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This book is dedicated to Nelson Rolihlahla
Mandela “Madiba” (1918–2013), the first
post-apartheid President of South Africa. He
said, “put your thoughts in order by
reflection, pen in hand. Appropriate yourself
the power of the pen. Read, read, read every
day, pen in hand.”



Foreword by Felix D. Dakora

The warming rate of Africa over the last 27 years is the most alarming signal of the
need for urgent action to mitigate its effects and implement strategies for climate
resilience. Based on the fourth and fifth reports of the International Panel on Climate
Change (IPCC), it is predicted that average temperatures inAfricawill have increased
between 2 and 4°C before the end of this century. At the same time, a decrease in
rainfall of up to 20% as well as extreme events such as floods and droughts may
eliminate considerable portions of low-lying lands, particularly affecting small island
states.

There are many implications of climatic variability and change in Africa; one
of the most key ones is the impact on water resources and hydrological systems,
which directly affect water availability and, in turn, water security as a whole. These
effects will negatively impact water provisioning, as well as rain-fed agricultural
productivity in many parts of Africa, with variation in impacts occurring in specific
places and localities. Various other changes and modifications are likely to occur in
response to the significant variability in the global climate system, including extreme
aridity in some cases and flooding in others. It is clear, therefore, that integrating
climate change risks and opportunities into development decision-making is both
a challenge and a necessity facing the African continent, particularly for the most
vulnerable countries.

This book, Climate Change and Water Resources in Africa, sets out the many
challenges and implications of climate change for freshwater resources in Africa,
including its rivers, lakes, and aquifers. Under the influence of a range of human
factors, the status of water resources inAfrica has been changing for decades, playing
out in disruption of water flow and variability, falling groundwater levels, changes in
rainfall levels, and timing, and an overall decrease in water quality. Indeed, change
is not new in this context. Climate change, however, will strongly accelerate the rate
of change, affecting the ability of people and societies to respond in a timely manner
to address their own needs.

This ability to respond to change is compounded by uncertainty relating to the
impacts of climate change. While there are a number of models that attempt to
predict these impacts, many are on a generalized scale and do not project local-
ized impacts. Also, the models themselves operate with a high level of uncertainty
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viii Foreword by Felix D. Dakora

and often predict contradictory outcomes, depending upon the model. Thus, African
governments must manage these changes in the context of significant uncertainty.
This requires adaptive management, encompassing continuous improvement under-
pinned by rigorous science, in order to understand the drivers of change over time
and to be able to address them effectively.

With this inmind, the goal of this book is to offer a deeper analysis of the effects of
climate on water resources in some of the most vulnerable areas in Africa, including
approaches that may help reduce or mitigate the impacts of climate change. In this
regard, while there is no quick fix to the pressures imposed on water resources by
climate change, it is clear that increasing the resilience of ecosystems and commu-
nities to extreme events such as flooding and drought and integrating climate change
risks and opportunities into development decision-making, will be key. It is also
important that the wealthier countries assume responsibility for their historic green-
house gas (GHG) emissions and support those countries that are most impacted by
those emissions by contributing to their adaptations to climate changewhile reducing
their own carbon footprints.Wealthy countries and those countries that are nowmajor
contributors to GHG emissions must make major and long-term contributions to
development, technology transfer, training, and capacity building, notably in Africa.
As a whole, this book intends to contribute to the debate around climate change in
relation to water resource management on the African continent, and in particular,
inform policy decisions and actions that will improve the ability of governments and
communities to manage the challenges of climate change and variability in relation
to the aquatic ecosystems upon which they depend.

Close collaboration among the editors, Prof. Salif Diop, Dr. Peter Scheren, and
Dr. Awa Niang, has been the driving force behind, “Climate Change and Water
Resource Management in Africa.” The editors would also like to thank the authors
who contributed their time and expertise to this important resource. It is our hope
and belief that this book will provide important, actionable information to the public
at large, and specifically to the many dedicated scientists, researchers, managers,
decision-makers, and policymakers that are working together to safeguard, protect,
and sustainably manage water resources in a changing climate in Africa.

Felix D. Dakora, Ph.D.
President of the African Academy of Sciences,

Professor, South African Chair in Agrochemurgy
and Plant Symbioses

Chemistry Department
Tshwane University of Technology

Pretoria, South Africa



Foreword by Daniel Nyanganyura

Recognizing the critical role of water in supporting human livelihood, economic
growth and the very survival of the population, African governments developed the
Africa Water Vision, describing an Africa that exhibits equitable and sustainable use
and management of water resources for poverty alleviation, socioeconomic devel-
opment, regional cooperation, and the environment. However, it is clear that this
vision will become reality only when a range of challenges is properly addressed1.
Moreover, the increasingly visible effects of climate change on water resources in
Africa are compounding the challenge.

