale community-based irrigation 
schemes of less than 50 ha, usually promoted by nongovernmental organizations (NGO) or Governments, 
for villages or large groups of producers. The project design emphases investment in small-scale irrigation 
solutions which are usually less expensive and more cost-effective than large scale irrigation. Substantial 
benefits of the project will derive from improving the enabling institutional environment as well as the 
capacity-building and enhancing knowledge systems. The internal rate of return (IRR) ranging from six 
percent to 64 percent for expansion and from nine percent to 94 percent for rehabilitation. An economic 
cost-benefit analysis was prepared to reflect the project impact at countries economy level. The cost 
benefit analysis also includes quantified environmental externalities. The economic IRR of the project is 
15.5 percent. 
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Groundwater irrigation costs in SSA are also influenced by numerous and interdependent 
indirect or secondary factors such as energy prices, land tenure, access to markets, transport, 
storage, and equipment prices172 (see Section 4.3, and Annex 4). These costs in SSA are 
significant. For example, a 40 m borehole costs between USD 4,000 and USD 10,000 in SSA, but 
only USD 1,000 in India173. Pumps in India cost half of what they do in SSA. Land tenure 
uncertainty and lack of access to other collateral in SSA hampers borrowing for investment in 
irrigation equipment174. Energy costs in SSA are considerably higher than in India. By addressing 
excessive costs implied by these secondary factors, the total cost of groundwater irrigation 
could be further reduced. 
 
5.4.3 Costs and benefits of groundwater development at the household level 
Several studies have documented that millions of small farmers have been investing in small 
scale drinking water and irrigation systems in response to opportunities created by market 
demand and new technology175.The important direct benefits accrued to the individual 
households from water use, include clean drinking water supply on family health, on reducing 
time wasted and the physical burden of fetching water (largely imposed on women and children 
who lose thousands of productive hours)176. In terms of technology, the introduction of small 
diesel and electric pumps has led to the rapid growth of individual, low-cost irrigation using 
pumps drawing water either from local surface water or from wells tapping underground water. 
The advent of this accessible technology coincided with the growth of domestic and export 
markets for horticultural products to create a significant new economic opportunity for 
individual farmers or small farmer groups. Wherever water is available and markets exist, this 
technology has seen very rapid growth across the SSA countries, particularly in peri-urban areas 
and where there are export or industrial processing facilities. With relatively low investment 
costs and individual control over “just-in-time” water, the technology has proved popular. More 
recently, treadle pumps have proven to be a particularly accessible and low-cost technology that 
can have a cost-benefit ratio higher than motorized pumps, in addition to being much cheaper 
to acquire. As solar powered pumps continue to become more affordable, they offer great 
potential moving forward. 
 
The alliance between the World Bank, IFAD, AfDB, and the CGIAR centers carried out a series 
of studies, mainly lead by IWMI and IFPRI to assess the economic dimensions of investing in 
small scale irrigation in SSA, with positive results. IFPRI and IWMI177 scientists provided initial 
estimates of the potential for expanding irrigation in SSA. IFPRI evaluated the potential for 
irrigation in Africa using existing databases and detailed geographic information systems (GIS) 
and the detailed information provided by the IWMI study about the future potential of irrigation 
in SSA.  These studies178 identified potential areas for irrigation development, using distance to 
market, existing arable farmland, and distance to water resources. An optimization model 
calculated the potential for small- and large-scale irrigation for each country. IFPRI studies 

                                                           
172Lejars et al. 2017, Villholth 2013, Foster et al. 2006. 
173Chokkukula & Giordano 2013. 
174Chokkukula & Giordano 2013. 
175 Especially small pumps and pressurized irrigation systems, Woodhouse et al. 2016. 
176Banerjee&Morella 2011. 
177Xie et al. 
178 Ward et al. 2016. 
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concluded that the internal rate of return (IRR) for small-scale irrigation exceeded 28percent. 
For large-scale irrigation, the IRR is much lower (less than 10percent).  
 
Most small-scale irrigation expansion by the private sector and individual smallholders has 
been based on shallow groundwater – it has been a critical resource to support the rapid 
irrigation growth to date. The availability of low cost pumps drawing water from groundwater 
has sprung to irrigate small plots up around towns and cities and wherever there is a market for 
higher-value produce. In Ethiopia, Kenya, and Tanzania, and Niger and Mali, individual irrigators 
can sell into profitable export markets for fresh fruit, vegetables, and flowers. Private pumps can 
also provide supplementary irrigation to predominantly rainfed systems to relieve stress at 
critical points in the growing period and private pumped groundwater can provide “conjunctive 
use” on irrigation scheme along with canal water. The prospects for this technology are 
excellent across SSA countries wherever there is perennial groundwater source. The enormous 
advantages of individual smallholder irrigation are that: (i) it is normally very profitable for 
farmers, provided the water source is accessible, (groundwater is not too deep) and markets are 
available; and (ii) it does not usually require public intervention or communal organization. 
 
Cost is a barrier to entry for many – particularly the poor – wanting to develop groundwater 
for irrigation purposes. IFPRI and IWMI studies assume that the cost of equipping one hectare 
for pump irrigation from wells up to 50 meters deep is about $6,000-8,000, which raises the 
issue of equity for governments trying to promote pro-poor technologies. At present, poorer 
people and women generally have limited access to the capital and support needed to invest. 
Lower-cost technology such as the treadle pump goes someway to addressing this issue. 
 
In some countries, government has taken a very hands-off approach to groundwater 
development. In Kenya for example, the vibrant market economy has largely eliminated the 
need for government-supported individual smallholder irrigation. Even in this context, however, 
governments may provide incentives to irrigators by removing tariffs on imported pumps and 
design specific incentives to facilitate the export of high value crops. 
 
There may be opportunity for the World Bank to help support some of these technology and 
entry to (groundwater) market issues at the local level, whilst considering sustainable 
development of groundwater resources in a strategic context. 
 

5.5 Incentives 
This element considers the role of incentives in markets and trade policies, private sector 
engagement and managing adverse environmental impacts. 
 
5.5.1 Markets and trade policies 
Market factors affecting the water sector rely on both private and public-sector stakeholders. 
Policies and regulations set the rules of the game for private sector actors. The private sector 
plays an important role in marketing pumps and related technology to abstract water. This 
dimension requires careful monitoring to ensure fair competition and provision of reliable 
service and maintenance. Additionally, supportive public policy is important and includes 
incentives such as reduced taxes to acquire well designed, environmentally friendly technology 
suitable for local operating conditions. Policies and regulations to demand safe standards of 
reasonably priced water equipment and infrastructure are needed to protect consumers and to 
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encourage small investors to develop this sector. Although pumps are relatively affordable, 
poorer people continue to face barriers to entry in this sector. Special lines of credit, along with 
responsive financial arrangements, could develop functioning markets for advancing small scale 
irrigation. 
 
Well developed markets and functioning value chains are an important incentive to invest in 
groundwater irrigation. An important market component is the economic viability of crops 
grown with groundwater. Horticultural products, often irrigated by groundwater are perishable 
and requires well developed value chains for grading, storage and timely transport of harvested 
crops. 
 
Crop diversification can alleviate pressure on water use for traditional food crops, such as 
cereals which are of low value. SSA countries with limited water resources can produce high 
value crops or livestock for export that enable them to purchase grains that are water intensive 
but cheap. Thus, water scientists introduce the notion of virtual water. For example, the volume 
of water put into vegetables may earn US$500, while the same volume of water put into 
sorghum or wheat earns US$15 or US$20, thus, the volume used to grow vegetables is worth 25 
times in wheat. This could be accomplished if water-scarce SSA countries concentrate on 
producing high value crops for export (like flowers or vegetables) and then use the revenues to 
import staple crops like grains. Even though water itself is not tradable across nations, this 
allows countries to substitute trade in goods produced with the water available to them for 
direct trade in water. An example of this trade in virtual water is the increasing export of flowers 
from Kenya and vegetables from Niger to Europe.  Policy support to enhance this trend would 
allow for drastic shift toward high water productivity and improved income for thousands of 
small producers. 
 
5.5.2 Support and enhance private sector investment in water services 
Given that small farmers and investors have been the main driver in expanding small scale 
groundwater development for irrigation and water supply, this trend should help shape public 
policy and institutional approaches. Specifically, there is a need to (i) enforce and support 
private initiatives, and (ii) design procedures to protect and sustain equitable development and 
management of the sector. In this sense, government policy should be demand driven. Elements 
of successful intervention include policy commitment to long term program for efficient 
development and management of groundwater resources with strong community participation. 
Because groundwater resources are found in select locations, it is essential to clarify the roles 
and responsibilities of national and local government agencies engaged in this water sector.  
 
Policy issues related to securing large and long-term private investments in SSA need urgent 
attention because they are linked to the agricultural sector and are closely intertwined with 
the question of land security. Indeed, the fluidity of land access and use rights that 
characterizes most of rural SSA has long been presented as a reason for the low productivity of 
African agriculture and a stumbling block for attracting the private investments that would allow 
breaking the deadlock. It is against this backdrop that many countries have engaged in reforms 
and policies aiming at securing land through the formalization of rights. Even though customary 
tenure is generally characterized by a “bundle of rights” whereby different individuals can claim 
different types of use and access to the same plot of land, formalization has often taken the 
form of mapping and land titling exercises whereby a single individual is recognized and further 
granted ownership to any single plot of land. These reforms have raised significant attention 
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maybe best epitomized by the worldwide debate on ‘land grabbing’ whereby outsiders are 
provided land rights and land titles at the expense of local communities179.   
 
Related to the above issues are reforming policies governing water pricing and cost recovery 
for publicly funded water services with a special framework that articulates challenges to water 
security at national and local levels.  
 
5.5.3Avoiding and minimizing environmental impacts 
Increasing water demands can lead to overexploitation of both groundwater and surface 
water resources. Trends such as rapid urban and industrial growth and expansion of irrigated 
land have led to overexploitation of both surface and groundwater resources in some areas. 
Persistent groundwater overexploitation can result in water-level declines in both shallow and 
deep aquifers. For example, the Chad Basin (Box 15) suffers an average water-table decline of 
0.5 m/year180 and a recently held workshop in Somaliland also warned about declining water 
tables in the IGAD region because of wells being drilled to meet the growing needs of displaced 
communities during the drought of 2017. Water table declines are not uniformly distributed and 
tend to be greatest beneath cities and intensively groundwater-irrigated areas. Water-table 
declines have also varied over time. With the continued decline of groundwater levels, large 
depression cones could form both in unconfined and confined aquifers and tracts of land that 
overlie cones of depression could subside. Abstracting water from coastal aquifers could cause 
seawater intrusion into previously freshwater aquifers. As water tables decline the withdrawal 
of water alters the direction of groundwater movement. Some water that flowed to the nearby 
springs on streams no longer does so and some water may be drawn in from the stream into the 
groundwater system, thereby reducing the amount of stream flow. 
 
Box 15 – A case of groundwater overexploitation: indicative of future challenges for the SSA region? 
 

A recent study of groundwater resources in the Lake Chad Basin illustrates a case of increasing pressure 
on an already scarce resource. Excessive groundwater abstraction for domestic, livestock and industrial 
water supplies in the Nigerian region of the Chad Basin has caused serious declines in the groundwater 
levels and increases in costs of operation. Data from 1960-2010 indicate that the water levels in the 
aquifer have declined by about 25-35 meters. The domestic and livestock consumption amounts to over 
80 percent of the groundwater use. Over-exploitation has led to economic, social and environmental 
consequences. Inefficient use and wastage are also issues of concern.  
 

Based on the rate of increase in water demands in the past 10 years, it is expected that almost all 
countries in SSA will be tapping their precious groundwater resources to meet the growing demand for 
food and for potable water. Lessons from other global regions, such as Asia, suggest that in addition to 
realizing the benefits of water sector investments (and their myriad benefits), it is wise to pay attention to 
potential negative effects (such as environmental degradation) upfront, to promote sustainable 
development. 
The challenges facing the communities living around Lake Chad are mounting as the lake shrinks and its 
water quality declines. Lake Chad has shrunk by more than 70 percent in the last two decades with 
serious implications on the availability and quality of aquifers in the Lake region.   
 
  

                                                           
179Venot et al. 2017. 
180Yusuf 2016. 
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Groundwater can also be exposed to contamination from waste and wastewater discharges. 
In many locations, reusing wastewater is becoming an important resource. Common sources 
of groundwater pollution can be from untreated urban and industrial wastewater discharge and 
chemical (fertilizer) infiltration from agriculture. Where contaminated, groundwater 
remediation can be both costly and take considerable time. Furthermore, because of the costs 
of developing water resources, water recycling is increasingly being implemented. Many 
countries have adopted advances in wastewater treatment and reuse to augment their scarce 
water resources. SSA countries would benefit from incorporating all conventional and non-
conventional water resources in their national water strategy. 
 
Cross-sectoral efforts are required to minimize and manage environmental disbenefits to 
groundwater resources. The environmental dimension of developing groundwater resources 
requires careful assessment of cross-sectoral impacts caused by competing pressures from WSS 
and other sources (notably agriculture and industry). Progress in developing groundwater 
resources for both poor and affluent consumers combined with urban growth, will place stress 
on groundwater quantity and quality. Compounded by unregulated wastewater and sludge 
disposal could result in serious groundwater and surface water pollution, besides contaminating 
agricultural land. These environmental stresses would be aggravated by climate variations which 
give rise to greater uncertainties in water availability. These problems require cross-sectoral 
efforts to develop a special component of environmental management attached to the 
groundwater strategy. 
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Chapter 6: Implementing the Strategic Framework– Analytical and 
Operational Guidance 
6.1 Background and Rationale 
Investing in groundwater in SSA requires a long-term program to enhance the sustainable 
contribution of the water sector to economic and social development, and to strengthen the 
resilience of rural communities in SSA. This program should be based on two pillars: (i) 
analytical dimension to enhance knowledge about the water sector at the national and regional 
levels in SSA, and (ii) operational dimension to assist member countries design responsive 
investment opportunities, both of which are outlined in this chapter. The direct objective of this 
program is to strengthen economic and sector work to include a special focus on the role of 
water and its three components: surface water, groundwater, and non-conventional water 
sources in national economic and social development. Because groundwater is an integral 
component of national water resources, this economic and sector work should guide the 
development of groundwater resources to complement national efforts to provide clean WSS 
services to millions of urban and rural poor in the region, to expand the performance of the 
agriculture sector to reduce poverty, and to increase the income of small farmers and 
pastoralists by strengthening their resilience against climate shocks. 
 
National and donor supported investment in the water sector in SSA has increased in the last 
decade but much opportunity in groundwater development can be realized. Currently the 
World Bank allocates about 30 percent of its global investment in the water sector to SSA. The 
portfolio does not differentiate among sources of water being developed. The needs for further 
investment in this sector in SSA are substantial because large segments of the population in the 
region still do not have access to reliable clean water supplies. Furthermore, the performance of 
the agricultural sector is below world average in terms of crop yield and productivity of water. 
Lastly, recurring droughts in some of the region poorest countries disproportionally hit the rural 
poor whose livelihoods directly suffer from the of lack secure water supply. There are several 
factors behind the difficulty to overcome some of the key challenges in the water sector in SSA, 
including poor infrastructure, dispersed populations, distant surface water resources (rivers and 
lakes) and high cost of building, operating and maintaining infrastructure for water supply and 
irrigation. 
 
A comprehensive review of the World Bank’s water and groundwater portfolio, as well as a 
list of actors with which the World Bank can collaborate, is provided in Annex 5 (including 
Annex 5a and 5b). 
 
Support for development of SSA’s groundwater resources could help overcome some of the 
major regional socioeconomic challenges. Due to it being widely available, comparatively cheap 
and constituting a natural buffer against climate variability in arid and semi-arid regions, 
groundwater provides clear strategic advantages. At the same time, the successful mobilization 
and sustainable management of groundwater resources in SSA are hampered by critical deficits 
in knowledge, capacity and awareness. There is need for a coherent action plan that, in addition 
to the necessary increase in the level of investments, addresses these critical deficits. 
 
The proposed action plan provides guidance on the identification of priority countries and 
regions for intervention, identifies necessary preparatory steps at regional, national and local 
level and includes examples of strategic investment projects World Bank intervention. 
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6.2 Criteria to identify priority countries for intervention 
There is a need to identify priority countries for each of the strategic areas of intervention 
(urban water security, economic development through irrigation expansion, and drought 
resilience / water security for rural livelihoods) identified in Chapter 5. The selection process of 
priority countries should identify existing demand for Water sector investments as expressed in 
Country Partnership Strategies or Sector Strategies, aim at maximizing results by considering the 
urgency to address water security issues in countries and their groundwater potential but 
should also seek synergies with other WB investment programs, notably under IDA. 
 
The World Bank Water Global Practice has developed a strategy and identified target 
countries to scale-up reform and investments for IDA 18. The strategy has identified priority 
countries for engagements in WRM, urban water supply, rural and small-town water supply and 
in irrigation, based on their traction for reforms, opportunities for reform or because of recent 
engagement or FCV status (fragility, conflict and violence). Mobilizing Africa’s groundwater 
resources will be key to achieve the IDA goals and to meet rapidly growing water demand. 
Groundwater is the only widely available water resource to allow rapid small-scale irrigation 
development and as a decentralized and often relatively easily accessible water resource, 
groundwater can provide water security in fragile or conflict-ridden regions. To strengthen the 
coherence of the Water Sector Strategy for Africa, priority countries for groundwater 
investments should, to the extent possible, be aligned to the IDA target countries. 
 
Investment in groundwater can be prioritized according to a framework balancing the ‘need 
(or demand) for groundwater development’ with the ‘potential for groundwater development 
(Figure 27). The highest priority regions / countries will be those with high need and high 
potential (for macro-economic development and urban and rural water security), while the 
lowest priority areas will be those with low need and low potential. Where need is high, but 
potential is low, groundwater may be considered only for emergency relief, whereas where 
need is currently low but potential is high, there may be opportunity to consider groundwater as 
a resource around which to trigger sustainable macro-economic development (e.g. irrigation, 
industrial, urban development). 
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Figure 27 – Framework to guide World Bank prioritization of investment, to match needs with resource potential 

Based on the framework outlined in Figure 27, there is opportunity to prioritize countries 
where investment in groundwater development should be enhanced. While Chapter 3 
identified groundwater potential at a macro level, further analysis is required to make 
recommendations on focus areas due to the significant spatial variability in availability of 
renewable groundwater resources and in the demands for groundwater at local levels from local 
communities. More generally, for a groundwater action plan to be successful it will need to 
cover activities at regional, national and local level. Chapter 7 includes a preliminary list of 
priority countries for investments in groundwater infrastructure and further analytical and 
operational guidance to identify priority countries. 
 
 

6.3 Framework components to guide implementation 
The Global Framework for Action for Groundwater Governance181identified several critical 
factors that need to be in place to ensure effective governance of groundwater resources. 
These key factors include adequate knowledge, capacity, cross-sectoral linkages and financing. 
To successfully implement investment projects in SSA using groundwater resources, and to 
ensure their sustainable use, there is a need to ensure the most critical enabling conditions are 
in place. These conditions are captured under the Four I’s in the strategic framework presented 
in Chapter 5 and re-elaborated in Figure 28. 
 

                                                           
181GEF-FAO-UNESCO-World Bank 2016. 
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Figure 28- A framework to guide a World Bank sustainable development strategy for shallow and deeper 

groundwater resources in SSA 

National and regional efforts to assist SSA countries improve the performance of the water 
sector with a special emphasis on streamlining the important contribution of groundwater 
resources should address salient issues at regional, national and local levels. Hence, the 
elements of the strategic framework where implementation focus can be made are outlined 
below. 
 
6.3.1 Information 
There is opportunity to support the deployment of affordable and reliable technology & 
innovations in groundwater. At regional, national and local levels, investments in modern 
technology, including modern information and knowledge systems, is essential for planning, 
implementing, monitoring and managing efficient water delivery networks, and to introduce 
innovative management practices for efficient use of water at the household and farm levels. 
 
There may be opportunity for collective support and investment to help strengthen 
knowledge in regional and national learning institutions – including tertiary institutions and 
centers of excellence – to build youth capabilities and raise the profile of groundwater 
development as a potential applied research and career pathway. Box 16 outlines how the 
World Bank’s existing African Centers of Excellence could better integrate groundwater 
development issues.  
  



71 
 

Box 16 – Opportunity to strengthen regional and national educational institutional capacities 
 

In 2014, the World Bank approved financing for 19 (now 22) university-based African Centers of 
Excellence (ACEs) in seven countries in West and Central Africa, with the aim of equipping youth with new 
scientific and technical skills. The competitively selected centers received funding for advanced 
specialized studies in science, technology, engineering and mathematics (STEM)-related disciplines, as 
well as in agriculture and health. Facilitated by the Association of African Universities, ACEs offer a 
regionally integrated way to increase high-quality R&D services to help find solutions to development 
challenges facing SSA.  
 

