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Foreword

I am delighted to introduce this landmark volume focusing specifically on the
challenges of climate change in the southeastern African context, where vulner-
abilities are high and resources and preparedness still very limited in all but a few
specific locations. In a region affected by decades of structural adjustment and
deepening poverty, the recent economic upturn, driven in significant part by a
resources boom, has renewed foreign investor interest and begun to reverse the
legacy of ‘de-development’. Its impact, however, remains highly unequal, both
geographically and socially, being concentrated overwhelmingly in a few select
areas of capital and commercial cities, along narrow transport corridors and
(outside of South Africa) in the hands of elites and small professional classes.
Despite some promising signs, including of greater governmental transparency and
accountability, few of the Millennium Development Goals will be achieved and
poverty remains entrenched.

In other words, institutional capacity and public resources generally remain
seriously inadequate for addressing the diverse and long-standing development
challenges and priorities. Many governments are still seeking to catch up with
implementation backlogs from the lean years through flexible combinations of
domestic investment and concessionary official development assistance. As cli-
mate or broader environmental change began rising rapidly up the global agenda
over the last 10–15 years, it is unsurprising that African responses were mostly
cautious and even sceptical. Unlike ‘climate sceptics’ in wealthy countries,
however, this had little to do with doubting the science or related projections;
rather it reflected a combination of several factors. First, the science—as expres-
sed, for instance, in global climate models—was often not understood. Second,
in situations where many people go hungry and meeting basic needs was again
being prioritised, there was little obvious political or practical mileage in diverting
scarce resources towards addressing problems that were still generally modest but
likely to become severe in several decades’ time. Finally, it often seemed hypo-
critical of OECD leaders to be asking (or requiring through aid conditionalities)
their counterparts in poor countries to tackle deforestation and greenhouse gas
emissions for the global good when OECD countries had grown rich through
polluting and resource-intensive industrialisation.

Indeed, this perception has been sufficiently widespread and politically con-
venient to have underpinned the negotiating position of the G77 group of poor
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countries over the replacement of the Kyoto Protocol of the UN Framework
Convention on Climate Change (UNFCCC). They have been arguing for the
establishment of a sizeable global adaptation fund by OECD countries to support
climate-friendly and sustainable development in exchange for action to tackle
climate change. Nevertheless, over the last decade, most governments have
adopted National Adaptation Plans of Action (NAPAs) or similar strategies that
demonstrate increasing acceptance of the realities of climate change and the
necessity of putting in place frameworks to address it. Recently, too, the East
African Community and Southern African Development Community have focused
attention on the transboundary nature of many of the key climate and environ-
mental challenges which require regional-scale programmatic interventions
(Simon 2012).

One conspicuous feature of virtually all of these national and (sub-)regional
strategies is their framing in undifferentiated national terms and then an almost
total focus on traditional sectoral and rural interventions, while neglecting or
omitting explicit attention to the urban dimension. This is ironic because urban
areas are everywhere becoming more important demographically and economi-
cally. Even in the less urbanised countries of southeastern Africa, towns and cities
represent the densest concentrations of population, resource use, economic
opportunity, wealth generation and emissions production. Wealth and poverty
stand in sharp, spatially defined juxtaposition and, to be sure, the rich and poor
have very different livelihood and emissions profiles. Nevertheless, both are
potentially problematic in different ways. While the conventional focus is on car
and industrial emissions, in poor urban communities smoke generated by burning
wood or charcoal contributes significantly on account of the number of such fires.
This smoke is also a major cause of chronic respiratory illness as a result of long-
term inhalation in confined spaces within unventilated or poorly ventilated
dwellings. The loss of woody biomass in peri-urban and increasingly in distant
rural areas to supply urban demand, through what is often now a highly com-
moditised and large-scale industry, is also contributing to the land-use cover
change and the loss of important carbon sinks in those source areas.

Projections of rising temperatures and falling and increasingly variable and
unpredictable rainfall across much of Sub-Saharan Africa have become clearer in
successive assessment reports of the Intergovernmental Panel on Climate Change
(IPCC). Indeed conditions are already changing and are starting to reduce the
growth and regeneration rates of woody biomass on which rural and much urban
energy demand relies, as well as posing increasing food security challenges,
including for urban areas. The complexity of these examples highlights the need
for appropriate and collaborative action by a range of institutions and actors, of
which urban local authorities are but one—albeit vitally important—category.

Against the background sketched above, a few cities in southern Africa—and
especially South Africa’s metropoles of Durban, Johannesburg and Cape Town—
have taken the lead in assessing, articulating and starting to address the range of
issues under the climate change umbrella. They are, therefore, far ahead of the
national government. Key to their efforts has been the catalytic role played by
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well-informed individual ‘champions’ in senior environmental or political posi-
tions able to raise and maintain the focus, and to explain the local implications of
broader processes, and how cities would benefit from addressing rather than
neglecting climate change through integrating climate change concerns with
ongoing ‘normal’ infrastructural or development activities. Comprehensive
accounts of climate change strategies at the city scale are now beginning to emerge
through local governments’ own efforts in collaboration with university or local
consultancy partners (ASSAf 2011; Cartwright et al. 2012).

Such purely endogenous initiatives are not possible for the majority of towns
and cities which lack the personnel, institutional capacity and resources for more
than incipient efforts (Simon 2010; Carmin et al. 2012). External support through
bilateral donors, multilateral agencies such as UN-HABITAT’s Cities and Climate
Change Initiative (CCCI) and institutional partnerships with foreign researchers is,
therefore, essential. Such is the nature of the important and innovative research
reported in this stimulating volume, which will surely become a benchmark for
understanding the challenges of climate change and how to address them in Dar es
Salaam and Maputo, with additional chapters on Dakar and Mozambique’s Caia
District. As the editors explain in their Preface, the research was undertaken
largely under the umbrella of two Italian-funded collaborative projects with local
authorities, academics, CCCI staff and others in Dar and Maputo. The chapters
cover biophysical dimensions of environmental change, socio-economic assess-
ments of hazard vulnerability to the most important dimensions of climate change
(especially flooding and saltwater intrusion), and analyses of coping capacity and
the difficulties involved in mainstreaming climate change adaptation. The authors
are well versed in the current international literatures from academic and more
practice-based sources, and integrate their own research effectively in this context,
ensuring that the book does much more than simply local gap-filling in terms of
case studies. I am confident that this volume will find its place at the forefront of
the expanding literature on assessing and addressing urban climate/environmental
change in Africa and beyond.

Egham, UK David Simon
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Preface

This book was written to bridge a gap that we believe is still affecting the scientific
literature on climate change in Southern Africa, namely the lack of understanding
of hazards and the impact they have on areas prone to them, of the local popu-
lation’s capacity to adapt and local authorities’ ability to respond, not to mention
the methods used to estimate levels of risk and vulnerability, factors that are useful
when planning adaptation to climate change in large cities.

This book is the product of work done by two research teams created by a
partnership between Italian universities and African institutions. One of these
teams, based at the Interuniversity Department of Regional and Urban Studies and
Planning (DIST) of the Politecnico di Torino, is run by Maurizio Tiepolo. Its
members include Sarah Braccio, Antonio Cittadino, Magueye Diop, Francesco
Fiermonte, Diéthié Ndiaye, Pamoussa Ouedraogo, Enrico Ponte and Stefania
Tamea. The other team, based at Sapienza University of Rome’s Department of
Civil, Building and Environmental Engineering (DICEA), is run by Silvia Macchi
and is comprises of 20 researchers from Italy and Tanzania, including Francesco
Cioffi, Luca Congedo, Giuseppe Faldi, Laura Fantini, Michele Munafò, Liana
Ricci, Matteo Rossi, Giuseppe Sappa, as well as Gabriel Kassenga and Dionis
Rugais from Dar es Salaam’s Ardhi University.

In May 2010, the two groups joined forces to present the research project
entitled Assessing, Planning and Managing the Territory and the Environment
Locally in Sub-Saharan Africa at the Italian Ministry for University and Scientific
Research as part of the call for Research Projects of National Interest (known by
the Italian acronym PRIN). The project was co-financed in July 2011
(no. 2009SX8YBH) and developed from August 2011 to October 2013 under the
supervision of Maurizio Tiepolo.

In the first few months of work, it quickly became clear that urban vulnerability
to climate change was a growing environmental concern in Southern Africa. It was
felt that in order to make the comparison clearer, it would be useful to identify case
studies involving similar hazards, i.e. sources of potential harm in terms of human
injury and damage to health, property, the environment and other things of value.
Moreover, when it came to this particular issue, we felt it would be best to choose
cases of exposure to effects caused by multiple hazards, such as the floods caused
by extreme rains and sea-level rise in dense urban areas, or groundwater salini-
zation resulting from the combined effect of decreasing rainfall and increasing
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temperature as well as soil sealing in peri-urban areas. The large coastal cities of
Maputo, the capital of Mozambique, (Politecnico di Torino) and Dar es Salaam,
Tanzania’s largest city (Sapienza University of Rome) were therefore selected.

The results of the preliminary studies conducted by the two research teams were
presented at the international Urban Impact of Climate Change in Africa (UICCA)
conference, organised in partnership with Turin’s provincial government on 16
November 2011 in Turin. Other Italian research centres studying climate change
adaptation in Sub-Saharan Africa were invited to attend (the IBIMET-CNR
National Research Council’s Institute of Biometeorology of Italy, Venice’s IUAV
Istituto Universitario di Architettura, the University of Florence, and the Univer-
sity of Trento), as well as many Italian local authorities and ministerial depart-
ments, so as to broaden the discussion increase opportunities for debate and raise
awareness of this issue among the many different levels of cooperation (bilateral
and decentralized).

After the conference, this book began to take shape and later saw a further
opportunity for verification at the international workshop entitled ‘Towards Sce-
narios for Urban Adaptation Planning: Assessing Seawater Intrusion Under Cli-
mate and Land Cover Changes in Dar es Salaam’, organized at Sapienza
University of Rome on 20–22 April 2013.

The contents of this book range from the assessment of risks associated with
climate change to the adaptation strategies for reducing vulnerability in two of the
most populated cities on the eastern coast of Africa: Dar es Salaam (4.4 million
inhabitants) and Maputo (2.4 million). These two main case studies were sup-
plemented by two complementary studies on Dakar (2.9 million) and the Caia
district in Mozambique (Fig. 1).

The conceptual frameworks for disaster risk management and climate change
adaptation in the scientific literature as well as in those produced by the main
multilateral and bilateral development aid agencies are clarified. Next, the
assessment methods and applications concerning the various different factors
involved are presented, adapted to situations where information is often lacking or
where information is scattered and access to it is limited. We believe this is why
this book is so ground-breaking compared to the publications currently available
on urban adaptation to climate change in Africa. If this achievement has been
attained, it is thanks to the in-depth knowledge of sources of information, com-
bined with the great efforts made to fill gaps by obtaining new data, and thanks
also to the practical goal of this research, namely to provide urban authorties with
the risk analysis and adaptation planning tools necessary to diminish local vul-
nerability to climate variability and change.

This approach makes the book particularly useful to graduate students,
researchers, and practitioners interested in enhancing their knowledge and skills as
regards integrating climate change into applied research and development projects
in urban Africa.

The book begins with two introductory chapters that review the current state of
adaptation to incremental climate stress (Chap. 1) and flood risk reduction and
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climate change (Chap. 2) in urban studies. The body of the book then presents
relevant case studies (Chaps. 3–14), followed by conclusions and recommenda-
tions (Chap. 15).

Chapter 1 (Macchi) examines the issue of adaptation planning in cases where
incremental stress on systems of natural resources is foreseen due to the combined
effects of climate change and a series of other factors of environmental decay, such
as urban sprawl. The chapter particularly tackles the vulnerability of access to
water caused by the continued degradation of water sources in peri-urban coastal
areas of large Sub-Saharan cities. After situating the issue of adaptation within the
international discourse on responses to global warming, the specific spatial context
under examination is introduced, together with the guiding concept for vulnera-
bility assessment: the adaptive capacity of inhabitants. In addition, three theoret-
ical pillars for adaptation planning are explored: uncertainty as an opportunity for

Fig. 1 The 42 largest cities south of the Sahara in 2010. Over 6 million inhabitants (very large
dot), 4–5 million (large dot), 2–3 million (medium dot), 1–2 million (small dot) (formulated by
E. Ponte based on data published by UN-Habitat’s State of the World’s Cities 2012/2013.
Prosperity of Cities, 2012)
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an unfettered vision of the city’s future; the centrality of incremental environ-
mental stress in assessment of vulnerability to extreme weather and climate events;
and crossing boundaries within science and between science and society for an
effective and equitable definition of the problem.

Chapter 2 (Tiepolo) illustrates flood risk reduction following extreme physical
events attributable to climate change in large cities south of the Sahara. Large
cities are understood here as those with a population greater than one million
inhabitants, and the term ‘extreme physical events’ refers to those events whose
likelihood in a given place and time is in the 90th percentile. The main hazard that
increasingly hits cities south of the Sahara is flooding. In coastal cities, this is
caused by extreme rainfall and sealevel rise. The chapter assesses whether there is
enough information available to assert—as the literature currently does—that
urban flooding is caused by climate change. The scale of flooding and its impacts
are then examined. Finally, the current state of knowledge concerning adaptation
measures is presented, with a particular focus on strategies and local adaptation
plans. Overall, our results have revealed several commonly held misconceptions in
the field of adaptation. In particular, understanding of the mechanisms that cause
flooding has proven to be virtually non-existent, a gap that makes it difficult to
develop and identify adequate adaptation measures, from early warning to
stormwater drainage. In addition, the knowledge of adaptation plans and the
development of uniformly applied best practices is less advanced than expected.
Adaptation plans have been adopted by few large cities, and those that are in place
demonstrate considerable heterogeneity, despite years of support from interna-
tional organizations promoting best practices.

Once the current state of understanding of the entire Sub-Saharan African
region is established, the next two parts examine in detail a few case studies from
Southern Africa.

Part II (Chaps. 3–8) presents the research carried out in Dar es Salaam and
concludes with a study carried out in Dakar. The six chapters all refer to the
conceptual framework for the assessment of vulnerability to climate change
developed by the IPCC (see Chap. 1), where adaptive capacity plays a pivotal role.
Chapter 3 (Rugai and Kassenga) begins by considering the impact of climate
change and the authorities’ ability to respond thereto, focusing mainly on high-
lighting the fact that unchecked and poorly planned expansion of cities is
increasing future risk factors as well as the current expenditure on adaptation paid
by communities. Chapter 4 (Faldi and Rossi) focuses on seawater intrusion in
coastal aquifers. This is a complex phenomenon, due to the combination of natural
and human mechanisms, and if aggravated by climate change it could have dra-
matic consequences, such as impeding the use of the majority of the wells that
currently meet human and agricultural consumption needs. Chapter 5 (Congedo
and Munafò) investigates urban sprawl, recognising it to be the main non-climatic
factor that will accentuate the effects of climate change. This phenomenon affects a
great deal of Dar es Salaam’s coastal plain, and monitoring it over time is essential
if we wish to guide and evaluate the adaptation decisions to be integrated into
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urban development planning. The key concept of adaptive capacity is the focus of
Chap. 6 (Ricci), which uses it to reinterpret certain characteristics typical of the
peri-urban area as essential for guaranteeing the spontaneous adaptation of the
local population to present and future environmental changes. An analysis of
the information collected in the field leads to a framework proposal for supporting
local authorities in decision-making on institutional adaptation. Chapter 7 (Macchi
and Ricci) discusses the mainstreaming of adaptation into existing plans and
programmes related to the urban development and environmental management
sectors. This is an approach to adaptation that is approved by international
development agencies, but at the same time has limitations that should be tackled
in order to apply it in the right way. Finally, Chap. 8 (Biconne) presents a par-
ticipatory approach to sharing knowledge among urban players on the environ-
mental, social, and cultural dimensions of climate change. This approach has been
tested in the peri-urban settlement of Malika, Dakar, demonstrating its potential as
a tool in the decision-making processes of urban adaptation planning.

The second half of the book (Chaps. 9–14) discusses the city of Maputo and is
supplemented by a study on the Caia district in central Mozambique. The theme of
these six chapters is the mapping of flood risk in case of extreme heavy rain and
sealevel rise. The final result is a risk digital map derived from a special open
source GIS, and an initial adaptation assessment, i.e. an initial identification of the
options for adapting to climate change and their evaluation according to a set of
criteria. Given the lack of literature on risk assessment methods in cities south of
the Sahara, researchers decided to tackle the various components of risk separately
so as to leave more space for an in-depth illustration of the methods used. Thus,
flood hazards due to extreme rains (Bacci) and sealevel rise caused by climate
change (Brandini and Perna) are discussed in Chaps. 9 and 10. They provide an
exhaustive examination of the hazard, which is very rarely discussed in publica-
tions dealing with flood risk assessment and mapping, as shown in Chap. 2.
Chapter 11 (Braccio) presents the various methods that can be used to identify
flood-prone areas. Their use depends on local circumstances (the availability of
satellite images with a low cloud cover rate immediately following extreme rain,
the availability of local surveys of the flooded areas, etc.). The text then goes on to
explain the choice made in the case of Maputo, considering the data and the
resources available. Chapter 12 (Ponte) illustrates the choice—among the many
options available—to use the equation R = (H * V * E)/A to measure risk, and
explains how this equation was used in open source GIS to produce the digital,
georeferenced, and updatable map of flood-prone areas. The hazard value calcu-
lation identified by Bacci, Brandini, and Perna and the adaptation calculation
(Tiepolo, see Chap. 13) are quantified and the vulnerability and exposure calcu-
lation is described in detail. Chapter 13 (Tiepolo) treats the adaptation baseline
(existing adaptation) and adaptation assessment (future) separately. In this case,
reference is made to the complexities involved in ascertaining the measures
currently in place when working on large cities with vast flood-prone areas
(57.4 km2 in the case of Maputo). Then the text goes on to elucidate the method
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chosen to identify the future priority measures and examine their distribution over
time. This part ends with Chap. 14 (Ianni) and an analysis of the vulnerability of
the Caia district (population of approximately 115,000) in central Mozambique.
The main focus of this chapter is the vulnerability caused by the local population’s
loss of access to the land.

Silvia Macchi
Maurizio Tiepolo
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Chapter 1
Adaptation to Incremental Climate Stress
in Urban Regions: Tailoring an Approach
to Large Cities in Sub-Saharan Africa

Silvia Macchi

Abstract Research into adaptation strategies to climate change has become a point
of great interest for today’s urban environmental planners. At the same time,
addressing adaptation to climate change in Sub-Saharan cities is an ethical and
epistemological challenge. This article presents an approach, developed in the
context of a scientific collaboration between an Italian and a Tanzanian university,
to adaptation planning in the coastal peri-urban areas of the city of Dar es Salaam.
After situating the research within the international discourse on responses to global
warming, the specific spatial context of the study is introduced, together with the
assumptions that derive from the interpretive key: the adaptive capacity of inhab-
itants. The three theoretical pillars upon which the approach is based are also
explored: uncertainty as an opportunity for an unfettered vision of the city’s future;
the centrality of incremental environmental stress in assessment of vulnerability to
extreme weather and climate events; and crossing boundaries within science and
between science and society for an effective and equitable definition of the problem.

Keywords Climate change debate � Urban planning � Peri-urban Africa �
Adaptive capacity � Uncertainty

1.1 Planning for Adaptation in Sub-Saharan Cities

Research into adaptation strategies for territories facing the environmental modi-
fications that will be caused by climate change in the near future has become a
point of great interest for today’s urban environmental planners. Adaptation means
anticipating the adverse effects of climate change by adopting appropriate actions
to prevent or minimize damage, without forgetting to seize the positive
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opportunities that may also arise. Among the latter is the opportunity to reconsider
mainstream planning models by analyzing their impacts on people’s adaptive
capacity, which in Sub-Saharan cities is closely connected to the direct and
informal modalities through which people relate to the natural environment. The
ACC DAR1 research project has pursued this path, and the present article will
frequently refer to the project in order to focalize certain open questions posed to
urban planning by the demand for adaptation in Sub-Saharan Africa.

Addressing adaptation to climate change in Sub-Saharan cities requires an
important effort to combine the prevailing themes in the international discourse on
strategies for dealing with global warming and the particular characteristics of the
settlement modalities and institutional structures of specific locations. After situating
the research with respect to several controversial elements of the relationship
between adaptation and mitigation and how to conceive the what to do about adap-
tation, the spatial context of the study is introduced: coastal peri-urban areas of Sub-
Saharan cities. Adaptive capacity is the interpretive key that allows for a positive
view of a reality that is often described exclusively in terms of what it lacks compared
with real cities. This view informs the choices at the foundation of this research. In
addition, three theoretical elements have contributed to the development of a
methodological framework: uncertainty as an opportunity for an unfettered vision of
the city’s future; the centrality of incremental environmental stress in assessment of
vulnerability to extreme weather and climate events; and crossing boundaries within
science and between science and society for an effective and equitable definition of
the problem. On the basis of this theoretical groundwork, the present research seeks to
develop a locally tailored approach to the participatory design of adaption initiatives
in the field of urban development and environment management planning.

1.2 Elements of the International Debate Surrounding
Adaptation

1.2.1 Adaptation and Mitigation

Article 1 of the 1992 United Nations Framework Convention on Climate Change
defines climate change as

1 The Adapting to Climate Change in Coastal Dar (ACC DAR) project is financed by
EuropeAid, within the Environment and Sustainable Management of Natural Resources including
Energy Thematic Program. It is a three-year project, which will conclude in 2014, that aims to
improve the capacity of Dar es Salaam’s local governments in local adaptation planning. It is
coordinated by the present author and carried out in collaboration with professors and young
researchers from Sapienza University in Rome, Italy, and Ardhi University in Dar es Salaam,
Tanzania. Chapters 3, 4, 5, 6 and 7 of this book have been developed within the context of that
project. All the materials produced in the course of the project are available at www.
planning4adaptation.eu.
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a change of climate which is attributed directly or indirectly to human activity that alters
the composition of the global atmosphere and which is in addition to natural climate
variability observed over comparable time periods (UNFCCC 1992).

Although this definition was later revised by the Intergovernmental Panel on
Climate Change to include all long-term climate changes irrespective of whether
they are due to natural variability or as a result of human activity (IPCC 2001), the
international commitment to mitigate climate change through the reduction of its
human drivers has become ever stronger over the last two decades. The same
cannot be said for adaptation, a strategy that should complement mitigation in
meeting the ultimate objective of the UNFCCC. Adaptation refers to

adjustment in natural or human systems in response to actual or expected climatic stimuli
or their effects, which moderates harm or exploits beneficial opportunities (IPPC 2001).

In fact, the majority of research and policy efforts have been devoted to sta-
bilizing the concentration of greenhouse gases in the atmosphere (Klein et al.
2005), whereas the commitment to adaptation has become tangible only since the
2007 Bali Conference of Parties under the pressure from the least developed
countries who disproportionately suffer the effects of climate change, though they
contribute less to GHG emissions than the developed world does.

This slow movement towards an integrated approach that simultaneously
addresses mitigation and adaptation concerns has been accompanied by progres-
sively more complex conceptual frameworks for the assessment of vulnerability to
climate change (Füssel and Klein 2006) (Fig. 1.1). At the same time, growing
attention has been paid to local adaptive capacity which is, among other things, the
crux of the relationship between disaster risk management and adaptation to cli-
mate change.

While the centrality of the notion of adaptive capacity is explored below, a few
comments should first be made on the debate surrounding adaptation strategies and
their relationship with mitigation. Many believe the efforts of the world’s major
economic actors in terms of mitigation have clearly been insufficient, given that
the temperature of the planet continues to rise, thus scenarios that would render
any planned adaptation effort futile have yet to be forestalled. For such individuals,
the best form of adaptation is a drastic reduction of greenhouse gas emissions
through a radical revision of the dominant development model. To such assertions,
the advocates of a greater commitment to adaptation reply that even the most
radical change to the development model will not be able to save us from the
consequences of the current levels of global warming. In other words, irreversible
climate change has already occurred, and adaptation is therefore a necessity.
However, the debate is still open as regards the best path forward, whether it is
practicable, and how it should be implemented (aside from the widely accepted
fact that it should never conflict with mitigation), and it is these questions that the
present article shall explore.

1 Adaptation to Incremental Climate Stress in Urban Regions 5



1.2.2 Adaptation: What to Do?

Two positions on adaptation merit particular consideration because they highlight
several questions that are crucial for defining the what to do of adaptation. Two
authors have been selected who have explored those questions by investigating the
relationship between climate and human activities, one from a geographical per-
spective (Parenti 2011) and the other from a historical perspective (Acot 2003).

Parenti’s thesis is that assessment of the human impacts of climate change
requires an understanding of how changing environmental conditions in the world
today are inserted into the vulnerability trajectory that is already deeply rooted in
the Global South due to the militaristic legacy of the Cold War and the uncon-
trolled activities of a neoliberal economy. According to Parenti, spontaneous forms
of adaptation are already visible, and the common thread among them is violence:
in the Global South, ethnic irredentism, religious fanaticism, revolts, xenophobia,
banditry, drug trafficking, and local wars for natural resources; in the Global North,
counter-insurgency operations, militarization of borders, anti-immigration poli-
cies, and xenophobia inspired by the idea of the armed lifeboat. In brief, the role of
environmental change as regards human activities, whether or not it is caused by
climate change, is that of a ‘‘drastic accelerant’’ of the present crisis, ‘‘like gasoline
on a smoldering fire’’ (Parenti 2011, p. 65).