Consistent with global warming patterns, Africa is already experiencing signif-
icant spatial and temporal rainfall variability, with resulting challenges in terms of
sustainable management of freshwater resources (Africa Water Vision for 2025,
UNECA).

Large rural and semi-arid regions of the Sahel, central and eastern SouthernAfrica,
and the Horn of Africa are at particular risk because they depend largely on rainfed
agriculture. Increased climate variability, includingmore intense droughts andfloods,
increases temperatures, and reduces rainfall in these regions, putting these communi-
ties at significant risk. In particular, there is a need to protect the critical ‘water towers’
of central, west, and eastern Africa, (e.g., Congo forests; west Africa Fouta Djallon
mountain areas; Eastern Africa and Ethiopian highlands), as deforestation and poor
land-use management in these places have significantly decreased their effectiveness
as critical catchment areas. Their protection and restoration are therefore critically
important in order to secure continuous provisioning functions.

Recognizing the many weaknesses across the continent that complicate effective
responses to climate change (e.g., limited institutional capacity, the scale of poverty,
data scarcity, poor reliability of climate change models at local scale), immediate
action is needed to improve community and societal resilience to climate change.
Key approaches for goodwatermanagement include alignment ofwatermanagement
plans with national development and poverty reduction strategies as well as building
the required capacity to monitor and manage climate variability and its impacts.

1Reference to African Union-United Nations Framework on Implementation of Agenda 2063 and
Agenda 2030 and Africa Water Vision for 2025, UNECA.
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x Foreword by Daniel Nyanganyura

Continued water infrastructure and technology investments and the introduction
of relevant incentives by African governments are also needed, as are investments
by the private sector and international financing agencies, all of which have a role to
play. Climate change is likely to produce increased numbers and intensities of floods
in many areas, with a variety of management actions required to improve flood
management, including early warning systems and rehabilitation of degraded catch-
ments and flood-proofing of water supply and sanitation infrastructure, to reduce the
risk of subjecting vulnerable communities to a lack of drinkingwater and functioning
sanitation facilities.

In other parts of the continent, investing in increased water storage infrastructure
and other water provisioning infrastructure may be a higher priority to avoid and/or
overcomewater shortages and periods of drought. Increased investment and access to
information about appropriate irrigation technology (e.g., drip irrigation, rainwater
harvesting) may be required to improve effective water use and productivity at the
farm level in the face of climate change. Shifting from rainfed to irrigated agriculture
will protect rural livelihoods and food security in many areas. Artificial groundwater
recharge in areas experiencing over-exploitation and degradation is also needed.
Overall, a systematic scaling up of locally appropriate solutions is critical to ensure
area- and region-wide poverty alleviation, climate change adaptation, and economic
development.

Flexible planning to promote long-term adaptation to climate change is also neces-
sary. This requires access to accurate climate change information for key water-
related development planning departments (agriculture, mining, power generation,
municipalities, etc.) and strong alignment and cooperation between water depart-
ments and those responsible for development planning. For basins and aquifers, the
primary allocations are among riparian states. At the sub-basin or local level,multiple
water allocation systems operate in Africa, with many parallel systems, both formal
and customary. All must be sufficiently flexible and cooperative to enable water allo-
cation adjustments that address climate variability in the face of national development
objectives, with simultaneous consideration of capacity constraints.

Water stakeholders also must be involved in the water resource management
process to ensure full support for any approach to be implemented; adequate and
timely information exchange between stakeholders and responsible authorities is
particularly crucial. Climate change adaptation ranges from creating major storage
infrastructure down to the household level, particularly in areas that governments
fail to reach consistently or effectively. The simple and timely provision of infor-
mation can assist communities and households to prepare for anticipated changes,
including the strategic selection of new crops to grow, improvement of cropping
and livestock management techniques, local water resource use, and protection and
flood warnings. Improving and sharing knowledge and information about climate
change vulnerability and adaptation involves complex interactions among local land
andwater resource characteristics, economic conditions, and often diverse livelihood
capitals and strategies of individual households.

These approaches depend on improved science and information-sharing, partic-
ularly across vulnerable transboundary basins and aquifers. A major challenge that
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impacts Africa in particular is the weakness of models that predict climate change at
the local level. Bettermodeling capacity is critical to ensure thatmanagement options
and investment decisions are based on scientifically sound information. Accurately
describing the current state, identifying emerging trends, and anticipating possible
outcomes and associated vulnerabilities and risks also require appropriatemonitoring
systems to provide necessary data at an appropriate scale.