Two examples of institutions promoting innovation in water in education in SSA, and being supported by 
the World Bank, include: 
- 2ie – Institut International D'ingénierie De L'eau Et De L'environnement (in Burkina Faso) is an 
international institute for higher education and research in the areas of water, sanitation, energy, 
environment, civil engineering and mining.  2iE has two join research centers focusing on areas of critical 
need, the first studying Water and Climate and the second, Energy and Sustainable Habitat. The institute 
adopts an innovative public-private governance model, involving founding states, private companies and 
institutional, academic and scientific partners. 
- Dakar American University of Science & Technology (in Senegal) provides instruction and research 
opportunities for undergraduates and graduates in fields of engineering and technology that are useful in 
developing technological solutions to address Africa’s societal needs and challenges. For example, the 
College of Civil and Environmental Engineering helps students and graduates learn “to improve 
sustainability of infrastructure related to water, energy and urban systems with respect to increasing 
demand from a growing population, climate-related disasters, and deterioration.” 
 

There may be opportunity to raise the profile of groundwater across many of the ACEs, many of which 
focus on cross-cutting issues such as dryland agriculture, maternal and infant health, and environmental 
sanitation. 
 

Sources: https://ace.aau.org/, http://daust.org/, http://www.2ie-edu.org/ 
 

Boosting the capacities of existing centers of excellence (as outlined in Box 16) or establishing 
a new ‘water studies center’ could increase regional capacities. Centers of excellence can 
enhance links between research, education and policy development in the water sector. 
Support could aim to strengthen interdisciplinary water research and policy development 
center(s) for teaching and research on critical emerging water development topics (e.g. water 
resources planning integrating conventional and non-conventional water resources, adaptation 
to climate change; water scarcity and security for urban and rural communities, and food safety) 
at selected universities in SSA. These facilities and programs would develop and deliver quality 
innovative, interdisciplinary research, teaching and extension programs, primarily to audiences 
in their respective communities (policy makers, small business owners and farmers, and 
students) would also serve national constituencies and be models for replication in other 
countries. Such centers would provide a forum for interdisciplinary and comparative research 
relating to water technology for surface and groundwater resources and their efficient use for 
water supply and for irrigation. Annex 6 presents a framework for the scope of a water research 
and development center and its development objectives. 
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The World Bank could expand its efforts to (i) act as a convener for increased partnerships 
between national geological surveys and other knowledge brokers; (ii) build on the example 
of the SADC groundwater institute, which collects and collates groundwater data and 
develops groundwater knowledge products; and (iii)strengthen the groundwater capacity of 
existing river basin organizations in SSA, which builds upon the Bank’s track record of 
transboundary governance initiatives. Current Bank investments in groundwater knowledge 
production – for example, national hydrogeological mapping in Burkina Faso – suggest a 
potential for replication in other countries in the region. 
 
6.3.2 Institutions 

At national and local levels, there is a real need to assist member countries expand knowledge 
about water policies especially as related to water security and under increasing scarcity and 
climate risks. Important dimensions of this support include: 

 Assessment of public expenditure allocated to the water sector and the financial 
viability of water agencies and utilities; 

 Regulations and water pricing and tariffs regimes; 
 Assess policies related to land tenure systems and land titling which affect the 

investment environment by the private sector; and 
 Scope for decentralization and community level engagement in management and 

related national and local institutions regarding water management. 

 
It is also important helping to strengthen and expand strategic partnerships with regional and 
international partners already engaged in groundwater in SSA, with a focus on innovative 
technology dissemination to help address resource knowledge, development and management 
deficiencies. Table 3 outlines some potential partner institutions already working on 
groundwater in SSA.  
 

Table 3 – Potential partner institutions already active in (ground)water resource management in SSA 

Institution Brief description & status of groundwater integration 
Comité Permanent 
Inter-Etats de Lutte 
contre la 
Sécheresse dans le 
Sahel (Permanent 
Interstate 
Committee for 
Drought in the 
Sahel) (CILSS) 

CILLS is the technical arm of the Economic Community of West African States 
(ECOWAS) and is responsible for monitoring the food security of 17 West African 
and Sahelian countries, running a large satellite data center, and managing a 
protocol that countries follow in collecting their food-security data. CILLS 
organizes seasonal regional workshops to ensure modern monitoring and its 
training components contribute to regional drought resilience. There may be 
opportunity to further increase the tole of groundwater in regional drought 
resilience work being undertaken by CILLS. CILLS is currently working with the 
World Bank in SSA.  

International 
Groundwater 
Resources 
Assessment Center 
(IGRAC) 

IGRAC facilitates and promotes sharing of groundwater information and 
knowledge, focusing from early days on aquifer assessment and groundwater 
monitoring. Gradually, IGRAC is expanding its interest to other groundwater-
related topics, such as governance, training and climate change adaptation. 
Currently, IGRAC is involved in the Groundwater Futures in Sub-Saharan Africa 
(GroFutures) project (a 4-year research project that is part of the UPGro 
program), which aims to develop the scientific evidence base, tools and 
participatory processes by which groundwater resources can be used sustainably 
for poverty alleviation in SSA. IGRAC is also investigating the sustainable 
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management of transboundary aquifers.  In regions such as the Horn of Africa, 
which experiences alternating periods of drought and heavy rainfall, Managed 
Aquifer Recharge (MAR) is being explored to take advantage of available water 
resources. IGRAC is currently working with the World Bank in SSA. 

Japan International 
Cooperation 
Agency (JICA) 

JICA has been mainly assisting in the construction of water supply facilities using 
groundwater as the water source (boreholes with pumps) through Grant Aid in 
Sub-Saharan Africa. In addition, JICA has been providing assistance to enhance 
local government’s capabilities for implementing their own construction of water 
supply facilities, and formulate water supply plans by identifying aquifers and 
producing hydrogeological maps, especially for areas where groundwater is 
difficult to locate due to the geological structure. JICA activities have also 
included the establishment of training centers with courses on topics such as 
groundwater investigation, drilling technology, drilling machinery maintenance, 
local social development, water supply management and operation and 
maintenance of mechanical and electric equipment. 

Dutch Ministry of 
Foreign Affairs 

The Dutch Ministry of Foreign Affairs is active in several SSA countries, with a 
focus on issues such as improved access to safe drinking water and sanitation; 
water management, improved river basin management (including transboundary 
basins) and safe deltas; and raising water productivity in farming. The Ministry 
has supported innovative groundwater exploration techniques in SSA and has a 
record of collaboration with the World Bank on projects. 

Sources: CILLS website, IGRAC website, JICA 2016, Dutch Ministry of Foreign Affairs website. 
 

6.3.3 Infrastructure Investment 
Integrating groundwater into public expenditure planning. Related to the above point, public 
expenditure for developing groundwater resources should be an integral component of the 
national water development strategy. Availability of public funds would be needed to expand 
and sustain groundwater investment in conjunctive use with surface water resources with 
special attention to budget allocation for O&M. 
 
Linking national water resources strategies to investment. Institution building includes detailed 
reviews of institutional capacities in policy formation and implementation of innovative 
investment programs in the water sector including integrating groundwater in the national 
development plan. Investment in the water sector should assist member countries prepare 
incorporate sustainable water resources strategies within national economic plans. Economic 
and sector work should include a special chapter on water resources management including 
surface water, groundwater, and non-conventional water resources including wastewater 
treatment and desalination. Country economic analysis and country partnership framework 
should assess the important role of water in addressing crucial dimensions of economic and 
social development including the importance of clean drinking water for urban and rural 
populations and the impact of water and irrigation on agricultural growth, employment and 
environmental management. This assessment requires investment in modern information and 
data systems.  
 
An important intervention is to help countries undertake and/or compile integrated water 
resource assessments with Ministries of Finance and water resources and irrigation. The 
intended audience would be policy makers to address challenges facing the water sector 
Including the contribution of groundwater in national economic analyses which may help 
strengthen the case for investment in this component. An integrated assessment of national 
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water resource potential – including surface water, groundwater and non-conventional sources 
– could help be more objective in strategic water resources planning and development. Figure 
29 provides a conceptual summary assessment of water resource potential, which could be 
presented to Ministry of Finance for helping to prioritize public expenditures. In Figure 29, more 
traditional surface water development benefits from greater informational, institutional and 
technical experience, while groundwater offers greater potential social and environmental 
benefits (for equivalent economic outputs). 
 

 

 
Figure 29 – Theoretical presentation of integrated water resource assessment for prioritizing public expenditure 

Linked to the assessment outlined in Figure 29, conducting detailed cost-benefit analyses of 
shallow and deeper groundwater development, and comparisons to surface water and non-
conventional sources. Ensure careful analysis of the holistic costs and benefits of such 
investments. On the cost side, it is important to analyze non-financial liabilities such as 
environmental degradation and natural hazards. On the benefits side, non-financial benefits 
include social and health aspects of improving the quality of life in urban and rural households, 
in addition to other economic dimensions of proposed interventions. Comparisons of costs and 
benefits between groundwater investments and surface water investments should also be 
made. 
 
6.3.4 Incentives 
Every effort should be made to help SSA countries identify and overcome limiting secondary 
factors. Investment in groundwater requires supportive and responsive regional marketing and 
trade activities to confirm demand for end products from groundwater (e.g. potable water, 
irrigated agricultural products) and water-related technologies. This can also include identifying 
factors which are limiting groundwater investigation, exploration, development, operations and 
maintenance at small and larger scales. 
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Holistic assessments of groundwater development need to consider environmental and social 
costs and benefits. Investment in groundwater requires careful assessment across regional, 
national and local levels for long term impacts of interactions of water resource development on 
the environment and social stability. 
 
6.3.5 Regional, national and local considerations 
At the regional level, interventions are needed to enhance the knowledge and capacity of 
regional institutions and agencies in supporting member countries. A good model is the 
recently designed regional support projects funded by the Bank and the GEF “Economic growth 
and water scarcity in the Sahel through groundwater governance” which was designed to 
enhance the capacity of selected countries in the Sahel in the sustainable management of 
groundwater resources through improved knowledge, information and data systems and to 
strengthen regional cooperation (see Box 17). 
 
Box 17: Innovative investment for Sahel Regional groundwater information and knowledge.  
The GEF funded project “Economic growth and water security in the Sahel through groundwater 
governance” aims at complementing World Bank support to irrigation development in the Sahel to reduce 
the risks related to groundwater over-abstraction. The proposed project complements the development 
objective of the Bank-funded “Sahel Irrigation Initiative support project” (SIIP), focusing on three of the six 
SIIP countries (Chad, Mali, and Niger) because of the priority need for detailed groundwater assessment. 
The project development objective (PDO) is to improve the knowledge of groundwater potential in the 
Sahel and to strengthen groundwater governance at local, national, and regional levels, thereby 
contributing to improved water security in the Sahel. The investment is designed to sustainably manage 
groundwater through reliable information about the actual availability of the resource. It supports an 
institutional framework to help avoid overexploitation and manage critical situations through better 
understanding, and through adapting governance to the local context in participating countries. The 
project includes governance diagnostics at local, national and transboundary levels to prioritize actions 
and investment in the face of rising human demand, overall water scarcity, and the anticipated impacts of 
climate change in the targeted countries. 
 

The focus is on sustainable groundwater development in the Sahel via: 
I) Assessment of groundwater resources at national and transboundary levels. This investment is to 
improve knowledge of groundwater availability in pilot areas and selected aquifers, to ensure the 
sustainability of uses. It considers the constraints linked to the temporal and spatial variability of the 
resource, its cost of development and exploitation, and its quality. At regional level, this component will 
provide regional and national policy makers and institutions with the information and knowledge base 
needed to support sustainable development of groundwater. The aim is to harmonize the national 
hydrological databases, add data on quality, record existing uses, and suggest provisions for data, 
information, and knowledge. These provisions will include tools for: (a) systematic data acquisition (time-
independent data and monitoring); (b) on the basis of acquired data, adequate generation of information 
and knowledge on groundwater and its context; (c) sharing data, information and knowledge (voluntary 
and legally binding arrangements, d) collection of new data on groundwater resources to support 
improved planning and management to better inform decisions on the sustainable development of 
groundwater and refine the methodology for groundwater resource assessments, considering the 
economic cost of extraction, the variability, and the quality of the resource . 
II) Groundwater governance at local, national, and transboundary levels. This will improve groundwater 
governance focused on the management of the risks linked to exploiting the resource and includes the 
installation and capacity building of groundwater monitoring infrastructure based on participatory 
formulation of groundwater management plans.  The project will implement 2-3 pilots per country, at 
least one of which will be in a transboundary aquifer.  
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At the national level, groundwater should be treated as an integral component of national 
water resources, and should be addressed in the water sector review to define priority areas for 
investment. The review should describe how groundwater fits into the overall national water 
balance of supply and demand in the coming decades. This review should address salient issues 
related to public expenditure, national water policy, and the roles and responsibilities of 
national and local governments, formal and informal organizations and the private sector in 
implementing this policy. It is important to support member countries in SSA through technical 
assistance and capacity building components designed to deliver on this dimension. The 
objective of the review is to also articulate water policy, legislation and regulations to 
sustainably manage the sector. 
 
Actions needed at the national level are to enhance the capacity of water institutions and 
organizations including regional and national water research and development centers. 
Because water issues are complex and relate to social and financial and environmental 
challenges the efforts should assist countries to design water sector development and 
management programs based on strong partnership between policy and research and training 
based on credible scientific analytical studies. The objective is to modernize water resource 
assessment systems, including updating national and local data on water resources supply and 
demand balance and impact on water policies and pricing of water. Groundwater data 
collection, collation, and data sharing are more important than ever. Such data should underpin 
the production of practical knowledge products that address real-world problems such as 
supplies to water-scarce towns or development of small-scale irrigation schemes. Existing 
regional data related to groundwater assessments in SSA do not reflect local variability – yet 
local variability is where both opportunities and constraints are found. Knowledge on the 
temporal variability of groundwater resources is essential to design robust water supply systems 
capable of bridging dry seasons and extended periods of drought, essential to provide water 
security to millions of smallholder farmers and pastoralists in the dryland regions of SSA. 
 
The action plan calls for national level support to improve databases, and to apply advanced 
information technology to produce reliable hydrological maps and data for local and regional 
aquifers, and to facilitate sharing of hydrogeological data among riparian countries. Also needed 
are modern systems for the collection and processing of weather forecasting information, 
improved understanding of rainfall patterns, better surface water monitoring, and increased 
understanding of environmental functioning in the hydrosphere. In many SSA countries, these 
systems are in crisis, whilst the need for them has never been higher. Even in South Africa, one 
of the best-resourced countries in the region, there has been a decline in hydrological 
monitoring, particularly the number of rainfall monitoring stations, in the last decade or so.  
 
Verification of sustainable use of groundwater resources and assessments of environmental 
impacts can be done at the individual project level as part of the safeguards review during 
project preparation. However, limitations in data and understanding of aquifer dynamics 
complicate this task. Therefore, expanding the knowledge base, possibly by employing 
innovative methods, is also essential for a robust safeguards process. 
 
At the local level, the action plan calls for the adoption of modern water and irrigation and 
agricultural production technologies. The performance of the water sector relies on efficient 
use of modern technology. The action plan should address the needs of the larger community 
rather than individual households. This requires a special investment in multipurpose 
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groundwater schemes designed to deliver drinking water supply to households and their 
livestock, and for small-scale irrigation. The structure should be demand driven and based on 
strong partnerships with stakeholders with well-defined cost recovery and responsibilities for 
O&M. This component would include four sub components:  

 Assist interested communities to acquire the latest technology for water drilling 
suitable to the needs and their capabilities. As energy is a main factor in the 
performance of water pumps, it would be desirable to experiment with renewable 
sources of energy such as solar energy. Pumps operating on solar energy would require 
special training for efficient operation and maintenance.  

 Establish a community-based water supply network to connect individual households 
at agreed schedules of cost recovery. 

 Support small farmers in developing on-farm irrigation networks based on modern 
technology of low volume but frequent delivery of water on demand to crops such as 
drip irrigation instead of furrow irrigation. Such designs can reduce the energy used to 
pump water from the aquifer, whilst allowing for the delivery of irrigation water in time 
to maintain high quality crops for marketing. 

 For urban and peri-urban communities, establish community managed water 
treatment plants for wastewater treatment and use for irrigation or recharge of local 
aquifer.  

 The benefits of modern irrigation can be augmented through improved transport 
infrastructure, such as paved local roads to speed product delivery, and modernized 
market facilities such as cooling, storage and grading. This component could also 
support partnerships with the private sector to upgrade the value chain to maximize 
return on investments in irrigation, and would also create jobs for young men and 
women from the targeted communities. Community based arrangements should be 
based on a special agreement designed to expand and improve water delivery for 
drinking, for irrigation and emergency relief. Both components would require special 
resources for training and capacity building of local institutions and their staff. 

 The action plan calls for extensive sharing of knowledge and information with all 
stakeholders. Sharing knowledge and provide timely and periodic data needed by 
national and local policy makers and practitioners. It would also assist local investors 
and farmers to guide their activities and provide early warning signals relevant to their 
enterprises. Agricultural information and knowledge systems to help farmers acquire 
the latest information about improved irrigation and cultivation practices, efficient 
water management, marketing information and other relevant activities. 

 Support local communities address challenges related to natural disaster and drought 
and to guide them toward timely actions to protect their farming and livestock assets. 

 Support research and scientific inquiries, updating the water database to guide national 
and local management, groundwater recharge, energy savings, and interaction between 
water delivery, crop performance, and efficient use of water to improve water and crop 
productivity. The research activities would address national and local issues through 
structures allowing for the establishment of a national research center connected with a 
network of provincial research satellites for outreach and scientific cooperation with 
concerned communities. 
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Table 4 presents priority actions needed to guide investment in the sustainable development 
and management of groundwater resources, in the context of the Four I’s and across regional, 
national and local scales. 

 

Table 4 – Priority actions for the sustainable development and management of groundwater resources in Sub 
Saharan Africa (SSA) 

 Information Institutions & policy Infrastructure Investment Incentives 

Re
gi

on
al

 

 Understand key regional 
resource potential (incl. 
transboundary), using modern 
information technologies (e.g. 
remote sensing), & support 
regional gw institutes (e.g. 
SADC). 

 Facilitate regional cooperation 
& south-south learning by 
building on & promoting 
successful African models (e.g. 
Managed Aquifer Recharge 
Scheme, Namibia). 

 Support regional institutions 
(e.g. RBOs and IGAD) to 
incorporate gw planning & 
policy into regional planning. 

 Regional gw capacity 
building & alignment of 
policy with multilateral & 
national development 
partners on natural resource 
stewardship. 

 Support regional and 
national water research 
centers to advance water 
studies on water policy and 
pricing and to develop and 
test scientific models for 
sustainable management of 
surface and ground water 
and non-conventional water 
resources including reuse of 
treated water and 
desalination.    

 Support both public and 
private sector investment in 
gw supplies to growing towns 
& cities, in commercial 
irrigation & resilience 
(network of gw wells). 

 Investment in other classes of 
infrastructure (e.g. energy, 
digital infrastructure, 
transport) to support gw 
development. 

 Support private sector 
engagement in developing 
and marketing non-
conventional water resources 
including recycling treated 
waste water and desalination. 

 Understand regional secondary 
factors that limit gw 
development (e.g. customs 
tariffs on pumps & equipment, 
regional electrification policies, 
regional transport corridors & 
links, regional credit, financial 
risk & banking policies). 

 Support regional participation in 
digital economy (e.g. information 
sharing on weather, crop prices, 
pump & energy prices, drilling, 
etc.). 

N
at

io
na

l 

 Support national 
hydrogeological mapping, 
resource monitoring, 
registration of drillers, & 
database development. 
Leverage modern information 
technologies. 

 Generate information on gw 
development value chain – 
exploration, development, 
operation & monitoring / 
maintenance, and end uses.  

 Incorporate gw into water 
balance calculations, 
environmental baseflow 
requirements & sustainable 
resource assessments. 
 

 National policy & institutional 
capacity building on gw 
regulation & governance, 
with focus on salient policy 
issues related to water 
security, water pricing, cost 
recovery, land tenure & land 
titling.  

 National level provision for 
decentralized management 
of shallow local gw resources. 

 Conduct public expenditure 
review on gw. 

 National level investment for 
monitoring of aquifers & gw 
use. 

 High investment costs for 
larger & deeper gw supplies 
require public & private sector 
contributions. Define roles for 
private & civil society sectors. 

 Integrate sustainable gw 
development into irrigation, 
WSS & other WB lending. 

 Investigate wastewater 
treatment & reuse & potential 
for artificial recharge. 

 Supportive national policies for 
sustainable gw development e.g. 
clear land tenure policies to 
improve investment 
environment by the private 
sector, facilitation of solar 
pumps, monitoring of gw 
pumping, subsidies, tariff 
reductions, etc.). Develop 
responsive water pricing policies 

 Integration of gw-critical 
secondary factors (e.g. road & 
energy access) into national 
spatial development planning. 



79 
 

Lo
ca

l 

 High gw resolution at local 
scale to understand anomalies 
(can differ greatly from 
regional averages). 

 Local capacity building about 
gw knowledge & management. 

 Integrate local information on 
pollution sources, gw-
dependent ecosystems, river 
baseflow, etc. for better local 
gw management. 