Fig. 1.1 Conceptual framework for the assessment of vulnerability to climate change, with the
three areas of interest of the present research highlighted (Modified from Füssel and Klein 2006)
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Parenti also reminds us of the need to define the who of adaptation, to identify
the people who will benefit from a given adaptive strategy as well as those who
risk becoming less capable of adapting as a result of the effective adaptation of
others. By comparing observations of what is occurring in the US with a collection
of evidence from the South of the world, the author highlights the conflict between
the adaptive capacity of the Global North and that of the Global South. In par-
ticular, Parenti demonstrates how the adaptation of the former is currently founded
on the capacity to deploy counter-insurgency operations in all four corners of the
planet, according to a strategy that aims to destroy the social bonds that are the
foundation of adaptive capacity in the latter. As a result, the priority sphere of
adaptive action is that of international relations, and the objective is to limit the
power of certain actors while simultaneously promoting redistribution of wealth
policies in order to render world geography slightly less unequal.

The analysis proposed by Acot integrates Parenti’s reasoning into a broader
historical reflection on the relationship between environmental change and human
activities and, at the same time, leads to slightly different conclusions regarding
what to do.

Acot agrees with Parenti that the human response to climate changes that occur
over a decade has essentially taken the form of conservative adaptation, in line
with the trajectory traced by other factors. Only in the case of a longer-term
climate change in the order of a century, such as the Little Ice Age that affected
Europe during 1550–1850, does the author believe that adaptation can have a
transformative impact, though there are always other contributing factors (Acot
analyses the French Revolution from this perspective). For both authors, assess-
ment of the effects of climate change cannot exclude consideration of the human
factors that are the true drivers of change.

Therefore, though he agrees with Parenti’s assertion that choosing the form of
adaptation is an essentially political question, Acot warns against defining adap-
tation strategies on the sole basis of analysis of the present. He argues that, given
the relative uncertainty regarding not climate change itself but the ways in which
its effects will combine with socio-environmental systems, deciding today what
will be needed tomorrow to respond to climate change is closer to a utopian vision
than deductive reasoning. In other words, a vision of the future is needed in order
to decide which capacities should be protected and which should be developed,
and a backcasting approach must be used in order to find solutions to the fright-
ening scenarios that have been outlined using forecasting. The real problem is
deciding who should develop this vision of the future, and who should ensure that
it comes to pass.

On this last point, Acot notes that political shortsightedness and unequal
development of the planet are two heavy weights on any adaptation project. On
one hand, there is a substantial difference between ecological timelines and
political ones:

1 Adaptation to Incremental Climate Stress in Urban Regions 7



what politician would be tempted to make crucial and potentially unpopular decisions
when neither he, nor his electorate will see the results? (Acot 2003, p. 260).

On the other hand, certain forms of environmental degradation are ‘‘socially
irreversible’’ (ibid.). If, in theoretical terms, any ecosystem in an extreme state of
degradation can be rehabilitated, nevertheless

that would require energy inputs that the majority of human society is unable to provide
given the current state of indigence of three quarters of the planet (ibid.).

The only way out is a radical cultural change, which Acot defines ‘‘the ecology
of human liberation’’ (ibid.).

The reflections of Parenti and Acot have informed our research, and we hope to
have made contributions along the lines they have indicated.

1.3 Rethinking Urbanity in Terms of Adaptive Capacity

1.3.1 Peri-Urban Areas as a Starting Point for Redefining
Sub-Saharan Urbanity

The joint research project of Sapienza and Ardhi universities began in 2009, and
from the beginning the focus has been peri-urban areas, understood as a group of
settlements and activities where urban and rural characteristics are inextricably
interwoven, giving life to a very specific form of territory in terms of lifestyle and
relationship types. Such areas are expanding exponentially around one or more
densely developed and infrastructured nuclei in many Sub-Saharan cities, to the
point that they now occupy entire regions and even exceed their boundaries (see
Chap. 5) (Fig. 1.2).

The peri-urban is a growing phenomenon throughout the world—though it
occurs under different names—and represents the main modality of urban devel-
opment in the century of urbanization. This is why it is attracting the attention of
many urban studies scholars, who are divided into those who see the expansion of
peri-urban areas as a threat to the modern and Western project of urbanity defined
by the classics of twentieth-century urban studies, from Park to Simmel, and those
who, on the other hand, recognize in that expansion an opportunity to review
certain paradigmatic assumptions in urban studies and planning practice, which
would also respond to post-colonial criticisms (Roy 2009).

The former see the peri-urban as an unfinished city, not suitable to be a
‘‘privileged site for the invention, propagation, and cultural experience of
modernity’’ (Robinson 2011, p. 3) because they are rife with shortcomings, like

limited urban infrastructure, informal construction methods, lack of planning, lack of
economic opportunity, informal economic activities, large population growth with limited
economic growth, [and] external dependency (ibid.).
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For the latter, most urban growth worldwide in the twenty-first century, while
often referred to as an urban revolution, should rather be termed as suburban
revolution, which invites urban scholars and activists to place ‘‘the universality of
the suburban experience and the boundless divergence in its real processes and
outcomes’’ at the top of their agenda (Keil 2013).

The present research follows the second line of thinking, which it has sought to
apply specifically to Sub-Saharan cities through the case study of Dar es Salaam
due to the particularly interesting and pressing nature of the challenges of that
geographic context. Sub-Saharan cities have been grappling with the definition of
their own project for urbanity since the time of decolonization, and have sought to
make their way through a variety of obstacles, including the conditions imposed by
the colonial legacy in terms of built urban forms and consolidated governmental
practices, as well as laws and plans that orient urban development even today. Local
planning practice is therefore heavily constrained by the burden of university
training that too uncritically continues to propose approaches and instruments that
were conceived elsewhere and are saturated with Western urbanity. Lastly, it is
difficult for Sub-Saharan cities to resist the pressures from donors and investors
when their financial resources are decidedly inadequate to respond to current needs
or plan the interventions necessary to accompany population growth rates that
exceed 5 % per year (Friedmann 2005). Recognizing that a contextualized
definition of what is urban is indispensable to Sub-Saharan cities’ development of

Fig. 1.2 Peri-urban settlement in the Ilala municipality, Dar es Salaam (photo by Silvia Macchi)
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their own specific approach to planning, we expect that analysis of the peri-urban
areas of Sub-Saharan cities, specifically Dar es Salaam, will provide the starting
points for new ways of thinking about potential types of urbanity.

1.3.2 Adaptive Capacity as the Key to Understanding
Sub-Saharan Urbanity

Adaptive capacity is the interpretive key that allows researchers to approach a
reality that is distant from their own culture and life experience (Ricci 2011; see
also Chap. 6). This concept is fundamental to any attempt to address the theme of
adaptation to climate change that does not cede to the temptation to automatically
define any urban development pattern that deviates from Western urban ideals as
vulnerable.

The adaptation perspective forces emphasis to shift towards understanding
human systems and their relationships with the natural environment in order to
identify the characteristics that could play a positive role if climate phenomena
were to necessitate a transformation of existing structures. Such characteristics
represent the components of adaptive capacity, which can be understood as a
specific usage of the notion of capacity.

Drawing on the definition of capabilities referred to in Sen’s ‘‘capabilities
approach to development’’ (Sen 1983), the IPCC defines capacity as

the combination of all the strengths, attributes, and resources available to an individual,
community, society, or organization that can be used to achieve established goals. This
includes the conditions and characteristics that permit society at large (institutions, local
groups, individuals, etc.) access to and use of social, economic, psychological, cultural,
and livelihood-related natural resources, as well as access to the information and the
institutions of governance necessary to reduce vulnerability and deal with the conse-
quences of disaster (IPCC 2012, p. 33).

As the IPCC (2012) has clearly stated, the notion of capacity is an integral part
of the notion of vulnerability while at the same time exceeding it. In other words,
vulnerability must be understood as a relative rather than an absolute lack of
capacity. The advantage of this approach is that it allows one ‘‘to shift the ana-
lytical balance from the negative aspects of vulnerability to the positive actions by
people’’ (ibid.) and it is this shift that is considered promising in the context of the
present research.

Given those premises, four research assumptions were defined as follows:

• the livelihoods of peri-urban populations in Dar es Salaam are currently char-
acterized by heavy reliance on locally available natural resources (e.g. access to
water is guaranteed by wells that directly access the superficial aquifer) and
continuous adaptation of strategies in response to environmental changes (e.g. if
a natural resources becomes inaccessible, people search for an alternative
source, change activity, or move to another area);

10 S. Macchi
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• adaptive capacity is intrinsically connected to the settlement and relational
characteristics that are unique to peri-urban areas (e.g. the possibility of
simultaneously conducting agricultural activities, informal commerce, and
employed labor in industry or administration renders livelihood strategies
extremely flexible) and, in many cases, adaptation entails an inequitable division
of labor within both families and the community more generally, as well as
exploitation and degradation of the natural environment (maladaptation);

• mainstream strategies for urban development and environmental management
imply a substantial modification of the same characteristics that currently
guarantee adaptation, i.e. they undermine the current set of capacities, despite
the lack of evidence that the proposed settlement models—all of which are
oriented towards the densification (Fig. 1.3) and infrastructurization of resi-
dential areas according to essentially urban modalities—are capable of pro-
moting and sustaining the development of an alternative set of capacities for
future adaptation;

• if the foregoing is true, and considering the degree of effort (not only technical
and financial, but also social and political) that would be necessitated by an
eventual transformation of peri-urban areas into urban areas, as the mainstream
strategy proposes to do, it is crucial that a careful evaluation be conducted of the
potential for adaptation associated with current urban development and envi-
ronmental management practices, and of whether it might not be less onerous

Fig. 1.3 Densification under way in a central area of Dar es Salaam (photo by Silvia Macchi)
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and more effective to intervene to improve such potential by integrating climate
change into the existing models (see Chap. 6) rather than promoting the
adoption of new models whose efficacy in terms of adaptation has yet to be
demonstrated.

1.4 Challenges for Research in Climate Change
Adaptation

1.4.1 Decision-Making Under Uncertainty

The approach outlined above is completed by the choice to openly address, rather
than circumvent, the uncertainty of predictions regarding the effects of climate
change, thus bringing the future projects for the Sub-Saharan peri-urban to the
center of the study.

The question of uncertainty has the potential to undermine any proposal of what
to do, since it renders any type of present evidence and future prediction highly
contestable. As the IPCC (2001) has stated, climate change, understood as a
problem that has been proven to constitute a serious threat to humanity, places the
scientific and political community before a cascade of uncertainty that progres-
sively grows from the construction of emissions scenarios, to the definition of the
scope of possible human impacts, the response of the carbon cycle, the sensitivity
of the global climate, and regional climate change scenarios (Fig. 1.4).

At every stage, the system of reference and the relative predictability charac-
teristics change. They range from highly path-dependent systems, which have a
sufficient temporal and structural coherence for the assignment of statistically
determined probabilities (bio-physical system), to highly undetermined systems,
which are closely connected with contingent conditions for which any probabilistic
assertion remains entirely based on subjective judgments (human systems).

This inescapable fact is at the basis of a recent special report by the IPCC
(2012), which focuses on the relationship between climate change and extreme
weather and climate events, the impacts of such events, and the strategies to
manage the associated risks. The report recognizes the necessity of dealing with
extreme weather and climate events as decision-making under uncertainty, and
offers an important contribution to the definition of an approach to risk manage-
ment that takes into account the lessons learned in the climate change adaptation
field regarding how to address difficult-to-predict futures. Moreover, an important
emphasis is placed on the need to adopt a transformative perspective, to face the
difficulty of defining shared development projects, and the inevitable ethical and
political implications this entails.

12 S. Macchi
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One example in Dar captures the level of complexity and uncertainty implicated
in climate change predictions. In various reports from international organizations
on climate change in Dar es Salaam (Dodman et al. 2009; UN-Habitat 2011;
START Secretariat 2011; see also Chap. 3) attention is concentrated on coastal
areas, for which old fishing settlements, new tourism structures, and the invasion
of peri-urban activities and dwellings are currently competing. Thus far everything
is certain. Rising sea levels are then cited in order to demonstrate that the inter-
ventions already on the agenda for protecting the littoral zone from marine erosion
are also valid in terms of adaptation to climate change. However, data from the
only monitoring station in the Dar region indicate that the sea level has lowered.
But that data is only available for the last 20 years, while at least 50 years are
needed in order to confirm that this is an irreversible phenomenon traceable to
climate change (Kebede and Nicholls 2012). As such, many people attribute
uncertainty to the data—20 years are too few—and continue to assume that sea
levels will rise in the future. This type of approach that tends to exclude the
uncertain from the decision-making process is the exact opposite of meeting the
challenge posed by uncertainty. The present research project seeks, instead, to
focus attention on the uncertain. This allows for the recovery of all the knowledge
that has heretofore been disregarded, leading to an improved understanding of
what the levels of uncertainty really are, and how current urban development and
environmental management plans must be modified in order to adequately
accommodate them.

Fig. 1.4 The Cascade of Uncertainty (modified from IPCC 2001)
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1.4.2 From Vulnerability, to Extreme Events, to Incremental
Environmental Stress

Questioning the mainstream approach to risk reduction opens up the possibility of
developing a critical perspective on the dynamics that are spreading across Sub-
Saharan cities. This project is therefore a conscious attempt to cast off the state of
emergency imposed by continuous weather-related disasters, which has encum-
bered many urban technicians, keeping them away from the planning tables where
the future of the city is prepared. Constantly called upon by governments to deal
with the consequences of climatic extremes, they are restrained to planning
damage reduction systems (from barriers against sea storms to the relocation of
human settlements in areas subject to flooding and landslides), and rarely have the
opportunity to broaden their reasoning to consider the structural causes, preva-
lently anthropogenic, of such risks.

In an attempt to see beyond the question of vulnerability to extreme events, this
project has preferred to direct its focus to incremental environmental stress,
seeking to understand relationships with climate change, and therefore ecosystem
sensitivity and people’s adaptive capacity, in order to reconstruct the system that
connects environmental degradation with vulnerability to extreme events. In
particular, project researchers have investigated the salinization of the coastal
aquifer (see Chap. 4), a phenomenon that is already under way and is a major
concern for households living in peri-urban neighborhoods within the coastal
plain. In fact, most people depend heavily on boreholes for access to water for
domestic and productive (mostly agriculture-related) purposes. Notwithstanding
the social importance of groundwater availability, studies on seawater intrusion in
the coastal shallow aquifer are scarce and none have developed future scenarios
under climatic and non-climatic changes, to our knowledge. Consequently, several
research studies have been undertaken to assess changes in past recharge and
pumping rates, develop a hydrogeological balance, downscale global climate
change predictions to the regional level, and explore the complex interplay
between urban sprawl and climate change adaptation, since land cover change
might be the most important non-climatic factor that influences future groundwater
availability (ACC DAR 2013).

The relationship between incremental stress and vulnerability to extreme events
has been well documented by the IPCC (2012):

The environmental dimension of vulnerability also deals with the role of regulating
ecosystem services and ecosystem functions, which directly impact human well-being,
particularly for those social groups that heavily depend on these services and functions due
to their livelihood profiles.
[…]
The degradation of ecosystem services and functions can contribute to an exacerbation of
both the natural hazard context and people’s vulnerability. The erosion of ecosystem
services and functions can contribute to a decrease in coping and adaptive capacities in
terms of reduced alternatives for livelihoods and income-generating activities due to the
degradation of natural resources. Additionally, a deterioration of environmental services
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and functions might also increase the costs of accessing those services, for example in
terms of the increased time and travel needed to access drinking water in rural commu-
nities affected by droughts or salinization.

Furthermore, environmental vulnerability can also mean that, in the case of a hazardous
event, the community may lose access to the only available water resource or face a major
reduction in soil productivity, which then also increases the risk of crop failure (IPCC
2012, p. 77).

In other words, a natural system under stress is more sensitive to climate
change, while at the same time providing fewer environmental services to
inhabitants, thus reducing their adaptive capacity and rendering them more vul-
nerable to extreme events (Fig. 1.5). If this is true, incremental environmental
stresses produced by the combined effect of climate change and non-climatic
factors, such as urban development, may prove to be less visible but certainly more
insidious than extreme events.

1.4.3 Crossing Disciplinary Boundaries

The third challenge that we have sought to meet is perhaps the most difficult, and
continues to raise questions. All the literature on adaptation and sustainable
development favors the crossing of disciplinary boundaries, and those who spe-
cialize in urban planning are already accustomed and in fact trained to do so.
Nevertheless, every case study and every context necessitate research into specific
cross-disciplinary methods. How can the questions that emerge from the case study
be linked with the competencies of the working group? How does one decide when
it becomes necessary to require contributions of disciplines that are not represented
in the working group? Presented below are our attempts to go beyond the limits of
the field of environmental engineering, already vast and multifarious in its own

Fig. 1.5 The relationship between incremental stress and vulnerability to extreme events
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right, in order to establish a dialogue with human sciences and art, particularly
theatre.2

The main reason in favor of an inter-, multi-, and trans-disciplinary approach
lies in the very nature of the problem to be addressed. As we have seen, adaptation
to climate change involves a plurality of interconnected human and physical
factors that act on different spatial and temporal scales. To fully understand the
complexity of such interaction is a task that surpasses the sectoral and thematic
divisions typical of academia.

Moreover, the knowledge needed to formulate the problem is not only of a
scientific or expert type, but also consistently involves the life experience of the
people and value systems of a society. As such, the crossing of disciplinary
boundaries is not sufficient; we must go further still to find the instruments that will
allow for dialogue between science, policy, technique, and society (see Chap. 8).

This question is particularly evident with respect to the evaluation of people’s
adaptive capacity and the identification of contextual factors that render them more
or less vulnerable. To understand personal-societal-environmental relationships in
the specific context in question, one must solve the puzzle generated by the jux-
taposition of a plurality of images produced in a variety of ways (in our case:
statistical analysis of household questionnaire data, open interviews with institu-
tions and inhabitants, participatory theatre workshops at the community level, land
cover analysis through satellite images, hydrogeological analysis and monitoring
of the superficial aquifer, etc.).

Learning to master such an analytic approach has proven to be a truly difficult
challenge, as it requires each researcher to question his or her methods and open a
space for other types of knowledge. It has therefore been an important effort that,
moreover, is little rewarded in academic and professional spheres, which explains
people’s resistance to spending resources on efforts considered to be unprofitable
and at high risk of failure.

1.5 Future Prospects

The theoretical elements presented in this article are the product of an on-going
research project initiated in 2009 and their application to the case of Dar es Salaam
is still under way. This book presents the results obtained thus far, but only after
the 2014 conclusion of the ACC DAR project will it be possible to evaluate the
efficacy of the proposed approach and reflect on its practicability.

The lessons learned to date (Macchi et al. 2013) provide the basis for devel-
oping a locally tailored approach to the participatory design of adaption initiatives

2 The results of this hybrid collaboration are not presented in the present volume because they
require further work, particularly reflection on experiments already conducted, but also further
experiments. Nevertheless, some materials that present what has been accomplished thus far are
available at www.planning4adaptation.eu.
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in the field of urban development and environment management planning. In
particular, those lessons are being used to improve the use of scenario analysis
when dealing with uncertainty in climate change related planning (Faldi 2013).
The risk intrinsic to applying the forecasting approach to adaptation is that it
favors a conservative definition of planning objectives, as though the purpose of
adaptation were to conserve the status quo, which leads to adjustment of the
current development model to avoid certain unwanted and bothersome changes
(Parenti 2011). The backcasting approach would be an antidote to such risk, which
is crucial for cities whose rapid pace of development could provide unique
opportunities to shape an optimal future. The next step in the research project will
be to explore, in practice, the implications and advantages of using a participatory
backcasting approach for planning adaptation.

In addition, we are happy to note that we are not the only researchers following
this path, and in fact many others are working on the same premises (see Chap. 8).
This growing momentum has great potential to provide an innovative impulse to
urban environmental planning, certainly in Sub-Saharan Africa and probably also
in the rest of the world, including the Global North.
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Chapter 2
Flood Risk Reduction and Climate
Change in Large Cities South
of the Sahara

Maurizio Tiepolo

Abstract In the region south of the Sahara, flooding is the most common natural
hazard. Large cities are increasingly affected: 7 in the 1980s, 27 in the 1990s, 37 in
the 2000s, and 7 more since 2010. Although many studies link this trend to climate
change, our understanding of natural events is still too fragmentary to allow us to
appreciate the correlation between precipitation and floods. When attempting to
bridge this gap, we should also consider how rainfall affects a city’s entire
watershed (which can be quite extensive). By contrast, the impact of flooding on
places, goods, and people is much better understood. Such effects can be so
extreme as to bring the economies of large cities to their knees. Over time, the
concept of risk as a product of hazard and vulnerability has expanded to include
exposure and climate change adaptation. Mapping flood risk is the first step
towards identifying adaptation measures, yet only one of the 11 large cities most
affected by floods has a detailed flood risk map. Three of the 11 have adopted
climate change adaptation strategies and plans. The remaining eight cities use an
array of tools whose impact on flood risk reduction is not yet detectable.
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2.1 Introduction

Floods account for half of the disasters recorded since 1981 in Sub-Saharan Africa,
and 78 of them have hit large cities (EM-DAT). This figure alone renders con-
sideration of flood risk a necessity in the context of adaptation to climate change.
In addition, flood risk is becoming an increasingly pressing issue for two reasons:
firstly, the number of floods is increasing, presumably due to climate change;
secondly, large cities south of the Sahara are growing in number. The extent of
potential damage is therefore increasing.

This chapter aims to outline the current understanding of the relationship
between floods and climate change in an urban context, and to identify the risk
mapping methods and main adaptation measures that are slowly being adopted.

In the past, efforts to reduce flood risk have involved at least two different
approaches: disaster risk reduction (DRR), which identified exposed areas, miti-
gation, and post-event measures; and climate change adaptation (CCA), which
identified climate change trends (CC) and measures designed to mitigate the
impacts of future flooding.

The possibility of combining these approaches has often been suggested
(Mitchell and Van Aalst 2008) and, more recently, largely hybridized studies have
drawn on both approaches.

The second section reviews what is known about climate change (precipitation
and sea level rise) in urban environments. We then move on to consider the present
understanding of the flooding that affects large cities in Sub-Saharan Africa in order
to highlight existing knowledge gaps. The third section addresses the impact of
flooding on large cities in order to determine whether specific adaptation measures
are needed in such areas. The fourth section addresses flood risk reduction, with a
focus on maps of risk areas, an aspect that is specifically considered in the case
studies collected in this publication, as well as adaptation planning.

In order to complete this process, we drew predominantly from the EM-DAT
International Disaster Database and maps of flooded areas produced by UNITAR
and the ICSMD. The second and third sections proceed on a case-by-case basis,
starting with the large cities that are more exposed to flooding, and draw mainly
from reports and plans. When considering the actions taken by international
donors to promote risk reduction and climate change adaptation, the main source
of information is the literature produced by multilateral organizations. We also
reconstruct how the definition of risk has evolved over the past two decades.

2.2 Extreme Rainfall and Flood Risk in Large Cities South
of the Sahara

Floods are usually caused by the overflowing of large rivers, by flash floods from
their tributaries, runoff following intense local rain, and sea level rise, as well as
ground water floods and artificial systems failures (Bloch et al. 2012, p. 27).
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In the next three decades, temperatures in Southern Africa are expected to rise and
rainfall in Eastern Africa is expected to increase (including in the Horn of Africa).
Global mean sea level is expected to rise from 18 to 59 cm (according to different
temperature change scenarios) over the next 100 years (IPCC 2007, p. 45, 2010).

Detailed studies of climate change and flooding in vast areas are possible, and
those that have been carried out have detected—as is the case in South Africa—
changes in the intensity of extreme rainfall events (Mason et al. 1999). However,
the current understanding of the link between climate change and floods is lacking
with respect to individual large cities (Brinkmann and von Teichman 2010). If it
were possible to detect variations in the frequency and intensity (mm/hour) of
extreme rainfall in large cities, and changes in the duration of the rainy season, we
would be able to assert that we are witnessing climate change. Unfortunately, the
large cities where rainfall analyses have been conducted are still too few. More-
over, existing analyses are usually limited to annual rainfall over time (Table 2.5).
The large cities where the intensity and frequency of heavy rains has been
investigated (Addis Ababa, Dar es Salaam, Douala, Maputo) are exceptions to the
rule (De Paola et al. 2013) (see Chap. 9). As a result, climate change predictions
are formulated only at the national scale, and then presumed to be applicable to
individual cities (UN-Habitat 2010a, p. 7). In its Global Report on Human Set-
tlements 2011—Cities and Climate Change, UN-Habitat introduces the efforts
made by cities to tackle climate change and its impacts, but it does not discuss the
changes in precipitation in the watersheds to which they belong or how this
contributes to flooding. This information is essential when planning adaptation
measures such as drainage canals.