Against the backdrop of existing development challenges, substantial increases
in financing to African countries are needed to improve land and water management
systems and their capacity to adapt to climate change and to enhance resiliency.
A range of new, innovative financing options is therefore required, including from
government and private sources in developed countries.

A recurring theme in considering climate change is that no one is immune to
its impacts, and that tackling it will require global collaboration, with emphasis on
contributions from the industrial countries that have been responsible for most GHG
emissions since 1850, and also from countries that are the current major contributors
to GHG emissions. Wealthier developed countries, and major current GHG-emitting
countries, must take the lead by

• Reducing their own GHG emissions, and meeting and/or exceeding the agreed
emission targets;

• Meeting the financial commitments declared at global meetings and summits (i.e.,
ensuring that pronouncements made for political gain are matched by action and
investment);

• Developing carbon pricing that provides incentives for transfer to sustainable
sources of energy and phasing out perverse subsidies of all kinds;

• Implementing relevant measures to improve access by the poor to water, food,
and energy; and

• Reviewing existing, and developing new, trade policies that support both devel-
opment and technology transfer, in addition to training and capacity building, in
Africa and developing countries elsewhere.

Overall, cutting emissions at their source aggressively, while addressing the impacts
of global warming in the most vulnerable zones, is required. The obligation to act is
therefore unequivocal: no matter what policy is in place; good intentions alone are
not sufficient to address our grave imperative to take responsibility for emissions.
There is an urgent need to act now to avoid severe climate change risks and impacts
on water resources. At risk is nothing less than human livelihoods, as well as an
existential threat to animal species that would likely be lost on an African continent
that will soon be 2 °C warmer than pre-industrial levels.

Let’s Act Now!

Dr. Daniel Nyanganyura
Regional Director, International Science,

Council/Former ICSU-Regional Office for Africa,
Pretoria, South Africa



Preface

The goal ofClimate Change andWater Resources in Africa is to provide an overview
of the many water resource management challenges, constraints, and opportunities
for sustainable development in Africa. Water is very high on the agenda of the conti-
nent, particularly on issues ofwater supply and sanitation, and thewater–energy–food
nexus. Water is both an ecosystem ‘good,’ providing drinking water, irrigation and
hydropower, and an ecosystem ‘service,’ enabling nutrient recycling and supporting
habitats for fish and other aquatic organisms, as well as providing ‘cultural services’
such as scenic, recreational, and spiritual opportunities. Indeed, water is directly or
indirectly important to almost every economic sector in Africa, including agricul-
ture,manufacturing, trade,mining, tourism, and transport. The prospect of improving
well-being in Africa is therefore critically dependent on its capacity to respond to
water-related environmental changes—including climate change.

The IPCC recognizes Africa as one of the most vulnerable continents when it
comes to the impacts of climate change—partly because of the projected nature
of the climate change itself on the physical continent, and partly because of the
significant levels of poverty and weak institutional capacity across the continent.
Regarding the latter, the challenges of climate change overlayAfrica’s already fragile
human and environmental conditions, with significant levels of poverty and service
delivery that must be improved. Not only does climate change compound existing
development pressures on limited water resources, but as climate change pressures
intensify, they do so in the face of growing populations and economies, both of which
place greater stress on existingwater resources. Therefore, the challenge ofmanaging
water resources in Africa over the coming decades is both a climate change and a
developmental challenge.

A consistent theme throughout the book is that the already-vulnerable poor popu-
lation of Africa is most at risk from the impacts of climate change. The responsemust
therefore focus in particular on increasing resilience at the household and community
levels. Increased resilience will enable people, particularly those living in poverty,
to respond effectively in order to recover faster from water-related disasters. The key
elements of resilience are poverty eradication and access to appropriate information
in a timely manner to support adaptation strategies. This approach will make climate
change adaptation primarily a development challenge.
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xiv Preface

This book seeks to provide a basis for evidence-based policymaking, built on
reliable data and sound information, to address the water-related challenges faced by
Africa in the context of climate change and other stressors. It provides an overview
of key water resources and climate change-related issues faced by Africa, including
socioeconomic consequences, governance and understanding change in the context
of institutional settings. The assessment is disaggregated first through a series of
regional assessments, and subsequently in a series of detailed case studies, providing
current scientific insight into various aspects of climate change-related freshwater
challenges across the continent. The book furthermore discusses a number of tools
and approaches for risk assessment and management. Finally, a number of crit-
ical research topics are proposed, including technology and innovation to address
current and future challenges of climate change-related impacts on water resource
management in Africa.

This book provides a platform for leading scientists from across the continent and
beyond to contribute their expertise to address the challenges at hand. In this regard,
we wish to thank the many contributors to this book for their relentless efforts and
valuable contributions.