 Dependence of local 
livelihoods on (shallow) gw, & 
impact on drought / shock 
resilience. 

 Trial, or strengthen, Water 
User Associations or similar 
local structures. 

 Strengthen links between 
local, regional & national 
level tiers of water 
governance. 

 Community driven 
development (CDD) 
principles applied to local gw 
governance & management 
(particularly shallow gw). 

 Shallow gw infrastructure 
investment occurs largely 
independently (private sector). 
Larger investments (deeper 
gw, higher yielding sources) 
require public-private 
cooperation. 

 Support mechanisms (e.g. 
insurance, access to finance) 
for local stakeholders to invest 
in gw & gw-related 
infrastructure. 

 Opportunities to close urban 
water cycle (wastewater reuse 
& recharge) & improve 
resiliency of communities 
(water harvesting). 

 Understanding secondary factors 
& costs specific to local level (e.g. 
local energy availability & price, 
pump prices, grain storage 
facilities, etc.) & the role of local 
government & local municipal 
policy. 

 Combined influence of secondary 
factors changes with local gw 
depth & mode of occurrence. 

 Incorporation of gw-friendly 
policies & alignment of 
secondary factors into local 
spatial development planning. 
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Chapter 7: An Action Plan for World Bank Groundwater Support 
7.1 Examples of Investment Projects in 3 Strategic Areas of Intervention 
This chapter outlines opportunities to support sustainable, groundwater development in each 
of the 3 strategic areas of intervention: economic development through irrigation expansion, 
urban water security, and drought resilience / water security for rural livelihoods. Examples of 
investment activities are also given. Such examples are indicative and draw on the principles 
outlined in the strategic framework in Chapter 5 and the implementation guidance provided in 
Chapter 6. The examples below could be built upon and translated into investments and/or 
other investment projects could be derived from the action plan. 
 
7.1.1Macroeconomic development through irrigated agriculture 
 
Estimated investment of US$300 million per year in groundwater based irrigation could 
enhance the baseline rate of growth in irrigated areas in SSA, which is currently 3 percent 
(60,000 ha) per annum. The World Bank current annual investment in irrigation is SSA is about 
US$ 600 million. The Bank should consider matching existing initiatives by SSA farmers to 
expand irrigation over the next 10 years to help SSA countries expand groundwater-based 
irrigation. Irrigated area is currently two million hectares, which could be increased by 50 
percent by increasing annual investment in the irrigation sub sector to about US$ 900 million.  
 
Investment rationale: Groundwater can be a catalyst for economic opportunity, particularly by 
enhancing agricultural sector production through small scale irrigation – it is regarded as one of 
the largest engines of growth in many SSA countries. Irrigation has the potential to boost 
agricultural yields in SSA by at least 50percent, thereby strengthening food security, export 
potential and macroeconomic stability. It is estimated that the costs of developing and 
expanding groundwater based irrigation schemes in SSA would be similar to other regions. It is 
desirable to use community based managed investment for small scale irrigation. 
 
Example investment activity: An investment activity could include national or regional support 
to smallholder groundwater irrigation schemes. IFPRI and IWMI estimate that smallholder 
irrigation schemes are cost effective to develop (US$5,000 – 8,000 per hectare compared to 
US$25,000-30,000 for large-scale irrigation schemes). While the development and marketing of 
individual irrigation technology is and should remain primarily with the private sector through 
development of dealer networks (an area IFC is currently supporting), such an activity would 
include components on aspects of inclusion through vouchers and microfinance schemes, as 
well as ensuring effective groundwater resource assessment, monitoring and governance. There 
is strong potential to expand groundwater irrigation within SSA from its current concentration in 
Madagascar, South Africa and Sudan, to multiple other countries within SSA via such an 
investment activity.  
 
Shortlist of potential priority regions / countries for World Bank support: The Sahel region, 
particularly countries involved in the SIIP (Chad, Mali and Niger) show greatest potential for 
macro irrigation schemes to promote economic development, supported by groundwater 
resources. Cameroon (currently engaged by the Agriculture GP) and the other IDA SSA countries 
could also be considered for support. 
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7.1.2 Urban water security 
Through IDA18, the World Bank is currently engaging 20 SSA countries (and potentially 
engaging 6 more) on urban WSS, including efficiency and cost recovery of utilities and 
improving technical and financial performance. Key advisory services and analytics (ASA) 
include WASH diagnostics and planned activities under the GWSP. 
 
Through IDA18, the World Bank is currently engaging 4 SSA countries (and potentially 
engaging 12 more) on rural and small-town WSS, including institutional and financing reforms 
and appropriate technology solutions. Key ASA include WASH poverty diagnostics and planned 
activities under GWSP.  
 
There is opportunity for the World Bank to integrate the water resource management agenda 
(including groundwater resource development) with the urban WSS agenda. This could help 
accelerate the expansion of WSS services using groundwater, starting in the SSA countries 
already being engaged. This will help SSA countries reach SDG 6 on water. Promoting integrated 
urban water management (adopting a holistic view of all components of the urban water cycle –
water supply, sanitation, storm water management), promises strategic advantages in rapidly 
growing secondary cities. Managed Aquifer Recharge (MAR) systems can assist in managing 
drought periods and climate shocks. Groundwater is strategic for rural and small-town WSS and 
the World Bank could support decentralized community networks. Integration of resource 
management (including groundwater) and WSS is already being promoted by the Water Scarce 
Cities Initiative (see Box 18). 
 
Box 18 – The Water Scarce Cities Initiative 
 

The World Bank’s Water Scarce Cities (WSC) Initiative is an innovative undertaking that offers a holistic 
perspective to urban water security in scarcity conditions. With a host of experiences and extensive global 
reach, WSC is working towards shifting mindsets across the world, demystifying urban water 
management, and engaging with water scarce cities to develop concrete solutions. 
 

By serving as a connecting thread between water stressed cities, WSC offers a new avenue for knowledge 
sharing on water success stories and challenges to spark breakthroughs in best practices. WSC also offers 
an integrated water approach that encapsulates political, social, and institutional dimensions. The 
initiative is structured around the following key objectives: 
- Providing a toolbox and strategies for cities to support water resilience with knowledge products that 
highlight integrated water solutions;  
- Creating stronger connections between water scarce cities and sharing solutions by providing a platform 
for practitioners and experts, as well as global thought leaders and institutions; and 
- Supporting water scarce cities with concrete engagement, including providing technical assistance for 
new water management approaches, technological advancements, and political practices. 
 

There may be opportunity to more explicitly integrate water resource management and WSS in the 
Initiative, as well as further promoting groundwater to help alleviate scarcity (where it is available and 
accessible).  
 

Source: waterscarcecities@worldbank.org 
 
Investment rationale: Urbanization increases demand for water, generates more wastewater 
and alters patterns of demand for agriculture (the largest water consuming sector). The demand 
for water in Africa is expected to quadruple over the next 25 years – the fastest rate of increase 
than any other region globally, due largely to urbanization and agriculture. Many growing urban 
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areas are outgrowing their traditional surface water sources, and groundwater is identified as a 
source to help address current and future water deficits. Over the next 15 years, 38percent of 
urban demographic growth in SSA is predicted to occur in cities of under 1 million people, and 
these so-called ‘secondary cities’ will be exposed to similar risks as large cities, but are expected 
to be less equipped to manage complexities around issues such as sustainable water 
management. 
 
Example investment activity: A bundled investment activity could target multiple secondary 
cities in SSA, with a focus on integrated urban water management, including principles such as 
conjunctive surface and groundwater planning, embedding drought contingency into city water 
management plans, and artificial recharge of treated wastewater into groundwater sources for 
reuse. Sub-components of such an investment activity could include decentralized groundwater-
supplied schemes for informal urban settlements (urban slums) in secondary cities and exploring 
the role of public-private partnerships in the delivery of urban WSS services. Such an investment 
activity may be appropriate for many SSA countries where groundwater resources are 
confirmed near urban centers. 
 
Shortlist of potential priority cities for support: As outlined in Figure 30, drought risk exposure 
in many urban areas is already high and forecast to increase to 2050. The following cities are the 
largest and most exposed to drought based on current and future population forecasts 
(Jacobsen, 2013) and hence may be priority cities for groundwater assessment: Kinshasa 
(Republic of Congo), Khartoum (Sudan), Addis Ababa (Ethiopia), Nairobi (Kenya), Dar Es Salaam 
(Tanzania), Luanda (Angola), Abidjan (Ivory Coast), Lagos (Nigeria), Abuja (Nigeria), Dakar 
(Senegal), Kampala (Uganda), Conakry (Guinea) and Mogadishu (Somalia). Furthermore, the 
number of cities with populations of more than 1 million is projected to almost double from 42 
in 2010 to 80 in 2025182and many of today’s secondary cities will become tomorrow’s 
megacities, with necessary allocations for IWRM and sustainable WSS services. Shortlisting of 
priority cities could be coordinated with the Water Scarce Cities Initiative (Box 18). 
 
7.1.3. Resilience to drought and other shocks 
Through IDA18, the World Bank is currently engaging 24 SSA countries (and potentially 
engaging 5 more) on water resources management, including strengthening policies and 
institutions to improve WRM (water allocation mechanisms, infrastructure for managing 
water extremes, and water quality information). Key ASA include water security diagnostics 
and analytical activity on groundwater. 
 
An aspirational goal for IDA18 is eleven countries with improved information and institutions 
for better management of extremes (floods and droughts) benefiting 50 million people. 
 
There is opportunity to more strategically address recurrent drought and climate shocks 
through innovative investments, including water supply systems that utilize groundwater’s 
greater storage volumes. Evidence shows that proactive resilience building yields longer lasting 
economic and humanitarian benefits, relative to emergency response. 
 

                                                           
182 Jacobsen et al. 2013. 
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Figure 30 – Current and Future Population in African Cities Exposed to Drought (Source: Jacobsen et al. 2013) 

 
 
Investment rationale: Although groundwater is generally regarded as a ‘drought resistant’ 
resource, many shallow aquifers currently supplying rural populations are vulnerable to annual 
and longer droughts and, during which, surface water resources often become completely 
unavailable. Some regions in SSA, such as the Horn of Africa, suffer recurrent severe drought 
events, with devastating human, livestock and economic consequences, and which may be 
expected to worsen due to climate change and increasing population pressures. Hence, 
extending access to weather independent groundwater resources will become increasingly 
important in guarding against drought events. 
 
Example investment activity: An investment activity could include an investigation into the 
viability of a strategic network of deep groundwater bores to function during drought events to 
help protect vulnerable rural populations and reduce environmental migration and minimize 
related civil instability. Such a network of deep groundwater bores could be coordinated at 
regional or national scale and be integrated into disaster emergency management plans for 
contingency use. Such project investment could provide cost-effective insurance against climate 
shocks to rural and pastoralist communities, enhance resilience, decrease the potential for 
fragility and conflict, and thereby help to avoid the significant economic and humanitarian 
consequences of drought events. Sub-components of such an investment activity could include 
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water harvesting and efficiency improvements in the use of surface and shallow groundwater 
resources.  
 
Shortlist of potential priority regions / countries for World Bank support: A strategic regional 
approach to drought resilience investment could be targeted in the Horn of Africa, which 
experiences recurrent drought events. Some of the countries most vulnerable to drought 
include Sudan, Somalia, Uganda, Malawi, Zimbabwe and Ethiopia, which could realize 
socioeconomic, environmental and humanitarian benefits from strategic groundwater 
development. 
 
Analytical and operational guidance to identify priority countries 
Sustainable groundwater development potential is high across SSA countries183 and warrants 
strong integration into broader national water resources strategies. Further to this, a multi-
criteria analysis of the status of water source and supply in SSA countries – comprising 
measures of water stress, vulnerability of fresh water supplies to climate change, drought 
vulnerability; and groundwater potential – suggests that sustainable groundwater 
development could make the greatest contribution to national water security and resilience in 
countries across the Greater Horn of Africa (Eritrea, Ethiopia, Somalia, South Sudan, Sudan) 
and the Sahel (Chad, Mali, Mauritania184, Niger, Nigeria). Many of the identified countries have 
high vulnerability of fresh water supplies to climate change and high vulnerability (and 
exposure) to drought, with low capacities for coping (see Annex 6). Importantly, all the countries 
have dormant groundwater potential around which to sustainably develop urban water security, 
irrigated agriculture and drought resilience strategies. While this analysis provides an overview 
at a national scale, further work will be required to understand potentially large intra-national 
variability in measures such as degree of water stress and vulnerability to drought, to enable 
support to be targeted effectively.  
 
 

7.2 Mobilizing financial resources 
Priority investments should be allocated to members of the 20 countries identified where 
there is demand for expanding water services associated with policy and institutional reforms. 
A 10-year investment program could be scheduled to enhance the sustainable development of 
groundwater as an integral asset of the national water resources and informed by the following 
indicators: 

 As Chapter 4 indicates, groundwater is the main source of drinking water in SSA. The 
region spends about US$7.5-9 billion annually on WSS. The annual expansion of WSS to 
reach new communities is about 3percent, which translates to about US$ 350 million 
annually185.  

 As paragraph 12 in Chapter 3 indicates, groundwater is the main water source for 
small-scale irrigation in the region. This has been expanding at 2-3percent annually as 
reported in the IWMI study186, which translates to about 60 000 ha annually. Both the 
IWMI and IFPRI studies assumed that the average cost of equipping one hectare for 

                                                           
183 Except Mauritania, where greater than the sustainable yield is already being exploited. 
184 Mauritania warrants support as the only country where groundwater is being exploited at rates 
beyond the sustainable yield. 
185Banerjee&Morella 2011. 
186Pavelic et al. 2012. 
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small scale irrigation is about US$ 5000- 8000, which translate to about US$ 300 million 
annually. 

 The Bank can assist member countries in SSA by matching their investment in the 
annual expansion of water services and increase it from 3 percent to 6 percent. This 
expansion would cover both expanding water supply service, and in expanding areas 
under small-scale irrigation. The annual incremental cost of this expansion is slightly 
above half a billion dollars annually. The increase could be gradual and scaled up subject 
to the performance of the portfolio and the scope of demands of interested member 
countries. Priority countries could include Nigeria, Mali, Niger, Burkina Faso, Ethiopia 
and Zambia.  

 Although the proposed increase in investment in the water sector may be modest, 
careful procedures should be established by engaging the beneficiaries, the private 
sector, and other stakeholders in operational partnerships. This will assist member 
countries improve their institutional capacity and implementation capabilities in 
absorbing this expansion. Further scaling up should be based on the performance of the 
investment at the national and local levels.   

 

7.3 Priority TAs for World Bank follow-on from this study 
Based on findings from this assessment, coupled with feedback received during the Decision 
Review meeting187 , the following are recommended as immediate follow-on activities 
(perhaps TAs to be initiated) for the World Bank: 

 Conduct national integrated water resources assessments for priority countries / 
typologies of countries, including targeted strategies for groundwater development / 
investment.  

 Strengthen the economic case for investment in groundwater development, by 
engaging Ministries of Finance and incorporating groundwater considerations into 
public expenditure frameworks. 

 Strengthen and expand strategic partnerships with regional and international 
partners already engaged in groundwater in SSA, with a focus on innovative 
technology dissemination to help address resource knowledge, development and 
management deficiencies.  

 Help strengthen regional and national institutional capacities – including tertiary 
institutions and centers of excellence – to build youth capabilities and raise the profile 
of groundwater development as a potential applied research and career pathway.  

 Integrate the water resource management agenda (including groundwater resource 
development) with the urban WSS agenda. For example, groundwater can be better 
integrated into the Water Scarce Cities Initiative.  

 

  

                                                           
187 With joint inputs from the Africa GP and Water GP. 
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Annexes 
Annex 1 – Study methodology 
This report draws on both primary and secondary quantitative and qualitative data analysis.  
Primary data analysis includes a synthesized generation of spatial distribution of groundwater 
resources in SSA and a preliminary portfolio review of World Bank water sector project 
investments in SSA. Secondary data analysis comprises a comprehensive literature review of 
academic and grey literature.  
 
By identifying and prioritizing groundwater development feasibility based on a combination of 
physical aquifer characteristics, technically and economically exploitable resources, and 
socioeconomic considerations, this report provides unique guidance on possible groundwater 
investment opportunities in SSA. It synthesizes information based on multiple data estimates 
and sources to integrate theoretical physical availability with secondary factors such as depth, 
difficulty and cost to develop, as well as proximity to dryland areas and population demand 
centers. The following data sources have contributed to this synthesis: 

 Estimates of sustainable groundwater volumes in SSA are based on FAO AQUASTAT data 
(available at http://www.fao.org/nr/water/aquastat/main/index.stm), and global 
models of groundwater recharge developed at Frankfurt University188and Utrecht 
University189.  

 Estimates of total volumes of groundwater in storage in SSA (i.e. including non-
renewable groundwater), as well as estimates of depth to groundwater, are based on 
the work of the British Geological Survey (BGS)190). Spatial BGS data provided by BGS © 
NERC 2012. 

 Data for transboundary groundwater basins, and for SSA cities depending partly on 
groundwater, is derived from the work of the German Federal Institute for Geosciences 
and Natural Resources (Bundesanstalt für Geowissenschaften und Rohstoffe, BGR). BGR 
data provided by WHYMAP GWR © BGR & UNESCO 2015. 

 Drylands areas defined according to Aridity Index, based on Cervigni and Morris (2015).  
 Estimates of areas irrigable by groundwater in SSA countries are based on Vilholth 

(2013), Xie et al. (2014) and Siebert et al. (2010). Estimates of areas irrigable by 
groundwater in SSA countries, taking environmental requirements into account, are 
based on Altchenko and Vilholth (2015). 

 Population data on maps is after Nelson (2004). 
 
To understand the World Bank’s evolving role in the water sector – in particular with 
reference to groundwater and SSA – several internal sources were reviewed: 

 Preliminary portfolio review of SSA’s World Bank water sector investments between 
1997 and 2017; 

 Summary of the findings of the Independent Evaluation Group (IEG) 2010 evaluation of 
the World Bank’s global water portfolio, in particular with reference to groundwater. 
The IEG evaluation is the most recent and comprehensive evaluation of the World 
Bank’s global water sector available. It examined the full scope of the World Bank’s 
lending and grant support for water activities. More than 30 background papers were 

                                                           
188Döll et al. 2003, Döll & Flörke 2005. 
189Wada et al. 2010. 
190MacDonald et al. 2010, MacDonald et al. 2012. 
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prepared for the evaluation to analyze Bank lending by thematic area and by activity 
type; and  

 Review of World Bank strategies on water and SSA, namely the World Bank’s 2003 
Water Resources Strategy (and preceding 1993 Water Resources Management Policy 
Paper) and the World Bank’s current Africa strategy. 

 
The portfolio review evaluated World Bank projects in SSA with relevance to (potential 
reliance and/or impact on) groundwater. It permitted an assessment of project investments 
over time and across different World Bank units operating in the Africa region. Projects with 
relevance to groundwater were selected from a wide range of units across the World Bank 
(projects without relevance to groundwater were not included for assessment). It is important 
to state that projects with relevance to groundwater are defined as those which may potentially 
involve utilization of groundwater resources and/or may impact groundwater resources. 
 
To assess the level of integration of groundwater considerations into project 
conceptualization, planning and design, 254 Project Appraisal Documents (PADs) were 
analyzed. PADs form the basis for the financing/loan agreements, Implementation Status and 
Results Report (ISR), and Implementation Completion Reports. They are approved by the World 
Bank’s Board and are the main project reference for many clients. PADs specify project 
development objectives and outline investment components, and hence may serve as reliable 
guides for the degree to which groundwater is integrated into projects in the conceptualization, 
planning and design phases. A total of 254 projects were activated in the Africa region with 
relevance to groundwater over a twenty-year period, between 1997 and 2017. PAD abstracts 
were analyzed for all projects, with more in-depth analysis of some documentation for selected 
projects. 
 
To assess both the contribution of groundwater to project investments in Africa, and the 
impacts of projects on groundwater resources in Africa, 85 Implementation Completion & 
Results Reports (ICRs) were analyzed. ICRs help to increase the World Bank’s development 
effectiveness, through a continuous process of self-evaluation, lesson learning and application, 
sharing of knowledge, and being accountable for results. ICRs focus on effectiveness issues and 
their resolution, factors affecting performance, and the results and outcomes of interventions in 
the context of objectives. A total of 85 projects were completed in the Africa region with 
relevance to groundwater over a twenty-year period, between 1997 and 2017. ICR abstracts 
were analyzed for all projects, with more in-depth analysis of some documentation for selected 
projects. 
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Annex 2 – Country-level groundwater & irrigation area estimates 
 

Groundwater resources and use in Sub Saharan Africa 
(FAO AQUASTAT data, quoted in Margat & van der Gun 2013). 