Moreover, urban climate change studies are limited by the lack of weather
stations recording atmospheric conditions (Table 2.1). Thus, the link between
extreme weather and flooding in urban centers is little understood, and our
knowledge of urban flooding is based only on its impact.

2.2.1 Floods in Large Cities

The Emergency Events Database of the CRED EM-DAT Centre for Research on
the Epidemiology of Disasters has been recording disasters worldwide in part-
nership with the WHO and other organizations since 1988, and makes that record
available on the Internet. Over the past 33 years, 654 floods have affected 38
million inhabitants and have claimed almost 13,000 lives in Sub-Saharan Africa.
This is the number one hazard in terms of frequency and impact in the sub-
continent (almost 50 % of disasters are floods).

The same source reveals that 11 % of disasters hit large cities and cause 12 %
of total damage. This figure is approximate, as some events are not reported while
others involve not only urban areas, but also wider territories that can include
smaller cities or towns. It is worth noting that of the 78 floods that have hit large
cities, two-thirds have recurred in the same place, including Bangui (7 times),
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Djbouti (5 times), Accra and Lagos (4 times each), and Bamako, Cape Town,
Dakar, Kinshasa, and Luanda (3 times each). The effect of repeated flooding is that
it ‘‘will reduce the capacity of communities and others to prepare for these events,
respond to them, and rebuild in their wake’’ (UNEP/OCHA 2012, p. 7).

2.2.2 Trends in Flooding

The number of cities hit by flooding is increasing: from 7 in the 1980s, to 27 in the
1990s, to 37 in the 2000s, and in the first two and a half years of the present decade
there have already been 7. The number of people affected rose from 310,000 in the
1980s to 3.8 million in the following decade, then fell to 1.2 million in the 2000s,
and has dropped to 0.1 million in the past two and a half years.

Maps of the areas flooded following extreme natural events are increasingly
available. UNITAR-UNOSAT produces small-scale maps of flooded urban areas.
Maps of disasters as they unfold are also produced by the European Union’s Joint
Research Centre Global Disaster Alert and Coordination System, as well as by the
International Charter on Space and Major Disasters (ICSMD), together with
Strasbourg’s SERT.

This documentation does not provide information on the size of flooded areas,
though it would be easy to determine using the GIS used to generates such maps,
and that information would be extremely useful for planners when estimating
damage and preparing for recovery work.

The information gathered on the flooded areas of some particularly exposed
cities (Table 2.2) shows that the extent of the areas hit varies enormously from
case to case: sometimes it is less than 9 % of the built-up area, while in others it is
over 50 %.

In large cities, the flooding of small areas affects tens if not hundreds of
thousands of people. The number of homeless people can become a veritable
nightmare for local authorities, particularly when one considers that floods are not

Table 2.1 Large cities south of the Sahara, 2013: weather station density

City, year Area Weather station

Built-up area km2 Administrative area km2 No.

Dar es Salaam, 2011 400 1,690 1
Abidjan, 2009 – 487 1
Accra, 2000 344 3,245 1
Maputo, 2011 182 347 1
Dakar, 2009 156 580 1
Douala, 2013 – 210 1
Niamey, 2013 122 528 2

(Saley et al. 2009; Angel et al. 2005; République du Sénégal 2010) (see Chaps. 5, 11 and 12)
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brief episodes: water can often linger for months, and where houses are built of
earth (as is still the case in many cities), they collapse.

Over half of the large cities hit by flooding are located along the coast
(Fig. 2.1). This means that they are also exposed to the risk of flooding due to a
rise in sea level.

There is no connection between the 2013 human development index and the
number of people affected by flooding in urban areas, i.e. there is no proof that
countries with lower human development suffer more from flooding. This means
that even the most developed countries south of the Sahara do not have sufficient
adaptation measures in place to reduce the risk of flooding.

2.2.3 Reasons for Flooding

We don’t know what natural events cause each of the disasters recorded by the
EM-DAT. In some cases, flooding occurs as flash floods, which are intense and last
a short time. In many riverside cities, flooding occurs when the river rises above
the level of its banks and not because of extreme rains falling on the city, although
rains can contribute to the phenomenon. This type of disaster is generated
upstream, by intense rains falling on areas that are sometimes hundreds of miles
away from the city, affecting vast watersheds and resulting in the swelling of the
river far above its usual level. In the Sahel area, flooding occurs due to erosion

Table 2.2 Large cities south of the Sahara: a survey of areas exposed to flooding

Bangui Banjul Dakar Djibouti Maputo Niamey Ouagadougou Saint
Louis

Year of flood 2009 2009 2009 2001 2011 2012 2009 1997
Built-up (ha) 9,250 4,948 15,560 – 18,240 11,400 21,750 386
Flooded (ha) 800 – 800 1,200 – 2,746 14,878 13
Flood risk (ha) – 60 – 1,333 5,734 – – –
P total

(thousands)
1,000 35 … … 1,100 1,100 308a …

P flooded
(thousands)

181 360 – 70 84 24a –

Flooded/Built up
(%)

9 – 5 48 – 24 68 3

Flood risk/Built
up (%)

– 1 – 53 31 – – –

P flooded/P total
(%)

18 8 – 7 8 8 –

(Nguimalet 2007; Jaiteh and Sarr 2010; Angel et al. 2005; République de Djibouti et al. 2001;
Braccio and Tiepolo 2013; Ville de Niamey 2012; République du Burkina Faso 2010; UNITAR
2009) (see Chap. 12)
a Households

2 Flood Risk Reduction and Climate Change in Large Cities 23

http://dx.doi.org/10.1007/978-3-319-00672-7_12
http://dx.doi.org/10.1007/978-3-319-00672-7_12


caused by the reduction of vegetation in higher parts of the watershed (in favor of
agriculture and pasture or due to deforestation), which has altered the structure of
riverbanks and riverbeds with sand deposits (Mahé 2006). Such was the case with
the flooding of Niamey in 2012. Examination of climate change effects on flooding
requires an expanded perspective, focusing not only on urban weather stations but
considering the network of weather stations throughout the entire river basin
upstream of the city, in areas that are, at times, truly vast. The field literature
currently available is not an adequate basis upon which to understand such
mechanisms.

Fig. 2.1 Large cities south of the Sahara, 1981–2013: cities hit by flooding five times or more
(large bullet), 3–4 times (medium bullet), 1–2 times (dot). Source CRED EM-DAT, formulated
by E. Ponte
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2.3 The Impact of Urban Flooding South of the Sahara

Flooding has a direct impact on the population, buildings, livestock, crops, and
goods, as well as an indirect impact in human, economic, social, financial, polit-
ical, and institutional terms.

The impact on homes can be devastating if floodwater stagnates. In several parts
of Lagos, water from the most recent floods stagnated for a length of time that
varied from four to six months (Aderogba et al. 2012, p. 420). Where buildings are
made of earth, homes literally melt away. Where they are made of more resistant
materials, they remain inaccessible for several days, sometimes weeks. In both
cases, properties are devalued (Commissioner for environment 2012). If flooding
invades latrines, as in Lusaka (Heat et al. 2010) and in many other cases, the
sludge seeps out, contaminating the stagnant water or open fresh water drinking
wells, and this can create serious health problems. Indirect problems in this case
include the accommodation of displaced persons in camps and their subsequent
resettlement.

Another severe impact concerns transport infrastructure such as roads and
railways (Adelekan 2000). Their paralysis stops all economic trade, and if petrol
distribution is hindered as a result, interruptions in the electricity supply may also
occur (UN-Habitat 2011, p. 72).

At other times, flooding can disrupt the provision of drinking water via the
municipal supply network (UN-Habitat 2011).

The impact of flooding can be particularly severe in peri-urban agricultural
areas (Kolawole et al. 2011), especially in the Sahel, where the great drought of the
early 1970s led to the creation of vast irrigation perimeters in order to guarantee
food security in urban areas should there be other droughts in future. If high waters
exceed the riverbanks and flood the paddy fields, as occurred in Niamey in August
2012, the harvest will be damaged and the country will have to resort to inter-
national food aid.

In more general terms, flooding increases the incidence of malaria, can expose
the population to toxic substances, harms health, and increases requests for
medical assistance.

The impact of flooding on people’s livelihoods and goods is potentially huge if
settlements are not protected from high water, if they have been constructed in dry
riverbeds or if the population has not been warned of the risk of high water with
enough warning.

The proliferation of informal settlements with an insufficient number of roads
hinders access to relief during emergencies (UNEP/OCHA 2012), increases the
impervious surface and therefore runoff, and hinders drainage maintenance
(blocked by rubbish). Consequently, an average amount of rainfall may be enough
to cause a flood.

The efforts made to react to flooding are greater the more densely populated the
exposed area and the more severe the consequences, such as contamination of the
clean water supply and treatment centers or the circulation of waste and pollutants
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(UNEP/OCHA 2012, p. 17). In any case, it is impossible to evacuate the popu-
lation of an entire district, especially if there is no contingency plan.

2.4 Flood Risk Reduction in Large Cities

A disaster risk management approach involves the planning, creation, and eval-
uation of strategies and policies, as well as the organization of measures designed
to prepare for, and respond to, emergencies, and to rebuild (IPCC 2012, p. 34).

2.4.1 Recognizing the Risk

The first step is always to recognize the risk. Today, risk of disaster is

the likelihood of severe alterations in the normal functioning of a community due to
hazardous physical events interacting with vulnerable social conditions, leading to
widespread adverse effects that require immediate emergency response to satisfy critical
human needs… (IPCC 2012, p. 32).

The creation of risk maps is considered a priority, and they should be updated
and verified in partnership with potentially exposed communities (UNEP/OCHA
2012, p. 11). From the mid-1990s on, risk was mainly calculated as a product of
hazard and vulnerability, and it was listed as such in the manuals of the main
multilateral organizations until the mid-2000s. At the same time, towards the end
of the 1990s, an approach to risk that initially considered exposure, hazards, and
vulnerability, and, more recently, capacity, adaptation or preparedness, made
headway, and the manual definition of risk evolved accordingly (Table 2.3).

Although there is general agreement on the determinants of risk, each factor
may be ascertained using different sets of indicators, depending on the chosen
methodology.

The first step in assessing flood risk is identification of flood-prone areas
(Table 2.4). This can be achieved using two different methods. The first involves
the observation, recording, and mapping of flooded areas. This method is used by
local authorities, particularly after flooding, in order to determine the number of
people affected for the purpose of distributing compensation. Many such investi-
gations that apply this method have also drawn information from the personal
recollections of local inhabitants. Insofar as past flooding is linked to the amount
of precipitation in the watershed, these approaches can also be used to identify
flood risk areas for preventative purposes. The second type of method is preven-
tative and is based on hydrological models of the areas that could be flooded by
heavy rains. This method is not frequently used in Sub-Saharan Africa due to the
amount of time needed to gather information, and the cost. Furthermore, it seems
to produce rather imprecise results for urban areas characterized by informal
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settlements, which do not lend themselves well to modeling due to the constant
changes they undergo (construction work, blockage of the drainage canal network,
increasing soil impermeability, etc.).

A hazard as the threat of or potential for adverse effects comes about when a
physical event (rain) reaches a human settlement, and this should be expressed as a
rain recurrence interval (Table 2.5). However, this is rarely done.

Those exposed to the hazard will be adversely affected by it according to their
level of vulnerability, i.e. their ability or inability to cope with the adverse effects

Table 2.4 Large cities south of the Sahara: methods used to identify flood-prone areas

Method Accra Gwagwalada Kano Maputo

Wet area after heavy rains •
Elevation of flooded area • •
Census enumeration areas nearest stream channels •
Stream buffer zone according to slope angles •

(Okyere et al. 2012; Rain et al. 2011; Ishaya et al. 2009; Orok 2011) (see Chap. 12)

Table 2.3 Different ways of conceiving of risk and some of its applications

Formulaa Origins Multi/bilateral organisation
manuals

R = H * V Blakie et al. (1994) UNDHA (1992)
Wisner et al. (2003) GTZ (2002)

UN-Habitat (2004)
IATF CCDRR (2005)
UNDP 2004

R = Pr * Co Jones and Boer 2003
R = H, V, E Crichton (1999) ADRC 2005

Granger et al. (1999)
Turner 2003
Dilley et al. (2005)

R = H * V * DP Villagrán de León (2004)
R = H * V * Co Kaynia et al. (2008)
R = (H * V * Va)/P De La Cruz-Reyna 1996a

R = H ? V ? E -

Cc
Davidson (1997) IADB et al. 2003

R = H (E ? S - A) UN-Habitat (2010a)
R = (H * V)/C UN/ISDR 2002

World Bank (2009)
USAID (2010)

R = (H * V * E)/A Gotangco and Perez (2010), see Chap.
12

a C = Capacity (= adaptation), Cc = Coping capacities, Co = Consequence, DP = Deficiencies
in preparedness, P = Preparedness, Pr = Probability, Va = Value threatened. For terms and
definitions see UNISDR 2009
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of climate change (IPCC 2012). Vulnerability, in turn, can be broken down into
sensitivity, adaptive capacity, and resilience (Table 2.6).

Adaptation—understood not as a collection of existing measures, but rather as a
combination of future measures—involves a rainwater drainage system in all large
cities considered (Table 2.7). Given that drainage systems often do not have the
capacity to meet requirements, and are also obstructed by rubbish left in the street
and transported downhill by runoff, rubbish removal is an adaptation measure that
is often recommended in urban flooding situations. Also common is the use of
flood risk assessment, community awareness, and resettlement of the local pop-
ulation residing in flood-prone areas.

2.4.2 Planning Flood Risk Reduction and Adaptation
to Climate Change

The abovementioned measures should be coordinated and applied using a time-
table. In other words, they should result from a plan. Local authorities should
mobilize awareness of such an instrument even at levels above the local sphere.

UN-Habitat is one of the multilateral organizations committed to climate
change adaptation in Africa. Since the 2007 Global Report on Human Settlements,
UN-Habitat has been confronting the issue of disasters and climate change. Rather
than being described, climate change is presumed in its various guises (tropical
cyclones, heat waves, floods, and sea level rise). Among its noted consequences is

Table 2.6 Large cities south of the Sahara: indicators used to assess vulnerability to flooding

Sector Indicator Accra Addis
Ababa

Maputo Lagos

Physical Soil • •
Impervious surface •
Road •
Tree cover • • •
Dumping site •
Elevation •
Lack of drainage •
Housing density • •

Socio-economic Poverty • •
Illiteracy •
Casual laborers •

Demographic Fertility • •
Young • •
Migrants •

Health Mortality under 5 years •

(Jankowska et al. 2011; Tamru 2002; Adedeji et al. 2012) (see Chap. 12)
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migration away from affected areas to cities, which results in an increase in the
number of informal settlements in flood-prone city areas. Disaster risk assessment,
land use planning, early warning, retrofitting, and formulation of emergency and
reconstruction plans were among the first mitigating measures to be proposed
(UN-Habitat 2007c). Cities are therefore seen as drivers of climate change through
their energy consumption and the release of greenhouse gases. At the same time,
the high concentration of poor people makes cities more vulnerable to climate
change.

Table 2.7 Large cities south of the Sahara: recommended adaptation measures for flooding

Adaptation measures Accra Addis Bangui Durban Lagos Maputo Niamey

Flood risk assessment • • •
Land use zoning •
Coastal set back lines •
Contingency plan for risk areas •
Master drainage plan •
Early warning system •
Rainfall/runoff projections •
Research into CC impact on floods •
Disaster relief fund and centers •
Protective margins for infrastructure •
Drainage • • • • •
Drainage maintenance • •
Pumping station to provide drainage •
Fight against silting-up of river(s) •
Soil conservation •
Slope stabilization/riparian

vegetation
• •

Reforestation •
Protecting wetlands • •
Rubbish collection • • •
Industrial waste disposal facilities •
Infiltration maximization •
Retention ponds upstream •
Incentives to leave exposed areas •
Resettlement • • • • •
Dwellings built out of durable

materials
•

Community awareness • • •
Monitoring areas where construction

is not permitted
• •

Public health •
Social insurance schemes • •
Sea walls •

(IMWI 2013; Nguimalet 2007; Lewis 2009; Karley 2009; Commissioner for environment 2012;
Chap. 13; République du Niger and Ville de Niamey 2012)
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The year following publication of the Report saw the launch of the City and
Climate Change Initiative in four cities, including Kampala and Maputo in Africa.
The initiative was later extended to include Beira, Bobo Djoulasso, Kigali,
Mombasa, Saint Louis, Vilankulo, and Walvis Bay (UN-Habitat 2012a).

In the subsequent 2009 Global Report on Human Settlements, climate change
was recognized as the most important environmental issue (UN-Habitat 2009, p. 5).
However, the understanding of climate change in urban environments remained
generic in nature. Studies examining Kigali, Maputo, and Mombasa (UN-Habitat
2010) are far from having identified its salient characteristics.

These projects operate within a framework of international agreements that
includes the Hyogo Framework for Action (or HFA), which prioritizes early
warning systems and measures for reducing specific risks and is supported by the
secretariat of the UNISDR (2007).

A system for identifying risk and setting up measures—although its main stages
have been defined—remains rather difficult to implement. Mainstreaming flood
risk reduction measures into the Millennium Development Goals and into poverty
reduction strategies and infrastructure strategies is particularly time-consuming
(IPU and UNISDR 2010).

A comparison of 11 large cities particularly exposed to flooding (Table 2.8)
allows us to observe the adoption of a wide variety of assessment tools, strategies,
and plans for flood risk reduction. Almost every city has some kind of instrument
for evaluating damage and mapping risk and needs, and two-thirds of cities have
planning tools. On the other hand, the adoption of local planning tools designed to
reduce flood risk and facilitate adaptation is a complex process, as shown by the
recent survey of promising practices in Africa, which consist entirely of single
adaptation measures (UN-Habitat 2012b).

2.5 Conclusion

The connection between climate change and flooding in large cities south of the
Sahara is not yet fully understood.

As regards recording and tracking rainfall patterns, a single weather station is
not sufficient for vast urban areas such as Abidjan, Dar es Salaam or Maputo.
Without multiple data points for a given city, the analysis of annual rainfall cannot
be particularly meaningful. Calculation of rainfall recurrence intervals is abso-
lutely essential if we wish to define the hazard (see Chaps. 9 and 12), but this is
rarely done, and analysis of rainfall intensity and duration has been carried out in
only a very few cases (De Paola et al. 2013). More precise information on daily
rainfall (mm/hour) would allow us to understand whether rainfall has intensified
over time. Such findings could point to climate change and would, in any case, be
pertinent, particularly when planning the scale and location of adaptation
measures.
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The case studies considered demonstrate that flooding in riverside cities is not
caused by local precipitation, but rather by precipitation affecting the entire
watershed upstream of the city. This has two important implications: firstly, it is
difficult to estimate the impact of future hazards; secondly, adaptation measures to
reduce exposure and vulnerability cannot be limited to the urban area, but must
also involve rural surroundings. The practical consequence of this observation is
that adaptation measures for large cities should actually be adopted to some extent
(perhaps to a great extent) outside of their administrative boundaries and agreed to
together with other municipalities.

Adaptation assessment is still underdeveloped in Sub-Saharan Africa. Single
flood risk reduction measures, including planning tools, are quite dissimilar to each
other and do not follow the recommendations issued by the main multilateral
organizations that deal with this matter.

The drainage canals in African cities are notoriously ineffective, and current
rainfall levels are enough to cause persistent flooding. Resettlement of the entire
exposed population exceeds the operating abilities of local governments. The only
solution is therefore to ensure that what already exists works properly.
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Chapter 3
Climate Change Impacts and Institutional
Response Capacity in Dar es Salaam,
Tanzania

Dionis Rugai and Gabriel R. Kassenga

Abstract This chapter addresses causative factors and institutional response
capacity to cope with the impacts of climate change in Dar es Salaam. Rapid
population growth in the city has increased both environmental and socio-economic
pressures, and has led to a worsening of settlement systems and patterns. Mean-
while, haphazard urban development has led to land degradation due to stone and
sand mining, air and water pollution from untreated domestic and industrial waste,
land and scenery pollution due to solid waste, the disappearance of green belts, and
the loss of biodiversity. Recurrences of drought conditions and increased rainfall
intensity have had significant social and environmental impacts, resulting in power
and food shortages, losses of livestock and agricultural crops, and flood-related
damages to infrastructure, human settlements, and livelihoods. Such conditions
often correspond to the spread of diseases like malaria, diarrhea, and cholera, which
have economic impacts for the government and families. Moreover, coastal
erosion, loss of coastal and marine ecosystems, saline intrusion in freshwater
bodies, inundation of low-lying coastal areas, and reduced freshwater flows due to
sea level rise are evident. A number of adaptation strategies are in place that entail
community involvement in planning processes.
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3.1 Introduction

Dar es Salaam is located in the eastern part of the Tanzanian mainland, between
latitudes 6�360 and 7�00 South and longitudes 39�00 and 33�330 East. It is bounded
by the Indian Ocean on the east and the Coast Region on the other sides (Fig. 3.1).
Dar es Salaam is the administrative and economic hub of Tanzania, although
Dodoma Municipality has been designated as the national capital. The total surface
area of Dar es Salaam is 1,800 km2, with 1,393 km2 of landmass, including eight
offshore islands. The remaining 407 km2 is covered by water bodies. In 2004, the
built up area was about 698 km2 (DCC 2004). Dar es Salaam covers about 0.19 %
of the entire land area of mainland Tanzania (URT 2011).

Coastal shrubs, Miombo woodland, coastal swamps, and mangrove trees rep-
resent the main natural vegetation cover. The city is generally divided into four
distinct landforms based on its morphological characteristics: (a) upland plateau,
consisting of hills to the west and north, on average 100–200 m above mean sea
level, with steep slopes as high as 330 m, and characterized by well drained
unconsolidated gravely clay bound soils; (b) inland alluvial plains, which contain
rivers flowing in from the Pugu Hills to the east, and Dar es Salaam Harbor, which
snakes inland for nearly 10 km and is characterized by poorly drained silt clay
soils enriched with organic matter; (c) coastal plains, characterized by overlain
Pleistocene clay with relatively uniform relief, between 15 and 35 m above sea
level and with a maximum slope of 3 % (continuing for 10 km west of the city, the
plain is narrowest at Kawe—2 km—then expands to 8 km at the Mpiji River. The
plain reaches a maximum width of 15 km in the southwest, where the relief
becomes less uniform, gradually merging with land surround the mouth of the
Mzinga River); and (d) shoreline and beach, which comprise the coastal area
immediately adjacent to the sea. As the latter is characterized by sand dunes and
tidal swamps, Dar es Salaam does not have extensive coastal lowlands (Kebede
and Nicholls 2011: 7–8). The unique morphology of Dar es Salaam places the city
in its own category in terms of both ecology and services as compared to other
cities and towns in Tanzania.

The population of Dar es Salaam is estimated to be about 4,364,541 and the city
is growing rapidly, at a rate of 5.6 % per year from 2002 to 2012 (NBS 2013).

The rates of urban growth and population increase have outpaced and com-
promised the local authority’s capacity to provide basic services such as health,
education, housing, water, and sanitation to its people. The infrastructure provided
is inadequate, uncoordinated, and lags behind the pace of urban growth and other
development dynamics (URT 2011). Rapid urban expansion has continued despite
the paucity of resources and capacities to provide infrastructure and amenities.
Most of the city’s growth has occurred along the central and northern part of the
coastline, with a great majority of the population living in unplanned and informal
settlements (Kebede and Nicholls 2011). It is estimated that about 75 % of the
population in Dar es Salaam live in over 100 unplanned or informal settlements
occupying an area of 10,000 ha. Poor social and environmental conditions
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resulting from poor economic performance (especially low economic growth—
4 % annually), and ill-conceived strategies to manage urbanization in poverty
create favorable conditions for the formation of slums.

Dar es Salaam remains one of the most vulnerable cities in the country, par-
ticularly as regards climate change-induced hazards such as floods and sea level
rise. This is especially so because more than 75 % of city inhabitants live in
unplanned areas with little or no social services or other basic infrastructure such
as roads, storm water drains, sewage systems, lighting, clean and potable water,
health and education services (within the reach of affordable hospitals, clinics,
dispensaries, and schools), police posts and stations, and fire and ambulance ser-
vices (URT 2011). The city is vulnerable to climate-induced hazards such as
floods, sea level rise, coastal erosion, water scarcity, and the outbreak of disease.
The low-lying coastal areas of the city accommodate many people, and contain
important ecosystem services and significant economic activities, such as port
infrastructure, that are key to national and regional trade and import/exports; this
could be threatened by future extreme climate conditions (Kebede and Nicholls
2011). The lack of public resources coupled with insensitivity, unawareness or
lack of knowledge on climate change-induced hazards and threats, as well as the
low prioritization such risks receive as result, further compound the problem.

Dar es Salaam, like many other coastal cities in Africa, is facing the challenge
of adapting to the impacts associated with climate change and variability. The
purpose of the present chapter is to analyze climate change in Dar es Salaam,
illustrate climate change impacts, and identify the adaptation strategies employed
by city residents and government institutions as well as the limitations thereof.