The Editors are extremely grateful to the African Academy of Sciences for
supporting this project. The Editors are especially indebted to Elizabeth Marincola
for her detailed editing of this book.

Dakar, Senegal
Lavardens, France
Dakar, Senegal

Prof. Salif Diop
Dr. Peter Scheren

Dr. Awa Niang
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Chapter 1
Introduction

Water Resource Management Within the Climate
Change Context in Africa: Synthesis, Key Findings
and Future Challenges

Salif Diop, Peter Scheren, and Awa Niang

Abstract This introductory chapter is an attempt to synthetize the rich and varied
findings, insights and perspectives presented in the 20 peer-reviewed chapters of
this book. The book as a whole provides a rich compilation of observations, views,
case studies and recommendations from scientists across the African continent and
beyond. It presents a representative overview of the current knowledge of climate
change/water resource interactions in Africa, illustrated by a variety of regional,
national and local level case studies, discussions of tools and methodologies, as
well as considerations for governance and institutional settings and specific manage-
ment approaches. Based on the varied analyses and findings presented in this book,
this introductory chapter also presents a number of options and recommended
actions for improved management of water resources within the context of climate
change in Africa. Of particular importance, in this regard, is the emerging need to
address the economic and financial aspects of climate change adaptation, recognizing
that adaptation is a development challenge that is adding to the existing poverty
and development-related challenges on the continent. Additional and substantial
increases in financing are therefore required in order to improve the adaptive capacity
and resilience of rural households as well as land and water management systems.
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1 Introduction

The IPCC has recognized that Africa is among the continent’s most vulnerable to
climate change impacts, partly because of projected climatic change itself, and partly
because of the complicating poverty levels and the paucity of institutional capacity
across the continent (Christensen et al. 2007). According to the ND-Gain index for
climate change vulnerability, eight of the ten most vulnerable countries in the world
are African, with the top five all in Africa (Notre Dame Global Adaptation Initiative
2019).

The challenges of properly addressing climate change impacts inAfrica is not only
because of the compounding pressures of development on limited water resources,
but also because climate change pressures are intensified by growing populations
and economies, both placing yet-greater stresses on existing water resources. Thus,
the requirements of managing water resources in Africa over the coming decades are
both a climate change and a development challenge (UNEP 2009). As the already-
vulnerable rural areas are populated by the people most at risk from climate change,
any action that increases the resilience of these communities will help them respond
more effectively to the impacts of climate change, enabling them to integrate climate
change adaptation into development planning and decision-making frameworks.
Within this context, this book, provides an overview of the current challenges related
to water resource management in the context of climate change faced by some of the
most vulnerable areas in Africa, and approaches to help alleviate them.

This introductory chapter provides cross-cutting insights, observations and find-
ings of the individual contributions presented in this book. The book, in turn, provides
a rich compilation of observations, views, case studies and recommendations from
scientists across the African continent and beyond, including an overview of current
knowledge of climate change/water resource interaction, illustrated by a variety of
regional, national and local level case studies, discussion of tools andmethodologies,
governance and institutional settings, and specific management approaches. Based
on these analyses and findings, this book also presents options and recommended
actions for improved management of water resources within the context of climate
change in Africa.

2 The Challenges of Water Resource Management
in the Context of Climate Change in Africa

Climate change in Africa is projected to result in significant changes in the demand
for, and availability of, water. The case studies presented in this book show that large
parts of Africa are already subject to seasonally variable hydrology, and geograph-
ically uneven distribution of water resources. While pressures on Africa’s unique
ecosystems, population and economy continue to grow, this situation is further
compounded by climate change, to which Africa is particularly vulnerable (Chap. 2).
Indeed, Africa carries a particular burden of climate change: while the continent is
the least polluting and smallest emitter of greenhouse gases (less than 5% of total
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worldwide emissions), she is projected to be themost impacted among all continents,
with drastic consequences for her water resources.

Although climate change projections for Africa, like all climate projections, have
large margins of uncertainty, it is clear that climate change will bring more frequent
and more intense water-related disasters to many parts of Africa, a continent already
prone to floods and droughts, with dramatic consequences for critical ecosystem
goods and services, and, therefore, its population and development (Chaps. 3, 4, 5
and 17). While countries like Mozambique, South Africa, Malawi and Zimbabwe
are already experiencing recurring floods and droughts, projected increases in the
frequencies andmagnitudes of such events through 2050, coupledwith rising popula-
tions in these regions, suggest a particular vulnerability of weather sensitive sectors,
especially water resources and agricultural production (Chap. 5). Because of the
difficulty of predicting climate change impacts on water systems with accuracy, flex-
ibility must be built into planning in order to manage changing climate conditions
over the long term.