 Renewable 
groundwater 
(km3/a) 

Groundwater 
abstraction 
(km3/a) 

Groundwater 
used (%) 

Recharge / 
capita (m3/a) 

Groundwater abstraction 
/ capita (m3/a) 

Angola 58 0.41 0.7 6840 21.5 

Benin 1.8 0.17 9.4 1098 19.2 

Botswana 1.7 0.14 8.2 5534 69.8 

Burkina Faso 9.5 0.39 4.1 648 23.7 

Burundi 7.47 0.16 2.1 346 19.1 

Cameroon 100 0.37 0.4 5693 18.9 
Central 
African Rep. 56 0.08 0.1 20964 18.2 

Chad 11.5 0.45 3.9 3454 40.1 
Congo Dem. 
Rep. 421 1.22 0.3 8786 18.5 

Congo 
Brazzaville 

122 0.03 0.0 29522 7.4 

Cote d'Ivoire 37.84 0.37 1.0 2228 18.7 

Djibouti 0.015 0.02 133.3 85 22.5 

Eq. Guinea 10 0.01 0.1 15797 14.3 

Eritrea 0.5 0.09 18.0 136 17.1 

Ethiopia 20 1.49 7.5 531 18.0 

Gabon 62 0.03 0.0 57357 19.9 

Gambia 0.5 0.03 6.0 662 17.4 

Ghana 26.3 0.51 1.9 1033 20.9 

Guinea 38 0.09 0.2 5226 9.0 

Guinea-Bissau 14 0.03 0.2 4878 19.8 

Kenya 3.5 0.62 17.7 662 15.3 

Lesotho 0.5 0.02 4.0 218 9.2 

Liberia 45 0.07 0.2 11692 17.5 

Madagascar 55 0.38 0.7 6124 18.3 

Malawi 2.5 0.28 11.2 1303 18.8 

Mali 20 0.34 1.7 1751 22.1 

Mauritania 0.3 0.76 253.3 1072 219.7 

Mozambique 17 0.44 2.6 3554 18.8 

Namibia 2.1 0.15 7.1 3724 65.7 

Niger 2.5 0.14 5.6 1013 9.0 

Nigeria 87 3.44 4.0 951 21.7 

Rwanda 7 0.2 2.9 168 18.8 

Senegal 3.5 0.74 21.1 999 59.5 

Sierra Leone 25 0.11 0.4 4817 18.7 

Somalia 3.3 0.28 8.5 649 30.0 

South Africa 4.8 3.14 65.4 348 62.6 
Sudan and S. 
Sudan 

7 0.59 8.4 1260 13.3 

Swaziland 0.66 0.04 6.1 550 33.7 
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 Renewable 
groundwater 
(km3/a) 

Groundwater 
abstraction 
(km3/a) 

Groundwater 
used (%) 

Recharge / 
capita (m3/a) 

Groundwater abstraction 
/ capita (m3/a) 

Tanzania 30 0.98 3.3 1962 21.9 

Togo 5.7 0.11 1.9 1232 18.2 

Uganda 29 0.62 2.1 669 18.5 

Zambia 47 0.3 0.6 6233 22.9 

Zimbabwe 6 0.43 7.2 991 34.2 

 
Irrigation in SSA 

(Vilholth 2013 Siebert et al. 2010) 

 

Area of 
cultivated 
land (103 Ha) 

Irrigated area 
(103 Ha) 

Proportion of 
cultivated land 
irrigated (%) 

Area irrigated with 
surface water (103 Ha) 

Area irrigated 
with 
groundwater 
(103 Ha) 

Angola 5190 35 0.7 28 7 

Benin 3150 7.1 0.2 5.9 1.3 

Botswana 287 0.62 0.2 0.33 0.29 

Burkina Faso 6070 52 0.9 22 30 

Burundi 1450 21.4 1.5 21.4 0 

Cameroon 7750 25.7 0.3 24.7 1 
Central 
African Rep. 

1880 0.069 0.0 0.069 0 

Chad 4932 26.2 0.5 21 5.2 
Congo Dem. 
Rep. 

7810 6.8 0.1 6.8 0 

Congo 
Brazzaville 

600 0.22 0.0 0.22 0 

Cote d'Ivoire 7400 66.9 0.9 66.9 0 

Djibouti 2 0.39 19.5 0 0.39 

Eq. Guinea 180 0 0.0 0 0 

Eritrea 692 42.6 6.2 32.6 10.1 

Ethiopia 16488 405.3 2.5 288.1 117.2 

Gabon 495 4.5 0.9 4.5 0 

Gambia 445 1.4 0.3 1.4 0.01 

Ghana 7400 228.7 3.1 42.7 186 

Guinea 3700 94.9 2.6 94.5 0.46 

Guinea-Bissau 550 22.6 4.1 17.7 4.9 

Kenya 6130 174.5 2.8 96 78.5 

Lesotho 285 0.067 0.0 0.017 0.05 

Liberia 710 2.1 0.3 2.1 0.011 

Madagascar 4110 1080.7 26.3 1080.7 0 

Malawi 3885 74 1.9 54.1 19.9 

Mali 7011 181.1 2.6 176.1 5 

Mauritania 411 22.8 5.5 20.4 2.4 

Mozambique 5950 40.1 0.7 39.8 0.22 

Namibia 809 7.6 0.9 5.9 1.6 

Niger 16000 80.5 0.5 64.4 16.2 

Nigeria 41700 337.8 0.8 154.8 183 
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Area of 
cultivated 
land (103 Ha) 

Irrigated area 
(103 Ha) 

Proportion of 
cultivated land 
irrigated (%) 

Area irrigated with 
surface water (103 Ha) 

Area irrigated 
with 
groundwater 
(103 Ha) 

Rwanda 1432 8.5 0.6 8.4 0.085 

Senegal 3415 69 2.0 62.1 6.9 

Sierra Leone 1897 10 0.5 9.9 0.15 

Somalia 1129 ND ND ND ND 

South Africa 12413 1713.3 13.8 1370.7 342.7 

South Sudan 2760 ND ND ND ND 

Sudan 13893 800 5.8 770.3 29.7 

Swaziland 190 44.9 23.6 44 0.9 

Tanzania 16650 189 1.1 171.6 17.5 

Togo 2850 6.3 0.2 6.2 0.046 

Uganda 9150 5.9 0.1 5.8 0.059 

Zambia 3836 253 6.6 149.3 103.8 

Zimbabwe 4100 180.6 4.4 109.6 71 
 

Irrigation potential after making environmental provisions 
(Source: Altchenko & Vilholth 2015) 

 Area irrigated 
with 

groundwater 
(103 Ha) 

Irrigable area scenario, given percentage of groundwater for environmental 
requirements 

30% 50% 70% 

Angola 7 7032 5016 3001 

Benin 1.3 518 368 218 

Botswana 0.29 66 46 27 

Burkina Faso 30 268 188 108 

Burundi 0 214 149 84 

Cameroon 1 7019 5005 2990 
Central 
African Rep. 

0 6961 4969 2978 

Chad 5.2 566 401 237 
Congo Dem. 
Rep. 

0 23060 16450 9840 

Congo 
Brazzaville 

0 7420 5295 3170 

Cote d'Ivoire 0 2920 2078 1236 

Djibouti 0.39 5 3 2 

Eq. Guinea 0 634 453 271 

Eritrea 10.1 10 7 4 

Ethiopia 117.2 4336 3064 1793 

Gabon 0 5884 4202 2520 

Gambia 0.01 24 17 10 

Ghana 186 1426 1010 594 

Guinea 0.46 2751 1962 1172 
Guinea-
Bissau 

4.9 176 125 75 

Kenya 78.5 512 355 199 

Lesotho 0.05 21 15 8 
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 Area irrigated 
with 

groundwater 
(103 Ha) 

Irrigable area scenario, given percentage of groundwater for environmental 
requirements 

30% 50% 70% 

Liberia 0.011 2238 1597 956 

Madagascar 0 6753 4814 2875 

Malawi 19.9 640 454 268 

Mali 5 787 559 331 

Mauritania 2.4 52 37 22 

Mozambique 0.22 2171 1546 921 

Namibia 1.6 98 70 41 

Niger 16.2 19 12 6 

Nigeria 183 6287 4446 2606 

Rwanda 0.085 148 102 56 

Senegal 6.9 382 271 160 

Sierra Leone 0.15 1551 1107 662 

Somalia ND 51 35 20 

South Africa 342.7 270 181 95 

South Sudan ND 3042 2164 1286 

Sudan 29.7 429 299 169 

Swaziland 0.9 21 15 8 

Tanzania 17.5 3007 2135 1263 

Togo 0.046 300 213 126 

Uganda 0.059 571 399 228 

Zambia 103.8 3952 2818 1684 

Zimbabwe 71 370 259 148 
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Annex 3 – Case study of Managed Aquifer Recharge (MAR) in Windhoek, Namibia 
This summary is based on Murray et al. (2016), with contributions from the other references 
listed. 
 
Introduction 
Windhoek, the capital of Namibia in southern Africa, is one of the driest capital cities on earth. 
Rainfall is about 360 mm per annum, whilst potential evaporation is over 2 000 mm. The nearest 
perennial river is the Okavango River, more than 700 km to the north on the border with Angola. 
Windhoek’s population of 330 000 has relied on a combination of groundwater and ephemeral 
surface water for decades. Whilst the aquifers are close to the city, Windhoek’s three main 
surface water dams are located between 70 and 200 kilometers from the city, and fluctuations 
in rainfall and natural runoff complicate their operation. 
 
In the 1990s demand for water began to exceed the available supply. Measurements showed 
that the groundwater was being used unsustainably, and that groundwater levels were slowly 
falling. Options for augmenting the supply included building a pipeline to the Okavango, 
pumping from the Tsumeb aquifer 500 km away, or pumping of desalinated seawater from the 
coast more than 260 km away. Studies showed that these options were very expensive, in terms 
of both money and energy. In the late 1990s Windhoek began to trial a fourth option: the 
storage of water underground in aquifers during times of higher rainfall, for use during dry 
periods. This technique is known as managed aquifer recharge, or MAR. The water stored would 
not only be treated surface water, but would also include a proportion of the city’s sewage 
effluent, treated to drinking water quality in a sophisticated treatment plant. 
 
Windhoek’s MAR scheme 
Initial trials showed that the hydrogeological conditions were favorable: the deep, fractured 
quartzite aquifer near Windhoek easily held the additional water injected via boreholes, and 
groundwater levels began to rise again. Careful geological and hydrogeological work located the 
best places for injection – mostly near-vertical fault zones that offered a direct route to the 
aquifer. Monitoring of both groundwater levels and groundwater quality proved that the system 
was not only viable, but would work very well indeed. By 2011, six injection boreholes could 
recharge as much as 420 m3/hr into the aquifer, more than doubling the natural rate of 
groundwater recharge for the aquifers. This additional managed recharge is expected to rise to 
over 900 m3/hr by 2018. The scheme proved itself in 2014 and 2015, when unusually dry 
conditions raised water demand and at the same time lowered natural surface runoff and 
groundwater recharge. The extra water stored in the aquifer was able to compensate for this 
and cover the shortfall, just as planned. 
 
See Figure 31 and Figure 32 overleaf for operation of Windhoek’s MAR scheme during normal 
and reduced periods of water availability. 
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Figure 31 – Operation of Windhoek’s MAR scheme during normal water availability 

 
Figure 32 – Operation of Windhoek’s MAR scheme during reduced water availability 

 
Figure 33 - Rainfall, groundwater levels and abstraction / injection volumes at Windhoek, 1950 to 2015 (after 
Murray et al., 2016) 
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Figure 33 (above) shows that after borehole injection, groundwater levels (and storage) rose 
to the levels they were in the 1950s before large-scale abstraction started.   
 
All water injected into the aquifer is treated to drinking water quality, and strict water quality 
standards are enforced. This is to prevent clogging of the aquifer and injection boreholes as well 
as long-term deterioration of the groundwater quality, and it enables the municipality to supply 
treated water directly from the boreholes. Close monitoring of the system shows no serious 
environmental problems. Furthermore, it has been found that injecting surface water (when 
available) into the aquifer rather than storing it in the city’s dams greatly reduces losses due to 
evaporation in the hot, dry climate. Further expansion of the system is planned. 
 
Economics of the MAR scheme 
Surface water bulk supply from the dams is managed by a commercial entity, the Namibia 
Water Corporation (NamWater). NamWater sells surface water during times of surplus to the 
City of Windhoek, which manages the aquifers and runs the managed aquifer recharge scheme. 
The City of Windhoek pays NamWater cost price for this water, but an additional payment to 
NamWater is due whenever the water abstracted from the aquifers exceeds the aquifers’ 
natural recharge rate. In this way, ‘low value’ excess surface water is stored underground at 
cost, safe from evaporation. During times of low rainfall or high demand, this water becomes 
‘high value’ water, triggering additional payments to NamWater at a time when their income 
would otherwise have been low because of surface water scarcity, as well as ensuring water 
supply security for Windhoek. The Windhoek MAR scheme is thus not only technically 
innovative, but also affords institutional ‘win-win’ outcomes even when overall water supply is 
scarce. It is also the cheapest way to augment the city’s water supply. Whilst the MAR scheme is 
estimated to have required a capital investment of about 575 million Namibian Dollars to date, 
the losses to industry in Windhoek consequent on lower assurances of water supply are 
estimated at around 17 million Namibian Dollars per day. The MAR scheme is also much cheaper 
than pumping water from the Okavango River (even assuming the environmental objections 
could be overcome) or from a coastal desalination plant – not only are distances vast, but 
Windhoek lies at an elevation of 1650 meters above sea level. 
 
Other innovative water management measures in Windhoek 
In addition to its MAR scheme, Windhoek implemented a multi-stranded demand 
management strategy in 1994 that significantly reduced water demand by means of a rising 
block tariff, leak detection, legislation (e.g. restrictions on garden watering), public campaigns, 
and other means. The city also operates a ‘dual pipe’ water supply system, by means of which 
semi-purified sewage from an old water treatment plant is distributed to sports fields, parks and 
cemeteries for irrigation, further reducing the use of potable water. This irrigation water is given 
a lower priority compared with wastewater destined for re-use in the main water supply system. 
It is reported that the residents of Windhoek take pride in their water management measures, 
including the re-use of wastewater.  
 
Opportunities for south-south cooperation 
The imperatives of a dry climate and growing water demand led the city of Windhoek to 
investigate innovative ways of using and conserving its scarce endowment of water. These will 
only become more important as the population of the city increases in the future, and 
precipitation becomes more erratic. Sound financial, institutional, and hydrogeological planning 



102 
 

have meant that the city has become a world leader in the sustainable use of both reclaimed 
water and managed aquifer recharge (MAR). Amongst the most valuable outcomes of 
Windhoek’s experience is that the city serves as an example of the potential offered by the 
conjunctive use of surface water and groundwater in Sub Saharan Africa, even in the driest 
climates and under the harshest conditions. Lessons learned in Windhoek can be transferred 
elsewhere in Sub Saharan Africa, perhaps piloted by regional bodies such as the SADC 
Groundwater Institute. Windhoek has also shown how to ‘do more with less’, making the best 
use of existing supplies, and avoiding drawing on ever more distant water sources. The water 
security of Windhoek, the driest capital city in Sub Saharan Africa, proves that great 
opportunities exist for other cities in Africa with similar challenges to do the same. 
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Annex 4 – Economics of groundwater extraction in Sub Saharan Africa 
 
Introduction 
This annex introduces the diverse input factors to a more comprehensive economic assessment 
of groundwater extraction in Sub Saharan Africa (SSA). It includes both shallower and deeper 
groundwater resources with their differing constraints and requirements. This report has 
focused on ‘primary’ or hydrogeological factors in SSA, including parameters such as depth to 
groundwater, recharge, transmissivity, and aquifer type. A broader economic assessment of 
groundwater in SSA also requires consideration of numerous ‘secondary’, ‘indirect’, or political 
economy factors191. There is evidence that it is factors such as energy price and availability, 
rather than the volume of available groundwater, that primarily determine the level of 
groundwater development in a region192. In rural SSA, access to electricity remains low (Figure 
34), greatly constraining groundwater irrigation development. 
 

 
Figure 34 – Percent of rural population in SSA with access to electricity193 

Step-increases or ‘revolutions’ in groundwater irrigation – for example in South Asia, China or 
the American Midwest – have been driven from the bottom up in ways that were largely 
unplanned and unforeseen, incentivized ultimately by the benefits of increased water for 
irrigation194. Users have tackled primary hydrogeological problems (e.g. locating drilling targets 
or enhancing recharge) as well as secondary problems such as pumping technology, access to 
credit, energy costs, or local regulations, in a non-linear learning process involving much trial 
and error195. Shah (2009) memorably described this as similar to ‘anarchy’. Empirical observation 
suggests that hydrogeological data does not automatically lead to better or more widespread 

                                                           
191 Villholth 2013, Manghee & Poole 2012 
192 Landefeld & Sekhri 2014; Shah et al. 2014, Pahuja 2010. 
193 World Bank data: Percent of rural population with access to electricity in 2014. 
194 Shah 2009. 
195 Fleck 2016. 
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groundwater development; in fact, it is often widespread groundwater development that leads 
to better data.  
 
Apart from its huge positive impact on livelihoods, increased groundwater use has helped 
shape wider political-economy developments, such as subsidy and other policy structures for 
Midwestern agricultural products dependent on Ogallala Aquifer groundwater196, or the nature 
of electricity pricing in India197. These things would have also been hard to foresee prior to 
widespread groundwater exploitation, since they are the products of iterative political 
negotiation. These political-economy developments have still wider complex backward and 
forward linkages with further implications for the pace and characteristics of development. The 
nature and trajectory of groundwater-based development is therefore a complex system rather 
than an arrangement of predictable cause-and-effect linkages. Predicting or managing such a 
system in detail is challenging.  
 
There is a need for knowledge around the ‘secondary’ or political economy issues that would 
facilitate a step-change in Sub Saharan African groundwater use, in addition to the 
requirement for detailed technical knowledge of the resource at local level. In other words, 
what are the factors – both primary and secondary – that hold back African groundwater 
development? Even if it were possible to understand the exact nature of groundwater 
occurrence at any given locality in SSA without a local investigation, this information would only 
partially resolve the problem. The rest of the problem - involving drilling technology, energy 
availability, credit availability, management regimes, land tenure, irrigation expertise, and 
numerous other factors, would remain unaddressed. 
 
The broad hydrogeological overview that can currently be obtained by combining existing 
regional and continental African groundwater datasets can point towards the kinds of 
secondary problems that might occur (for example, deeper groundwater requires different 
pumping and drilling technology, or groundwater quality problems may indicate the need for 
treatment). But they cannot identify all secondary issues, which in most cases are unrelated to 
hydrogeology (e.g. energy prices). 
 
Irrigation and drought resilience (deep and shallow groundwater) 
SSA has the lowest level of irrigation development in the world198. Yet irrigation can transform 
the lives of small farmers and pastoralists, increasing resilience and reducing vulnerability199. 
The cost of irrigation is an important factor. Research suggests capital investment costs of USD 
12,000/Ha for large-scale irrigation from surface water sources, and USD 4,500/Ha for small-
scale irrigation from surface and groundwater sources, in the African drylands200.  
 
An expert study carried out for the World Bank in 2015 focusing on 6 countries in the Sahel 
found that small-scale irrigation from groundwater has significant economic potential, as well 

                                                           
196 Ashworth, 2006. 
197 Shah 2009, Shah et al. 2014. 
198 Ward et al., 2016. 
199 Cervigni & Morris 2015,Dethier & Ellenberger 2012. 
200 Ward et al. 2016. Large scale irrigation in this context relies on dams, whilst small scale irrigation relies 
on a variety of available sources, including groundwater. 
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as being technically viable201. This study found that costs for small-scale irrigation from 
groundwater were between USD 1,000/Ha and USD 3,000/Ha. Work on sedimentary aquifers of 
the northern Nile delta202 shows groundwater irrigation costs from USD 625/Ha to USD 
2,780/Ha. Elsewhere in Africa, irrigation from groundwater has been costed at USD 1,650/Ha for 
fadama type schemes in Nigeria, USD 4,900/Ha for hard-rock installations in Ethiopia, and USD 
10,940/Ha for deep-well systems in Zimbabwe203. These costs depend partly on the depth to 
groundwater, the equipment installed, and factors such as whether sophisticated systems such 
as sprinklers or drip irrigation are used. These numbers (Figure 35) suggest that groundwater-
based irrigation in SSA is no more expensive than surface-water irrigation for the small-scale 
irrigation installations that have the most potential to increase resilience in SSA. In many cases 
(e.g. where surface water resources are distant or unreliable), irrigation from groundwater is the 
cheaper option. 
 

 
Figure 35- Small-scale groundwater irrigation costs per hectare in Africa 

The figures quoted above include both primary and secondary factors (i.e. both 
hydrogeological and political-economy factors). The impact of these factors, on aggregate, is 
very significant204. For example, a 40 m deep borehole costing between USD 4,000 and USD 
10,000 in SSA, costs only USD 1,000 in India205. Pumps in India cost half of what they do in SSA. 
 