Fig. 3.1 Location of Dar es
Salaam City (reproduced
from URT 2011)
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3.2 Methodology

The research methodology employed included desk searches, stakeholder consul-
tations, field observations, data analysis and synthesis, and discussions with experts
in the field. Information on various aspects of climate change impacts and adap-
tation was gathered from secondary sources (literature, reports, and experience).
Additional information was then collected through interviews and discussions with
government officials, representatives of institutions, and non-governmental
organizations.

3.3 Climate and Climate Change

3.3.1 Climate

The climate of the Dar es Salaam has the tropical characteristics of moist sa-
vannahs, with a dry season of 2.5–5 months (Dongus 2001). Usually, it has two
rainy seasons: the long rainy season (March–May) with monthly average rainfall
of 150–300 mm; and the short rainy season (October–December), with monthly
average rainfall ranging from 75–100 mm. From 1960 to 2008, the annual rainfall
range in the City was between 800 and 1300 mm (URT 2011), with an average
annual rainfall of 1042 mm and considerably monthly variation, as shown in
Fig. 3.2. Dar es Salaam experiences a bimodal rainfall regime. The short rains
(Vuli) usually occur in October–December, while the long rains (Masika) occur in
March–May (De Castro et al. 2004).

Generally, Dar es Salaam has a humid climate with average monthly temper-
atures that vary from 26 �C in August to 35 �C in December and January. With a
typical coastal equatorial climate, Dar es Salaam experiences small seasonal and

Fig. 3.2 Average monthly
rainfall (mm) in Dar es
Salaam City, 1960–2009
(reproduced from URT 2011)
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daily variations in temperature. The average monthly temperature ranges from a
maximum of 31.5–32.1 �C to a minimum of 18.1–18.6 �C (De Castro et al. 2004).
The mean daily temperature is about 26 �C, the mean seasonal range is about 4 �C,
and the mean daily range is about 8 �C. Relative humidity reaches 100 % on
almost every night of the year and rarely drops below 55 % during the day (URT
2011).

3.3.2 Climate Change

Global climate change trends are prominently reflected by projections for Tan-
zania’s climate. For example, mean annual temperatures and average daily tem-
peratures in Tanzania are expected to rise by between 2 and 4 �C by 2075 as a
direct consequence of climate change (URT 2003). Recent Tanzanian climate
change studies predict an increase in extreme weather events, particularly flooding,
droughts, and cyclones, and more intense, frequent, and unpredictable tropical
storms (URT 2003; Shemsanga et al. 2010).

Tanzania contributes relatively little to the causes of global warming compared
to other countries. Its main contributions are deforestation, overgrazing, mining,
air pollution from industries and vehicles, and land use changes (Shemsanga et al.
2010). In terms of contribution by sector, land use change contributes more to
global warming than greenhouse gas emissions from fossil fuels, due to the
country’s low level of development. Dar es Salaam, and Tanzania in general,
contributes significantly to carbon sequestration via its massive ocean environ-
ment, wetlands, forests, and land. Thus, efforts to combat climate variability in the
country should focus on land use change.

Over the past few decades, rainfall in Dar es Salaam has been subject to high
inter-annual variability (Fig. 3.3).

The rainfall trend in Fig. 3.3 shows that rainfall has decreased from about
1200 mm per year in the 1960s to about 1000 mm in 2010. For instance, amounts
of both short and long rains (Vuli and Masika, respectively) were higher in the past
and have decreased considerably in recent decades (Fig. 3.4). Both modalities of
rainfall regime appear to have become less predictable, with increased seasonal
shifts. For instance, the Masika now occur earlier than in the past, while the Vuli
have been reduced to a near negligible amount in some years, and with their peak
shifting from November to December (URT 2011). Although rainfall patterns
reflect a downward trend, the average minimum rainfall values are still well above
600 mm (Fig. 3.3), implying that the risk of drought may not yet be critical.
Analysis of daily and hourly rainfall data will be needed in order to ascertain the
length of periods without rain during the rainy season, which will be important in
more accurately determining the impact of climate change on rainfall patterns.

Although future rainfall patterns are uncertain, variability is likely to increase and
intensification of heavy rainfall is expected. Thus, the impacts of flooding may become
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Fig. 3.3 Rainfall trends at Dar es Salaam International Airport in Dar es Salaam City,
1960–2009 (modified from URT 2011)
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increasingly severe, particularly when combined with socio-economic projections, unless
adaptation measures are implemented (START Secretariat 2011, p. 32).

It should be noted that the observed downward average rainfall trend portrayed
by data from Dar es Salaam International Airport may not accurately represent the
situation in the whole city. However, analysis of rainfall patterns in Dar es Salaam
involving four locations representing the north, south, east, and west of the city
center conducted by the START Secretariat (ibid) also showed a declining trend at
all four locations, as summarized in Fig. 3.5. A rain day in Fig. 3.5 is defined as a
day when at least 5 mm of rainfall were recorded. The decreasing rainfall pattern
recorded specifically at Wazo Hill (north of city center) is also depicted in Fig. 3.6.
These observations suggest that mean annual rainfall for the entirety of Dar es
Salaam is declining.

Meteorological data indicate that the average annual minimum temperature
steadily increased from 20 �C in the mid 1980s to 21 �C in 2000, and has con-
tinued to rise from 2000 to 2010 (URT 2011) (Fig. 3.7). The mean maximum
temperature has also consistently increased over the last few decades, from
30.6 �C (in 1987) to 30.8 �C (in 2003), for an overall temperature increase of
about 0.2 �C.

Available meteorological data show that from 1980 to 2008 there has been an
increase in the minimum temperature by about 2 �C (Fig. 3.7). The period
between 1999 and 2008 recorded the increased maximum temperatures for every
month of the year (URT 2011). However, it should be pointed out that that rainfall
and temperature records of short duration (\50 years) can be subject to bias due to
interannual and decadal variability.

The combined risks of increases in mean temperature (Fig. 3.7) and fewer rainy
days per year include lengthier dry seasons and intensified droughts. As evinced by

Fig. 3.5 Number of rain days per year at Wazo Hill (North of city center) (modified from
START Secretariat 2011)
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the droughts of 2006 and 2008/2009, and the floods of 2009/2010, extreme
climatic events can severely impact sectors such as agriculture, transport, energy
and health, with adverse socioeconomic implications (START Secretariat 2011:
p. 32–33).

3.4 Climate Change Impacts

Vulnerability (defined here as the propensity or predisposition to be adversely
affected) to current climate conditions in Dar es Salaam is high, and is a function
of socioeconomic factors (high population and overcrowding, poverty, malnutri-
tion, exposure to disease), lack of adequate infrastructure and municipal services
(e.g., waste removal, provision of clean water, access to working sanitation and
drainage systems), poor hygienic practices, and climate variability (heavy rainfall
and drought) (START Secretariat 2011). However, the main limitation of the study
conducted by the START Secretariat (2011) is that vulnerability to climate con-
ditions was not quantified.

Climate change in Dar es Salaam is strongly suspected to be responsible for
seasonal variability and reduction of precipitation, temperature increase, sea level
rise, drought, and floods. Identified climate change impacts include increased
incidences of animal and human diseases, salinization of groundwater, and
widespread damage to infrastructure, human settlements, livelihoods, and other
property (URT 2003).

3.4.1 Floods

Dar es Salaam is among the many coastal areas that are experiencing flooding as
one of the impacts of climate change. According to a recent study by Watkiss et al.
(2011), 140,000 people in Dar es Salaam are currently below the elevation map’s
10 m contour line, and over 30,000 are considered at risk. Long-term trends have
suggested that the intensity and frequency of extreme heavy rainfall may increase
in the wet seasons, which would imply greater flood risk (START Secretariat
2011). In December 2011, at least 23 people were killed in the worst floods to hit
the Tanzanian capital in 50 years. Businesses were forced to close and thousands
were left homeless as the city was inundated with floodwater (Fig. 3.8).

According to Casmiri (2009), areas prone to floods include Msasanibonde la
mpunga (about 60 ha of mixed residential, commercial, and institutional settle-
ments, and one of the fastest growing settlements in the Kinondoni municipality
despite being prone to flooding), Msimbazi Valley, Jangwani (a slum area that
floods during the rainy season almost every year), Mikocheni (where flooding is
exacerbated by diversion of natural storm water drainage), and the city center (the
most flooded area in the city, exacerbated by poor infiltration and an outdated,

3 Climate Change Impacts and Institutional Response Capacity 47



non-functioning storm water drainage system). Often located in low-lying areas,
shantytowns are highly prone to flooding caused by a variety of mechanisms,
especially intense precipitation. It has been observed that heavy rainfall frequently
causes flooding in these settlements, and, among other problems, contributes to
increased incidence of disease. The historical frequency of flooding in various
parts of Dar es Salaam is shown in Fig. 3.9. Low-lying areas with inadequate
storm water drainage systems are more prone to flooding.

3.4.2 Sea Level Rise

Being a coastal city, Dar es Salaam is vulnerable to the impacts of sea level rise.
However, available tidal gauge data, which cover the 2004–2011 period (7 years)
may not be sufficient to draw meaningful conclusions regarding sea level rise in
Dar es Salaam, though physical evidence does suggest that the problem exists.
According to Kebede and Nicholls (2011), the major direct impacts of sea level
rise include inundation of low-lying areas, loss of coastal wetlands, increased rates
of shoreline erosion, saltwater intrusion and increased salinity in estuaries and
coastal aquifers, and coastal flooding caused by higher water tables and higher
extreme water levels. Already, coastal erosion is evident along many parts of the
Dar es Salaam coastline, threatening public and private properties and affecting

Fig. 3.8 The flooded Msimbazi Valley in Dar es Salaam on 21st December 2011 (reproduced
from http://teddykaegeles.blogspot.com/2011/12/dar-es-salaam-cityis-flooding.html accessed 15
April 2012)
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many beachfronts. At Kunduchi, north of the city, large areas have been lost to
erosion, which now threatens other coastline infrastructure. Coastal erosion is
evinced by collapsed trees, buildings, and other structures, including groins.

Coastal degradation and saltwater intrusion are major problems for Dar es
Salaam’s coastal areas today, and under projected climate change and possible sea
level rise, coastal ecosystems would be highly threatened (Watkiss et al. 2011),
affecting the livelihoods and ecosystem services of coastal communities. Residents
of coastal wetlands affected by saltwater intrusion (such as the Suna, Mtoni
Azimio, Msasani, and Bonde la Mpunga) have frequently needed to repair their
houses as the saltwater is corroding the foundations and eating away cement bricks
(START Secretariat 2011).

Low-lying coastal areas are susceptible to the effects of sea level rise, storm
surges, and coastal erosion. For example, Kunduchi beach and Bahari beach in Dar
es Salaam have been eroded to the point that heavy investments have had to be
made to sustain them as beach areas. At Kunduchi, the headwater waves have
advanced about 200 m in the past 50 years, as a result of which a mosque, five
residential houses, and a historic fish market constructed in 1970s have been
washed away or destroyed (Kebede and Nicholls 2011). Africana Hotel, con-
structed in 1967, is no longer operating due to damages. Sea walls have been

Fig. 3.9 Flooding levels in
Dar es Salaam (map prepared
by Dionis Rugai in April
2012)
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constructed, stones placed and trees planted at several sites along the beach. These
areas are particularly vulnerable to further coastal degradation, sea level rise, and
storm surge intensification, all of which may worsen with climate change.

According to URT (2011), the risk to the coastline is imminent and it is esti-
mated that the cost of damages in Dar es Salaam could be between 48–82 million
USD for a 0.5–1 m sea level rise. Economic activities of importance to local
communities in coastal areas, like salt making, tourism, and fishing are very likely
to be further impacted by climate change.

3.4.3 Increased Incidence of Communicable Diseases

As stated above, sanitation provisions in Dar es Salaam are grossly deficient. Most
people living in unplanned settlements do not have access to hygienic toilets and
thus large amounts of fecal waste are discharged into to the environment without
adequate treatment. A high water table means that during heavy rainfall, flooding
is quick to occur and contaminated water remains stagnant in settlements for long
periods of time. Storm water drains are frequently blocked by crude dumping of
solid waste. Contaminated stagnant water is a common breeding site for mos-
quitoes, leading to high incidence of malaria in these settlements, and to other
water borne diseases such as cholera, dysentery, and diarrhea. In Dar es Salaam,
disease accounts for 48.9 % of reported mortality (URT 2003 and 2007).

Despite marked seasonality in mosquito densities, which usually peak with the
rainy season, malaria transmission is intense and recurrent, which could be
explained by the fact that malaria-transmitting mosquitoes are rampant throughout
the year in Dar es Salaam due to frequent accumulation of water in residential
environments. Life-threatening malaria occurs largely in children, commonly
those under a year old (Schellenberg et al. 1999 in URT 2011). De Castro et al.
(2004) report that from 2 to 10 % of school children living in urban Dar es Salaam
are infected with malaria. Anemia, largely caused by malaria, is also common in
adults and children.

Increases in mean minimum temperature (Fig. 3.4) are critical to the ecological
ranges and survival of various organisms, including pathogens, pests, and disease
vectors. For instance, survival of adult anopheles mosquitoes, the vector for
malaria parasites, is usually influenced by variables like temperature, humidity,
and rainfall (URT 2011).

Cholera is another health risk that is very sensitive to climate change. Cholera
outbreaks in Dar es Salaam are usually associated with warm and wet seasons
(Fig. 3.10); therefore any increase in the amount of rainfall coupled with
increasing temperatures would add to cases of cholera. Coastal areas, including
those in Dar es Salaam, are increasingly subject to cholera outbreaks caused by
extreme weather events. In economic terms, the increased incidence of malaria and
cholera in Dar es Salaam adds to the medical treatment costs born by individual
households, communities, and the country as whole.

50 D. Rugai and G. R. Kassenga



3.5 Climate Change Adaptation

Communities utilize and/or integrate their environmental knowledge into adap-
tation plans (URT 2011). For instance, shortages of piped water for domestic use,
which are often attributed to climate change, have prompted increased use of water
tanks (plastic or concrete) to harvest and reserve water in times of scarcity. Many
city residents are also digging deep and shallow wells as sources of water for
domestic uses in areas where older wells have been affected by saltwater intrusion,
including in the Vikuruti area of Dar es Salaam. The use of such adaptive
mechanisms depends considerably on the economic status of a given household,
which may not be able to afford such facilities. In the absence of water from
rainfall, urban farmers in Dar es Salaam have in many instances practiced small-
scale irrigation, sometimes using untreated wastewater. Together with sea level
rise, strong waves are accelerating beach erosion. This has necessitated artificial
placement of sand on the beaches to create a coastal drain beach management
system. Examples include groins to protect beach hotels north of Dar es Salaam
(Fig. 3.11), and sea walls along Ocean Road beach.

There is also increased use of insecticide-treated bed nets (ITNs) to prevent
contraction of malaria. This adaptive measure has been heavily promoted by the
Government (URT 2011). Ricci (2011) reports that many residents in peri-urban
areas of Dar es Salaam have also changed crop systems (e.g. moving from rice to

Fig. 3.10 Number of suspected cholera cases by month, year, and municipality in Dar es
Salaam, 2006–2008 (reproduced from Penrose et al. 2010)

3 Climate Change Impacts and Institutional Response Capacity 51



cassava, which requires less water) or have stopped farming and started breeding
livestock in order to cope with decreases in water availability.

At the institutional level, improving the ability to adapt to the impacts of
climate change requires long-term efforts to strengthen the adaptive capacity of
each community. Tanzania has taken steps towards addressing the issue of climate
change in its widest sense. It ratified the United Nations Framework Convention on
Climate Change (UNFCCC) in 1996, and the government subsequently formulated
a National Adaptation Programme of Action (NAPA). Among other objectives, the
NAPA aims at improving public awareness of the impacts of climate change and
potential adaptation measures, and at identifying and developing immediate and
urgently needed actions to adapt to climate change and climate variability (URT
2007). Thus, the NAPA is an important step in the long process of helping national
stakeholder groups understand the problem of climate change and the roles they
can play in building resilience to potential impacts. The NAPA is expected to
facilitate integration of adaptation issues into the development process, in order to
address urgent and immediate needs for adaptation to the adverse impacts of
climate change. Tanzania recently formulated the National Climate Change
Strategy (2012) with the overall aim of enhancing technical, institutional, and
individual capacities to address the impacts of climate change. The Strategy covers
adaptation, mitigation, and cross-cutting interventions that are expected to enable
Tanzania to benefit from the opportunities available to developing countries in
their efforts to tackle climate change (URT 2012). The strategy seems to be
ambitious as regards enhancement of various key stakeholders’ capacities to deal
with salient issues pertaining to climate change adaptation. However, it is too early
to judge the effectiveness of this strategy in addressing the impacts of climate
change.

In Dar es Salaam, there are only two notable programs, the Community
Infrastructural Upgrading Program (CIUP) and the Strategic Urban Development
Plan (SUDP), both of which target infrastructure improvements in poor areas,
including roads, storm water drainage channels, and solid and liquid waste

Fig. 3.11 Improvised groins
at Mbezi Beach area Dar es
Salaam (photograph taken by
Dionis Rugai in June 2011)

52 D. Rugai and G. R. Kassenga



management facilities. The SUDP and the CIUP also seek to nurture community-
based initiatives. Such initiatives need to be supported and expanded and,
importantly, their benefits sustained. Another activity, which is normally carried
out in an ad hoc fashion is the planting of trees along the beach, roadsides, near
houses and in open spaces. Dar es Salaam also has a Disaster Management Unit
that coordinates responses to disasters, including those related to climate change
(URT 2011). Among the climate change-related disaster management responses
are measures taken to prevent or minimize cholera outbreaks. However, pre-
paredness for other extreme weather events, such as flooding and drought, is
inadequate, as evinced by the recurrent flooding of the Msimbazi River Valley,
where many valley residents are affected nearly every time floods occur. Such
areas would be better left as greenbelts rather than human habitations. However,
the main challenge of maintaining greenbelt areas is the prevention of human
activities, especially the construction of houses, sand mining, and farming. The
local government authorities (LGAs) have failed to prevent further construction of
houses as well as to evict people living in Msimbazi Valley due to lack of
resources and interference from leaders for political reasons.

3.6 Governance and Institutional Capacity for Climate
Change Induced Hazards

A number of governance challenges that are closely related to climate change
induced hazards have been identified in Dar es Salaam. Such challenges include
weak urban planning and management systems, institutional practices that are
unresponsive to climate change induced concerns and threats, the absence of
specific policies and regulations for addressing climate change and related hazards,
low capacity and awareness among grassroots (community) organizations, apathy
among politicians and bureaucrats as regards climate change, and reluctance to
embrace research findings in critical decision making issues.

Broadly speaking, LGAs and other organizations have some bearing in three
important ways on the extent to which climate hazards affect the local community
(Kates 2000): they influence how households are affected by climate impacts; they
shape the ability of households to respond to climate impacts and pursue different
adaptation practices; and they mediate the flow of external interventions in the
context of adaptation. The capacity of particular institutions is important with
respect to how they affect adaptation. But equally important are the linkages and
interconnections they have with each other and peri-urban households; these affect
the flow of resources and decision making power among social groups, and thus
their capacity to adapt. The capacity of LGAs in Dar es Salaam in dealing with the
impacts of climate change has been observed to be limited. The issues pertinent to
the institutional capacity of LGAs in Dar es Salaam to deal with climate change
matters and implementation of the NAPA are as follows:
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1. Awareness of climate change issues among LGA officials and the general
public is lacking.

2. The city’s policies and programs for addressing current vulnerability and
promoting adaptation to climate change are limited.

3. Mainstreaming of climate change and disaster risk management issues in
development plans, strategies, programs, projects, and routine activities has
yet to be done.

4. Members of city staff and municipal councils have a limited capacity to
effectively analyze the potential impacts of climate change and to develop
viable adaptation measures.

5. Climate change issues are not sufficiently addressed in policies and programs,
since most were prepared before the late 1990s.

6. City planning departments’ capacities to assess the long-term sectorial
impacts of climate change are limited.

7. There is widespread apathy and insensitivity to climate change issues.
8. Views on the best approach for addressing climate change vary.
9. Coordination among experts in the municipalities is limited (the offices of the

Town Planner, Engineer, and Health Officer tend to work independently of
each other).

10. The capacity for investing in adaptation activities (protecting vulnerable
populations, infrastructure, and economies) is still low due to financial
constraints.

3.7 Conclusions and Recommendations

Due to the lack of long-term meteorological and tidal gauge data and other per-
tinent geological and topographical information, climate change vulnerability in
Dar es Salaam cannot be assessed with reasonable accuracy. Notwithstanding
these limitations, it can be generally observed that climate change will continue to
exacerbate the problems experienced by Dar es Salaam’s residents in areas such as
health, living conditions, livelihoods, and economic security. Dar es Salaam is not
adequately adapted to the current climate and has a large existing adaptation deficit
that requires urgent action.

Urban development and poverty reduction policies and programs for the city
need to be adjusted to not only better integrate disaster risk management
approaches but to assume a long-term perspective that takes climate change into
account. At the same time, existing policies and regulations that can reduce the
vulnerability of the poor need to be better enforced. The capacity of Dar es
Salaam’s private sector entities needs to be better developed to enable them to
engage actively in supporting adaptation and mitigation while also profiting from
such endeavors. The government, in collaboration with city and municipal
authorities, should undertake awareness raising and sensitization programs
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regarding the impacts of climate change on city residents and potential adaptation
and mitigation options. Most importantly, there is an urgent need to build capacity,
through mechanisms, institutions, and governance systems for LGAs and other
institutions in Dar es Salaam, in order to enable them to help city residents adapt to
the impacts of climate change.
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Chapter 4
Climate Change Effects on Seawater
Intrusion in Coastal Dar es Salaam:
Developing Exposure Scenarios
for Vulnerability Assessment

Giuseppe Faldi and Matteo Rossi

Abstract This chapter is part of a project that aims to identify climate change
vulnerability scenarios for the inhabitants of Dar es Salaam’s coastal areas, with
specific reference to the phenomenon of seawater intrusion. The rapid urbanization
that has taken place in Dar es Salaam over the past 20 years has resulted in a
significant increase in anthropogenic pressure (qualitative and quantitative) on the
coastal aquifer, causing an acceleration in groundwater salinization processes, due
to both seawater intrusion and the leakage of pollutants. Seawater intrusion could
be further amplified in the medium and long term by the expected consequences of
climate change. This work presents the conceptual and methodological framework
adopted to identify scenarios of population exposure to seawater intrusion, based
on specific indicators of the phenomenon and their correlations with climate
change representative variables. Based on historical data integrated with a specific
hydrogeological survey campaign carried out in 2010, a first application of that
framework has been tested on a limited portion of Dar es Salaam’s coastal area.
This allowed for a preliminary assessment of seawater intrusion indicators, as well
as an evaluation of their efficacy when analyzing the evolution of the phenomenon
over the last decade.
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4.1 Introduction

The purpose of a vulnerability assessment in a climate change related study is to
develop a qualitative understanding of the environmental, social, and economic
processes that can turn the consequences of climate change into possible risk
factors for communities (Downing and Patwardhan 2004; Füssel and Klein 2006).
Vulnerability assessments can identify the regions and social groups that are most
susceptible to the consequences of a particular disturbance, consequences that
could be increased and aggravated by the effects of climate change, and can
provide a knowledge base for the implementation of adaptation strategies for
specific socio-economic contexts (Downing and Patwardhan 2004; IPCC 2007).

The methodology illustrated in this chapter aims to identify climate change
vulnerability scenarios for the inhabitants of Dar es Salaam’s coastal areas, with
specific reference to the phenomenon of seawater intrusion.

Groundwater is the largest reserve of freshwater available worldwide, and thus
plays a crucial role in the adaptability of the world population to the effects of
climate change on rainfall, soil moisture content, and surface water (Margat 2006).
Yet the link between surface water and many terrestrial and freshwater ecosystems
is often overlooked. Since many hydrogeological systems are hydraulically
interconnected with surface waters, a change in the regime of surface waters will
certainly have direct consequences for the groundwater system. Therefore,
underestimating the role of groundwater in water resource management could lead
to inappropriate strategies with important consequences for the population and
environment.