Within the context of water resource management, it must also be recognized that
the rapidly increasing populations in Africa, and their transitional economic devel-
opmental needs, will impose growing demands and pressures on already stressed
freshwater resources. Rivers and groundwater resources, as well as lakes and reser-
voirs, are readily usable sources of large volumes of freshwater which, if properly
managed, will continue to serve as an important basis for the health, wellbeing and
economic growth of these populations (Chap. 2). A related factor is the impact of
aging infrastructure for water storage and delivery of these lentic water systems, an
issue of obvious importance to both developed and developing countries (Chaps. 6,
8, 12 and 15).

3 Toward Improved Management of Water Resources
in the Context of Climate Change in Africa

While it is important to acknowledge the many weaknesses across the continent that
may complicate effective response to climate change, including limited institutional
capacity, poverty, the paucity of data and limitedmodeling of climate change impacts
on a local scale, it is equally important to take immediate action to improve the
resilience of communities and societies to climate change impacts. An overview and
synthesis of key approaches in this regard is presented in the following sections.

3.1 Create Enabling Policy and Institutional Conditions

Climate change-related freshwater management strategies must be based on water
management plans that are aligned with national development and poverty reduc-
tion strategies. Moreover, enabling conditions to manage the challenges of climate
variability must be created. Such measures include the creation and implementation
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Countries covered in this book: Algeria; Angola; Benin; Botswana; Burkina Faso; 
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Democratic Republic of Congo; Senegal; Seychelles; Soudan; South Africa; Swaziland; 
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Fig. 1 Geographical location of African Regions considered in the book

of appropriate legislation, including transboundary agreements, to ensure that the
institutional capacity to manage water resources and services exists, including the
training and development of sufficient skilled and experienced staff to manage water
effectively, and is supported by appropriate financial resources to develop, operate
and maintain the necessary water infrastructure to respond to climate change. Provi-
sion of accurate, accessible and timely public information is a critical part of any
water management plan. Given the limited human and financial resources in many
parts of Africa, leaders must prioritize management of the most vulnerable areas
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and the most critical issues, avoiding the risk of spreading limited resources over
too large an area or addressing too many issues at once. It is also critical that trans-
boundary water resource management addresses multiple transboundary basins that
are vulnerable to the impacts of climate change simultaneously (Chaps. 6, 15, 17 and
19).

Management of the water-related impacts of climate change requires alignment
between national development objectives and water availability. Because of the diffi-
culty of accurately predicting climate change impacts on water management (IPCC
2014, 2018), plansmust be structuredwith sufficient flexibility to facilitate adaptation
to a changing climate over the years (Chaps. 18, 19, 20 and 21). This requires access
to relevant and up-to-date climate change information for key water-related develop-
ment planning departments. It is also critical to integrate local resource development
andmanagement plans into broader-scale planning.Given the particular vulnerability
ofwomen to climate change impacts, development and climate change response plans
must proactively address gender differences, and incorporate strategies to protect and
support women, girls and children in particular (Chaps. 15 and 20).

Substantial increases in financing are also needed to improve adaptive rural house-
hold and land and water management system capacities and resilience. As public
resources in African countries are limited, financing options in addition to govern-
ment sources are needed, including from private sources and public sector funding
from developed countries.

3.2 Invest in Ecological Infrastructure

As a first line of defense, investments in natural infrastructure, for example,
the protection and rehabilitation of aquifers, lakes, reservoirs and wetlands, can
contribute significantly to increasing resilience to climate change. Vital ecosystem
functions and services are under great pressure from population growth, energy
demands, exploitive land-use practices and other factors, resulting in deforesta-
tion and land degradation. Climate change compounds these challenges. Thus,
increasing land and water management resilience calls for integrated ecosystem-
based approaches, including sustainable land-use management, the designation of
water protected areas and effective management of natural water storage systems
(Chaps. 5, 6 and 21).

It is also crucial to secure vital freshwater ecosystem functions through appro-
priate environmental flow and reserve regulation (Chaps. 2 and 19). The objective
of such regulation is to secure an appropriate flow of rivers and the reserves of
other aquatic ecosystems (in particular groundwater reservoirs and lakes) through
appropriate water allocation, regulation of dam operations, etc. Although stake-
holders sometimes interpret such approaches as being in direct competition with
human development needs, they in fact present an opportunity to maintain important
water-related ecosystem services for the overall benefit of society.
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3.3 Invest in Climate-Smart Infrastructure and Technologies

A key feature of the case studies presented is to invest in water management
infrastructure and technology. In many areas, climate change is likely to bring
increased flooding and/or drought. Considered decisions must guide flood manage-
ment, including development of earlywarning systems and rehabilitation of degraded
catchments (Chaps. 4 and 5). Also, under flood conditions, water services infrastruc-
tures (for water and sanitation) may be damaged, leaving communities vulnerable
to poor quality or lack of drinking water, and compromised or eliminated sanita-
tion facilities. Flood-proofing of the water supply and sanitation infrastructure in
vulnerable areas must therefore be part of any management plan.