Table 5 provides a first-pass disaggregation and explanation of secondary or political economy 
factors that influence groundwater development in SSA, in particular with regard to small-

                                                           
201 World Bank 2015. 
202 El-Agha et al. 2017. 
203 Villholth 2013. 
204 Lejars et al. 2017, Villholth 2013, Foster et al. 2006. 
205 Chokkukula & Giordano 2013. 
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scale irrigation development. Any of these factors may function as the determining variable 
(“gatekeeper”) in any given local groundwater political-economy. Current knowledge of these 
secondary factors is sparse, particularly those specific to groundwater development (e.g. cost of 
submersible pump spare parts). A key and substantial task for the future is to collate data and 
develop knowledge relating to these factors.  
 
Table 5 – Some political economy or ‘secondary’ factors in groundwater development in SSA, with special emphasis 

on small-scale irrigation development. 

Political Economy Factor Description Available information in SSA 
Energy availability and price 
(particularly electricity, but also 
including the actual delivered cost of 
other energy sources such as diesel 
or kerosene) 

Energy availability and price has 
been shown to be a critical factor in 
enabling the boom in groundwater 
irrigation in India, more important 
than primary availability of 
groundwater 206 . Groundwater 
irrigation consumes up to 31 percent 
of India’s electricity 207 . Advent of 
solar pumping systems presents 
intriguing possibilities as well as new 
challenges208. 

Figures are available for basic 
electrical grid coverage in SSA, but 
detailed figures for local price and 
reliability of electricity and especially 
for other energy sources not readily 
available. Costs for extending the 
electrical grid for even short 
distances are prohibitive for farmers, 
so resolution of grid spatial coverage 
is important. 

Access to technical expertise, 
information, and data 

This factor encompasses agricultural 
extension, local technical advice, 
information on technology 
availability and cost, information on 
regulatory regimes and incentives, 
and peer-to-peer sharing of 
agricultural, meteorological, 
hydrogeological, technical, and social 
information.  

Figures are difficult to obtain. Greatly 
facilitated by more sophisticated 
‘digital revolution’ infrastructure, 
which is nascent across much of SSA. 
Small improvements in e.g. local 
radio programming, cellphone 
coverage, or internet access may 
have disproportionately large 
downstream benefits. 

Access to capital Access to capital is critical for even 
small groundwater installations, 
since local SSA farm incomes do not 
normally permit savings 
accumulation sufficient for even 
basic technology. This factor is more 
critical when deeper groundwater 
installations are envisaged, implying 
multi-year returns on capital 
expenditure. For larger installations 
(e.g. city supplies), the nature and 
structure of available finance is 
critical. 

Compared with other regions SSA 
lacks access to modern banking 
facilities. Access to capital is further 
constrained by problems of collateral 
(see below). Some success has been 
achieved with micro-credit loan 
facilities, and information on these 
(and their latent potential) are likely 
to be highly relevant. Information on 
currency fluctuations also important, 
and widely available (i.e. a useful 
proxy factor). 

Land tenure and collateral Collateral for loans is essential for 
irrigation development – implying a 
critical role of land title and land 
tenure, since these are the largest 
assets available to most small 
farmers209. 

Land tenure systems in much of SSA 
still tied to structures vested in 
traditional leaders or the state, and 
lenders are often reluctant to 
proceed on this basis. Specific studies 
of the impacts of existing land tenure 
on capital-raising for agriculture at 
local level in SSA are comparatively 
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rare. 
Transport and access to markets Irrigation both engenders and 

requires higher productivity. Sale of 
cash crops to service loans for 
irrigation equipment requires 
transport / access to markets. 
Transport infrastructure (road, rail, 
air) is therefore important. 

Reasonable information of transport 
infrastructure and costs in SSA exists, 
but ancillary factors such as food 
storage facilities and local tariff 
barriers less well understood. Export 
of high value crops to the developed 
world constrained by tariffs and 
other factors210. 

Rule of law / regional stability Fixed groundwater pumping and 
irrigation infrastructure and multi-
year secure return on investment 
requires a predictable legal regime as 
well as physical security. 

Poor or deteriorating situation in 
several SSA countries, including 
Somalia, Mali, South Sudan, DRC, and 
others. Can be quantified at national 
level, but local resolution 
inadequate. 

Institutional and legal landscape The nature of the legal and 
institutional regulatory and policy 
regime regarding groundwater has 
an impact on levels of groundwater 
development. In some cases, 
regulations can be the critical factor 
in whether groundwater 
development proceeds or not. 

There is only limited knowledge of de 
facto institutional and policy regimes 
for groundwater, and their impact on 
African groundwater development. 
Evidence suggests that existing 
regimes hinder groundwater 
development211 in SSA. 

Existing resilience and household 
income 

Vital to more widespread 
groundwater use. Relatively 
wealthier and more resilient 
households are more likely to be 
able to invest in groundwater 
extraction technologies, and can 
better afford to risk the investment. 

Household resilience is known to be 
precarious in many parts of SSA, 
especially in ‘drylands’ areas 
threatened by climate change and 
regional instability, where it may be 
deteriorating. Reasonable 
information available at national and 
regional level. 

Existing local community structures Help to embed groundwater use in 
practice and tradition, in developing 
local solutions to specific 
groundwater problems, in 
establishing critical mass for repair, 
maintenance and drilling services, 
and reducing the risk and cost of the 
‘first mover’ disadvantage in 
extracting groundwater. 

Likely to be considerable information 
on such structures and institutions 
arising from numerous NGO-led 
community development initiatives. 
Infrequently collated, however. 

Cost of drilling equipment The cost of drilling equipment is very 
important to groundwater 
development. The actual cost of 
drilling may be higher than 
equipment costs imply, due to large 
distances, rugged conditions, need 
for prompt return on investment, 
lack of competition, or poor 
regulation. 

Actual cost of drilling and equipping a 
borehole has been estimated in 
several areas, but highly dependent 
on geological factors, as well as 
numerous subsidiary factors such as 
border tariffs and delays. Figures for 
small-scale groundwater irrigation 
are provided in Figure 35, above. 

Cost of pumps, spare parts and 
ancillary equipment 

Similar to cost of drilling equipment, 
above. Full benefits of cheaper 
Chinese and Indian pumps and 
related equipment have yet to be 

Similar to above. Little available 
specific information, but a study in 
Zambia found a lack of information, 
lack of spares, and transport costs, 
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realized in many parts of SSA. 
Possibility of emerging solar pumping 
solutions (see above). 

that can constitute a third of the 
delivered pump cost212. Situation in 
other SSA countries may be worse. 

Fertilizer and appropriate crop 
varietal cost and availability 

South Asia’s ‘green revolution’ 
depended partly on the availability of 
cheap fertilizers and high yielding 
crop varietals, to support the viability 
of groundwater-led irrigation. 

Fertilizer costs are known for much 
of SSA, but the ‘delivered’ or local 
cost also depends on transport 
infrastructure, etc. Modern hybrid or 
engineered crop varietals suitable for 
African drylands conditions are 
under-researched, not widely 
available, and unpopular213. 

 
Urban water security and water utilities 
The role of groundwater in urban water security similarly relies on a host of political economy 
factors, as well as hydrogeological issues. Some of these are discussed in the table above. 
Capital costs of urban water supply schemes tend to be higher than for groundwater-based 
irrigation, and financing mechanisms and cost recovery modalities are different. In the urban 
context, the hidden costs of a lack of groundwater development may be unacceptably high (i.e. 
the opportunity cost of allocating funds to things other than groundwater). This is because 
groundwater can provide vital continuity of supply during times of drought, even when it is not 
the primary water source (see the annex to this report on the city of Windhoek in Namibia). 
Continuity of urban water supply, in turn, underpins business confidence, social stability, public 
health and a range of other factors usually regarded as necessary for development. 
 
In many cases, an urban water utility (with varying degrees of local government support) is 
the locus of capital investment in groundwater schemes. In general, more is known about the 
interplay of political economy factors in urban water security214, but much potential in SSA 
remains unrealized. The case of Windhoek (see annex to this report) shows how MAR systems 
can improve urban water security (taking into account population growth and climate change), 
but also that considerable collaboration and technical work is required for these systems to be 
technically and economically viable long-term. 
 
Water utilities in SSA are often hobbled by inadequate cost recovery, high levels of 
unaccounted-for water, and inadequate investment. Maintenance costs, low at first, rise as 
equipment ages. If cost recovery deteriorates, financial sustainability is threatened (Figure 36). 
Utility operators need to be free of political interference, but are also likely to benefit from an 
independent regulator who can monitor deliverables according to published targets, and ensure 
transparency of budget and accounts215. Benchmarks such as the number of employees per 
1,000 metered consumers, the proportion of unaccounted-for water, or water quality may be 
used. An analysis of the finances and structure of urban water utilities, in the long and short 
term, is therefore necessary for a better understanding of the reliability and sustainability of 
urban water supplies. Intermittent water services do not necessarily save water, and may 
damage water infrastructure, encourage hoarding of water, and erode confidence in municipal 
services. 
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Figure 36 – Maintenance costs rise whilst cost recovery deteriorates in an urban water utility 

Any assessment of the potential of groundwater for urban water supply must necessarily 
consider the existing institutional (regulatory, political, financial, etc.) structures as they relate 
to existing or envisaged water utilities216. These institutional factors can be considered part of 
the range of secondary factors which greatly influence groundwater use and sustainability. The 
institutional arrangements for water governance (including operation of utilities) may be 
considerably more important than the primary characteristics of the groundwater resource, in 
determining sustainability. Primary groundwater characteristics can, however, provide 
thresholds or cut-offs beyond or below which a water supply system is not viable. See Box 19 on 
proxy factors. 
 
Box19 - Proxy Factors 
 

A third tier of factors related to groundwater in SSA can be identified, in addition to primary 
(hydrogeological) and secondary (political economy) factors. This third tier can be called “proxy factors”. 
Proxy factors are factors indirectly or loosely related to groundwater use, but which can nevertheless 
shed light on groundwater use trends. Proxy factors include data on fertilizer sales, time of electricity use, 
cell-phone coverage, electricity grid coverage, crop export figures, satellite estimates of groundwater 
irrigation clusters, import enquiries by pump manufacturers, delinquent loan figures from micro-lenders, 
profitability of drilling contractors, and many others.  
Data on proxy factors may be much more widely available (and therefore proportionately more useful) 
than data on actual groundwater use. Their lower specificity or focus (i.e. they are only indirectly related 
to groundwater use) is balanced by much better data availability and density217. Proxy factors depend 
partly on the combination of primary and secondary factors operating in a groundwater economy. It can 
be easier and cheaper to collect proxy factor data, than to collect data on primary hydrogeological 
conditions, or secondary factors such as submersible pump prices. Analysis of proxy factors is one way in 
which the large data gaps on African groundwater use and secondary conditions may be bridged. 
 
Quantification of primary and secondary factors 
Once data on hydrogeological conditions (primary data) and on related factor such as pump 
prices (secondary factors) has been collected, it becomes possible to examine this data 
empirically. In theory, for any series of primary and secondary factors (A, B, C) controlling 
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groundwater development at local level in SSA, a non-linear or threshold factor applies (x, y, z), 
as well as a linear weighting factor (a, b, c) based on local conditions and the interplay of the 
factors. 
 
Hence the viability of a groundwater scheme or system V can be expressed as: 
 

V = aAx + bBy + cCz+ … 
 
A first task is to identify the factors, as well as the non-linear ‘thresholds’ for each. A weighting 
factor for each can then be estimated, and through a process of iteration an increasingly 
accurate value for V can be defined. 
 
Much depends on precise identification of the factors, and on their respective coefficients. 
Empirical data is needed both to identify the factors, and to more accurately define their 
relative weights. At present much of this data is not available at the scale that is required. A 
further complication is that many factors are likely to remain hidden, and that factors change 
over time, both absolutely and relative to each other. Nevertheless, this data can allow 
‘thresholds’ to be identified – levels or coefficients (e.g. a particular pump price) beyond which 
expanding groundwater use becomes viable (Figure 37). 
 
 

  
Access to credit Depth to groundwater 

  
Electricity price Pump prices 

 
Figure 37 – Indicative impact of non-linear primary and secondary factors on groundwater development 

Political economy of groundwater development 
If development is a process of dynamic structural change in society, partly enabled or driven 
by groundwater use, rather than a series of smaller adjustments to existing (static) activities 
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such as small-scale irrigation, then political economy factors will evolve in unpredictable ways 
as society develops218. An assessment of contemporary political economy factors, even if data 
was available, would necessarily have only a limited shelf-life - once the desired development 
takes place, these factors change. An ongoing process of data gathering and evolving 
understanding is required219. 
 
The difficulty of trying to understand or control, ex-ante, the characteristics of a step change 
in African groundwater irrigation is illustrated by the fact that even in California, where 
extensive irrigation from groundwater takes place in a sophisticated institutional and data-
rich context, most of the 445 groundwater basins in the state have inadequate management, 
despite serious overdraft in some of them220. The ‘anarchy’ of groundwater growth in India 
provides a similar lesson221. Nevertheless, enormous and transformative benefits have accrued 
to both California and India. The harm done by overdraft and other problems linked to over-
abstraction must be balanced by an awareness and assessment of these benefits. In general, 
SSA’s groundwater resources are greatly underutilized. 
 
In this context it is useful to consider the economist Albert Hirschman’s perspective on 
economic development – one that is incremental, local, and builds on what works222. This is 
opposed to more generic continental overviews and associated more general recommendations. 
Hirschman’s ‘Theory of Unbalanced Growth’ requires an element of disequilibrium in the pursuit 
of a step-change in economic development. In the same way, a step-change in SSA groundwater 
irrigation is unlikely to happen ‘naturally’, since much of the region is stuck in a cycle of low 
investment, low returns and low expectations. Such groundwater development is also unlikely 
to respond well to a predetermined top-down planning or management approach, since so 
many unknowns exist (mainly secondary factors, but also hydrogeological factors). The most 
productive intervention therefore may be to work to incrementally remove bottlenecks to 
groundwater development, likely to be mainly secondary factors (e.g. electricity prices, 
problems importing pump spare parts, extension of the electricity grid) but also including 
hydrogeological factors (such as the lack of data on depth to groundwater) where necessary.  
 
Recommendations 
The analysis contained in this annex suggests a series of actions that can be undertaken as 
part of future work by the World Bank and its multilateral development partners: 

 Improve understanding of the extent and availability of secondary or political economy 
factors influencing groundwater development in the countries of Sub Saharan Africa. 
Collate available data, and specify key data gaps. Evaluate the extent to which proxy 
factors on African groundwater can provide important information. 

 Using an empirical analysis, rank secondary factors in terms of their influence on 
groundwater development. Identify thresholds beyond which each secondary factor 
ceases to be a major constraint on grassroots groundwater development. 
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 Collaboratively develop possible interventions for alleviating identified political 
economy bottlenecks, including the costing of such interventions. Conduct a preliminary 
ranking of interventions by cost-benefit. Small adjustments to existing policy and 
practice may have relatively large outcomes in terms of groundwater development (e.g. 
lowering import taxes on pumps, or changing an onerous / outdated groundwater 
regulation). 

 The steps listed above will make it possible to provide a first-pass quantifiable economic 
analysis of deep and shallow groundwater development in SSA. This economic analysis 
can then be incorporated into water projects led by multilateral development partners 
in SSA. 

 
 
 

Annex 5– Expanding role for the World Bank in Water Sector Development in SSA 
 
The World Bank has contributed significantly to water sector development, including in SSA, 
and its investment strategy is evolving. As client countries develop and demand for water 
increases, the World Bank’s portfolio will evolve, including a greater emphasis on groundwater. 
 

World Bank guiding policies for water sector development 
The Bank has been playing a leading role in assisting member countries in investing in the 
water sector. The World Bank supports investment in the water sector to provide clean WSS to 
improve the quality of life of millions of rural and urban households and to advance irrigation to 
sustain food security and agricultural productivity. The Bank has also expanded its lending for 
water to enhance drought management and to strengthen resilience in fragile environments 
and conflict zones. 
 
To support the contribution of water to enhancing economic and human development, the 
World Bank has produced two water strategies in the past two decades to inform and guide 
its investment portfolio: 
 The World Bank’s 1993 Water Resources Management Policy Paper marked an evolution 

beyond infrastructure development and towards a multi-sectoral approach, embracing 
the concept of IWRM. The paper shifted the Bank’s planning process away from only 
discrete investments and promoted IWRM as a coordinated development and 
management of water, land, and related resources to maximize economic and social 
welfare in an equitable manner without compromising the sustainability of vital 
ecosystems223.  

 The World Bank’s 2003 Water Resources Strategy, which remains valid today, is more 
centered around water management and the connections between resource use and 
service delivery. It also reintroduced infrastructure investments as an important aspect of 
Bank support in the sector. The objectives of the strategy are outlined in Box 20.  

 
Box 20 – World Bank 2003 Water Resources Strategy 
The objectives of the water strategy are to: 
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-Maximize the contribution of water to countries’ economic, social, and environmental development 
while ensuring that resource and water services are managed sustainably.  
- Encourage and help countries establish comprehensive analytical frameworks to foster informed and 
transparent decision making, with an emphasis on demand management.  
- Promote decentralized implementation processes and market forces to guide the appropriate mix of 
public and private sector provision of water services.  
The comprehensive analytical frameworks advocated in the Strategy paper are to help guide decisions 
about water resources and enable coherent, consistent policies and regulations to be adopted across 
sectors in countries where significant problems exist, or are emerging, concerning the scarcity of water, 
the efficiency of service, the allocation of water, or environmental damage. 
 
There are strong potential synergies between the World Bank’s Africa strategy and water 
development. The World Bank Africa region comprises low, lower-middle, upper-middle and 
high-income countries, of which 18 are fragile and conflict-affected states and 13 are small 
states (characterized by small populations, limited human capital, and confined land area)224. 
The World Bank’s strategy in Africa includes the priority areas of agricultural productivity, 
climate change, regional integration, urbanization, high quality human capital, and 
knowledge225. This includes support to boost agricultural productivity and output via irrigation; 
help prevent conflicts over water resources; build climate and disaster resilience; improve 
connectivity and leverage economies of scale; promote integrated urbanization; and manage 
drylands (particularly in the Sahel and the Horn of Africa) – all of which can be contributed to by 
surface and groundwater development.  
 
The World Bank has also produced a wealth of knowledge products on water for use by its 
client countries: both surface and groundwater resources management for urban and rural 
development, and across multiple global regions. Through the Water Global Practice (GP), and 
other operational units, the World Bank is a leading source of knowledge contribution on many 
aspects of water and development. The World Bank also has the capacity to draw on global 
experiences in water sector development. 
 
World Bank water sector investment 
Overview 
Lending in the water sector is an important component of the Bank’s global portfolio of 
projects. Investment in the water sector averages about 10-12 percent of the Bank’s annual 
lending (Figure 38). 
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Figure 38 – World Bank lending (IBRD + IDA) for the water sector (US$ millions) (Source: World Bank Annual 

Report 2016) 

The World Bank’s investment in the water sector in the Africa Region averages about 30-35 
percent of the Bank’s global investment in the sector, and has generally increased over the 
last decade. Lending for the Africa Region has increased substantially over the last decade 
(Figure 39) and the World Bank approved lending to more than 94 projects in SSA in the last 
decade (2007-2017). In 2016, the Bank supported 15 projects in SSA totaling US$1.9 Billion or 
35percent of lending to the sector. The 2004 World Bank Water Resources Strategy reported 
that SSA received only eight percent of the allocation to the water sector portfolio in the 1990s. 
The current active water portfolio includes 52 active projects supporting investment in urban 
and rural water supply, and 62 projects supporting irrigated agriculture for small and 
commercial farmers in SSA.    
 

 
Figure 39 – Bank water sector portfolio in SSA, FY07-FY17 (US$ million) 

Most of investments in the water sector in SSA are mapped to WSS. Most lending for water 
projects in the Africa region is allocated to WSS, with a steady but lower allocation to the 
irrigation and drainage sector (Figure 40). 
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244

2
8

Water sector projects without groundwater in project title
Water sector projects with groundwater in project title
Water sector projects with groundwater in PAD abstract

 
Figure 40 – World Bank lending volumes for water projects in Africa region (FY07-FY17, US$ millions) 

Groundwater 
A detailed assessment of groundwater, both in the World Bank’s global water sector portfolio 
(conducted by IEG 2010), and in the SSA water sector portfolio, is provided in Annex 2. The 
major findings of those assessments are summarized below. 
 
While investment in water-related activities is an important component of the World Bank’s 
global portfolio of projects, to date surface water investments have predominated over 
groundwater investments. Surface water projects (such as watershed management, dams and 
hydropower, rivers and lakes) have received the greatest investment focus in the Bank’s water 
portfolio. While groundwater has relevance to many water sector projects, it is often not 
specifically identified and is rarely the primary component of water sector investments, 
suggesting that there is potential to increase groundwater utilization as a basis for economic 
development, poverty reduction and disaster resilience. 
 
There is an opportunity to augment the surface water portfolio by treating groundwater as an 
important strategic component for development. As of 2007, groundwater was the least 
common theme in the Bank’s global water portfolio (Figure 41a). In response, IEG (2010) called 
for the Bank to be “more ambitious in addressing issues critical to the long-term use of 
groundwater”. These global findings are mirrored in the SSA water sector portfolio (Figure 41b). 
 