Recent IPCC assessment reports have concluded that very little is known about
the relationship between groundwater and climate change (IPCC 2001, 2007,
2008). However, recent years have seen a constant increase in the scientific papers
on the cause-effect relationships between groundwater and climate variability on a
local and global scale (Eckhardt and Ulbrich 2003; Arnell et al. 2004; Barnett et al.
2004; Brouyère et al. 2004; Scibek and Allen 2006; Kundzewicz et al. 2008). The
impact of climate change on groundwater is less direct when compared with
surface water, mainly as regards the time scale of effects. The groundwater
dynamic has much slower rhythms than the surface hydraulic system; therefore,
while low or intense rainfall effects have direct and rapid consequences for the
rivers regime, only after prolonged droughts will a decreasing trend be reflected by
aquifer levels. Climate change usually acts as an effects multiplier in already
altered hydrogeological systems, with obvious consequences for dependent eco-
systems and communities (Appleton 2003). Besides increases in the frequency and
intensity of extreme events and the expected rise in average sea level, other
unpredictable trends must be taken into consideration. The complexity of the
parameters and hydrogeological systems involved makes it difficult to even
imagine the evolution of certain phenomena involving groundwater. Since high
rainfall intensity leads to rapid soil saturation and a decrease in direct aquifer
recharge due to infiltration, the annual trend variation in the rainfall regime due to
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climate change can adversely affect groundwater in the wetlands. By contrast, in
arid and semiarid areas, only a very intense rainfall can counterbalance the high
temperatures and high water evaporation rates affecting the first layers of soil.
Under such conditions, the phreatic aquifers are in fact mainly recharged by water
during flood events (Burns 2002). The impacts of climate change can also lead to a
decrease in groundwater quality, as in the case of seawater intrusion in coastal
aquifers (Kundzewicz et al. 2008). Phenomena such as freshwater supply loss due
to a decrease in groundwater direct recharge, coastal erosion due to mean sea level
rise, and increased groundwater withdrawals as an alternative water supply where
surface waters are already in crisis can alter the saltwater/freshwater equilibrium,
seriously affecting water resources and related activities for decades. Ataie-Ash-
tiani et al. (1999) have reported the effects of tide excursion on confined coastal
aquifers, concluding that, especially in cases of large oscillations due to strong
tides or mean sea level rise, an amplification of seawater intrusion can be
observed, with serious consequences as regards transition zone thickness. Bobba
et al. (2000) and Ranjan et al. (2006) have studied the effects of climate change on
direct rainfall recharge and mean sea level rise, adopting numerical modeling as a
tool to monitor the freshwater/saltwater interface. Sherif and Singh (1999) have
reported on two case studies, in coastal areas of Egypt and India, that assessed the
consequences of climate change for groundwater in terms of mean sea level rise.
More generally, the effect of climate change on groundwater, and specifically on
the phenomenon of seawater intrusion in coastal aquifers, seems today to be a
subject of fervent scientific interest, as has been evinced by multiple sessions of
international conferences dedicated to the topic1 and by specific focus chapters of
international associations and organizations.2

Regardless of its possible relationships with climate change, groundwater
salinization is already a widespread problem that is conditioning the socio-eco-
nomic development of many African coastal cities, such as Dakar in Senegal (Faye
et al. 2004; Re et al. 2011), Accra in Ghana (Kortatsi and Jørgensen 2001; Kortatsi
2006), Lagos in Nigeria (Oteri and Atolagbe 2003; Adepelumi 2008), and Dar es
Salaam in Tanzania (Mtoni et al. 2012), all of which are characterized by an
extremely high urbanization rate and widespread practice of urban agriculture. In
southern countries in particular, the rapid urbanization of coastal areas could
encourage overexploitation of groundwater and an increase in sources of pollution
(Mato 2002; Steyl and Dennis 2010), both of which cause deterioration of aquifer
quality and increases in seawater intrusion.

Over the past 20 years, the population of Dar es Salaam has increased
considerably (from 1.8 in 1992 to over 4.3 million in 2012, according to the
national census), leading to unplanned development of the urban fabric (extended

1 The International Hydrological Programme (IHP) of UNESCO and the International
Association of Hydrological Sciences Symposium, Water Quality: Current Trends and Expected
Climate Change Impacts. Proceedings available at: http://iahs.info/redbooks/348.htm.
2 The International Association of Hydrological Commission on Groundwater and Climate
Change: available at http://www.iah.org/gwclimate/.
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peri-urban areas), the proliferation of informal settlements, and the deterioration of
basic public services, together with a significant increase in the water demands of
inhabitants (UN-HABITAT 2009). The inadequacy of the municipal water system,
which is based only on surface water use, has led in recent years to massive
groundwater exploitation in order to meet the growing water demand for anthropic
activities (Kjellen 2006; URT 2011). Over the past 15 years, the number of wells
has increased significantly, up from a few dozen to more than 2200 official private
wells and an unknown number of informal boreholes (Mjemah et al. 2009; JICA
2012). Moreover, these numbers continue to increase (Mtoni et al. 2012). The
increase in groundwater exploitation raises many issues of great scientific interest
as regards the quantity, but also the quality of water resources, which are
increasingly affected by salinization processes caused by anthropogenic pollution
(Mato 2002; Mjemah 2007), a rise in saline fossil water (Mjemah 2007) and
increasing seawater intrusion (Mtoni et al. 2012).

This work presents the conceptual and methodological framework adopted to
identify scenarios of population exposure to seawater intrusion, based on specific
indicators of the phenomenon and their correlations with variables representative
of climate change (mean sea level, value of direct rainfall recharge, etc.). As
described below, that framework has been applied for the first time to a limited
portion of the Dar coastal area, using data from the literature integrated with a
specific monitoring campaign carried out in 2010 and involving 21 boreholes; this
allowed for a primary assessment of the seawater intrusion indicators, as well as an
evaluation of their efficacy when analyzing the evolution of the phenomenon over
the last decade.

4.2 Methodology

The present description of the methodology adopts the official climate change
terminology (IPCC, UNFCCC), with reference to Füssel (2007) (Fig. 4.1). More
specifically, it is assumed that vulnerability to climate change is

the degree to which a system is susceptible to, or unable to cope with, the adverse effects
of climate change, including climate variability and extremes. Vulnerability is a function
of the character, magnitude, and rate of climate variation to which a system is exposed, its
sensitivity and its adaptive capacity (IPCC 2007).

Vulnerability = f (Exposure, Sensitivity, Adaptive Capacity)
According to this approach, the vulnerability of individuals or communities is

the result of the interaction of physical and socio-economic factors. Physical
factors represent the potential that an environmental system be damaged by the
consequences of a harmful event, thus identifying the degree of human exposure to
disruption (connection between livelihoods and ecosystems). Socio-economic
factors, in turn, represent the ability of individuals and communities to cope with
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the disturbance, absorb the impact, recover or adapt to change (Clark et al. 1998;
Füssel and Klein 2006).

In this study, the analysis methodology focuses first on identifying various
seawater intrusion scenarios for the Dar es Salaam coastal aquifer, and then on
assessing the population’s level of exposure to this disruption. The consequent
definition of sensitivity and, therefore, the development of future vulnerability
scenarios according to different adaptation options, will be the subject of future
project activities. In order to apply this approach to studying seawater intrusion, it
is necessary to identify the relationships, analytical or qualitative, between specific
indicators related to the phenomenon (IFs) and the environmental variables related
to climate change (VCCs). For global and local climate scenarios, those suggested
by international reference organizations will be adopted (Ziervogel et al. 2003;
Arnell et al. 2004; Lu 2006; IPCC 2007). Assuming that the evolution of seawater
intrusion can usually be studied by following the advance of saltwater towards the
inland, the analysis, monitoring, and evaluation will be conducted separately on
different strips parallel to the coastline that traverse the whole study area.

Since the assessment of direct relationships and correlations between climate
change and groundwater dynamics is a difficult task, identification of the VCCs
influencing seawater intrusion must therefore be based on several general and
scientifically well-founded assumptions:

• the average sea level rise will generally cause an acceleration of the advance of
brackish water toward the inland;

• a significant freshwater discharge variation will cause a disruption of the natural
equilibrium with the seawater near the coast;

• rainfall infiltration is directly related to precipitation and temperature patterns,
and consequently to variations in their trends caused by climate change;

Fig. 4.1 General conceptual framework for vulnerability assessment (Modified from Füssel and
Klein 2006)
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• the progressive urbanization of the Dar area, as an indirect effect of climate
change, has direct consequences for the land and for variations in ground im-
permeabilization, and consequently for the decreasing rainfall infiltration rate.

The methodology therefore adopts the following variables to be used in the
definition of climate scenarios:

VCC1 = mean sea level (m);
VCC2 = direct rainfall infiltration amount (mm).
The criteria for assessing the parameters to be used as indicators when surveying

the evolution of seawater intrusion over time are closely related to the represen-
tativeness of those indicators as regards the phenomenon; it is also important to
consider the feasibility of data collection during monitoring campaigns.

The following indicators were thus identified:
IF1 = average area electric conductivity (lS/cm);
IF2 = maximum area piezometric charge (m.a.s.l.);
IF3 = maximum 2000 ls/cm EC isoline distance from the coastline (brackish

water limit).
Electric conductivity (EC) is directly related to groundwater salinity, while the

piezometric survey in a given area may provide indications for the assessment of
seawater intrusion hydrodynamics as well as their temporal evolution.

The methodology is based on an intense IF monitoring activity over multiple
time periods, and on simultaneous VCC evaluation in order to identify the specific
correlations. Therefore, for each time step, a set of measured IF and estimated
VCC are used to assess, by interpolation, the existing analytical or qualitative
relationships. A diagram of the proposed methodology is shown in Fig. 4.2.

4.3 Preliminary Application in the Dar es Salaam Coastal
Area

4.3.1 Seawater Intrusion in Dar es Salaam

Seawater intrusion is the movement, transient or stationary, of seawater into a
coastal aquifer. Mixing with aquifer groundwater, it creates a transition brackish
water located between the freshwater and the seawater below (Bear et al. 1999;
Araguás et al. 2004). Therefore, this phenomenon is normally ruled by the natural
balance between the groundwater flow toward the sea and the saltwater flow
toward the coast, depending on seasonal climate fluctuations and tidal excursions.
When external disturbances alter the natural equilibrium (overexploitation of the
aquifer, soil waterproofing, coastal erosion, sea level rise), the thickness of the
transition zone in the hydrogeological system grows, due to salt migration from
areas with greater concentration values to areas with lesser ones, until the new
equilibrium is reached (Bear et al. 1999; Araguás et al. 2004).
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Although the lack of available hydrogeological and geochemical historical data
did not allow for the development of detailed investigations (i.e. transition zone
temporal evolution and spatial distribution assessment), some authors (Mtoni et al.
2012) have noticed an increase in seawater intrusion in recent decades, demon-
strating the extent to which this phenomenon could be a possible threat to
groundwater resources in Dar es Salaam. Some coastal areas in Dar, such as
Msasani, Oysterbay, Masaki, Kigamboni, and Gerazani show a noticeable increase
in groundwater salinity with respect to the past, which is an effect of the rising salt
wedge (Mtoni et al. 2012). The seawater intrusion increase in recent years seems to
be related to both the effects of overexploitation of groundwater, and of soil
waterproofing due to urbanization, which have severe consequences for the direct
recharge of the aquifer. This is evinced by the decrease in piezometric levels in the
coastal area surveyed in recent studies, a possible cause of increases in the
freshwater/saltwater interface.

Fig. 4.2 Conceptual framework of the methodology adopted for assessing exposure to seawater
intrusion
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The growing importance that groundwater has in terms of the water supply for
Dar es Salaam’s inhabitants renders studies of the evolution of seawater intrusion
very important, particularly considering the possible effects of climate change on
the parameters determining the phenomenon (aquifer recharge, mean sea level,
piezometric surface).

4.3.2 Study Area Characteristics

The study area (Fig. 4.3) has a surface of approximately 100 km2, which extends
along a 29 km stretch of coastline to the north of the city center and is bordered to
the east by the Indian Ocean. The western boundary is the Dar es Salaam Plateau,
which rises west of the Ocean along the entire study area. The southern boundary
corresponds to the last segment of the Msimbazi River, which runs through the
coastal plains before flowing into the Indian Ocean to the south of the Msasani
Peninsula, while the northern boundary is located just north of the Tegeta River.

Analysis of saltwater intrusion in the Dar es Salaam coastal aquifer began with
a reconstruction of the geological and hydrogeological structure of the coastal
physical system within the study area.

Fig. 4.3 Study area location
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As for geological characteristics, the outcropping formations belong to two
principle geologic periods: the Quaternary and the Neogene (Fig. 4.4). Formations
from the Quaternary are found primarily in the areas near the coast, have a maxi-
mum thickness of about 150 m, and fill the tectonic depression, which originated in
the lowering of formations from the Neogene (Mjemah 2007). Within the study
area, the Quaternary is evidenced by three different stratigraphic units with heter-
ogeneous characteristics: alluvial deposits (Pleistocene to Recent, Alluvial and
river terraces), sandy deposits in the coastal plains (Pleistocene, White-buff sands
and gravels) and limestone deposits (Pleistocene, Raised coral reef limestone)
(Mjemah et al. 2009). The alluvial deposits consist essentially of sand, clay, and
sometimes gravel, and they are found predominantly along the recent alluvial plains
of the principle waterways (Mbezi River and Msimbazi River) and in the Kunduchi
lagoon. The mostly sandy deposits consist of sand and white washed gravel,
interspersed with clay lenses, and they appear next to the coastal plain within the
study area. The limestone deposits consist of coral materials and are located pri-
marily in a narrow strip that widens along the coast. They are generally eroded and
covered with white-buff sand, except in the Msasani Peninsula and to the north of
Kunduchi, where they appear at the surface (Mjemah 2007). Formations from the
Neogene are spread predominantly throughout the central part of the Dar es Salaam
bay, on the edge of the sandy coastal plains of the Quaternary, and have a thickness
of up to 1000 m (Kent et al. 1971). Within the study area, the Neogene is

Fig. 4.4 Outcropping formations with the conceptual hydrogeological system
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represented by one stratigraphic unit: deposits of undifferentiated material (Mio
Pliocene, Clay-bound sands and gravels) (Mjemah et al. 2009). These sediments
are comprised of interstratified sandy clays and clayey sands, a few pure sand
lenses, pure clay, and gravel, cemented in irregular bodies to form weak sandstones.
These extend along the plateau to the edge of the sandy coastal plain (Mjemah
2007).

The hydrogeological conceptual model adopted (Fig. 4.4) considers the pres-
ence of two different sandy aquifers from the Quaternary (unconfined and semi-
confined), which are located primarily in the coastal plain, and one multi-layer
aquifer from the Neogene, which is located on the plateau to the west of the
coastline (Mato 2002; Mjemah et al. 2009; Mtoni et al. 2012). The unconfined
aquifer has a variable thickness between 5 and 50 m, and is located primarily
along the alluvial deposits of the principle waterways, where it consists of fine to
medium sand with varying amounts of clay. By contrast, along the coast it is
formed of limestone of coral origin (Mjemah et al. 2009). The semi-confined
aquifer has an average thickness of 100 m and consists of medium to coarse sand
and sometimes gravel lenses, contained in a primarily clay matrix, and confined by
a clay aquitard with a variable thickness of between 10 and 50 m (Mjemah et al.
2009). Approaching the coast, the aquitard is fragmented and the two aquifer
formations are more hydraulically interconnected as a result. Quaternary aquifers
are supported by a thick clay acquiclude that confines the underlying Neogene
multi-layer aquifer at depths that can reach 1000 m (Mjemah 2007).

Analysis of saltwater intrusion is focused on the Quaternary aquifer formations,
as they are most frequently used by the population. Because of the fragmentation
of the clay aquitard in the range next to the coastline, the unconfined and semi-
confined aquifers (Quaternary) are considered as a single aquifer.

4.3.3 Methods and Results

This first analysis consisted in evaluating the indicators IF1, IF2, and IF3, con-
sidering three different time intervals (2000–2002, 2005, and 2008–2010) and
dividing the study area in two strips parallel to the coastline (inner strip and outer
strip) with a width of 1.5 km. Time intervals were chosen according to the
availability of data for each year and in a manner that ensured a homogeneous
distribution of water points in the study area. The time interval 2000–2002 was
considered in the analysis as the starting point because during that period the
aquifer was characterized by relatively undisturbed natural conditions, ground-
water exploitation in Dar es Salaam having begun just a few years before.

The data analyzed were obtained from 165 boreholes located within or just
outside the study area (Fig. 4.5), and include Static Water Level (SWL), physical
parameters of groundwater (T, EC, TDS) and chemical parameters of groundwater
(Cl-, Ca2+, Mg2+, Na+, K+). The historical data, collected from documents and
reports prepared by public authorities (Ministry of Water and Irrigation—Drilling
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and Dam Construction Agency), researchers (Mato 2002; Mjemah 2007) and
international cooperation agencies (JICA 2005), were integrated through a
hydrogeological monitoring campaign (January–April 2010), using a multi-para-
metric probe, performed on a subgroup of 21 boreholes uniformly distributed in
the study area.

When evaluating the indicator IF1 (average values of EC in the strip) only the
boreholes with marine contamination were considered. High electric conductivity
values for groundwater may be related to a state of saline contamination caused by
various sources (i.e. anthropogenic pollutant leakage, soil leaching, and ground-
water dissolution of evaporite rocks), and not necessarily attributable to seawater
intrusion (Custodio and Bruggeman 1987; FAO 1997). Chemical analysis of
groundwater ion correlation therefore allowed for the identification of a subset of 41
boreholes for which high EC values, and consequently high salinity levels, are due
exclusively to marine contamination (Appelo and Postma 2005; FAO 1997; Bear
et al. 1999). Values of EC for groundwater were divided according to FAO classi-
fications (1992), which set the acceptable range of electric conductivity for irrigation
water (freshwater: 0–2,000 lS/cm; brackish: 2,000–10,000 lS/cm; saltwater:
10,000–25,000 lS/cm; seawater: 25,000–45,000 lS/cm; brine: [45,000 lS/cm).

Fig. 4.5 Borehole locations
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According to this classification, water with EC values above 2,000 lS/cm is not
considered potable and is not suitable for most crops. Indicator IF2 (maximum
piezometric charge in the strip) was evaluated through reconstruction of the

Fig. 4.6 Isophreatic contour lines (a, b, c) and Isoconductivity contour lines (d, e, f,) for the time
intervals considered
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isophreatic contour lines, interpolating the point values of SWL (Fig. 4.6a, b, c).
Similarly, the evaluation of the indicator IF3 (maximum distance from the coast of
the isoconductivity contour line 2,000 lS/cm in the strip) was performed through
the reconstruction of the isoconductivity contour lines based on the available EC
values (Fig. 4.6d, e, f). Table 4.1 and Fig. 4.7 show the values of the indicators in the
various time intervals and strips.

Although the available data have allowed for the analysis of a 10-year time
period, primary results show a general increase in marine contamination over a
large part of the study area. Increases in indicator IF1 seem to be a common trend
in the outer strip, though it also occurs in the inner strip, where the mean EC value
shifts from freshwater up to the brackish. Meanwhile, in the outer strip the mean
EC value already corresponded to that typical brackish water in 2000, and presents
an acceleration in the rate of increase between 2005 and 2008–2010. As regards
indicator IF2, within the study area the water table varies from 0 to 30 m above
mean sea level. Although this indicator is strongly dependent on the available
point values of SWL, whose location may vary in different time intervals, analysis
reveals a general decrease in the maximum piezometric level in both strips: almost
6.5 m in the inner strip and 3 m in the outer strip. This decrease is also observable
by comparing the trend of the 5–10 m isophreatic contour lines in the different
time intervals, which show a strong tendency to recede inland from 2000 to 2010.

Table 4.1 Indicator values

Time intervals Indicators

IF1 (lS/cm) IF2 (m) IF3 (m)

Outer strip Inner strip Outer strip Inner strip Outer strip Inner strip

2000–2002 3,091 1,604 15.00 30.30 1,500 2,380
2005 3,379 2,185 13.90 29.50 1,500 2,720
2008–2010 5,024 2,897 12.00 23.84 1,500 3,290

Fig. 4.7 Indicator trend in inner and outer strips
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Finally, as regards the indicator IF3, the trend of the isoconductivity contour lines
shows the same tendency to recede inland. In fact, in the inner strip the mean
distance of the isoconductivity contour line 2,000 lS/cm from the coastline
increases by about 910 m from 2000 to 2010. Moreover, in the outer strip, where
the indicator maintains the highest value (maximum width of the strip) in different
time intervals, the trend of the isoconductivity contour lines shows an increase in
EC values along the coastline, presenting in 2008–2010 areas with EC values
greater than 10,000 lS/cm, corresponding to saltwater according to FAO classi-
fication (1992).

4.4 Conclusions

The survey methodology presented in this chapter seeks to identify different
exposure scenarios for the population of Dar es Salaam’s coastal area with respect
to seawater intrusion in coastal aquifers as a result of the effects of climate change.

The use of historical data sets (Drilling and Dam Construction Agency Borehole
Reports; Mato 2002; Mjemah 2007; JICA 2005) integrated with a specific
hydrogeological survey campaign carried out in 2010, has allowed for a primary
assessment of the identified indicators in a sample area during three time periods
spanning the decade 2000–2010. Overall, the three selected indicators show a trend
consistent with the evolution of seawater intrusion in the coastal area of Dar es
Salaam identified by other authors. With reference to the area close to the shoreline
(outer strip), the indicators clearly demonstrate progressive groundwater saliniza-
tion and its possible relationship with decreasing piezometric levels caused by
withdrawals and decreases in direct aquifer recharge. For the inner strip, the his-
togram analysis (Fig. 4.7) shows that the groundwater there has also been subject to
salinization, even if only marginally (brackish water values), and evolution trends
are much lower than in the outer strip. It was not possible to assess the effectiveness
of the climate change variables (VCCs) or the possibility of identifying simple
correlations with the IFs.

Critical analysis of the proposed methodology will only be possible after the
assessment of many other parameters for the time periods considered, such as
direct aquifer recharge due to rainfall infiltration. In order to do so, a broad
collection of climatic data will be necessary, together with an evaluation of the
temporal evolution of land cover (see Chap. 5). The IFs successfully tracked the
evolution of seawater intrusion in the sample area over the 2000–2010 study
period, and therefore their use may be extended to the entire project.
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Chapter 5
Urban Sprawl as a Factor of Vulnerability
to Climate Change: Monitoring Land
Cover Change in Dar es Salaam

Luca Congedo and Michele Munafò

Abstract Urban sprawl is a major cause of environmental change, indirectly
affecting climate processes on both the global and local scale and impacting the
livelihoods of people who are directly dependent on ecosystem services. In the case
of rapidly sprawling cities, land cover monitoring is a spatial planning requirement
that must keep pace with urban growth, for the purpose of providing timely
responses to environmental change and thus reducing people’s vulnerability. Due to
the lack of financial resources, Least Developed Countries need affordable meth-
odology for rapid and effective land cover monitoring, suitable for low cost
equipment. This chapter presents a methodology for monitoring land cover changes
in Dar es Salaam, Tanzania, developed in the context of a project for the enhance-
ment of local authorities’ capacity to assess vulnerability to climate change and
mainstream adaptation objectives into urban development plans. This methodology
relies on the classification of free Landsat images and is implementable using open-
source software, with the specific purpose of making sustainable the continuous
assessment of urban sprawl for Dar City Council’s planning services. The meth-
odology phases are described, from preprocessing to processing. This includes the
use of a free open-source plugin for QGIS, developed during the project, which
allows for the semi-automatic classification of images. Classification results dem-
onstrate the conspicuous urban growth of Dar es Salaam from 2002 to 2011, and
provide insight into the relationship between urban sprawl and population growth.
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5.1 Introduction to the Relationship Between Land Cover
and Climate Change

The IPCC (2001) has defined land cover change as a non-climatic driver of
environmental change because it influences climate change in several ways:

• soil has a major role in carbon fluxes and greenhouse gas emissions;
• land surfaces indirectly affect climate processes, because of the characteristics

of materials on the ground;
• land cover change can alter the vulnerability of ecosystems to climate change.

More recently, the IPCC (2012) argued the need to include non-climatic factors
in vulnerability assessments, and consequently the major role of spatial and land
use planning was highlighted in terms of reducing exposure and vulnerability to
environmental change. In this context, monitoring land cover change is funda-
mental to the development of effective policies for sustainability and adaptation to
climate change, especially in the peri-urban fringe (Cardona et al. 2012).

The transition zone between urban and rural (i.e. the peri-urban interface) is
often the location of the most rapid changes to the land cover of cities, driven by
several causes including land tenure, migration, and other socio-economic moti-
vations (Simon et al. 2006). This kind of unplanned development in the urban
fringe, characterized by low-density and a mix of land uses, is generally defined as
urban sprawl (EEA 2006).

Dar es Salaam is a rapidly developing city, and urban sprawl, which is related to
high population growth rates but also to land speculation, represents a vast portion
of the city’s physical expansion (Kombe 2005).

The purpose of this study is to develop a methodology for land cover moni-
toring that allows Dar es Salaam planning services to assess urban changes with
little effort and frequently enough to keep pace with rapid urban growth.

5.1.1 Land Cover Monitoring

Remote sensing and Geographic Information Systems (GIS) are very useful tools
for assessing and monitoring the built-up expansion of the peri-urban interface and
for mapping land cover (Brook and Davila 2000). Indeed, remote sensing can
acquire data over large areas and detect sprawl patterns, as well as update spatial
information over time (Chang 2012).

There are several approaches to land cover monitoring, including photo inter-
pretation, field survey, and statistical, automatic, and semi-automatic classifica-
tions of remote sensing data. Several studies have used different methodologies of
land cover classification to detect impervious surfaces, such as through the use of
multi-spectral and hyperspectral sensors (Weng et al. 2008), medium spatial
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resolution (Fan et al. 2007), and high spatial resolution images (Myint et al. 2011).
However, the choice of methodology for detecting land cover change depends on
the spatial resolution and the temporal resolution of sensors, and will entail a
varying degree of effort in terms of cost, time, output resolution, and accuracy
(Richards and Jia 2006).