At the same time, some areas will experience decreased rainfall and increased
drought. Inmany parts ofAfrica, the storage of rainfall is insufficient to grow the local
economy. Even without accounting for climate change, Africa requires more water
storage capacity—both large dams and small storage facilities—in order to overcome
the impacts of frequent droughts (Chaps. 12 and 15). With the possibility of climate
change extending the duration and increasing the intensity of droughts, water storage
needs become evenmore acute. For these reasons, procurement of financial resources
to develop infrastructure remains a critical challenge, with important roles to play
by African governments, the private sector and international financing agencies. At
the farm level, increased investment and access to information about appropriate
irrigation technology, including drip irrigation and rainwater harvesting, is required
to improve water use and productivity in the face of climate change. In many areas, a
shift from rainfed to irrigated agriculturemay be necessary to protect rural livelihoods
and food security (Chaps. 3 and 5). In the case of groundwater, targeted policies and
cooperation in research and development are required to overcome obstacles such
as the high costs of well construction and limited understanding of groundwater
resources that currently restrict development of groundwater irrigation in many parts
of Africa (Chaps. 6, 10 and 18).

Artificial recharge of groundwater is an important tool for the sustainablemanage-
ment of resources in danger of over-exploitation and degradation. This is one of the
many potential methods for using groundwater as a buffer to ensure the broader
function of retaining and intercepting rainfall and runoff, conserving it in the soil
or storing it underground as a means of supplementing aquifers during dry periods
(Chaps. 3, 6 and 21). But the increasing impacts of climate change onwater resources
complicates groundwater recharge in many parts of Africa1

Finally, with more frequent and more intense water-related disasters likely, water
systems in many parts of Africa that are already prone to floods and droughts
attributable to climate change must redouble their efforts to improve disaster
preparedness, including well-developed early warning systems and post-disaster
intervention plans, to ensure the resilience of society in the face of climate change
(Chap. 18).

1Working Group II to the Fourth Assessment Report of IPCC 2008.



1 Introduction 7

3.4 Improve Science and Information

Science and information communications are essential to the ability of communities
and nations in vulnerable water basins and aquifers, in particular, to adequately abate
and adapt to the effects of climate change on water resources (Chaps. 19 and 21). In
order for public information to be effective, it must define and describe the current
state, identify emerging trends, and anticipate potential vulnerabilities and risks. This
requires an appropriate monitoring system, which can deliver necessary information
at the appropriate scale (Chaps. 9, 12 and 17). This system must extend beyond
simply monitoring climate trends, to also monitoring the status of water resource,
to the early detection of trends, and to monitoring relevant environmental variables
and processes related to water and to ecosystem-based climate change adaptation.
Commensurate with the critical role of groundwater in climate change adaptation,
better understanding and coherent, accessible region-wide information sharing on
groundwater resources is necessary (Chap. 6).

Any effective information system incorporates earlywarning systems, particularly
for floods (Chap. 17). These systems, built upon better forecasting, are a prerequi-
site for adaptation, particularly for predicting and preventing the effects of floods,
droughts, tropical cyclones and other extreme events, as well as for practical plan-
ning purposes such as determining planting dates to coincide with the beginning
of the rainy season, and foreseeing potential disease outbreaks in areas prone to
epidemics. Improved early warning systems and their application will, therefore,
reduce vulnerability to risks associated with climate variability and change.

The development of state-of-the-art monitoring systems is obviously limited by
the financial and human capacity constraints of institutions in Africa. Protocols must
be developed that enable the exchange of information across the continent, enhancing
the understanding of climate change, and facilitating adaptation to climate change
between and within countries.

A particular challenge remains the management of transboundary waters under
increasing stress, complicated by high levels of political instability and conflict
(Chaps. 16 and 19). There are important lessons to be learned across the conti-
nent from indigenous approaches for improved water management and adaptation to
climate change (Chap. 20); this illustrates that the ability to respond to changes will
depend on the ability to learn from one another, to share information, and to develop
a body of African experience and knowledge about managing the impacts of climate
change (Chap. 21).