 
Figure 41 – Groundwater was the least common theme in the Bank’s global water portfolio in 2007 (a), and SSA 

water sector projects predominantly do not contain groundwater in project titles or PAD abstracts 1997-2017 (b) 
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There is opportunity to raise the profile of groundwater with clients across the Africa region. 
The World Bank could invest in more groundwater-focused projects, both at the national and 
regional scales. Groundwater has been the primary focus of very few investment projects in SSA 
between 1997-2017. Groundwater can be an option for addressing water stress challenges, 
increasing climate resilience, promoting economic growth (chiefly irrigation), and helping to 
secure potable water supplies. If the World Bank invests in more groundwater-focused projects, 
this could help to serve as examples for clients to increase their awareness of the potential for 
sustainable groundwater development to contribute to national development goals. 
 
Sustainable groundwater development (extraction) projects have a sound rate of success 
across the World Bank’s global portfolio, which bodes well for future investment in the Africa 
region. There is opportunity to expand the number of groundwater development projects in the 
Africa region. Whilst sustainable groundwater development (extraction) projects may be the 
highest priority for investment in SSA, the portfolio could also grow to include projects dealing 
with monitoring of groundwater quality, aquifer recharge, and management of leachates and 
contaminated surface water infiltration. 
 
There is a strong case for a linkage to be made between strategic groundwater development 
and countries which are water stressed and suffer from recurrent droughts. Currently, there is 
no evidence in the portfolio of groundwater being used effectively to help water stressed 
countries, nor to strategically manage recurring droughts. Countries and regions that have 
suffered repeated droughts (particularly in recent years) have few or no projects where 
groundwater is used strategically to minimize the impacts of future events. More strategic 
investment, as opposed to emergency relief, could help break the negative impacts of the cycle 
of drought. The World Bank could apply a more systematic approach to addressing this 
significant challenge. 
 
In terms of project processes, there is opportunity to better integrate groundwater into water 
sector project conceptualization, planning and design, and to bolster monitoring and internal 
groundwater expertise to achieve this. Increased and specific reporting on groundwater could 
help realize greater development opportunities from the outset and minimize potential risk 
associated with mismanagement of resources (e.g. overexploitation and pollution). Given the 
large variety of units within the World Bank working on projects with relevance to groundwater, 
and the opportunity to increase the focus on groundwater for many of those projects, it may be 
warranted to introduce processes (e.g. strategic monitoring) or personnel to become involved in 
project conceptualization, planning and design to ensure that groundwater is considered to play 
a greater role in future projects. 
 
Looking forward, a transition towards groundwater resource development will need to help 
meet the growing gap in demand. The Bank’s lending – from irrigated agriculture and WSS to 
rural development and disaster risk reduction – will become increasingly reliant on groundwater 
resources, either utilized independently or in conjunction with surface water resources. The 
current low profile of groundwater in the Bank’s investment portfolio in SSA suggests significant 
opportunity to promote groundwater more explicitly as part of a holistic development 
approach. 
 
Given the currently low profile of groundwater in the World Bank’s investment portfolio in 
Africa, there appears to be significant opportunity to promote groundwater more explicitly as 
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part of a holistic development approach. Chapter 3 provides the basis to inform the World 
Bank that there is sufficient groundwater to help serve as a foundation for resilient 
development. 
 
The World Bank as a convener of stakeholders in groundwater 
There is evidence of awareness and momentum building among some client countries and 
regional stakeholders. The World Bank can use its convening powers to help raise the profile 
of groundwater and promote its sustainable development. In response to international 
agreements, such as the SDGs, as well as frustration at seemingly intractable development 
challenges and recurrent drought events, there has been an increased focus on the role that 
groundwater can play in addressing these issues. For example, regional intergovernmental 
actors are forming to contribute to the body of evidence supporting greater action on 
groundwater knowledge and development. While SSA warrants the defining of a bespoke 
groundwater development pathway appropriate for its geographical, political and economic 
setting, the World Bank’s investment in the groundwater sector in SSA can draw on lessons 
learned from global experiences in other regions where groundwater has already played a 
critical development role. 
 
Despite a historical, and current, lack of focus on the characterization, understanding and 
management of groundwater resources in Africa, there is recent evidence of increased efforts 
by multiple stakeholders to address this. The World Bank can build on this emerging 
momentum, with actors outlined in Annex 3. To overcome the predominant focus on surface 
water resources over groundwater resources in SSA, recently, there has been an increased 
emphasis on trying to better understand and manage groundwater resources by a range of 
international, regional and national stakeholders (see Annex 3 for a comprehensive listing). 
 
Annex 5a– Evaluation of role of groundwater in World Bank water sector 
portfolio 
Groundwater as a component of the World Bank’s global water sector portfolio 
This section provides a synopsis of the findings of the Independent Evaluation Group’s (IEG) 
2010 evaluation of the World Bank’s global water sector portfolio, with specific reference to 
groundwater. It must be stated that the IEG review considered projects between 1997-2007, 
which is a decade old now. While the review is the most recent available, the findings should be 
considered with that delay in mind. 
 
At the global scale, IEG (2010) finds that the World Bank’s strategic approach to water and 
development has underemphasized some of the most difficult challenges – including 
groundwater – which, in turn has left some crucial needs unmet. In response to the reality of 
growing water scarcity, IEG (2010) reports that the World Bank has not responded at scale to 
some increasingly pressing water challenges, especially the preservation and restoration of 
groundwater resources (as well as water quality improvement, coastal vulnerability, and 
sanitation). 
 
Across the World Bank’s global water portfolio, the number of projects dealing with 
groundwater issues declined between 1997-2007, a trend that IEG (2010) describes as 
‘problematic’ (Figure 42). The number of World Bank-financed projects dealing with 
groundwater declined during the assessment period (including projects focused on extraction 
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and projects focused on sustainability and groundwater conservation). This occurred despite the 
2003 Water Resources Sector Strategy forecasting an increase in attention to groundwater. 

 
Figure 42 – Number of groundwater projects globally in World Bank (1997-2007) 

Given that the Africa region should expand groundwater development as an integral 
component of investing in the water sector, it is encouraging that the IEG (2010) found the 
most successful activities in the global groundwater portfolio are those aimed at increasing 
water supply (Figure 43). Construction of groundwater supply schemes not only was attempted 
most frequently, but achieved the intended goal most often (IEG 2010). Groundwater 
monitoring projects were also relatively successful. On the other hand, the least successful 
activity in the groundwater portfolio was the development of management frameworks or 
plans, for which only 20 percent of projects successfully completed the task. Other less 
successful activities related to groundwater recharge and groundwater exploration for water 
supply and irrigation. 
 

 
Figure 43 – (a) Ten most successful groundwater activities, and (b) ten least successful groundwater 

activities (success rate in attaining groundwater-related goals within indicated activity) 

IEG (2010) recommends ensuring that projects pay adequate attention to conserving 
groundwater and ensuring that the quantity extracted is sustainable (Figure 44). Despite the 
seriousness of groundwater depletion, the extent of the groundwater problem is poorly 
understood, and few projects protect or restore aquifers. However, as groundwater has become 
increasingly scarce, ongoing Bank projects have shifted away from investments in extraction 
towards conservation. 
 



119 
 

 
Figure 44 - The focus of groundwater projects across World Bank global portfolio (1997-2007) 

As at 2007, groundwater was the least common theme in the World Bank’s global water 
portfolio (Figure 45). While groundwater the least common theme in water projects globally, 
projects focused on surface water issues received much greater focus (including watershed 
management, dams and hydro, rivers and lakes, etc.). IEG (2010) stated that themes, such as 
groundwater, which fall below the water portfolio average, are considered lower or diminishing 
priorities.  

 
Figure 45- Share of ongoing projects from World Bank global water projects portfolio (as at 2007) 

addressing selected themes (IEG water database) 

The IEG (2010) states that the World Bank needs to be “more ambitious in addressing issues 
critical to the long-term use of groundwater”. The extent of the groundwater problem is 
poorly understood because data are rarely collected or shared. Project examination by IEG 
(2010) revealed that while it was quite common for project appraisals to state an intention to 
monitor groundwater quality and level, those intentions often had not been carried out by the 
time the loans closed. Data on all aspects of groundwater and relevant socioeconomic 
conditions need to be more systematically collected and monitored and used better within 
projects. For example, IEG (2010) states that the collection and analysis of up-to-date 
groundwater data are more important now than ever and need to be taken on board more 
commonly than they have been. 
 
The World Bank has not engaged in many transboundary aquifer projects, however IEG (2010) 
evaluates some of their work as groundbreaking. IEG (2010) draws attention to a 2002 project 
in Latin America (involving Argentina, Brazil, Paraguay, and Uruguay), which purportedly 
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established institutions, supported cross-border subprojects, and effectively reduced the risk of 
over-extraction and contamination of groundwater resources and other potentially negative 
transboundary impacts. 
 
Business-as-usual is not an option for water and development and IEG’s evaluation suggests 
that the World Bank should find ways to support systematically the countries that face the 
most water stress. The World Bank has lent heavily for irrigation and water supply, with a focus 
on dams and hydropower, but increasingly water stress is related to coastal zone management, 
pollution control and groundwater. 
 
Up until 2007, there was no relationship between World Bank water lending and country 
water stress. 35 of the world’s 45 most water-stressed countries existed in the Africa region. 
The World Bank can help water stressed countries prioritize water needs as central to national 
development strategies. In the Africa region, many countries are not only water poor but also 
economically poor.  
 
IEG (2010) provides the following recommendations, which have relevance to groundwater: 

 Work with clients and partners to ensure that critical water issues are adequately 
addressed, particularly those with the greatest water stress, and pay adequate attention 
to conserving groundwater and ensuring that the quantity extracted is sustainable. 

 Strengthen the supply and use of data on water to promote better understanding of the 
linkages among water, economic development, and project achievement. More 
frequent and more thorough monitoring to help ensure data is treated as a public good 
and widely available. 

Groundwater as a component of the World Bank’s SSA water sector portfolio 
The analysis below summarizes the role that groundwater has played, and is playing, in the 
World Bank’s portfolio of projects in Africa226. The primary data analysis draws on projects with 
relevance to groundwater being activated in Africa over a twenty-year period (1997-2017), as 
well as those with relevance to groundwater that were closed over the same period. Below is a 
summary of those findings. 
 
Synopsis of projects with relevance to groundwater in Africa 
Between 1997 and 2017, the World Bank has activated 254 projects in the Africa region with 
relevance to groundwater. This equates to an average of approximately 13 projects annually 
across the region with relevance to groundwater. The projects have been drawn from a wide 
range of units within the Bank. 
 
Across the Africa region, the World Bank’s portfolio includes both country-specific and 
regional projects with relevance to groundwater.  While some countries have been engaged in 
multiple projects over the past twenty years, others have had none (Figure 46). The countries 
that have been engaged in the most projects with relevance to groundwater are Nigeria (19), 
Ethiopia (16), Mozambique (15), Kenya (12), Rwanda (11) and Senegal (11). In contrast, 

                                                           
226The secondary data analysis findings are presented first, as they assess trends and characteristics of the 
World Bank’s water portfolio globally, including groundwater and the Africa region. The primary data 
analysis findings are presented second, as they focus only on groundwater-related projects and only on 
the Africa region. 
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Equatorial Guinea, Eritrea, Liberia, Namibia, and Sao Tome and Principe have had no registered 
projects with relevance to groundwater (between 1997-2017), while Comoros, Republic of 
Congo, Gabon, Seychelles, South Sudan, Sudan, Swaziland, and Togo have all only had one 
registered project over that period. Regional projects (of which 30 projects alone are mapped to 
Africa region rather than specific country/s) often relate to transboundary management of 
(surface) water resources.  
 

 
Figure 46 – Number of projects with relevance to groundwater, by country (1997-2017) 

 
Many units across the World Bank own projects with relevance to groundwater: from urban 
to agriculture, energy to transport, and others (Figure 47). The 254 World Bank projects in 
Africa with relevance to groundwater (1997-2017) have been drawn from 62 units in the World 
Bank. The units owning most projects have been: AFT: Urban/Water Anglophone (AFTU1) with 
30 projects; AFT: Urban/Water Francophone (AFTU2) with 24 projects; Agric. RD Irrigation Prac 1 
(AFTA1) with 19 projects; ENV, NRM, WRM DRM Prac 1 (AFTN1) with 12 projects; and Transport 
Practice Group (AFTTR) with 11 projects. 
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Figure 47 - Number of projects with relevance to groundwater, by Bank Unit (1997-2017) 

Up until recently, there has been a generally increasing trend in the number of projects in the 
World Bank portfolio of projects in Africa with relevance to groundwater over the past twenty 
years (Figure 48). The calendar year with the most number of projects with PADs was 22 in 
2014, followed by 19 in 2013. The calendar year 2017 may be expected to reach similar total 
project numbers. This compares with not more than 10 projects per calendar year between 
1997-2002 (inclusive).  
 

 
Figure 48 - Number of projects with relevance to groundwater in Africa, by year (1997-2017) 

But, how much focus is there on groundwater within projects with relevance to groundwater? 
However, almost no projects in the portfolio have groundwater as their central focus. Only 2 
of the 254 projects with relevance to groundwater contain groundwater in project titles – that is 
0.8percent. Furthermore, only 8 of the 254 projects contain direct reference to groundwater in 
the abstract of their PAD – that is 3percent. This means that groundwater is likely not being as 
strongly integrated into project design as it could be. 
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The only two predominantly groundwater focused (and titled) projects in the World Bank’s 
Africa portfolio (1997-2017) have been regionally focused, in the Southern African 
Development Community (SADC) and focused on drought management and sustainable 
groundwater development. Two projects, both focused in the SADC and offset by almost a 
decade, show some continuity and evolution on groundwater management: (i) “Groundwater 
and Drought Management in the SADC” (2005), which aimed to develop a SADC regional 
strategic approach to support and enhance the capacity of its member states in the definition of 
drought management policies, specifically in relation to the role, availability, and supply of 
potential groundwater resources; and (ii) “Sustainable Groundwater Management in SADC 
Member States” (2014), which aims to support sustainable management of groundwater at 
national and transboundary levels across SADC Member States.  
 
The other six projects which contain direct reference to groundwater in the abstract of their 
PADs are nationally focused and have (typically minor) groundwater components as part of a 
broader scope of work. None of the country-based projects which include groundwater 
components are large-scale systematic groundwater development interventions. The 
components of groundwater in those projects range from managing groundwater pollution, 
developing extraction infrastructure, groundwater storage tanks and protection of resources 
during emergency relief programs. A synopsis of each of the six projects is outlined: 

 The Niger Water Sector Project (P061558) aimed to increase access to WSS services in 
rural and urban areas, and included integrated monitoring of groundwater pollution in 
shallow aquifers and an environmental development program to protect against 
groundwater pollution. 

 The Ethiopia Irrigation and Drainage Project (P092353) is an irrigation and drainage 
project which included the development of 20,000 ha of groundwater and surface water 
infrastructure (and to ascertain future irrigation potential in 80,000 ha). 

 The Bamako Water Supply Project (P122826), in Mali, is a water supply project aimed at 
increasing access to sustainable water services, including the installation of groundwater 
storage tanks. 

 The Senegal Urban Water and Sanitation Project (P150351), is an urban water and 
sanitation project to improve access to water and sanitation services, including 
development of groundwater resources. 

 The Botswana Emergency Water Security and Efficiency Project (P160911) is an 
emergency water security and efficiency project to improve the availability of water 
supply in drought vulnerable areas, including protection of groundwater resources. 

 The Kenya Development Response to Displacement Impacts Project (P161067) aims to 
improve access to basic social services and enhance environmental management for 
communities hosting refugees, included reducing uncontrolled abstraction of 
groundwater for domestic consumption and livestock. 

There have been no country-level World Bank projects predominantly focused (and titled) on 
groundwater in the World Bank’s Africa portfolio (1997-2017). This seems to represent a major 
deficiency in the World Bank’s Africa project portfolio.  
 
Furthermore, analysis of 85 project ICRs (between 1997-2017) with relevance to groundwater 
reveals no major discussions of groundwater. In fact, none of the 85 ICR abstracts analyzed 



124 
 

contain direct reference to groundwater. This indicates that groundwater is either not being 
considered in projects, or is being grossly under-reported, or both. 
 
How is drought and disaster resilience integrated into the portfolio? 
Further to groundwater not featuring prominently in the World Bank’s Africa project portfolio, 
drought resilience also only receives scant focus. Only 2 of the 254 projects with relevance to 
groundwater contain ‘drought’ in the project title, and only 10 of the 254 projects contain 
‘drought’ in the abstract of the PAD. Of the 85 ICR abstracts analyzed, none made direct 
reference to ‘drought’. 
 
Zooming into a known region of repetitive drought conditions – the Horn of Africa – there is 
not strong evidence of strategic lending to address this problem. The Horn of Africa is currently 
facing its third consecutive year of drought – three of the four Horn of Africa countries are 
situated in the Africa region (Eritrea, Ethiopia and Somalia), and only one of those countries has 
had more than one project relevant to groundwater in the past 20 years. Other countries which 
have suffered from recent severe drought, and which have had very few (or no) projects with 
relevance to groundwater, include Namibia (0), South Africa (2), South Sudan (1), Swaziland (1), 
and Zimbabwe (1). 
 
There is little evidence of World Bank investments related to groundwater development being 
linked to areas where frequent and repeating drought events are occurring. There is 
opportunity to better integrate strategic lending for targeted drought resilience into the World 
Bank’s portfolio of projects in Africa with relevance to groundwater.  
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Annex 5b - Other actors in groundwater in Africa 
In addition to the World Bank, a range of actors are increasing knowledge and efforts around 
groundwater development in SSA, albeit from a low baseline. Several regional and national 
organizations are active in the water sector in SSA. While integrated surface water management 
SADEC, etc. 
 
International organizations contributing to various aspects of groundwater development 
The following list is a selection of international organizations contributing to groundwater 
knowledge and development in SSA: 
 Geological surveys outside of Africa. Several of the large geological surveys in Europe, 

North America, East Asia and elsewhere have track records of hydrogeological work in 
Africa, sometimes involving extensive and close cooperation with African surveys over 
many years. This work has often been carried out with support from national or 
multilateral development organizations. There have been a few initiatives to make 
groundwater data and information held outside of Africa more widely available. For 
example, the British Geological Survey (BGS) worked together with SADC, the South African 
Water Research Commission and other partners to produce the Africa Groundwater Atlas 
and Literature Archive (http://www.bgs.ac.uk/africagroundwateratlas/) with around 7,000 
reports and other items on African groundwater dating from the late nineteenth century 
onwards (see below). The German Federal Institute for Geosciences and Natural Resources 
(BGR) has worked with UNESCO and other partners to produce WHYMAP, the World-wide 
Hydrogeological Mapping and Assessment Programme, an initiative that makes world-wide 
hydrogeological maps freely available. 

 Unlocking the Potential of Groundwater for the Poor (UPGro), adopts a social and natural 
science approach to enabling sustainable use of groundwater for the benefit of the poor. 
UPGro is a seven-year international research program (2013-2020), jointly funded by UK’s 
Department for International Development (DFID), Natural Environment Research Council 
(NERC) and the Economic and Social Research Council (ESRC), focused on improving the 
evidence base around groundwater availability and management in SSA to enable 
developing countries and partners in SSA to use groundwater in a sustainable way to 
benefit the poor. Projects are interdisciplinary, linking the social and natural sciences. 
Outputs to include a combination of publications and knowledge generation and 
consortium projects, including the British Geological Survey Africa Groundwater Literature 
Archive (containing approximately 6,000 reports (in 2015), journal articles, conference 
papers, maps and other groundwater literature); metadata from long term (>10 year) 
groundwater datasets (including African Groundwater Atlas); catalyst and consortium grant 
projects; groundwater risk management for growth and development tool (Gro for GooD); 
groundwater futures in SSA (Grofutures); building understanding of climate variability into 
planning of groundwater supplies from low storage aquifers in Africa (BRAVE); 
experimenting with practical transition groundwater management strategies for the urban 
poor in SSA (T-GroUP); and unravelling current failures for future success in rural 
groundwater supply (Hidden Crisis) (UPGro website). 

 International Water Management Institute (IWMI), is a non-profit, scientific research 
organization focusing on the sustainable use of water and land resources in developing 
countries. IWMI works in partnership with governments, civil society and the private sector 
to develop scalable agricultural water management solutions that have a real impact on 
poverty reduction, food security and ecosystem health. IWMI is a member of CGIAR, a 
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global research partnership for a food secure future. IWMI works through collaborative 
research and targets policymakers, development agencies, individual farmers and private 
sector organizations. The IWMI-Southern Africa (IWMI-SA) regional program was 
established in 2000, hosted by the South African Government’s Department of Agriculture, 
Forestry, and Fisheries. IWMI-SA’s inter-disciplinary research, policy dialogue and capacity 
building pays attention to niche areas, including sustainable conjunctive use of 
groundwater and surface water; sustainable and climate-smart intensification of 
smallholder agriculture; gender and social equity to redress the region’s dual economy; 
transboundary water management, and monitoring and evaluation. IWMI is also engaged 
in other regional initiatives, such as the Comprehensive Africa Agriculture Development 
Program (CAADP) and the Regional Indicative Strategic Development Plan (RISDP) of the 
Southern African Development Community (SADC), which seek to pool knowledge and 
information for improved agricultural development (IWMI website). 