Dar es Salaam’s local authorities are subject to several constraints with respect
to technical equipment and financial resources (Kombe and Kreibich 2000). As
emerged from interviews with local officers, the computers currently in use are old
or low-spec, and the discontinuity of the electricity supply limits the use of
electronic devices and the Internet. Also, only a few officers have GIS skills that
are suitable for land cover monitoring and spatial analyses.

Therefore, in order to be tailored to the needs and resources of Dar City
Council’s planning services, the methodology for land cover monitoring developed
within this study had to be:

• economical, in order to guarantee practicability for the municipalities;
• simple, in order to allow for regular updating of land use information;
• quick to execute, in order to detect the land cover changes in a very dynamic

area.

The main objective of the developed methodology is to monitor land cover
change, in particular at the peri-urban interface of Dar es Salaam, in order to
identify the dynamics of urban sprawl.

5.2 Methodology for Monitoring Land Cover Change

In this study, a semi-automatic classification method was defined based on the
subdivision of pixels from remote sensing images according to the spectral
properties of the materials on the ground (the so-called spectral signature, i.e. the
reflectance values at various wave lengths) (Richards and Jia 2006).

The present research concentrated on developing a methodology that satisfies
the following requirements:

• based on, free or very low cost remote sensing images;
• image resolutions suitable for monitoring built-up and urban sprawl patterns;
• availability of images for past years, in order to monitor land cover change;
• semi-automatic classification, to reduce time and cost of land cover mapping;
• preprocessing and processing steps achievable with open-source software, to

avoid the cost of proprietary software.

The workflow of the methodology is shown in Fig. 5.1. Landsat images, pro-
vided for free by the United States Geological Survey (USGS), were chosen
because their multispectral resolution allows for the semi-automatic classification
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of impervious surfaces (Fan et al. 2007), and a large image archive for the past few
decades is available. Semi-automatic classifications allow for rapid and affordable
land cover monitoring.

5.2.1 Materials

In order to choose the most suitable satellite image for this study, several alter-
natives were considered. At present, there are many satellites with different res-
olutions, but most of them are commercial and unaffordable.

Multi-spectral and hyperspectral sensors like ALI and Hyperion, provided for
free by the USGS, can be used for land cover classification (Weng et al. 2008).
Unfortunately, no such images have been acquired over Dar es Salaam.

SPOT satellites are commercial, although some images are provided for free by
the European Space Agency (ESA) for research purposes. SPOT images can be
used for land cover classification (Huang et al. 2009). However, because they have

Fig. 5.1 Workflow of the
developed methodology, for
preprocessing and processing
phases
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low spectral resolution, and their availability for Dar es Salaam over the past few
years is limited, SPOT images are not the most suitable for our purposes.

Landsat images are provided for free by the USGS, in the context of a large
image archive.1 Therefore, Landsat was chosen for the land cover classification of
the past few years.

Dozens of available images were acquired by Landsat 5 (TM) and 7 (ETM+)
satellites, launched by the National Aeronautics and Space Administration
(NASA) of the United States of America in 1984 and 1999 respectively. These two
satellites have similar sensor characteristics, every image has seven multispectral
bands with a 30 m spatial resolution, and a size on the ground of 170 km north–
south by 183 km east–west (NASA 2011).

The developed methodology uses only the reflected solar energy bands, because
they allow for the identification of materials according to the spectral response
thereof (the thermal and panchromatic bands were excluded from the classifica-
tion). Unfortunately, Landsat 5 acquisition was discontinued on 18 November
2011, due to electronic problems.2 In addition, Landsat 7 images acquired after
2003 are affected by a technical problem with the Scan Line Corrector (SLC-off)
causing gaps along the image, with stripes of null data.3 Landsat 8, the successor
of Landsat 7, was launched in February 2013 and is acquiring new images.4

5.2.2 Preprocessing

Preprocessing is the set of preliminary operations needed to eliminate or reduce
radiometric and geometric errors (Richards and Jia 2006), and to prepare data for
the classification process.

5.2.2.1 Georeferencing Images

Most of the images acquired had already been georeferenced by USGS, with a
Standard Terrain Correction (Level 1T) that provides good geometric accuracy (less
than 30 m). However, additional georeferencing was required for images with high
cloud cover; the road network shape file and other images were used as references.

1 Website http://earthexplorer.usgs.gov/ (accessed 14 June 2013) provides images acquired over
Dar es Salaam since 1984. Landsat TM and ETM+ sensor characteristics are available in NASA
(2011), p. 64.
2 See http://www.usgs.gov/newsroom/article.asp?ID=3040 accessed 14 June 2013.
3 Most images acquired over Dar es Salaam are affected by a high cloud cover percentage (the
percentage of cloud cover over Dar es Salaam frequently above 50%). Twenty-three images with
the lowest cloud cover were therefore selected. However, cloud-masking and mosaicing steps
were included in the preprocessing workflow in order to produce a cloud-free image of the whole
area.
4 See https://lta.cr.usgs.gov/L8 accessed 14 June 2013.
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5.2.2.2 Cloud Cover and Cloud Shadow Mask

A semi-automatic approach was used for masking clouds and their shadows.
Landsat bands have a Digital Number (DN) range from 1 to 255. The developed
method defines two thresholds for the DN of band 1 (blue) and band 6 (thermal)
(Martinuzzi et al. 2007), based on the following steps:

1. In band 1, clouds are bright (high DN), therefore the minimum DN (DNm) is
found visually in the image where clouds are thinner, and the following rule of
pixel selection is set: DNm�DN� 255.

2. In band 6, clouds are generally colder than other surfaces (low DN), therefore
the maximum DN (DNM) is found visually in the image where clouds are
thinner, and the following rule of pixel selection is set: 1�DN�DNM.

3. The actual cloud mask is created by the intersection between these two rules,
and an additional 3-pixel buffer is set around the detected cloud patches, in
order to mask the thinner edge of clouds.

4. The cloud shadow mask is created with a maximum likelihood classification
(see Sect. 2.3), selecting light and dark shadows.

The mask produced is a raster, where DN = 0 identifies masked pixels, in this
case cloud and shadows pixels, and DN = 1 identifies non-masked areas.

5.2.2.3 Reflectance Conversion and Atmospheric Correction

The conversion from DN to reflectance and the atmospheric correction of Landsat
images is required before classification and change detection (Song et al. 2001).
Landsat records reflected solar energy for bands 1–5 and 7 and emitted energy for
band 6. Prior to media output, image pixels are scaled to byte values, and it is
therefore possible to calculate the spectral radiance at the sensor’s aperture (Lk),
measured in watts/(meter squared * ster * lm), described in NASA (2011) as:

Lk ¼ Grescale � QCAL þ Brescale ð5:1Þ

Grescale is the rescaled gain (described in the Level 1 product header or ancillary
data record) in watts/(meter squared * ster * lm)/DN, given by:

Grescale ¼ LMAXk � LMINkð Þ = QCALMAX � QCALMINð Þ ð5:2Þ

where: QCAL is the quantized calibrated pixel value in DN; LMINk is the spectral
radiance that is scaled to QCALMIN [watts/(meter squared * ster * lm)]; LMAXk is
the spectral radiance that is scaled to QCALMAX [watts/(meter squared * ster * lm)];
QCALMIN is the minimum quantized calibrated pixel value in DN (corresponding to
LMINk) and in this case is equal to 1; QCALMAX is the maximum quantized cali-
brated pixel value in DN (corresponding to LMAXk) and in this case it is equal to
255. LMINk and LMAXk values for every band are reported NASA (2011, p. 118).
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Brescale is the rescaled bias (the data product offset contained in the Level 1
product header or ancillary data record) in watts/(meter squared * ster * lm), given
by:

Brescale ¼ LMAXk � LMAXk � LMINkð Þ = QCALMAX � QCALMINð Þ � QCALMIN

ð5:3Þ

Therefore substituting Eqs. (5.2) and (5.3) in Eq. (5.1):

Lk ¼ LMAXk � LMINkð Þ = QCALMAX � QCALMINð Þ½ � � QCAL � QCALMINð Þ
þ LMINk ð5:4Þ

In order to reduce the variability between different images, spectral radiance is
converted, as calculated in Eq. (5.4), to planetary reflectance (qp, unitless) using

the following equation (NASA 2011): qp ¼ p � Lk � d2ð Þ = ðESUNk � coshsÞ;
where d is the Earth-Sun distance5 on the day of image acquisition; ESUNk is the
mean solar exo-atmospheric irradiance (a list of values for every Landsat band
can be found in NASA (2011, p. 119); hs is the solar zenith angle (in degrees),
which is the complementary of the sun elevation angle reported in the metadata file
of each Landsat image.

As described by Zhang et al. (2010), land surface reflectance (q) can be esti-
mated by the following equation: q ¼ p � Lk � Lp

� �
� d2

� �
= ðTv � FdÞ, where Lp

is the path radiance due to atmospheric scattering; Tv is the atmospheric trans-
mittance in the viewing direction; and Fd is the irradiance received at the surface
expressed by Zhang et al. (2010) as: Fd ¼ Eb þ Edown.

Edown is the downwelling diffuse irradiance, and Eb is the beam irradiance
defined as: Eb ¼ ESUNk � coshs � Tz; where Tz is the atmospheric transmittance in
the illumination direction. As originally described by Moran et al. (1992), the
equation for converting at-satellite radiances to surface reflectance and correcting
for both solar and atmospheric effects is:

q ¼ p � Lk � Lp

� �
� d2

� �
= ½Tv � ððESUNk � coshs � TzÞ þ EdownÞ� ð5:5Þ

The Dark Object Subtraction (DOS) is an image-based atmospheric correction
technique, which does not require any field measurement during image acquisition.
It is based on the assumption that some pixels within the image are in complete
shadow (i.e. the Dark Object, which is assumed to have a reflectance value of
0.01), and their at-sensor radiance is due to Lp (Chavez 1996). Therefore the path
radiance is calculated by Sobrino et al. (2004) as follows:

Lp ¼ Lmin� LDO1 % ð5:6Þ

5 In astronomical units. A free spreadsheet file reporting d for every day of the year is provided
by NASA at http://landsathandbook.gsfc.nasa.gov/excel_docs/d.xls accessed 14 June 2013.
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Lmin is the minimum radiance corresponding to the minimum DN (DNmin) for
which the sum of the number of pixels with DN �DNmin, is equal to 0.01 % of
the total pixels composing the image. Therefore, once the DNmin value is identi-
fied, it is expressed by:

Lmin ¼ Grescale � DNmin þ Brescale ð5:7Þ

LDO1 % is the radiance of a Dark Object and is calculated by:

LDO1% ¼ 0:01 � ðESUNk � coshs � TzÞ þ Edown½ � � Tv= p � d2
� �

ð5:8Þ

The path radiance is obtained by substituting Eqs. (5.7) and (5.8) in Eq. (5.6),
resulting in the following equation:

Lp ¼ Grescale � DNmin þ Brescale� 0:01 � ½ ESUNk � coshs � TzÞ þ Edownð �
� Tv= p � d2

� �
ð5:9Þ

Several studies explored different DOS models (DOS1, DOS2, DOS3, and
DOS4) for calculating the variables Tv; Tz; and Edown (Song et al. 2001). The
present study used the DOS1 model (Chavez 1996) because it is simple and effi-
cient. The DOS1 model assumes no atmospheric transmittance loss, and corrects for
spectral band solar irradiance and solar zenith angle, resulting in: Tv ¼ 1; Tz ¼
1; and Edown ¼ 0: Substituting these values for Tv; Tz and Edown in Eq. (5.9)
results in:

Lp ¼ Grescale � DNmin þ Brescale� 0:01 � ESUNk � coshs= ðp � d2Þ ð5:10Þ

Therefore Eq. (5.5) results in:

q ¼ p � Lk � Lp

� �
� d2

� �
= ESUNk � coshsð Þ ð5:11Þ

where Lk is defined by Eq. (5.4) and Lp is defined by Eq. (5.10). Equation (5.11)
converts DN directly to land surface reflectance by applying the DOS1 atmo-
spheric correction.

5.2.2.4 Image Mosaic

Cloud masked images were processed in a mosaic, which replaces image gaps with
pixels at the same location from other images. The mosaic process requires a
variable number of images, depending on the amount and location of image gaps,
which should be acquired within the same time period.

Often, image availability did not allow for the mosaicing of images acquired in
the same month or season, so a higher amount of spectral variability was induced
in the mosaic to be classified. Indeed, images acquired in different months of the
year are affected by fluctuations in reflectance values, especially vegetation sur-
faces subject to phenological changes. Therefore, radiometric normalization is
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required in order to adapt the histogram of each image in the mosaic. Figure 5.2
shows an example of the image mosaicing process for two Landsat 5 images.

5.2.3 Classification Process

Land cover classification was performed through the supervised semi-automatic
maximum likelihood algorithm, which assumes a multivariate normal distribution
of the classes’ probability (Richards and Jia 2006). Maximum likelihood has been
employed in many land cover change studies (Song et al. 2001; Fan et al. 2007;
Huang et al. 2009).

Using image processing software, a set of input training areas are collected in
the image, representing the land cover classes; later, the software program cal-
culates, for each class, the spectral signature statistics required by the maximum
likelihood algorithm.

The maximum likelihood classifies each pixel of the image according to its the
spectral similarity with the spectral signatures (Fig. 5.3).

5.2.3.1 Spectral Vegetation Indices

Vegetation indices are standardized methods based on band ratios that highlight
vegetation dynamics (Song et al. 2001). In order to improve the land cover clas-
sification results, the following indices were calculated and integrated into a
Knowledge-Based Classification:

• the Normalized Difference Vegetation Index (NDVI) is a combination of Red
and Near Infrared wavelengths, where higher values correspond to better health
of vegetation cover (Huang et al. 2009);

Fig. 5.2 Example of the mosaicing process steps: a the original cloudy image; b the creation of
the cloud and shadow mask; c the application of the mask over the original image; d the image
mosaic, with cloud and shadow gaps replaced
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• the Enhanced Vegetation Index (EVI) is also related to vegetation health, and
seeks to correct for aerosol scattering, absorption, and background brightness
through a combination of Blue, Red, and Near Infrared wavelengths (Soudani
et al. 2006).

5.2.3.2 Knowledge-Based Classification

Knowledge-based classification is based on prior knowledge of the spectral,
morphological or topological characteristics of land cover classes (Costa et al.
2010). In particular, the inputs for the knowledge-based classification were the
maximum likelihood classification, NDVI, EVI, and Dar es Salaam boundary
shapefile for limiting land cover classification to the administrative area.

Although the focus was on urban patterns, a total of six land cover classes were
identified in the image, defined as follows:

• Continuously Built-up—a high-density urbanized class, identified directly by
maximum likelihood classification;

• Discontinuously Built-up—a low-density urbanized class, characterized by a
mix of urban and vegetation or soil pixels, identified directly by maximum
likelihood classification;

• Full Vegetation—a vegetation class with NDVI values greater than or equal to
0.65;

• Mostly Vegetation—a vegetation class, identified by maximum likelihood
classification or with NDVI values greater than 0.55 and lower than 0.65;

• Soil—identified directly by maximum likelihood classification;
• Water—identified directly by maximum likelihood classification or with EVI

values lower than 0.

NDVI values vary according to the season, therefore these thresholds were
adjusted according to the image acquisition date.

Fig. 5.3 Spectral signatures of some training areas collected in the image
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5.2.3.3 Semi-Automatic Classification Plugin for QGIS

Land cover monitoring through remote sensing requires specific software products,
particularly for the semi-automatic classification of multispectral images, the
methodology applied in this project. Most software products are commercial and
their purchase costs might be unaffordable for the technical services of local
authorities in LDCs. A few open-source (and free) programs could be used as an
alternative—like Orfeo Toolbox and SAGA—but they lack some of the features
that make classification easier. In order to close this gap, a Semi-Automatic
Classification plugin (i.e. a program that adds features to software) has been
developed for the open-source software QGIS.

This plugin (developed in Python) relies on other open-source software, and
allows for the collection of training areas through a region-growing algorithm.6

The collected training areas have the advantage of being spectrally homogeneous,
and therefore allow for a better definition of land cover classes. The plugin allows
for image classification using one of the following algorithms: Maximum Like-
lihood, Minimum Distance, and Spectral Angle Mapping.

The Semi-Automatic Classification Plugin can satisfactorily replace commer-
cial software for land cover classification, making land cover monitoring more
affordable.

5.3 Results of Land Cover Classifications

The land cover classification results for years 2002, 2004, 2007, 2009, and 2011
are listed in Table 5.1, and corresponding land cover maps are shown in Fig. 5.4.

As shown in Table 5.1, both the Continuously Built-up and Discontinuously
Built-up classes have increased during the past few years, at a particularly fast rate
from 2007 on. Major growth of the Discontinuously Built-up class, which is

Table 5.1 Land cover classification results (in hectares)

2002 2004 2007 2009 2011

Continuously built-up 8,415 10,025 10,447 12,370 14,808
Discontinuously built-up 8,098 9,134 12,509 17,318 23,678
Soil 102,079 95,732 76,011 57,385 66,791
Water 193 276 304 7 199
Full vegetation 14,887 13,172 14,905 26,751 18,195
Mostly vegetation 35,164 40,631 54,798 55,144 45,313

6 The Semi-Automatic Classification plugin uses the Orfeo Toolbox integration in QGIS
(provided by the SEXTANTE plugin) in order to execute an image segmentation process, which
allows for the selection of homogeneous pixels around a seed pixel of the image (region
growing). This plugin is freely available through the QGIS interface, or at http://plugins.qgis.org/
plugins/SemiAutomaticClassificationPlugin/ accessed 14 June 2013.
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Fig. 5.4 Land cover classifications of Dar es Salaam
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related to urban sprawl, has occurred along the main roads of Dar es Salaam. Over
the years, parts of the low-density areas have transitioned to Continuously Built-up
areas. The 30 m Landsat spatial resolution poses a challenge in urban sprawl
monitoring, because a single image pixel could contain a mixture of cover types
(Richards and Jia 2006), creating a mixed spectral signature (i.e. mixed pixel)
depending on the composition and kinds of materials on the ground (Brook and
Davila 2000). Moreover, the heterogeneity of materials on the ground complicates
the definition of a spectrally distinct built-up class when small isolated patches of
urban cover exist within a vegetated landscape, as is the case with sprawl (Shrestha
and Conway 2011). Therefore, the Discontinuously Built-up area comprises both
impervious and pervious surfaces.

During the classification process, the identification of training area pixels in
Landsat images was difficult due to the rapid land cover change, and the lack of
reference images with high spatial resolution. Land cover classification accuracy
was calculated according to the methodology described in Congedo and Munafò
(2012). For the 2011 land cover classification, the fuzzy overall accuracy is
72.0 %, and both the continuously and discontinuously built-up classes have high
fuzzy accuracies for users (98.0 and 96.7 %, respectively) and producers (93.1 and
71.9 %, respectively).
Comparison between Demographic and Urban growth
In order to understand if urban and population growth are related, land cover
classification results and census data were compared. Censuses were conducted in
Dar es Salaam in 2002 and 2012, according to which the population grew from 2.5
to 4.4 million (United Republic of Tanzania 2013). Growth percentages since 2002
were calculated as a baseline (Fig. 5.5), with the following results: +76 % of
Continuously Built-up; +192 % of Discontinuously Built-up; +75 % of Population.

It is worth noticing that demographic growth is lower than urban growth,
especially for the Discontinuously Built-up class. This trend corresponds to the

Fig. 5.5 Comparison of demographic and urban growth (2002-2012)
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UN-Habitat (2010, p.10) definition of urban sprawl, which ‘‘happens when pop-
ulation growth and the physical expansion of a city are misaligned’’.

5.4 Conclusions

Land cover maps produced for 5 years between 2002 and 2011 allowed for the
monitoring and assessment of urban growth, and the identification of new settle-
ments in Dar es Salaam.

The developed methodology is very affordable as it relies on free images and a
semi-automatic approach for the land cover classifications of the past few years.
The use of Landsat images is a good compromise for monitoring in terms of spatial
accuracy and computational requirements, which are relevant for Dar’s munici-
palities. Moreover, the semi-automatic approach allowed for the rapid classifica-
tion of land cover, and rendered monitoring less time-consuming.

It is worth pointing out that the spatial resolution of Landsat images provides
good results at the regional and municipal level. However, at the ward or local
level, the spatial resolution is a constraint in the identification of land cover objects
(a pixel is 900 m2). Nevertheless, in accordance with the goals of this study
(affordability, ease, and rapidity of execution), the use of free multispectral images
was preferred over the use of high-resolution images (often not affordable, or with
limited availability), as the latter does not allow for semi-automatic classification.
Semi-automatic classification is crucial to reducing the time and effort required for
photointerpretation and able to keep pace with the rapidity of urban development,
thus ensuring the availability of updated land cover maps whenever they are
needed by planning services.

The main challenge when using the developed methodology in Dar es Salaam is
cloud cover, which necessitates mosaicing of multiple images. The mosaicing
process increases the spectral variability of land cover classes, resulting in more
classification errors, especially for classes with similar spectral signatures, such as
Soil and Discontinuously Built-up. Moreover, logistical issues such as a weak
internet connection can limit the download of large images, and limited hardware
is a constraint for the creation of a municipal GIS.

The preprocessing and processing steps are achievable with open-source soft-
ware, thus avoiding the cost of proprietary software; in particular, a plugin for QGIS
was developed for the semi-automatic classification. This methodology is likely to
be improved by the new Landsat 8, recently launched by NASA, whose images
provide some additional multispectral bands useful for the detection of cirrus
clouds.7 Also, a valid alternative are Landsat are the ESA Sentinel-2 satellites,
which have similar or better image characteristics.

7 See http://landsat.usgs.gov/ldcm_vs_previous.php accessed 14 June 2013.
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The land cover change results indicate the rapid expansion of built-up surfaces,
particularly for the Discontinuously Built-up class along the main thoroughfares,
as well as the gradual densification of central areas, from discontinuously to
continuously built-up. This indicates urban sprawl, driven by considerable popu-
lation growth (United Republic of Tanzania 2013), migration flows from
upcountry, and land speculation (Kombe 2005).

Further studies (Congedo et al. 2013a, b, c) have highlighted the vicious circle
between urban sprawl and climate change. The larger the sprawl area, the higher
the consumption of environmental resources (e.g. more boreholes are drilled for
water pumping), which in turn can worsen environmental conditions (e.g. water
shortages), and push people to move to other places, fostering more urban sprawl.
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Chapter 6
Linking Adaptive Capacity and
Peri-Urban Features: The Findings
of a Household Survey in Dar es Salaam

Liana Ricci

Abstract Despite the increasing number of studies on urban vulnerability in
African cities, there has been little research focusing specifically on the determi-
nants of adaptive capacity. However, a greater emphasis is now being placed on
the role that local responses and socioeconomic conditions play in determining
vulnerability to climate stress or climate change. Such considerations have led to
an increase in the attention paid to adaptive capacity, to the social context in
general, and to the specific structural conditions that cause social and urban vul-
nerability. The purpose of this chapter is to provide knowledge regarding the
identification of the determinants and attributes of adaptive capacity in the peri-
urban areas of Sub-Saharan cities. The study describes a household survey con-
ducted in Dar es Salaam with a focus on the natural resource systems upon which
people depend. Its main contribution is the generation of knowledge on household
characteristics and autonomous adaptation strategies, and a framework for better
understanding the relationship between these two aspects. This relationship is the
basis for understanding the nature and components of adaptive capacity in coastal
Dar’s peri-urban areas, and for identifying interventions that could be carried out
by local institutions in order to support autonomous adaptation and environmental
management practices and to improve adaptive capacity.
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6.1 Introduction

Rapid urbanization of Sub-Saharan cities is increasing human exposure to natural
and anthropogenic hazards and is undermining the ability of communities and
governments to cope with environmental stress and extreme weather events
(Douglas and Alam 2006; Satterthwaite et al. 2007; Moser and Satterthwaite 2008;
Simon 2010). Fast urban growth leads to the proliferation of unplanned settle-
ments, which take the form of peri-urban informal areas that, in the last several
decades, have accommodated most of the demographic expansion. Those pro-
cesses have shaped highly fragmented and dynamic rural-urban interfaces, char-
acterized by constantly changing land uses, activities, and social and institutional
arrangements. Different definitions of peri-urban areas exist. Nevertheless, in the
current debate there is growing recognition of the fact that rural and urban features
coexist both within cities and beyond their limits (Allen 2001; Simon 2008; Adell
1999), and that dichotomous urban-rural systems are inadequate as regards dealing
with processes of environmental and developmental change (Allen 2003). Peri-
urban refers to the areas in cities where urban and rural features and processes
meet, intertwine, and interact, and where there are mixed populations, important
environmental services, and consumption of natural resources (Allen 2006).

The degree to which urban and peri-urban populations depend on natural
resource-based activities plays a significant role in determining their vulnerability
to environmental changes (Adger 1999) and poses institutional challenges for
socio-ecological planning and vulnerability assessment (Eakin et al. 2010).