As mentioned previously, a central challenge is the lack of models to predict
climate change at the local level. It is critical that the capacity to model climate
change is enhanced so that management options can be based on scientifically sound
information. Achieving this goal will require increased investments in the science of
climate change, including understanding its impacts, its trends and methods to adapt
and remediate them. One approach may be to create African climate change centres
of excellence that would be charged with developing African capacity and expertise
to tackle challenges related to climate change, regionally aswell as locally, tomonitor
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water quality, collect data, identify good water management approaches, reinforce
traditional adaptation mechanisms and provide early warning systems to assist local
communities that experience frequent climatic hazards and adverse environmental
changes.

3.5 Work at Multiple Scales

There exists a range of water allocation systems across Africa, with many parallel
formal and informal systems working at different scales (Chaps. 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16 and 17). All of these must be sufficiently flexible to enable water allo-
cation adjustments to address climate variability while accounting for national devel-
opment objectives, while also being sufficiently simple to be implemented effectively
and managed within capacity constraints.

In transboundary lakes, basins and aquifers, the first level of allocation is to
riparian states (Chaps. 6, 15 and 17). In basins facingwater stress as a result of climate
change, it is particularly important that effective transboundary water allocation
systems are put in place, supported by accurate, shared data on the status of the
basin. While there are a number of agreements in place in transboundary basins
in Africa (Chaps. 3 and 19), there are also a large number of basins for which no
such agreements currently exist. Even where such agreements are in place, some
lack effective dispute resolution mechanisms, and many lack effective institutional
capacity at the national or transboundary level for effective implementation and
optimal sharing of water resources.

Local groundwater resources that have been generally neglected also require
urgent strengthening of institutional structures at continental and regional scales
(Chaps. 2, 3, 4 and 5). Solutions to climate change and related development chal-
lenges in many areas will come from both transboundary cooperation and from
greater exploitation of regional comparative advantages. This will enable develop-
ment opportunities within the context of a region, rather than a country. Climate
change is a key driver to expand regional integration across the continent.

Further, regional integration should be seen in a broader context than just water.
There is an opportunity for the development of regional public goods, such as trans-
port infrastructure, markets, regional power pools, trade arrangements and food secu-
rity that can provide substantial value to building regional and local resilience to
climate change (FAO 2018).

A range of water allocation systems operates in Africa at the sub-basin or local
level, with parallel formal and customary systems in many countries (Chaps. 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 and 19). It is important that these systems be
sufficiently flexible to enable adjustments in allocation to manage climate variability
and climate change in support of national development objectives. It is also critical
that stakeholders be fully involved in the water resource management process so that
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there is support for actions, and so that information exchange between stakeholders
and authorities can be quickly responsive to emergent situations and provide optimal
adaptive action. However, the key challenge in developing responsive institutions
lies in building the adaptive capacity of such institutions. In fact, effective response
to climate change relies on both the ability to accurately predict the changing climate
and its water-related impacts, and on the ability to respond to change. This combined
approach enables innovation at all levels, and creates flexible and responsive water
management systems. Flexible allocation systems that adjust to short-term climate
variability and longer term climate change are of critical importance (Claussen et al.
2003).

3.6 Decentralize Adaptation

Adaptation takes place on a number of levels, ranging, for example, from the creation
of major storage and flood prevention infrastructure to the household level, partic-
ularly in rural areas (Niang et al. 2014). While governments may not be able to
consistently extend the necessary services to vulnerable populations to protect them
from climate change, information itself can assist communities and households to
prepare themselves for coming changes. Information and training for rural commu-
nities is therefore particularly important because of their vulnerability, and because
they are often left out of the information loop. Information can include alternative
crops and climate-smart production methods, improved livestock management tech-
niques, local water resource use and protection, and flood protection and warning
systems (Chap. 15).

Gender mainstreaming and understanding the particular vulnerabilities of women
should also form a key part of climate change adaptation strategies (Chaps. 15 and
20). Women are particularly at risk from climate change and natural disasters, being
physically less able to escape from floods, for example, because of their need to carry
babies or small children. Women in countries with the greatest cultural differences
between the roles and expectations of women and men are most vulnerable in this
regard. Thus, it is essential that disaster plans are gender-sensitive and address the
particular cultural expectations and norms of women. Also, it is critical that invest-
ments in infrastructure and technology reflect the priorities and needs of women
and men, and that women and men are actively involved in decisions relating to
infrastructure development.

Access to groundwater is perhaps the most critical factor enabling both rural and
urban populations to maintain sustainable livelihoods (Chap. 6). Groundwater is
strategically important for adaptation because it is the key resource for local coping
strategies. Because it has remained a poorly understood resource, however, ground-
water is still insufficiently considered in the IntegratedWater Resource Management
(IWRM) and Integrated Lake Basin Management (ILBM) approaches, as well as
generally in development planning. This deficiency needs to be addressed strategi-
cally through appropriate regional, sub-regional and national policies, proper inte-
gration into IWRM/ILBM processes, structures and institutions, and appropriate
prioritization in adaptation initiatives.
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With focus on adaptation on the local level, attention to local institutions is criti-
cally important in designing adaptation projects and policies. Households and social
groups rely on such institutions to deploy specific adaptation practices. Also, a
systematic scaling-up of locally appropriate solutions is key to ensuring area- and
region-wide impacts on poverty alleviation, climate change adaptation and economic
development (Chap. 20).