 Stockholm International Water Institute (SIWI), aims to bridge science, policy and practice 
for a water wise world. SIWI pursues this goal through applied research, policy 
consultation, capacity-building, and connecting key actors across sectors, thereby 
stimulating development of innovative policies and scientifically-based solutions to water-
related challenges. SIWI contains five thematic areas: (i) water governance; (ii) 
transboundary water management; (iii) water and climate change; (iv) water, food and 
energy; and (v) water and economics. Recently, SIWI established the Africa Regional 
Centre, to help in regional and continental efforts to support future-oriented policies, 
research initiatives and institutional capacity development for more effective water 
management and development (SIWI website). 

 International Groundwater Resources Assessment Center (IGRAC, https://www.un-
igrac.org/) is funded partly by the United Nations Organization for Education, Science and 
Culture (UNESCO) and the Government of the Netherlands. It was founded in 1999 by 
UNESCO and the World Meteorological Association (WMO), and launched in 2003. Initially 
hosted by the Netherlands Organization for Applied Scientific Research (TNO), IGRAC is 
today a legally independent organization, and is a UNESCO Centre. IGRAC’s stated mission 
is to ‘facilitate and promote international sharing of information and knowledge required 
for sustainable groundwater resources development and management worldwide’. IGRAC 
has a global focus, with an emphasis on the developing world. IGRAC collaborates with a 
variety of partners (e.g. UPGRO, BGS) and acts as a catalyst in groundwater-related 
projects. IGRAC acts as a broker of information and data on groundwater via its Global 
Groundwater Information System (GGIS), a modular GIS-enabled web portal that collates 
and presents global groundwater information (https://www.un-igrac.org/global-
groundwater-information-system-ggis). A component of this is the Africa Groundwater 
Portal. Meta-information on groundwater reports and publications is also kept, including 
guidelines and protocols for groundwater development, and many of these are available 
for download. 

 Global Water Partnership (GWP), was founded in 1996 to foster integrated water resource 
management (IWRM). Its mission is to support the sustainable development and 
management of water resources at all levels. GWP’s strategic goals are to: catalyze change 
in policies and practice; generate and communicate knowledge; and strengthen 
partnerships. GWP has regional offices in West, Southern, Central and Eastern Africa (GWP 
website). 

 International Association of Hydrogeologists (IAH), has historically carried out much of its 
scientific and technical work through its Commissions and Networks. The IAH Burdon 
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Network supports hydrogeologists in developing countries who are working to help achieve 
the SDGs/MDGs and increase access to safe water. The initial focus of the IAH Burdon 
Network has been SSA (IAH website). 

 International Network of River Basin Organizations (INBO), has an objective to promote 
the exchange of experiences between organizations in charge of river basin management in 
such areas as institutional and financial management, knowledge of water resources, 
training different stakeholders involved in water management as well as the staff of basin 
organizations, and increasing the awareness of the public for water resources 
management. The INBO contains regional basin organizations, including 

 UNESCO International Hydrological Programme (UNESCO-IHP), is the only 
intergovernmental program of the UN system devoted to water research, water resources 
management, and education and capacity building. IHP has evolved from an internationally 
coordinated hydrological research program into an encompassing, holistic program to 
facilitate education and capacity building, and enhance water resources management and 
governance. IHP facilitates an interdisciplinary and integrated approach to watershed and 
aquifer management, which incorporates the social dimension of water resources, and 
promotes and develops international research in hydrological and freshwater sciences. 
Specifically, for groundwater, IHP objectives include promoting measures addressing the 
principles of sustainable management of groundwater resources, addressing methods for 
the sound development, exploitation and protection of groundwater resources, developing 
new groundwater resource maps, and strengthening groundwater governance policy and 
water user rights in emergency situations. These challenges call for comprehensive 
research, implementation of new science-based methodologies and the endorsement of 
principles of integrated management, and environmentally-sound protection of 
groundwater resources. The five focus areas for groundwater are: (i) enhancing sustainable 
groundwater resources management; (ii) addressing strategies for management of aquifers 
recharge; (iii) adapting to the impacts of climate change on aquifer systems; (iv) promoting 
groundwater quality protection; and (v) promoting management of transboundary 
aquifers. In 2006, IHP established the GRAPHIC (Groundwater Resources Assessment under 
the Pressures of Humanity and Climate Change) project in Africa to improve understanding 
of how groundwater contributes to the global water cycle and thus how it supports 
ecosystems and humankind (UNESCO website & UNESCO-IHP 2006). 

 FAO (Food & Agriculture Organization), focuses on more efficient, equitable and 
environmentally friendly use of water in agriculture. Water-related issues identified by FAO 
include (i) producing more food while using less water; (ii) building resilience of farming 
communities to cope with floods and droughts; and (iii) applying clean water technologies 
that protect the environment. FAO works to modernize irrigation systems and is supporting 
intensification models that are clean and resource-efficient, raising the productivity of 
water across the domestic, industrial and agricultural uses. FAO programming includes 
groundwater governance efforts to deliver policy and institutional guidelines designed at 
local, national and transboundary levels. FAO promotes best practices in groundwater 
governance to achieve sustainable management of groundwater resources, including (i) 
promotion of pro-active drought and flood risk management policies; (ii) capacity building 
on early warning and regular information on threats; and (iii) support to increased water 
storage to buffer climate variability and change. FAO operates and maintains AQUASTAT, a 
global water information system, which is purportedly the most comprehensive and 
quoted source on global water statistics. It contains data and information by country on 
water resources, water uses, agricultural water management (FAO website). 
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 UN-Water, is the United Nations inter-agency coordination mechanism for all freshwater 
related issues. It provides a platform to address the cross-cutting nature of water and 
maximize system-wide coordinated action and coherence. UN-Water promotes coherence 
in, and coordination of, UN system actions aimed at the implementation of the agenda 
defined by the SDGs. The scope of UN-Water’s work encompasses all aspects of freshwater, 
including surface and groundwater resources, with a purpose to maximize system-wide 
coordinated action and coherence as well as effectiveness of the support provided to 
Member States in their efforts towards achieving time-bound goals, targets and actions 
related to its scope of work as agreed by the international community, particularly those 
contained in the SDGs. In 2014, the Integrated Monitoring initiative GEMI was established 
as an inter-agency initiative composed of United Nations Environment Programme (UNEP), 
the United Nations Human Settlements Programme (UN-Habitat), the United Nations 
Children’s Fund (UNICEF), the Food and Agriculture Organization of the United Nations 
(FAO), the United Nations Educational, Scientific and Cultural Organization (UNESCO), the 
World Health Organization (WHO) and the World Meteorological Organization (WMO), 
operating under the UN-Water umbrella and complementing JMP and GLAAS. The long-
term goal is to establish and manage, by 2030, a coherent monitoring framework for water 
and sanitation to inform the post-2015 period, and contribute to country progress through 
well-informed decision-making on water, based on harmonized, comprehensive, timely and 
accurate information.  

 Global Environment Facility – Transboundary Water Assessment Programme (GEF-
TWAP), provides the first global-scale assessment of transboundary waters and aims to 
provide improved knowledge for informed decision-making, raising awareness and 
fostering cooperation among all stakeholders about transboundary water issues. UNESCO-
IHP has been entrusted with the execution of the global Assessment of Transboundary 
Aquifers and Small Island Developing States (SIDS) Groundwater Systems. The TWAP 
Groundwater Assessment will be carried out jointly with a network of partners at national, 
regional and international level. The assessment strives to involve directly all countries 
sharing aquifers. Country involvement is considered an essential element of the TBA 
methodology, given the need to improve data availability, and to achieve mutual 
recognition of their shared nature (GEF-TWAP website). 

 United Nations Environment Programme (UNEP), coordinates the Network On Urban 
Groundwater Vulnerability In Africa initiative through UNESCO-IHP, under the leadership of 
the UNEP Division of Early Warning and Assessment (DEWA). The project focuses on urban 
pollution of surficial and groundwater aquifers in Africa. The project was realized, in 
collaboration with UNCHS/Habitat (UNCHS/Habitat is implementing a project on Water for 
African cities which includes six African cities) and ECA who have been involved as regional 
and political partners. UNEP also coordinates the GEMStat program, the objective of which 
is to support global, regional, and national environmental assessment and reporting 
processes on the state and trends of water resources by providing access to quality-assured 
data and information on water quality in freshwater ecosystems worldwide. GEMStat is 
designed to share surface and ground water quality data sets collected from the 
GEMS/Water Global Network, including more than 3,700 stations, close to 4.3 million 
records, and over 100 parameters (UNEP website). 

 UNDP Transboundary Water Program, is supporting over 100 countries in the preparation 
of cooperative governance / management frameworks for international basins, including 
major water bodies in Africa, such as the Nile, Okavango, Orange/Sengu, Senegal and Niger 
river basins (UNDP website). 
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 International Atomic Energy Agency (IAEA), helps tackle some of the earth's most pressing 
water challenges by applying nuclear techniques in the fields of water resource 
assessment, agricultural water management and marine pollution control. IAEA engages in 
cooperative activities with major international and national partners, including the World 
Bank, Global Environmental Facility (GEF), UNESCO, World Meteorological Organization 
(WMO), the U.S. Geological Survey (USGS) and the French Research Institute for 
Development (IRD). The IAEA is sponsoring regional technical co-operation projects 
addressing practical issues related to water resources assessment and development in 
some parts of Africa. For example, one project seeks to strengthen isotope hydrology 
capacity to determine fast-moving (recent) groundwater and slow-moving (ancient) 
groundwater. Such projects aim to develop regional isotope hydrology expertise and 
facilities to provide data which in combination with those derived from conventional 
techniques will assist in guarding against economic and social disasters from groundwater 
mismanagement, particularly during extreme events (IAEA website). 

 
Continental / regional organizations contributing to various aspects of groundwater 
development 
The following list is a selection of continental / regional organizations are contributing to 
groundwater knowledge and development in SSA: 
 Africa Groundwater Network (AGW-Net), was established to increase awareness of the 

potential and value of groundwater across Africa and to contribute to capacity building in 
the groundwater sector. AGW-Net objectives are to: (i) build capacity for improved 
groundwater management at all levels; (ii) promote IWRM practice in the groundwater 
sector; (iii) improve awareness of groundwater resources; (iv) foster groundwater research 
and academic cooperation; (v) enhance the sharing of information; (vi) improve the level of 
integration between surface and groundwater practitioners; and (vii) provide a positive 
contribution to the realization of regional and continental development goals with regard 
to groundwater. The AGW-Net also acts as a meeting place for the African groundwater 
community and functions under the Cap-Net umbrella, cooperating with other networks 
within the Cap-Net affiliation (AGW-Net website). 

 African Ministers’ Council on Water (AMCOW) (& Africa Groundwater Commission), was 
formed in 2002 in Abuja Nigeria, to promote cooperation, security, social and economic 
development, and poverty eradication among member states through the effective 
management of Africa’s water resources and provision of water supply services in a bid to 
realize the 2025 Africa Water Vision. AMCOW has also being accorded the status of a 
Specialized Committee for Water and Sanitation in the African Union. The vision of 
AMCOW is to promote cooperation, security, social and economic development, and 
poverty eradication among member states through the effective management of Africa’s 
water resources and provision of water supply services in a bid to realize the 2025 Africa 
Water Vision. The mission of AMCOW is to provide political leadership, policy direction and 
advocacy in the provision, use and management of water resources for sustainable social 
and economic development and maintenance of African ecosystems. As part of AMCOW, 
an Africa Groundwater Commission (AGWC) is also being operationalized. 

 Southern African Development Community (Groundwater Management Institute (SADC-
GMI), has an objective to achieve development, peace and security, and economic growth, 
to alleviate poverty, enhance the standard and quality of life of the peoples of Southern 
Africa, and support the socially disadvantaged through regional integration, built on 
democratic principles and equitable and sustainable development. As an institute of SADC, 



130 
 

SADC-GMI has an objective to support the sustainable management of groundwater at 
national and transboundary levels across SADC member states. SADC-GMI is intended to be 
a center of excellence for the region, with an initial focus on operationalizing objectives, 
strengthening institutional capacity; advancing knowledge on transboundary and national 
groundwater; and promoting groundwater infrastructure management and development. 
SADC partners include the World Bank, GEF, SADC Secretariat, Cooperation in International 
Waters in Africa (CIWA), University of the Free State, and Institute for Groundwater Studies 
(SADC website).  

 The Intergovernmental Authority on Development (IGAD), in Eastern Africa was created in 
1996 (superseding IGADD, founded in 1986) to address the recurring and severe droughts 
and other natural disasters in the region which were causing widespread famine, ecological 
degradation and economic hardship. This regional approach supplemented national efforts. 
The mission of IGAD is to assist and complement the efforts of the Member States to 
achieve, through increased cooperation on (i) food security and environmental protection; 
(ii) promotion and maintenance of peace and security and humanitarian affairs; and (iii) 
economic cooperation and integration. Its objectives are to: (i) promote joint development 
strategies and gradually harmonize macro-economic policies and programs in the social, 
technological and scientific fields; (ii) harmonize policies with regard to trade, customs, 
transport, communications, agriculture, and natural resources, and promote free 
movement of goods, services, and people within the region; (iii) create an enabling 
environment for foreign, cross-border and domestic trade and investment; (iv) achieve 
regional food security and encourage and assist efforts of Member States to collectively 
combat drought and other natural and man-made disasters and their natural 
consequences; (v) initiate and promote programs and projects to achieve regional food 
security and sustainable development of natural resources and environment protection, 
and encourage and assist efforts of Member States to collectively combat drought and 
other natural and man-made disasters and their consequences; (vi) develop and improve a 
coordinated and complementary infrastructure, in the areas of transport, 
telecommunications and energy in the region; (vii) promote peace and stability in the 
region and create mechanisms within the region for the prevention, management and 
resolution of inter-State and intra-State conflicts through dialogue; (viii) mobilize resources 
for the implementation of emergency, short-term, medium-term and long-term programs 
within the framework of regional cooperation; (ix) promote and realize the objectives of 
the Common Market for Eastern and Southern Africa (COMESA) and the African Economic 
Community; and (x) facilitate, promote and strengthen cooperation in research 
development and application in science and technology (IGAD website). 

 The African Network of Basin Organizations (ANBO) (a regional basin organization of 
INBO), promotes communication and exchange of experiences, expertise and know-how, 
between its members, related to IWRM per basin. The ANBO endeavors to: (i) develop co-
operation between the organizations in charge of IWRM and to favor exchange of 
experiences and expertise among them; (ii) participate actively in policy formulation and 
implementation, bringing in experience of practice, as well as to carry out diagnostics, 
analysis enabling the harmonization of policy, strategies and practices at national level, as 
well as the level of basins and sub-basins; (iii) promote and strengthen existing 
organizations and to encourage the creation of new basin organizations; (iv) facilitate 
development of tools suitable for institutional and financial management, for knowledge 
and monitoring of water resources, for the organization of data bases, for the concerted 
preparation of master plans and action programs in the medium and long term; (v) 
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strengthen and network the existing documentation and information centers of the 
member organizations, to produce, exchange, synthesize and disseminate knowledge and 
know-how of IWRM, in collaboration with their regional and international partners and to 
support the creation of new water-related documentation and information systems in the 
organizations which have none; (vi) develop information and train personnel, to carry out 
studies and to prepare educational material; (vii) promote IWRM principles per basin in 
international co-operation programs; (viii) evaluate actions initiated by the member 
organizations and disseminate their results; (ix) organize joint activities of regional interest 
between its members and to support their actions in obtaining finance, in particular; (x) 
support the African Ministers Council on Water (AMCOW), to meet its specific requests on 
management per basin and implement its orientations in this field (International Network 
of River Basins Organizations website). 

 The Cooperation in International Waters in Africa (CIWA) program, assists riparian 
governments in SSA in unlocking the potential for sustainable, climate-resilient growth by 
addressing constraints to cooperative water resources management and development. 
CIWA funds a variety of organizations – governments, river basin organizations, regional 
economic communities, civil society organizations, and African regional or national 
organizations – to address the constraints of cooperative transboundary water 
management. Managed by the World Bank, CIWA is uniquely poised to provide neutral 
third-party facilitation, technical support, and critical analysis to better understand 
transboundary water issues and inform decisions. CIWA supported activities – which cut 
across sectors including energy, agriculture, transportation, social issues, and the 
environment – assist the World Bank’s clients to utilize transboundary resources 
productively and equitably, protecting people and property from water-related shocks, and 
ensuring the sustainability of the resource base (World Bank website). 

 University of the Free State, Institute for Groundwater Studies (IGS), is one of the leading 
groundwater research groups in Africa on aspects related to fractured rock aquifers, 
industrial and mining contamination, groundwater governance and groundwater 
resources. The IGS has expertise in the following fields of geohydrology: groundwater 
research; laboratory services; groundwater in a mining environment; development of 
groundwater monitoring programs; hydrogeological and contaminant investigations; 
reserve determinations; geochemical assessments; groundwater software development; 
acid-mine drainage prediction and management; assessment of groundwater pollution; 
groundwater risk assessments; groundwater resource development and management; 
environmental management program reports for the mining industry; geohydrological 
impact assessments at industries and landfills; project management for groundwater-
related projects; geophysical investigation; and manipulation and integration of GIS data. 

 The Alliance for a Green Revolution in Africa (AGRA), is an alliance led by Africans with 
roots in farming communities across the continent. AGRA’s vision is that Africa can feed 
itself and the world by changing agriculture in Africa from farming as a solitary struggle to 
survive, to farming as a business that thrives. AGRA is collaborating with groups such as 
IWMI to enhance the role of groundwater in providing improved food security and 
livelihoods in AGRA-targeted countries. Objectives include assessing groundwater 
availability and sustainability, including the impacts associated with its use and role in 
adapting to climate change; identifying opportunities and constraints in using groundwater, 
and provide advice to investors in groundwater interventions; and developing a 
groundwater strategy for the region (AGRA website & IWMI). 
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National organizations contributing to various aspects of groundwater development 
Some national-level organizations are also contributing to groundwater development. Notable 
progress on groundwater development is being made by some national ministries (typically 
Water ministries) with leading examples coming from countries such as South Africa. 
 
Most notable of these are African geological surveys and public-sector water departments. 
African geological surveys, water departments and allied public sector organizations and 
authorities are mandated to collect and store data and information on groundwater occurrence 
and use, and to make it available for legitimate use. In many cases, capacity and funding 
constraints limit the extent to which this task can be fulfilled. Decentralization initiatives in some 
countries (e.g. Zimbabwe) have devolved groundwater data collection and storage to regional or 
basin level, and this can make accessing information by parties outside of the region or basin 
more difficult. Collaboration between African geological surveys and other partners 
underpinned the 2010 publication of the first hydrogeological map of the SADC region. 
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Annex 6 – Matrix of national-level water assessments, with special attention to vulnerability and to potential for 
sustainable groundwater resource development 

 
SSA Country IDA 

Eligibility 
Water Stress Vulnerability of 

national fresh water 
supplies to climate 

change 

Drought 
Vulnerability 

Indicator 

Percentage 
Groundwater Used 

National Synopsis 
Present Future 

Angola  Low-Moderate Low-Moderate Moderate-High 
(0.381) 

Moderate 
Low 
(0.7) 

Not IDA eligible; low-moderate water stress; 
moderate-high / moderate vulnerability 

measures; virtually no groundwater 
potential being utilized. 

Benin √ Low Low High 
(0.417) 

Moderate 
Low 
(9.4) 

IDA eligible; low water stress; high / 
moderate vulnerability measures; low 

proportion of groundwater potential being 
utilized. 

Botswana  Low-Moderate High Moderate  
(0.304) 

Low 
Low 
(8.2) 

Not IDA eligible; high future water stress; 
moderate / low vulnerability measures; low 
proportion of groundwater potential being 

utilized. 
Burkina Faso √ Low Low Moderate-High  

(0.398) 
Moderate 

Low 
(4.1) 

IDA eligible; low water stress; moderate-high 
/ moderate vulnerability measures; low 

proportion of groundwater potential being 
utilized. 

Burundi √ Low Low Low 
(0.198) 

High Low 
(2.1) 

IDA eligible; low water stress; low / high 
vulnerability measures; small proportion of 

groundwater potential being utilized. 
Cabo Verde √   Low-Moderate 

(0.274) 
 

 

IDA eligible; low-moderate vulnerability of 
national fresh water supplies to climate 

change. Otherwise, assessment information 
limited. 

Cameroon √ Low Low Moderate  
(0.334) 

Low-Moderate 
Low 
(0.4) 

IDA eligible; low water stress; moderate / 
low-moderate vulnerability measures; 

virtually no groundwater potential being 
utilized. 