Vulnerability is a function of the exposure and sensitivity of a system to haz-
ardous conditions and the ability, capacity, or resilience of the system to cope,
adapt, or recover from the effects of those conditions (Smit and Wandel 2006).
These definitions are represented by the equation:

Vulnerability ¼ fðExposure; Sensitivity; Adaptive CapacityÞ

Interpretations of this function differ according to whether a greater emphasis is
placed on social vulnerability or on exposure to environmental change hazards
(Füssel and Klein 2006).

Some authors stress the uncertainties surrounding hazards (Adger and Vincent
2005), which are related to future changes and their impacts on people and the
resources on which they depend, to the social and environmental systems that
underpin vulnerability, and to the interaction between the two. Some of those
authors argue that, in adaptation planning, the focus should be on building adaptive
capacity, where adaptive capacity is defined as a

system’s ability to adjust to a disturbance, moderate potential damage, take advantage of
opportunities, and cope with the consequences of a transformation that occurs (Gallopin
2006, p. 296).
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For other authors this means

the capacity to modify exposure to risks associated with climate change, absorb and
recover from losses stemming from climate impacts, and exploit new opportunities that
arise in the process of adaptation (Adger and Vincent 2005, p. 400).

According to these definitions, while exposure and sensitivity orient the
potential impacts of climate change, adaptive capacity can be a major influence on
its eventual effects. Therefore, adaptive capacity is an obvious focus for adaptation
planning because it is the component of vulnerability most able to influence social
systems that are coping with climate changes (Marshall et al. 2010).

While local people are often involved in planning processes and vulnerability
assessments, the relevance of those processes as regards people’s livelihood
strategies and environmental management practices (the context of their vulner-
ability) is often neglected (Dodman and Mitlin 2011).

This chapter assumes that adaptive capacity is crucial, or rather that the focus
should be on improving people’s capacity to cope with the impacts of environ-
mental stress (e.g. focusing on livelihoods and capabilities) rather than on specific
interventions to prevent or reduce specific impacts (e.g. introduction of drought-
resistant crops in response to decreasing water availability, infrastructure provi-
sioning, etc.).

Autonomous adaptation (defined as people’s spontaneous actions undertaken to
cope with environmental changes) and planned adaptation (institutional pro-
grammes, policies, projects, and initiatives) are interlinked and

embedded in governance processes [reflecting] the relationship between individuals, their
capabilities and social capital, and the government (Adger and Vincent 2005).

The hypothesis of the present research is that local institutions (at the political
and practical level) can increase adaptive capacity by supporting and orienting
autonomous adaptation, modalities of accessing resources, and environmental
management practices.

The main objective of the research is to identify the basic elements of autonomous
adaptation in peri-urban areas in order to inform local institutional interventions that
are tailored to the needs of peri-urban communities in Sub-Saharan Africa.

A pilot study conducted in peri-urban Dar es Salaam analyzed livelihoods,
natural resource management, and autonomous adaptation strategies undertaken at
the household level. It has emerged that informal environmental management and
access to resources are, in many cases, the basis for autonomous adaptation and
vulnerability reduction, as they facilitate diversification of livelihoods and
modalities of accessing resources (water, land, etc.). These informal practices and
strategies are mainly based on social relations and networks, which constitute
platforms of action (Simone 2004). These platforms, which enable adaptation and
sustain people’s livelihoods, represent in some cases the extension or the substi-
tution of infrastructure such as water pipelines, financial services, social services,
and communication technologies. The functioning of these platforms of action
depends on the characteristics of peri-urban households (e.g. income, location,
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livelihoods strategies). Those characteristics may constitute an opportunity or a
limit for autonomous adaptation. On the other hand, autonomous adaptation
practices might have negative or positive impacts on household characteristics.
These two types of relationship are the basis upon which local institutions can
intervene to build adaptation strategies and mainstream adaptation into urban
planning and environmental management.

6.2 Selecting the Case Study: Dar es Salaam

Dar es Salaam was selected for its environmental problems and characteristics, the
expansion of its peri-urban areas (the largest city in Tanzania and the 3rd fastest
growing in Africa), its high projected growth rate (5.12 % between 2015 and 2020,
according to World Population Prospects 2011 (UN 2010)) and the high per-
centage of informal settlements (70 %, according to Kombe (2005) and Lupala
(2002), 80 % according to Kironde (2006)). According to data collected by UNDP
(McSweeney and New 2008) and the IPCC (2007a), the main effects of climate
change in Dar es Salaam are flooding, sea level rise, drought, and changes in
rainfall patterns. Furthermore, global climate change scenarios indicate that the
temperature will continue to rise and rainfall will increase in the years to come
(IPCC 2007b). The downscaling of these scenarios to the local level has led to
many uncertainties, but a few studies have highlighted evident trends of change at
the local level, including salt water intrusion (Faldi 2011), decreasing rainfall
(from about 1200 mm per year in the 1960s to about 1000 mm in 2009), and
increasing temperatures, with the greatest temperature increase recorded in the
decade 1999–2008 (URT 2011). In addition, urban development and changes in
socio-economic conditions in peri-urban areas are likely to exacerbate the physical
drivers of the changes mentioned above, impacting the probability of climate
events and stresses and orienting the positive or negative impacts thereof.

6.2.1 Scale and Rationale of the Analysis

A survey was developed based the hypothesis that vulnerability in peri-urban areas
depends on several factors, including type and magnitude of the local impacts of
environmental changes, rural-urban dynamics, land-use patterns and urban fabric,
local autonomous capacity to cope with environmental changes, and institutional
capacity for environmental management and urban development planning. Of
those factors, the questionnaire focused on autonomous adaptation and the related
peri-urban household characteristics.

The household questionnaire was built on four main assumptions and aimed to
investigate the key factors of adaptive capacity in peri-urban Dar es Salaam. The
first assumption is that understanding the rural-urban interaction, the economic
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flows, the flow of resources, and socio-cultural relations that characterize peri-
urban areas is fundamental when attempting to identify viable adaptation options.
The rural-urban interface is also the place with the most potential for positive
change, due to the many forces that come together in this space (e.g. multifunc-
tional urban agriculture) (Erling 2007; Simon 2008). The dynamic and diversified
rural-urban environment provides opportunities for change that could be useful for
adaptation, such as livelihood diversification, access to services, reuse of waste in
agriculture and waste recycling, and greater access to information and decision-
making (Dàvila 2002; Allen 2003). Therefore, it was assumed that modalities of
accessing resources (e.g. shorelines, the sea, raw materials) and environmental
management are the basis upon which individuals choose autonomous adaptation
options. These, in turn, might generate obstacles to or opportunities for adaptation,
thus potentially undermining or enhancing adaptive capacity and having consid-
erable effects on people’s vulnerability. Fourthly, it was assumed, that the
autonomous adaptation practices that are implemented and the observed envi-
ronmental changes related thereto must also be taken into consideration when
identifying priority adaptation actions (COP 7 Decision 28/CP.7).

On the basis of these assumptions, the questionnaire, which was designed and
conducted in 2009, was divided into four thematic sections that were identified
through a review of the literature on peri-urban areas and discussion with
researchers from ARDHI University in Dar es Salaam. Those four areas are as
follows:

• Rural-urban interactions;
• Modalities of access to resources (land, water, energy, etc.);
• Environmental management (water, waste, soil, etc.);
• Environmental change (observed environmental transformations and autono-

mous adaptation practices and strategies).

6.2.2 Sample Location and Questionnaire Administration

The survey was conducted on the northern border of Dar es Salaam. Forty
household questionnaires were administered in four different wards (ten in each
ward) located in the Kinondoni Municipality: Bunju, Kunduchi, Kawe, and
Msasani (Fig. 6.1), where Msasani was an urban control case located very close to
the core of the city. The wards were selected through a series of field visits, a
review of the literature on Dar’s peri-urban areas and discussion with academics
from Ardhi University.

The sampled wards were selected according to several criteria, including the
coexistence of urban and rural activities (agriculture, livestock, businesses, schools,
and transport), the presence of informal settlements and activities, low-medium
settlement density (each plot between 0.08 and 6 ha), and close proximity to major
natural resources (rivers, ocean, wetlands, forests, etc.). In addition, sample areas
were selected in a manner that guaranteed a mix of environmental characteristics
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(coastal and inland areas with different morphologies). Sample households were
then selected such that the sample reflected socio-economic and cultural hetero-
geneity, while individual households were chosen if characterized by stability of
settlement (having extensive knowledge of resources and local development
dynamics) and dependence on both urban and rural activities and resources.

Fig. 6.1 Sampled Sub-wards
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Key results of the data analysis are discussed below, in order to highlight the
relationships between peri-urban characteristics and autonomous adaptation
practices, which are the target of institutional interventions aimed at increasing
adaptive capacity.

6.3 Results: Adaptation and Environmental Management
in Dar es Salaam

While the limited number of questionnaires was not conducive to quantitative
analysis, it did allow for observation of the behavior and characteristics of
households in peri-urban areas. This data was then the basis for the development of
a more comprehensive and targeted survey, performed in Dar between July and
October 2011.

The data collected through the questionnaire facilitates an understanding of
how autonomous adaptation and environmental management practices interact
with the characteristics of peri-urban households and areas, and therefore how
local institutions can intervene in these interactions to support autonomous
adaptation and enhance adaptive capacity.

The data analysis is organized in two parts. In the first section, the character-
istics of peri-urban households, their modalities of accessing various resources,
and environmental management practices are described (Table 6.1). The second
part then incorporates autonomous adaptation strategies (Table 6.2).

6.3.1 Peri-Urban Households’ Characteristics

6.3.1.1 Rural-Urban Interaction

Responses concerning the rural-urban interaction suggest that the development of
peri-urban areas is not caused exclusively by rural-to-urban migration, but also by
urban-to-peri-urban migration. The latter was often induced by upgrading pro-
grammes undertaken in areas closer to the city center, from which several inter-
viewees had migrated. In the three sampled peri-urban wards, the majority of
households surveyed were originally from the same municipality, while only a few
families were from other regions or municipalities.

There are different causes of migration. Almost half of the respondents indicated
work or family as their reason for moving to a peri-urban area. Such areas attract
people seeking a place where they can undertake or continue rural activities (e.g.
the possibility of practicing agriculture or free husbandry) while also remaining
close to urban dynamics, benefits, and facilities. Movements between peri-urban
areas and the inner-city, and vice versa, occur frequently and imply flows of people,

6 Linking Adaptive Capacity and Peri-Urban Features 95



Table 6.1 Peri-urban households’ characteristics

Characteristic Options

Livelihood strategies or income/non-income
generating activitiesa

Agriculture and other rural activities as main
livelihood activity

Agriculture or other activities dependent on
natural resources as complementary livelihood
activity

Urban employment only (not dependent on natural
resources)

Urban employment (not dependent on natural
resources) and other secondary activities as
main livelihood activity

Urban and rural employment contribute almost
equally to livelihood

Modalities of water access (options for water
provisioning mainly for domestic use)

Street vendors or water tank truck only (A)

Street vendors or water tank truck and water
pipeline (A/I)

Water pipeline only (I)
Stream/river or other natural source only (A)
Multiple source: combination of more than one

modality (A) or (A/I)
Modalities of land access (options for right

to land use or occupancy)
Title deed (leasehold or customary) (I)

Without title deed (A)
Indirect title deed (rent/purchase land from owner

with title deed) (A/I)
Indirect without title deed (rent/purchase land

from owner without title deed (A)
Modalities of waste management (solid

waste and wastewater)
Public or private waste collection and management

system (I) or (A)
Autonomous waste collection and management

system (burning, abandoning, burying,
recycling, composting) (A)

Combination of autonomous and organized waste
collection and management systems (A/I)

Modalities of accessing other resources,
services, and infrastructure

Electricity network (I)

Electricity network combined with other sources
(A/I)

Other combined sources of energy (charcoal,
kerosene, gas) (A)

Private transport services (A/I)
Environmental location Coastal (close to shoreline)

Wetland
Plateau
Lagoon (mangroves)
Close to a body of water
Swamp

(continued)
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resources, information, commodities, production inputs, and decision-making
power (Tacoli 1998). This means that a plurality of activities and physical patterns
exist that are based on urban and peri-urban interdependencies. In some cases,
movement to peri-urban areas is prompted by extreme climatic events (e.g.
flooding) or by worsening environmental conditions (pollution, urban development,
environmental change). The strong relationship between urban and peri-urban areas

Table 6.1 (continued)

Characteristic Options

Urban location Close to transportation hubs
Close to main urban services (education, health,

etc.)
Close to main markets (Kariakoo, Mwenge,

Tegeta, etc.)

a With regard to livelihood activities, the type autonomous/informal or institutional/formal has
not been indicated, since for each type both are possible and simultaneously present

Table 6.2 Linking adaptive capacity and peri-urban features

Type of strategy Adaptation practices

Change livelihood Change crops
Increase arable surface area
Introduce additional economic activities
Betterment or intensification of agriculture (e.g.

change farming techniques, use fertilizer)
Changes modality of accessing resources

(e.g. water)
Dig in humid areas or close to rivers to collect

water
Multiply sources for resource access
Take out a loan

Change the environment (e.g. change soil
morphology)

Build small embankments to preserve water in
water bodies

Dig channels for water drainage
Make changes to house structure
Build a new house

Move to another area To areas with more space for agriculture
To areas with better soil fertility
To areas closer to main roads or transport hubs (for

small shop/business)
To region of origin

Change type of livelihood (e.g. from more
to less dependent on natural resources)

Switch from agriculture to livestock

Cease agriculture and/or livestock to undertake
activity less dependent on natural resources
(e.g. small business, trade)

Switch from fishing to agriculture
Search for temporary job
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is also demonstrated by the large number of people who travel to Dar’s city center
on a weekly basis. Rural-urban linkages and dependence on natural resources are
further evinced by people’s primary livelihoods, which are often based on agri-
culture and livestock, and supplemented with other local informal activities (e.g.
petty trade). This is also one of the reasons the majority of respondents wish to live
in environments with free spaces, while only a few respondents wish to move to a
more urbanized area with better infrastructure and facilities.

6.3.1.2 Access to Resources and Environmental Management

Modalities of resource access and of environmental management have a consid-
erable effect on the vulnerability of peri-urban residents. Identification of resource
use and the management regime is crucial to understanding households’ capacities
to interact with the environment, substitute or integrate facilities with their prac-
tices, and cope with the lack of water supply, waste management, and other
services. Access to water, land, energy, shorelines, the sea, raw materials, and
services constitutes in each case a determinant of autonomous adaptation, which is
mainly an informal process based on social networks and direct relationships with
the environment.

6.3.1.3 Land Titling and Land Formalization

In this framework, land tenure arises as an important issue linked to sources of
income and food, and as a critical issue in the implementation of urban planning
processes and actions. There is pressure in peri-urban areas, especially from city
residents, to acquire and subdivide land for urban development (Kironde 2001,
2003b), even though agriculture is still an important source of income and food in
those areas. Among respondents, nearly two thirds do not have land title, while the
others have a title deed (leasehold), and only a few people claim to have customary
title (right of occupancy derived from ancient communities). In addition to various
categories of formal land tenure, informal tenure is also recognized as modality of
accessing land (Kironde 2003a). However, though they are legally recognized,
informal and customary tenure are becoming increasingly uncommon, and are not
protected if other interests arise in urban development (Kironde 2004).

Informal tenure is the modality of land access on which most respondents rely.
Although the majority of respondents do not hold a land title, they have usually
purchased the land they use. While the linkages between vulnerability to envi-
ronmental change and land tenure are complex and indirect, land acquisition
processes certainly have a variety of implications for autonomous adaptation
practices. Those processes orient land use changes that may undermine or facilitate
autonomous adaptation practices and institutional adaptive interventions.

It is widely argued that security of tenure is mainly guaranteed by land for-
malization processes and land titling, which are also considered basic strategies for
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reducing vulnerability and increasing adaptive capacity. Yet questionnaire
responses suggest that peri-urban residents, even if they have the economic
resources for land survey and registration, opt mainly for informal tenure. The
preference for informal tenure is also evinced by reactions to upgrading pro-
grammes (e.g. CIUP—Community Infrastructure Upgrading Program), where in
many cases people decide to move to another area and take advantage of the
opportunity to sell their plot, rather than remain in a formalized area. Even if land
titling might confer benefits (access to credit, investment in property, access to
infrastructure and services, etc.), the results of the present study indicate that
increased security of tenure does not necessarily require formal tenure regulari-
zation. Informal legitimating processes seem to be more trustworthy than legal
formalization because they allow flexibility in land supply and meet the demands
of changing livelihoods. If adequate security of tenure provides incentives for
good land and resource management and reduces vulnerability, flexibility also
allows residents to cope with increasing land use changes, migration, the associ-
ated competition for land, and conflict resulting from environmental changes and
intensified extreme events (Quan and Dyer 2008).

6.3.1.4 Accessing Water and Other Resources

Access to water, energy, and services such as waste management is also based on
informal processes, social networks, and direct relationships with the environment.
Among the sampled peri-urban areas, only Kunduchi ward has water supply
infrastructure (water pipeline). Nevertheless, due to the unreliability of water
services (lack of water, damaged pipelines, etc.) all households have several
alternative modalities of accessing water. In fact, the main sources of water are
street vendors or water tank trucks (2/3 of sampled households). Other households
use natural sources such as streams, springs, ground pits, and wells. Access to
water is highly diversified, and most households combine multiple access
modalities, including natural sources, pipelines, neighbor’s source, water sellers,
and rainwater harvesting, among others (Fig. 6.2). This type of diversification also
occurs with respect to water management and water storage systems, with the
latter accomplished using small buckets (20 L) or underground concrete tanks.
Even access to energy is widely diversified. Only a few of the sampled households
have access to electricity, while most of them use charcoal for cooking and ker-
osene for lamps, as well as gas and other energy sources.

As regards environmental management, which also includes waste manage-
ment, only a few households use an organized collection system, while the
majority manage waste autonomously by burning, abandoning, and burying waste,
or by recycling useful materials and composting organic waste to be reused as
fertilizer (Figs. 6.3, 6.4). Others also collect materials such as plastics or metals for
sale to companies or individuals that can treat or reuse them. Concerning sewage,
no one uses a collection and disposal system; wastewater is usually abandoned in
pits until saturation (pit latrine; rarely a septic tank is used). There are also
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informal groups and community-based organizations for maintenance of roads,
canals, and other common spaces.

Table 6.1 summarizes the main features of peri-urban households identified
through the household questionnaire analysis. These include livelihood activities,
options for resource access and environmental management, the presence of
infrastructure and facilities, and household location. Options undertaken autono-
mously (informally) are designated with (A), while the options provided by
institutions are denoted (I), and those options dependent on both autonomous and
institutional initiatives are identified as (A/I).

Fig. 6.2 Water sources

Fig. 6.3 Plastic collection
(reproduced from Ricci 2011)
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6.3.1.5 Autonomous Adaptation

Almost all respondents noted changes in water availability, soil fertility, soil
aridity, air humidity, and rain patterns. Results show that water availability has
declined significantly in recent years. Rivers that formerly flowed year-round have
become seasonal, and the water previously drawn from shallow pits in the wet-
lands or near rivers has decreased, requiring deeper digging. Other significant
changes were observed both in the amount of rain and in normal seasonal rainfall
patterns. Furthermore, a significant erosion of the coastline (in some places as
much as 100 meters in the last 30 years) has been observed and linked to changes
in village morphology and fishing activities (in Kunduchi, the Mtongani fish
market area). These and other environmental changes result from a complex set of
factors that includes anthropogenic pressures and inadequate local environmental
and urban policies as well as global environmental change. Different strategies for
coping with environmental changes are being implemented (Figs. 6.5, 6.6).
Because of the decrease in water availability, many people have changed crop
systems (e.g. moving from rice to cassava, which requires less water) or have
decided to stop farming and start breeding livestock. Most respondents, who have
been observing rapid and significant environmental changes in recent years, are
contemplating plans for coping with further deterioration of environmental con-
ditions that go beyond immediate reactive solutions. They are considering strat-
egies such as change of employment, and transition from subsistence activities
dependent on natural resources to activities only partially or indirectly dependent
on them (e.g. trade or small business). In some cases, respondents have even
contemplated moving to another area or returning to their native rural region.

These strategies are being considered not only in response to exasperation of
environmental problems, but also in the event of increased population and new
urban developments, which would interfere with ordinary practices and activities.
This response is partly linked to the causes to which respondents attribute

Fig. 6.4 Composting
(reproduced from Ricci 2011)
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environmental change, including changes in land use, local anthropogenic actions
(mainly urban development), and global environmental change. In addition, a few
respondents attribute on-going changes to weak institutions and mismanagement
of resources. Table 6.2 shows the autonomous adaptation strategies divided into
five types, which are highly dependent on the above-mentioned household
characteristics.

Fig. 6.5 Adaptation practice: river embankment (reproduced from Ricci 2011)

Fig. 6.6 Adaptation
practice: shallow pit for
harvesting water (reproduced
from Ricci 2011)
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6.3.2 A Framework for Assessing Adaptation Options

The foregoing analysis demonstrates that peri-urban households’ adaptive capac-
ities are linked to the possibility of diversifying sources of income and modalities
of accessing water, land, and other resources. Furthermore, most modalities of
resource access, environmental management, and adaptation practices are under-
taken in a predominantly autonomous (informal) way, and depend on the presence
of both urban and rural features. This rural-urban mix allows individuals to
develop hybrid livelihood strategies in which rural-urban and formal-informal
practices complement, subsidize, or support each other.

The primary contribution of this study is a better understanding of the rela-
tionship between the characteristics of peri-urban households and their autono-
mous adaptation strategies. By relating autonomous adaptation strategies to such
characteristics, one can obtain four types of interaction between the two sets of
information. First, autonomous adaptation practices impact the characteristic
features of the peri-urban, either in a positive or negative way. Second, those
features function as both opportunities and constraints for the diverse adaptation
practices peri-urban dwellers can undertake to cope with changes in their living
environments (Fig. 6.7).

The first two types of interaction evince how location, modalities of resource
management and access, availability of services, and economic activities can
inhibit or promote a particular adaptation practice. Specifically, a given charac-
teristic generates an opportunity when it favors a particular autonomous adaptation
practice (e.g. being located near large markets or major transportation routes
facilitates commercial activities such as livelihood diversification being located
near a river makes it easy to extract water from fairly shallow wells). Obstacles, on
the other hand, arise when a given characteristic inhibits or impedes an adaptation
practice (e.g. being located near a transportation hub or major market may prevent
the expansion of on-site agricultural land as a result of higher population density).

The other two types of interaction demonstrate the kinds of effects that
autonomous adaptation practices can have on the characteristics of peri-urban
households (positive and negative impacts). In particular, a positive impact occurs
when an adaptation practice improves environmental or economic conditions (e.g.
using organic fertilizers in urban agriculture or increasing the cultivated acreage to
cope with soil aridity or decreasing soil fertility could facilitate improved waste
management through organic waste recycling, thus having a positive environ-
mental impact). A negative impact occurs when the adaptation practice introduces
risks or stresses for natural resources (e.g. the construction of embankments across
drying river beds in order to preserve water and use it for agricultural and domestic
purposes could damage the river ecosystem and exacerbate the effects of a
changing climate on natural resources and people, by restricting access to water).
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6.4 Conclusions

Investigation of the opportunities and obstacles arising from household charac-
teristics can contribute to an understanding of how different modalities of resource
access and environmental management, spatial location, facilities, and economic
activities might promote or limit specific autonomous adaptation practices.

The analytical framework (Fig. 6.7) proposes a method of identifying the main
factors on which adaptive capacity depends within peri-urban households. It
emphasizes the interconnectedness of formal and informal access to resources and
environmental management, and their importance for people’s livelihoods and
adaptation strategies.

This framework is particularly useful for institutions seeking to identify the
crucial elements of adaptive capacity enhancement and to set priorities in the
adaptation process. This is essential when considering adaptation options in

Fig. 6.7 Reciprocal interactions between peri-urban household characteristics and autonomous
adaptation strategies (reproduced from Ricci 2011)
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concrete and specific social and environmental contexts and when operationalizing
adaptation option assessments.

The case study illustrates that investigation of autonomous adaptation practices
reveals a broad spectrum of options (explicit and implicit adaptation practices)
from which institutions can draw valuable lessons in terms of identifying potential
entry points for effective institutional adaptation options. Most adaptation prac-
tices are connected in a complex livelihood strategies framework, and different
types of barriers to adaptation and livelihood strategies can be identified.

Nevertheless, the study has some limitations. It has yielded limited information
on the role of local institutions in autonomous adaptation strategies. Also, the
diverse modalities of resource access that have been identified require further
investigation in order to provide valuable information on key factors of peri-urban
adaptive capacity.