3.7 Consider the Water/Energy/Food/Health Nexus

A number of African countries depend on hydropower, even though the hydropower
potential of Africa is still hugely underdeveloped (Chap. 18). As indicated in the
chapters that discuss regional issues, however, hydropower is under threat in some
areas from diminishing stream flows and/or increased flow variability. As a result, the
“climate change-proofing”of current infrastructure is an importantmeasure to protect
the energy supply of many countries and, therefore, to protect economic and social
development. Such measures might include, for example, amended operating rules
to consider changing rainfall patterns, adding height to dam walls, and/or changes to
environmental flow releases. At the same time, new hydropower development must
be implementedwith a clear understanding of the potential impacts of climate change
accounting for these impacts.

For these reasons, it is important to integrate water and energy security plans that
take into account the likely impacts of climate change. It is particularly critical to
coordinate effectively at the basin and national level in the large number of trans-
boundary basins in Africa across the water-energy-food nexus. Furthermore, and
at the core of the 2030 Sustainable Development Goals/SDG’s and 2063 African
Agenda “The Africa WeWant”, the water/energy/food/health and ecosystems nexus
is increasingly recognized as core to addressing the issue of climate change and
securing the wellbeing of the many millions of people in Africa without access to
basic services such as water and sanitation, energy, food and health (Chaps. 18 and
20).

4 Conclusions

A number of general conclusions may be drawn. First, it is evident that vulnera-
bility to climate change risks and impacts, as well as opportunities for adaptation
and mitigation in Africa, are shaped by complex land and water resource charac-
teristics, economic conditions and the often highly diverse livelihoods of different
regions and corresponding strategies of individual households. Thus, effective adap-
tation planning for and implementation of land and water management systems is
highly context-specific and therefore demands an appropriate level of knowledge and
understanding of local conditions.
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Adaptation should be knowledge-based, integrating scientific and local factors.
Local knowledge systems that guide people to adapt to climate conditions in many
places have evolved from the experience of generations. However, historical under-
standing of local conditions is of limited use when there exist significant short- and
long-term uncertainties about precipitation and water availability.

Moreover, effective and equitable adaptation to climate change in land and water
management is dependent on good communication. Such communication must be in
a form that users can understand, is suitably packaged and presented, and is culturally
sensitive to all decision-makers and those impacted at every level.

In order to address the economic and financial aspects of climate change, it is also
important to recognize that adaptation is a development challenge that is adding to
already substantial poverty and development challenges on the continent. Additional
and substantial increases in financing are therefore needed to improve the adaptive
capacity and resilience of rural households and land/water management systems. To
achieve this, a full range of financing options must be utilized, including innovative
financing mechanisms, from both private sources and government. Moreover, public
funds must also come fromwealthier countries and from those countries that are now
major contributors to GHG emissions.

TheUnitedNations FrameworkConvention onClimateChange (UNFCCC) nego-
tiations address mitigation and adaptation, and may present important financing
opportunities. For example, the scope of the Clean Development Mechanism and/or
emerging market mechanisms for sustainable development should be expanded to
address issues relevant to Africa, such as reforestation, agro-forestry and soil carbon
sequestration and requires substantial financing. The principle of shared but differ-
entiated responsibility as defined under the UNFCCC suggests the necessity to take
into account equity based on historical and current consumption of resources to fight
climate change. To put this into perspective, the African Development Bank (AfDB
2012), predicts adaptation costs in Africa to be on the order of US$20–$30 billion
per annum over the next ten to twenty years (2020–2030). But as of 2012, only about
$350 m of adaptation funding had been approved for spending in Africa, of which
just $130m had been disbursed (UnitedNations ECA 2019). Considerable additional
investment will therefore be required to bridge the gap.

“Can Africa really fund its own responses to climate change impacts as
unconditional contributions using its domestic resources, irrespective of how
marginal this could be? As Africa is the region bearing the greatest burden of
climate change, did Africa over-pledge, and how feasible is it for African coun-
tries to internalize their Nationally Determined Contributions in their current
form? Is it ethically and morally acceptable to put at risk the impoverish-
ment of many more people by deploying scarce national resources for the
implementation of NDCs?”

Nkem (2016) in “UnpackingAfrica’s enigmawithNDCs”, September 2016,
Science*Policy*Africa
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