Central African 
Republic 

√ Low Low Low-Moderate 
(0.228) 

Moderate-High 
Low 
(0.1) 

IDA eligible; low water stress; low-moderate 
/ moderate-high vulnerability measures; 
virtually no groundwater potential being 

utilized. 
Chad √ Low Low High 

(0.440) 
High 

Low 
(3.9) 

IDA eligible; low water stress; high 
vulnerability measures; small proportion of 

groundwater potential being utilized. 
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SSA Country IDA 
Eligibility 

Water Stress Vulnerability of 
national fresh water 

Drought 
Vulnerability 

Percentage 
Groundwater Used 

National Synopsis 
Comoros √   Low 

(0.115) 
 

 
IDA eligible; low vulnerability of national 
fresh water supplies to climate change. 

Otherwise, assessment information limited. 
Congo, 
Democratic 
Republic 

√ Low Low High 
(0.455) 

Moderate-High 
Low 
(0.3) 

IDA eligible; low water stress; high / 
moderate-high vulnerability measures; 

virtually no groundwater potential being 
utilized. 

Congo, Republic 
of 

√ Low Low High 
(0.442) 

Moderate Low 
(0.0) 

IDA eligible; low water stress; high / 
moderate vulnerability measures; no 
groundwater potential being utilized. 

Cote D’Ivoire √ Low Low Low-Moderate 
(0.291) 

Moderate 
Low 
(1.0) 

IDA eligible; low water stress; low-moderate 
/ moderate vulnerability measures; virtually 

no groundwater potential being utilized. 
Equatorial 
Guinea 

 Low Low Low-Moderate 
(0.244) 

Low-Moderate 
Low 
(0.1) 

Not IDA eligible; low water stress; low-
moderate vulnerability measures; virtually 
no groundwater potential being utilized. 

Eritrea √ High High High 
(0.464) 

Moderate 
Low 

(18.0) 

IDA eligible; high water stress; high / 
moderate vulnerability measures; low but 
noteworthy groundwater potential being 

utilized. 
Ethiopia √ Low Low High 

(0.447) 
High 

Low 
(7.5) 

IDA eligible; low water stress; high 
vulnerability measures; low groundwater 

potential being utilized. 
Gabon  Low-Moderate Low Low-Moderate 

(0.300) 
Low Low 

(0.0) 

Not IDA eligible; low-moderate water stress; 
low-moderate / low vulnerability measures; 

no groundwater potential being utilized. 
Gambia, The √ Low Low Low-Moderate 

(0.276) 
Low-Moderate 

Low 
(6.0) 

IDA eligible; low water stress; low-moderate 
vulnerability measures; low groundwater 

potential being utilized. 
Ghana √ Low Low Low 

(0.219) 
Low 

Low 
(1.9) 

IDA eligible; low water stress; low 
vulnerability measures; low groundwater 

potential being utilized. 
Guinea √ Low Low Moderate  

(0.319) 
Moderate Low 

(0.2) 

IDA eligible; low water stress; moderate 
vulnerability measures; virtually no 

groundwater potential being utilized. 
Guinea-Bissau √ Low Low Low-Moderate 

(0.282) 
High 

Low 
(0.2) 

IDA eligible; low water stress; low-moderate 
/ high vulnerability measures; virtually no 

groundwater potential being utilized. 
Kenya √ Low Low High 

(0.501) 
Low-Moderate 

Low 
(17.7) 

IDA eligible; low water stress; high / low-
moderate vulnerability measures; low but 
noteworthy groundwater potential being 

utilized. 



135 
 

SSA Country IDA 
Eligibility 

Water Stress Vulnerability of 
national fresh water 

Drought 
Vulnerability 

Percentage 
Groundwater Used 

National Synopsis 
Lesotho √ High Low-Moderate Low 

(0.203) 
Low Low 

(4.0) 

IDA eligible; high current water stress; low 
vulnerability measures; low groundwater 

potential being utilized. 
Liberia √ Low Low Moderate-High 

(0.383) 
Moderate-High 

Low 
(0.2) 

IDA eligible; low water stress; moderate-high 
vulnerability measures; virtually no 

groundwater potential being utilized. 
Madagascar √ Low-Moderate Low High 

(0.455) 
Moderate 

Low 
(0.7) 

IDA eligible; generally low water stress; high 
/ moderate vulnerability measures; virtually 

no groundwater potential being utilized. 
Malawi √ Low Low Low-Moderate  

(0.291) 
Moderate-High 

Low  
(11.2) 

IDA eligible; low water stress; moderate / 
moderate-high vulnerability measures; low 

but noteworthy groundwater potential being 
utilized. 

Mali √ Low Low High 
(0.439) 

High 
Low 
(1.7) 

IDA eligible; low water stress; high 
vulnerability measures; low groundwater 

potential being utilized. 
Mauritania √ Low Low High 

(0.438) 
Moderate-High 

High 
(253.3) 

IDA eligible; low water stress; high / 
moderate-high vulnerability measures; 

unsustainably high groundwater potential 
being utilized. 

Mauritius    Moderate 
(0.313) 

 

 

IDA ineligible; moderate vulnerability of 
national fresh water supplies to climate 

change. Otherwise, assessment information 
limited 

Mozambique √ Low Low Moderate-High 
(0.398) 

Moderate-High 
Low 
(2.6) 

IDA eligible; low water stress; moderate-high 
vulnerability measures; low groundwater 

potential being utilized. 
Namibia  Low-Moderate High Moderate 

(0.317) 
Low-Moderate 

Low 
(7.1) 

IDA ineligible; high future water stress; 
moderate / low-moderate vulnerability 

measures; low groundwater potential being 
utilized. 

Niger √ Low Low High 
(0.673) 

High 
Low 
(5.6) 

IDA eligible; low water stress; high 
vulnerability measures; low groundwater 

potential being utilized. 
Nigeria √ Low Low High 

(0.422) 
High 

Low 
(4.0) 

IDA eligible; low water stress; high 
vulnerability measures; low groundwater 

potential being utilized. 
Rwanda √ Low Low Low 

(0.216) 
Moderate-High Low 

(2.9) 

IDA eligible; low water stress; low / 
moderate-high vulnerability measures; low 

groundwater potential being utilized. 
Sao Tome and 
Principe 

√   Low 
(0.141) 

 
 

IDA ineligible; low vulnerability of national 
fresh water supplies to climate change. 
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SSA Country IDA 
Eligibility 

Water Stress Vulnerability of 
national fresh water 

Drought 
Vulnerability 

Percentage 
Groundwater Used 

National Synopsis 
Otherwise, assessment information limited. 

Senegal √ Low Low High 
(0.424) 

Moderate 
Low 

(21.1) 

IDA eligible; low water stress; high / 
moderate vulnerability measures; low but 
noteworthy groundwater potential being 

utilized. 
Seychelles      

 
IDA ineligible; assessment information 

limited. 
Sierra Leone √ Low Low Moderate-High 

(0.385) 
High 

Low 
(0.4) 

IDA eligible; low water stress; moderate-high 
/ high vulnerability measures; virtually no 

groundwater potential being utilized. 
Somalia √ Low Low-Moderate High 

(0.542) 
High 

Low 
(8.5) 

IDA eligible; generally low water stress; high 
vulnerability measures; low groundwater 

potential being utilized. 
South Africa  High High Moderate 

(0.300) 
Low 

Moderate 
(65.4) 

IDA ineligible; high water stress; moderate / 
low vulnerability measures; moderate 
groundwater potential being utilized. 

South Sudan √ Low Low  Moderate-High 

Low 
(8.4) 

IDA eligible; low water stress; moderate-high 
drought vulnerability measure; low but 

noteworthy groundwater potential being 
utilized. 

Sudan √ Low Low-Moderate High 
(0.692) 

Moderate-High IDA eligible; generally low water stress; high 
/ moderate-high vulnerability measures; low 
but noteworthy groundwater potential being 

utilized. 
Swaziland  High Moderate-High High 

(0.425) 
Low-Moderate 

Low 
(6.1) 

IDA ineligible; high / moderate-high water 
stress; high / low-moderate vulnerability 

measures; low groundwater potential being 
utilized. 

Tanzania √ Low-Moderate Low-Moderate Moderate-High 
(0.366) 

Low-Moderate 
Low 
(3.3) 

IDA eligible; low-moderate water stress; 
moderate-high / low-moderate vulnerability 
measures; low groundwater potential being 

utilized. 
Togo √ Low Low Moderate-High 

(0.354) 
Moderate-High Low 

(1.9) 

IDA eligible; low water stress; moderate-high 
vulnerability measures; low groundwater 

potential being utilized. 
Uganda √ Low Low Moderate 

(0.328) 
Low 

Low 
(2.1) 

IDA eligible; low water stress; moderate / 
low vulnerability measures; low 

groundwater potential being utilized. 
Zambia √ Low Low Low 

(0.230) 
Low-Moderate 

Low 
(0.6) 

IDA eligible; low water stress; low / low-
moderate vulnerability measures; virtually 
no groundwater potential being utilized. 

Zimbabwe √ Low Low-Moderate Moderate Low-Moderate Low IDA eligible; generally low water stress; 
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SSA Country IDA 
Eligibility 

Water Stress Vulnerability of 
national fresh water 

Drought 
Vulnerability 

Percentage 
Groundwater Used 

National Synopsis 
(0.300) (7.2) moderate / low-moderate vulnerability 

measures; low but noteworthy groundwater 
potential being utilized. 

 

Legend  Low  Low-Moderate  Moderate  Moderate-High  High  Ineligible / no data  
 
 
Caveats to the analysis in the matrix above include: (i) the indicators come from different sources, and hence methodologies and consideration 
of groundwater resources are not consistent; (ii) national-level assessments do not capture the variability across regions within countries (for 
example, a country assessment may reveal low overall water stress or vulnerability, but have select areas where water stress is high); and (iii) 
sustainable groundwater resource development potential is high across all countries (except Mauritania), meaning groundwater development 
should be considered as part of an integrated water resources strategy for all SSA countries. 
 

Description of matrix indicators 
Indicator Indicator Description / Calculation Source 

IDA eligibility Eligibility for IDA support depends first and foremost on a country’s relative poverty, defined as GNI per capita 
below an established threshold and updated annually ($1,165 in fiscal year 2018). Some countries (such as Nigeria) 
are IDA-eligible based on per capita income levels and are also creditworthy for some IBRD borrowing. They are 
referred to as “blend” countries. 
 
In the matrix, countries in SSA eligible for IDA support are identified.  

World Bank. 

Water stress Water stress is defined as the ratio between total water withdrawals and available renewable (surface water, 
including shallow groundwater) water at a sub-catchment level. Higher levels of water stress correspond to greater 
competition among water users relative to available water resources. The model used in the paper models 
precipitation being made available for consumption in the form of surface and shallow groundwater.  
 
Present: Baseline water stress measures total annual water withdrawals expressed as a percentage of the total 
annual available blue water. Baseline water stress is a particularly important indicator to understand when 
evaluating water-related risks. It measures the ratio of total water withdrawals (by industry, agriculture, and 
domestic users) to the available supply, considering upstream uses and depletion of water. A global ranking of 
baseline water stress for all countries is provided in the paper. 
  
Future: The rankings provided in the matrix draw from a global analysis of Aqueduct projected country water stress 
ranking for 2040 under business-as-usual scenario. 
 
Rankings for present and future water stress are extracted from the papers (see sources in column adjacent) and 
rated as low, low-medium, medium, medium-high, and high. 

Gassert, F., Reig, P., Luo, T. & 
Maddocks, A., November 2013, 
Aqueduct Country and River Basin 
Rankings, A Weighted Aggregation 
of Spatially Distinct Hydrological 
Indicators, Washington, D.C., 
World Resources Institute. 
 
Luo, T., Young, R. & Reig, P., 2015, 
Aqueduct Projected Water Stress 
Country Rankings, Technical Note. 
Washington, D.C.: World 
Resources Institute. 
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Vulnerability of 
national fresh 
water supplies 
to climate 
change 

The ND-GAIN Country Index is a measurement tool that helps governments, businesses and communities examine 
risks exacerbated by climate change. A Country Index uses 20 years of data across 45 indicators to rank 181 
countries annually based on their level of vulnerability (and their readiness to successfully implement adaptation 
solutions). Vulnerability measures a country's exposure, sensitivity and ability to adapt to the negative impact of 
climate change. ND-GAIN measures the overall vulnerability by considering vulnerability in six life-supporting 
sectors, including water. 
 
The Water score captures a country’s vulnerability of fresh water supplies to climate change. Indicators include: 
projected change of annual runoff, projected change of annual groundwater recharge, fresh water withdrawal rate, 
water dependency ratio, dam capacity, and access to reliable drinking water. 
 
Of 177 countries ranked globally for vulnerability of fresh water supplies to climate change, the following 
categorizations are made for low, low-moderate, moderate, moderate-high and high vulnerability.  
1st – 35th            Low ranking 
36th – 70th         Low-Moderate ranking 
71st – 105th       Moderate ranking 
105th – 140th     Moderate-High ranking 
141st – 177th     High ranking 
 
Three of the four most vulnerable countries in the world are in SSA (Sudan (most vulnerable), Niger (2nd most 
vulnerable) and Somalia 4th most vulnerable).  

ND-GAIN (www.gain.nd.edu) 
Notre Dame Global Adaptation 
Initiative 

Drought 
vulnerability 
indicator 

A composite drought vulnerability indicator (DVI) reflects different aspects of drought vulnerability for four 
components: the renewable natural capital, the economic capacity, the human and civic resources, and the 
infrastructure and technology. The selection of DVI variables and weights reflects the assumption that a society with 
institutional capacity and coordination, as well as with mechanisms for public participation, is less vulnerable to 
drought. 
 
SSA countries classified with higher relative drought vulnerability are Somalia, Burundi, Niger, Ethiopia, Mali and 
Chad. The analysis of the renewable natural capital component at sub-basin level shows that the basins with high to 
moderate drought vulnerability can be subdivided into the following geographical regions: the Mediterranean coast 
of Africa; the Sahel region and the Horn of Africa; the Serengeti and the Eastern Miombo woodlands in eastern 
Africa; the western part of the Zambezi Basin, the southeastern border of the Congo Basin, and the belt of Fynbos in 
the Western Cape province of South Africa. 
 
Comparison of the DVI at the country level with drought disaster information from the EM-DAT disaster database 
produced a good agreement between the drought vulnerability maps and the number of persons affected by 
droughts. 
 
The rankings of low, low-moderate, moderate, moderate-high, and high in the matrix were taken directly from the 

Naumann, G., Barbosa, P., Garrote, 
L., Iglesias, A. & Vogt, J., May 2014, 
Exploring drought vulnerability in 
Africa: an indicator based analysis 
to be used in early warning 
systems, Hydrology and Earth 
System Sciences, 18(5):1591-1604. 
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DVI map published in the journal article. 
Percentage 
groundwater 
used 

Percentage groundwater used is the average annual renewable groundwater volume available for each country, 
divided by the estimated groundwater withdrawals. Aggregation of this data to national level can obscure over-
abstraction "hotspots", but it does provide a general indication of groundwater availability. Fossil groundwater 
resources, which are substantial in some countries, are not included. 
 
The rankings of low, low-moderate, moderate, moderate-high and high in the matrix have been calculated 
according to the % of groundwater potential currently being used:  
0-25%            Low ranking 
25-50%         Low-Moderate ranking 
50-75%         Moderate ranking 
75-100%       Moderate-High ranking 
>100%          High ranking 
 
Of all the SSA countries, only Mauritania is over-exploiting its national groundwater resources. The vast majority of 
countries are ranked as low, with significant potential for sustainable groundwater resources development. 

FAO AQUASTAT data, quoted in 
Margat & van der Gun 2013. 

National 
Synopsis 

Provides a brief overview of each country’s national water resources and supply assessment, with countries 
highlighted red where sustainable groundwater development may have high potential to contribute to urban water 
security, irrigated agriculture and drought resilience.  

N/A 
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Annex 7 – A guide for developing a specialized center for Advanced Water Studies 
with special focus on the impact of climate change on water resources 

A: Development Objectives: A specialized center for Water Studies would provide a forum for 
interdisciplinary and comparative research relating to water policy and assessment of 
technology for water supply and irrigation, water resources management, water governance 
and water institutions both formal and water users. An important dimension of the 
development objective is to enhance understanding of increasing water scarcity in the country 
and the need to develop scientific tools for water policy including allocation to competing 
sectors at national and local levels. The Center would establish a knowledge base for water 
resources management to help policy makers and practitioners to design responsive and 
effective policy and development agenda for the efficient use of water for WSS, agriculture and 
use of non-conventional water resources and other development activities.  
 
B: Research and Education Framework: The center would conduct: 

 Research: collaborative, interdisciplinary research on water policy and economics of 
water management, water technologies, water resources and development within 
national and regional issues. 

 Education: strengthen and expand water related education at the university, including 
distance learning and applied field studies. 

 Partnerships and capacity building: undertake joint projects with academic and NGO 
partners at regional and national levels and where possible international partners, and 
develop proposals in response to expressed needs of practitioners/water professionals. 

 Public debate and Extension and Training: enhance informed, critical debate on water 
resources and development and prepare training programs for field practitioners and 
water users and NGOs concerned with water services and quality enhancement of water 
systems. 

 Areas of research and education could include interdisciplinary research and 
education on the following issues: 
 Update data and information systems on water resources studies of national and 

regional water supply and demand and water balance in the country. Studies of the 
dynamic relationship between surface and ground water and advances in water 
resources management through advances in information technologies and GPS and 
satellite surveys and data gathering.  

 Delivery of water services including advances in technologies for irrigation, for water 
supply and the environmental management of water resources. 

 The interaction between advances of irrigation technologies and improvements in 
crop productivity and field management of agronomy and irrigation delivery 
systems.      

 Water policies and institutions and water laws and regulations. 
 Water Quality and utilization. Special attention is needed on water reuse and 

utilization of waste water in agriculture.  
 Water economics and water productivity.  
 Water security and the links between water security and food security. 
 Water and catchment ecosystems and implications of climate change.  
 Water security and management of risks and scarcity of water resources.  
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 Impact of climate Change on water and related irrigation systems. Establish 
operational partnership with interdisciplinary centers for the study of climate 
change and impact on water and agriculture. The partnership should emphasize the 
main linkages between climate change, water resources, and agriculture, and the 
impact of climate change on natural resources and crop productivity. The research 
and education activities of the Center would provide a forum for interdisciplinary 
and comparative research and education to better focus on the scientific tools 
needed to identify and discuss adaptation and mitigation strategies for better 
management of agriculture including crops and livestock and water natural 
resources to meet increasing variations in climate patterns related to rainfall and 
temperature.  

 Based on this partnership, the center’s research and teaching activities should 
provide guidance to the policy makers in the finance departments and in the water 
and agricultural policy makers and other partners locally relevant scientific 
information needed to improve the understanding of appropriate mix of agricultural 
practices, policies and market approaches to address the interaction between 
agriculture and water systems under increasing patterns of climate change in the 
State. 

 Climate variability and water resources and associated hydrology and 
groundwater recharge and crop productivity: The center would establish a research 
and education program on the interaction between climate variables and water 
security and scarcity and impact on agriculture and options for adaptation and 
mitigation to climate change. Agricultural production depends critically on how 
climatic variables such as precipitation and temperatures vary across the region and 
the country over time and space. The effects of climate change on surface and 
ground water resources and drought occurrence and associated agricultural and 
pastoral practices occur through changes in water requirements, availability and 
quality of water for human and livestock and crop production which are affected by 
both long-term gradual change and extreme events, and across a range of scales 
from local to regional to continental. Moreover, climate is not only changing but is 
becoming non-stationary, meaning that expectations can no longer be based only 
on past observations.  

 Mitigation of Green House Gas Emissions: The center would also establish lines of 
investigation and teaching assessing how SSA agriculture can not only reduce its 
contribution to greenhouse gases, but serve as a sink that would further mitigate 
atmospheric accumulations. These types of studies would include process level 
evaluation of Carbon sequester by different land use patterns and Nitrous oxide by 
optimized fertilizer management. 

 Education: Study and teach the impact of Climate Change on water resources and 
Farm Level Activities:  The Specialized Center would develop research and education 
programs to help farmers develop strategies and practices to manage the effects of 
climate change in the short to medium term. These activities would include research 
and field studies into alternative management and the development of adaptation 
management practices and techniques to be transferred to the farming 
communities through extension and training projects.  

 Study Sustainable resilient pastoral and farming practices under increasing risks to 
water security and scarcity:  The outcomes of these activities would focus on: 
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Measure to adapt to the unavoidable impacts of climate change, field studies of 
potential opportunities to promote the development of sustainable and resilient 
production systems such as adaptation actions such as increasing soil moisture and 
fertility or genetic improvement of crops and livestock. Other adaptation actions 
may only become applicable in the future, depending on the degree of climate 
change. For example, changing cereal varieties and planting windows could be 
effective adaptation strategies. 

 Capacity building and training: Improve data knowledge of climate change in local 
communities: The center would also develop research and training programs to 
study local climate projections across the State to support production systems 
models. These models could increase understanding of risks associated with the 
projected impacts of climate change and can be used to help farmers and other land 
managers make more informed decisions to better manage these risks. 
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