Indeed, further exploration of the applications of this framework would
improve the analysis of the institutional dimensions of adaptation. It could also
provide a basis for understanding adaptation conflicts between different actors, or
could be used to analyze the costs associated with the development and imple-
mentation of adaptation policies and actions. Finally, the different positions of
autonomous and planned adaptation in the livelihood strategies could be also
investigated.
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Chapter 7
Mainstreaming Adaptation into Urban
Development and Environmental
Management Planning: A Literature
Review and Lessons from Tanzania

Silvia Macchi and Liana Ricci

Abstract Mainstreaming of adaptation to climate change is recommended by
many international agencies and authors of climate change literature in order to
guarantee more efficient use of financial and human resources than occurs when
adaptation is designed, implemented, and managed as a series of stand-alone
activities. Nevertheless, there is ongoing debate over how to proceed in order to
achieve effective mainstreaming, at what level to act, on what topics to concen-
trate, and what type of initiative should be prioritized. The article offers infor-
mation and arguments that may help the administrations of Sub-Saharan cities
implement the options that are most appropriate for their specific conditions. The
first section situates the mainstreaming of adaptation to climate change within the
more general and consolidated strategy of the Environment Integration Policy, and
outlines the current process of conceptualizing the question. The mainstreaming
approach is compared to the action-specific approach in order to better highlight its
strengths and weaknesses, while the risks of ineffective mainstreaming are
explored with particular reference to the case of Tanzania. A more detailed
examination follows of possible topics and the approaches used for mainstreaming
in sectoral policies related to urban development and environmental management.
Lastly, the specificity of Sub-Saharan cities is addressed, which raises both con-
cerns and hopes for the current advantages of pursuing adaptation through
mainstreaming at the local level.
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7.1 Towards Mainstreaming Adaptation
in Sub-Saharan Cities

The objective of this study is to identify the basic notions and principles that could
serve as references when developing a methodology for integrating climate change
concerns into the urban development and environmental management plans
already in place in Sub-Saharan cities.

Given the mass of conceptual frameworks and operational guidelines already
available on mainstreaming adaptation to climate change and related topics, a
literature review was conducted in order to explore three main questions: (1) How
to define mainstreaming; (2) How to achieve it; and (3) What issues to mainstream
into urban development and environmental management planning.

The debate around those three questions appears to be deeply grounded in the
history of Environmental Policy Integration (EPI) and fuelled by evidence from
environmental mainstreaming. Indeed, the concept of adaptation mainstreaming
derives from the climate policy integration principle introduced in 2009 as an
extension of the EPI principle, which traces back to the 1987 Brundtland report
and related 1992 Rio Earth Summit on sustainable development. The issue of
integrating environment and development in decision-making is specifically
addressed by Chap. 8 of Agenda 21, adopted at the Rio Earth Summit. Govern-
ments are requested to review and improve the decision-making processes in order
to ensure the integration of economic, social, and environmental considerations at
all levels and in all policy sectors (UNCED 1992).

During the 2000s, environmental mainstreaming acquired an increasingly rel-
evant role in the global strategy to fight poverty, as sound environmental man-
agement came to be acknowledged as crucial for achieving the MDGs (De
Coninck 2009). In this context, risks associated with climate change and variability
are viewed as a threat to the development strategies and measures in place since
they ‘‘change the contexts in which development occurs’’, while environmental
mainstreaming is the tool to ensure that development decision-making incorpo-
rates those risks, thus becoming more sustainable and successful (EC 2011).

It is therefore not surprising that, in Sub-Saharan Africa, the mainstreaming of
climate change adaptation into national and sub-national development planning is
usually considered part of the broader poverty-environment mainstreaming strat-
egy, with the majority of reports and guidelines drawing from this policy back-
ground. This is particularly true in the case of Tanzania, one of the Sub-Saharan
countries that made the greatest effort to apply the environmental mainstreaming
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approach as a means to achieving sustainable development (URT PMO-RALG
2007; URT 2010).

Lessons learned from the Tanzanian case helped identify two controversial
topics which are at the front line of the debate about climate change adaptation in
Sub-Saharan African cities: mainstreaming versus action-specific approaches, and
mainstreaming at the national versus the local level. Accordingly, special attention
is paid throughout the text to highlighting the advantages and disadvantages of the
mainstreaming approach as compared to the action-specific approach. Arguments
for and against use at the local level of the mainstreaming approach for adaptation
to climate change and variability are subsequently examined in the conclusions.

7.2 Conceptualizing Adaptation Mainstreaming

7.2.1 Defining Adaptation Mainstreaming

In development policy literature, the term mainstreaming is often used inter-
changeably with integration and incorporation to designate a strategy adopted to
deal with a variety of issues, including environment and gender, which are
acknowledged as crosscutting concerns in all policy fields and levels of decision
making.1

With respect to adaptation mainstreaming specifically, although there is no
consensus on a common definition, a review of research papers and policy doc-
uments draws attention to the following features:

• the definition of adaptation, which ranges from mere reduction of potential
climate-related development risks to taking advantage of opportunities (OECD
2009);

• the overall goal, which ranges from ensuring the long-term sustainability of
investments and reducing the sensitivity of development activities to present and
future climate (Klein 2002; Huq et al. 2003; Agrawala 2005), to the broader aim
of contributing to pro-poor economic growth, human well-being, and achieve-
ment of the MDGs (De Coninck 2011);

• the nature of the topic to be mainstreamed, which ranges from climate change
impacts only, to societal vulnerabilities and climate change responses (Agrawala
and van Aalst 2005);

• the need to simultaneously address both the mitigation of climate change causes
and the adaptation of human systems to better cope with its effects (Lim and
Spanger-Siegfried 2004) rather than working on adaptation in isolation;

1 Consider as an example the definition of mainstreaming used in EuropeAid documents: ‘‘the
process of systematically integrating a selected value/idea/theme into all domains of the EC
development co-operation to promote specific (transposing ideas, influencing policies) as well as
general development outcomes’’ (iQSG 2004 quoted in EC 2011: 16).
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• the possible interchangeability of the mainstreaming adaptation approach and
the climate risk management approach, although the two are slightly different,
the former incorporating considerations of the long-term effects of climate
change, while the latter focuses on current climate variability and no-regret
measures (Lim and Spanger-Siegfried 2004);

• the field of applicability, from strictly climate change related policy sectors such
as water management, disaster preparedness or land-use planning (Agrawala and
van Aalst 2005), to broader areas such as ‘‘policy-making, budgeting, imple-
mentation and monitoring processes at national, sector and subnational levels’’
(De Coninck 2011: 3);

• the type of actors to be involved and their role within the process, based on the
assumption that adaptation mainstreaming ‘‘entails working with a range of
governmental and non-governmental actors, and other actors in the development
field’’ (De Coninck 2011: 3);

• the nature of the mainstreaming process, which for the most part should be
iterative rather than linear (De Coninck 2011); and

• the phasing of the process, which ranges from ex-ante determination of the
objectives and measures to be integrated, to identification of adaptation objec-
tives and measures as part of the mainstreaming process (learning process),
which can lead to the reframing of planning priorities and strategies (Uittenb-
roek et al. 2012).

However, the best way to delineate the meaning of adaptation mainstreaming,
to understand what this term includes and what it does not, is to compare it to its
most common rival approach: adaptation as a dedicated domain (or the action-
specific approach). It must be noted that such rivalry is more specious than real, as
the two approaches are often considered complementary and used in combination,2

where either special actions are viewed as generated within the mainstreaming
process, or mainstreaming is viewed as a means for creating more favorable
conditions for the implementation of a previously determined special action.

7.2.2 Mainstreaming Versus Action-Specific Approaches

In climate change literature, adaptation, unlike mitigation, is considered better
managed through use of mainstreaming than through self-standing measures.

2 An example of this is the UNDP-UNEP framework for mainstreaming climate change
adaptation, which defines three levels of intervention: (i) strengthening the base for adaptation, by
consciously aiming development efforts at reducing vulnerability; (ii) promoting mainstreaming
adaptation measures, thus ensuring that climate change is considered in the decision-making of
relevant government agencies; and (iii) promoting specific adaptation measures that target issues
the first two levels have not yet tackled (De Coninck 2011). Though the mainstreaming approach
is given higher priority, this framework does not exclude the possibility of recourse to special
actions when satisfying results are not achieved through mainstreaming intervention modalities.
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Indeed, as stated by Persson and Klein (2008: 4), ‘‘adaptation is the result of a very
diverse set of actions that are in turn stimulated by policy influences originating from
many different sectors’’. The principal reason for this affirmation derives from the
intrinsic complexity of the relationships between environmental changes and human
systems, and the consequently high level of uncertainty in forecasting (Adger and
Vincent 2005; also see Chap. 1). Moreover, the most likely futures may exacerbate
current inequalities (O’Brien et al. 2012), which entails the need to consider power
relations across policy sectors and levels and to involve all social actors in the
development of comprehensive, multidimensional normative scenarios so that
decision-making is informed by a shared vision of the future to be created.

Studies of other crosscutting development issues indicate that the main-
streaming approach, unlike the action-specific approach, has the potential for
multisectoral action, and can facilitate the involvement of all levels of governance
as well as a broader range of stakeholders into decision-making. Table 7.1 outlines
the comparison between the two approaches.

The benefits of integrating adaptation policies and measures into development
and sectoral decision-making have been identified as follows:

• To ensure consistency and avoid conflicts with other policy domains;
• To find synergies with other well-established programs, particularly sustainable

development planning (Adger et al. 2007);
• To prevent maladaptation, or ‘‘adaptation that does not succeed in reducing

vulnerability but increases it instead’’ (IPCC 2001: 990);
• To ensure long-term sustainability (Persson and Klein 2008);
• To ensure that future projects and strategies will reduce vulnerability by

including priorities that are critical to successful adaptation (Lasco et al. 2009);
• To reduce the sensitivity of development outcomes to current and future climate

change and variability (Huq et al. 2003; Agrawala 2005; Klein et al. 2005, 2007);
• To make more sustainable, efficient, and effective use of financial and human

resources than is achieved when adaptation is designed, implemented, and
managed separately from development (Persson and Klein 2008);

Table 7.1 Comparing action-specific and mainstreaming approaches

Action-specific approach Mainstreaming approach

One self-standing measure Various integrated measures
One policy sector concerned Multi-sectoral
Few actors involved Many actors involved
Specific knowledge and competences required Diverse knowledge and competences required
Linear decisional process Iterative decisional process
Replicable in many places Context specific
Achievable in short term Achievable in medium-long term
Standardized design and implementation Experimental design and implementation
Clearly ex-ante defined inputs and outputs Likely variations of inputs and outputs
Plan-driven, conformative Target-driven, performative
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• To leverage the much larger financial flows in sectors affected by climate risks than
the amounts available for financing adaptation separately (Agrawala 2005); and

• To enhance the performance and development contribution of each sector and
each government body at all levels.

Nevertheless, there are many difficulties in applying the mainstreaming
approach, for which its actual effectiveness is often questioned. Some of those
difficulties do not arise in the case of the action-specific approach, which leads
governments to prefer the latter over mainstreaming. In fact, the action-specific
approach seems to be simpler in terms of planning, acquisition of financing and
other necessary means, decision-making, implementation, and evaluation of
results. In addition, it appears that the transformative potential of the main-
streaming approach can be seriously compromised by a lack of shared, short-term
goals, which can reduce the motivation of and push from public administrations as
regards changing norms, procedures, and organizational models. Therefore, the
overall hope of success for a special action is certainly higher than that of a
mainstreaming initiative but, given its characteristics, the efficacy of a special
action as regards reducing vulnerability in the medium-long term with respect to
risks that at present are not entirely knowable is not at all guaranteed. The problem
then arises of how to avoid the risk of ineffective mainstreaming. The extent to
which the case of Tanzania can be enlightening in this respect is discussed below,
following a description of the methods and tools for achieving mainstreaming.

7.3 Operationalizing Mainstreaming

7.3.1 How to Achieve Mainstreaming

In the EPI literature, methods and tools for integration are usually grouped into
four operational streams, which are neither mutually exclusive nor exhaustive:
procedural, organizational, normative, and reframing approaches (Persson 2007;
Persson and Klein 2008).

The procedural approach consists of introducing new or modifying existing
decision-making procedures while feeding information related to the issue to be
mainstreamed into decisional processes. Procedural tools commonly used in
environmental mainstreaming include ex ante environmental assessments of pro-
grams and projects, green budgeting and checklists, sectoral environmental
reporting and audits, consultation with environmental experts, and participation of
stakeholders.

It should be noted that the purpose of these changes is not to target specific
decisions, but to contribute to changing the overall context in which decision-
making occurs, which in turn will reorient all subsequent decision-making pro-
cesses (Lenschow 2002 cited in Persson and Klein 2008).
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In order to be effective, procedural changes must be defined and applied
simultaneously at the various levels of government involved directly or indirectly
in the decision-making process. Otherwise, their efficacy runs the risk of being
compromised by the lack of knowledge, awareness, and resources for imple-
mentation at any of the levels involved.

The organizational approach involves amendments to formal responsibilities
and mandates, creating new or merging existing institutions, networking among
diverse departments, and structural changes of budgets. It intervenes at every level
of organization, from the individual to the general one, to induce ownership,
appropriation, understanding, and enhanced capabilities on the issue to be
mainstreamed within the relevant sectors as well as to introduce new responsi-
bilities and various accountability mechanisms (Peters 1998 cited in Persson and
Klein 2008).

Institutional inertia, sectoral compartmentalization, self-interest, and related
budget competition might jeopardize effective organizational changes. On the
other hand, this type of change plays a fundamental role in increasing the effec-
tiveness and efficiency of the policy-making processes, and as such should be
considered ‘‘a general principle for good decision making’’ (Nilsson and Persson
2003: 335) rather than a specific response to the requirements of mainstreaming.

The organizational approach is suitable for use at all government levels and,
among the four approaches considered here, is likely the most applicable at the
local level as it does not necessarily involve similar changes at upper levels.

The normative approach implies a change in policy-making culture. As such, it
requires high-level commitments to the issue to be mainstreamed and entails the
formalization of that issue in existing strategies and policy frameworks as well as
the allocation of additional targeted resources. This approach usually leads to
‘‘commitments to particular goals in treaties and directives, requirements for
sectoral strategies, obligations to report performance, and external and indepen-
dent reviews’’ (Persson and Klein 2008: 10).

The reframing approach aims at reshaping the policy frame of traditional
sectors in a mid- and long-term perspective. It helps in integrating the issue to be
mainstreamed into the perception of the function and objectives of a sector among
relevant stakeholders (e.g. by relabeling policy fields as adaptive health policy or
adaptive land-use policy). While this is a lengthier process than an operational
approach, it can be stimulated through research, training, and diversification of
staff in terms of backgrounds and cultures (ibid.).

Both the normative and the reframing approaches are more appropriately
applied at the government levels, usually national and international, where laws
are elaborated and policies formulated. Nevertheless, these approaches also have
important implications at the levels of government where new norms are applied
and new policies are implemented, as they require procedural and organizational
changes.
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7.3.2 Risks of Ineffective Mainstreaming: The Case
of Tanzania

The environmental mainstreaming initiated in Tanzania over the last two decades
has stimulated the decentralization of decision-making and administration, which
were extremely slow despite a number of reforms deliberated by the parliament
(Lerise 2000). At the same time, the central government has viewed environmental
mainstreaming as a useful tool for maintaining control of local governments
(Death 2013).

On the other hand, evaluations of environmental mainstreaming are less posi-
tive with respect to the reduction of poverty, food insecurity, and ecological
degradation. Results do not appear to be on par with the level of financial resources
(contributed predominantly by donors) that the Tanzanian government has
invested in the reform of environmental governance since the 1990s’.

Allegations of chronic mismanagement, rent-seeking and pervasive corruption in the
forestry, fisheries and wildlife conservation sectors further contribute to substantial doubts
over the efficacy of the much-lauded environmental mainstreaming (Death 2013: 3).

Death (ibid.) recognizes that post-sovereign environmental governance in
Tanzania is non-exclusive, non-hierarchical, and non-territorial. Nevertheless,
such characteristics do not guarantee positive outcomes. Firstly, the involvement
and inclusion of a multiplicity of actors (one example is the mainstreaming of
environmental concerns in the MKUKUTA—URT 2005 and 2010) may not
always result in improved legitimacy, accountability, and transparency, due to
power imbalances and competition over control of resources. Secondly, the old
hierarchies have not been replaced by a coherent framework of local and national
scale competencies and levels of authority. The resulting ambiguity of decision-
making and administrative processes, together with the lack of transparency in
business relationships and practices, guarantees that the system only works for
those who have power and a capacity to negotiate that shields them from the
pressures exerted by other actors. Thirdly, although the Tanzanian government has
adopted a problem driven and transboundary (or post-territorial) logic in struc-
turing environmental governance (e.g. protection initiatives for ‘global’ biodi-
versity through transboundary conservation areas), there is no shortage of
territorially bounded initiatives informed by a nationalist discourse. Death (ibid:
19–22) maintains that ‘‘environmental planning and management in Tanzania can
be seen in terms of a longer dynamic set of power relations between the central
state bureaucracy and the rural population’’. From this perspective, several
instruments typical of environmental governance—including monitoring, evalua-
tion, auditing, and surveillance over the natural environment—may mean, in
practice, greater state control and penetration over rural populations.3

3 Death (2013) cites two cases in support of his thesis: the Kilimo Kwanza agricultural
development policy and the National Strategy for Growth and Reduction of Poverty MKUKUTA

116 S. Macchi and L. Ricci



Under such circumstances, the mainstreaming process becomes inevitably
ineffective if not counterproductive. The opacity and/or dynamicity of roles and
relations make it difficult to identify entry points for initiating processes of change
or the actors responsible for monitoring those changes. It is also difficult to plan
and monitor the distribution of resources and relationships between the investment
of resources and results achieved. Moreover, environmental analysis and planning,
like certain normative or procedural changes (e.g. the mandatory EIA law) can
become instruments of spatial control exercised by the state. Lastly, main-
streaming can become a method for de-territorializing the distribution of funds,
with the risk that resources will become volatilized and distributed in an unbal-
anced manner among various areas and actors.

The case of Tanzania is emblematic as regards two questions that are thor-
oughly explored in the literature. From an institutional perspective (Brouwer et al.
2013), the efficacy of mainstreaming seems to require the presence of two specific
conditions: (1) regulatory capacity of public authorities, and (2) balance of power
and resources between environmental and sector stakeholders or authorities.
Capacity is directly linked to resources (both financial and competence-related)
legitimization, and information. If resources and capacity are lacking, main-
streaming is compromised.

A notable critique of mainstreaming as a strategy that draws on the potential for
change within bureaucratic organizations has been offered by Longwe in her
writing on gender mainstreaming (1997). That author maintains that, alongside the
overt bureaucracy within an organization, there exists another covert bureaucracy
that is capable of subverting all policies and directives that threaten covert
patriarchal interests.

The overt organization is a conventional bureaucracy, which is obliged to implement
policies handed down by government. The covert organization is what we have here called
the ‘patriarchal pot’, which ensures that patriarchal interests are preserved. When pre-
sented with feminist policies, the overt and the covert organizations have opposing
interests, values, rules and objectives: bureaucratic principles demand implementation,
while patriarchal principles demand evaporation (ibid.).

Similarly, mainstreaming of environmental or adaptation concerns is destined
to fail when implementation involves changes that threaten value systems and
interests that the bureaucracy tends to perpetuate.

(Footnote 3 continued)
I and II (URT 2005 and 2010). Regarding the latter in particular, he states that ‘‘the repeated
stress on the very existence of quantitative and measurable targets and indicators—rather than
success or failure in meeting them – is evidence of this focus [on statist control over land and
territory]’’ (ibid.: 22).
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7.4 Mainstreaming What into What

7.4.1 Climate Proofing Versus Adaptive Capacity
Improvement

The literature on adaptation mainstreaming can be divided into two different
streams depending on how vulnerability is interpreted: in one case, vulnerability is
viewed as a linear result of climate change impacts on an exposure unit (outcome
vulnerability), while in the other, climate change is considered to interact
dynamically with contextual conditions associated with an exposure unit (con-
textual vulnerability) (O’Brien et al. 2007).

Approaches from an outcome vulnerability perspective seek to limit negative
outcomes of climate change by securing the physical environment, especially the
city, through improved infrastructure and measures for impact mitigation. The
ultimate goal is the climate proofing of policies and plans, or of development in
general. This is often described as mainstreaming disaster-risk reduction in
development planning (Khailania and Pererai 2013) or mainstreaming climate
change adaptation into comprehensive disaster management. Within this stream,
screening is undertaken to establish relevance to climate change effects and to
justify further examination of climate risks, and it is complemented by a risk
assessment consisting of a detailed examination of the nature of climate risk and of
possible risk management strategies.

Approaches from a contextual vulnerability perspective address the issue of
human security in a more multidimensional manner, rather than considering it as
merely achievable through a secured physical environment. They focus on the
improvement of adaptive capacity (see Chaps. 1 and 6), drawing upon the sus-
tainability livelihood framework and Sen’s capability approach to development. At
the center of this reasoning is the idea that vulnerability is the result of a process in
which the system of social interactions and power relations influences people’s
access to resources, and therefore contributes in a determinative manner to
defining the kind of vulnerability of a given social group in a given time and place.
As a result, the adaptation measures defined through such an approach also address
the structural inequalities of the context in order to change vulnerability circum-
stances (O’Brien et al. 2007; Simon 2010).

Important indications for reciprocal learning and general improvement of the
efficacy of both streams are provided by the IPCC Special Report (2012).4 In
particular, the report recognizes that assessment must also consider a series of non-
climate factors that modify contextual conditions with notable consequences in

4 It should be noticed that, to date, major development agencies have not make a clear choice
between the two approaches. The already mentioned UNDP-UNEP framework (De Coninck
2011), for instance, while paying particular attention to addressing the adaptation deficit and
increasing the overall resilience of the country and population, does not exclude the need for
climate-proofing policies.
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terms of both determining climate change impacts and shaping people’s adaptive
capacity.

7.4.2 Mainstreaming Adaptation into Urban Development
and Environmental Management Sectors

Despite the fact that there is widespread consensus on the necessity of main-
streaming adaptation into sectoral plans and programs at the local level, most
adaptation mainstreaming research and practices have focused on development
policy at the national level (Klein 2002; Huq et al. 2003; Agrawala 2005; Persson
and Klein 2008). This provides a valuable theoretical and practical basis for
advancing at the sectoral level, though each individual sector requires a specific
effort according to its own cultural tradition and the network of interests that it
mobilizes.

Urban development planning and the management of environmental problems
in cities stand out as two sectors that tend to evolve from the local level rather than
the national one, due to their territorial specificity. At present, attention seems to
be focused on the procedural and organizational levels, for example through the
preparation of adaptation action plans and the creation of dedicated task forces, in
a manner that is not very different from the implementation of the Rio Agenda 21.
Meanwhile, the process of change for normative aspects still seems to be at the
embryonic stage, and policy reframing appears even less advanced.

There are several reasons why these sectors should be considered the front line
in the adaptation mainstreaming process. Some of those reasons derive from the
very nature of the city, others from the potential for adaptation intervention and the
experience accumulated regarding environmental mainstreaming in these sectors.
Moreover, as concerns Sub-Saharan cities, the coupling of climate change and
rapid urbanization places increased strain on the urban planning and management
capacity of local authorities (O’Brien et al. 2012).

Firstly, a large number of potential climate change victims is concentrated in
cities, as are fundamental assets and activities for the production of a large part of
national wealth. At the same time, urban development is both one of the main
causes of climate change and one of the non-climate factors destined to exacerbate
the effects of climate change. In addition, cities hold a concentration of capacities
and resources for innovation, and are therefore privileged places for the elabora-
tion of possible solutions to the emerging challenges, i.e. adaptation.

As regards the potential of intervention, it should be noted that urbanization
itself is not always a driver of increased vulnerability. Instead, the type of urban-
ization and the context in which urbanization is embedded defines whether these
processes contribute to an increase or decrease in people‘s vulnerability. The ability
to carry out urban planning in an effective way is part of local capacity for adap-
tation, but it needs time to produce significant effects (Cardona et al. 2012). There
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is widespread consensus that land-use planning and ecosystems management have
beneficial effects in terms of providing environmental services that are crucial to
supporting people’s livelihoods as well as disaster risk protection services for
infrastructure, water resource management, and food security (Lal et al. 2012).
Furthermore, urban planning has the potential to create synergies between climate
change adaptation and mitigation measures, while the importance that the choice of
one urban form over another can have in terms of improving adaptive capacity and
the reduction of GHG emissions is more controversial (O’Brien et al. 2012).

The most common approaches for mainstreaming adaptation in urban devel-
opment and environmental management draw upon the well-established field of
sustainable urban development (Cohen et al. 1998) and the more recently developed
field of urban resilience (Pelling 2003; Davoudi and Porter 2012). Work streams
can be distinguished that concentrate on various aspects of the urban reality and
require the contributions of three different disciplinary groups: applied techno-
logical and infrastructure-based approaches; human development and vulnerability
reduction; and investing in natural capital and ecosystem-based adaptation. The
IPCC (Lal et al. 2012) suggests combining the contributions of these streams, since
all three address complementary and useful aspects for effective adaptation.

In fact, what is most important is reinforcing the capacity of administrations to
manage the uncertainty surrounding future changes and to uncover issues of justice
and fairness embedded in the procedures for decision-making and the distribution
of burdens and benefits.

As concerns the first point, the literature on adaptation (ibid.) converges on the
following points: (i) investment in improved knowledge of local climate change
effects; (ii) integration of available information into decisions; (iii) in the absence
of robust information, consideration of no or low regrets strategies; and (iv)
preference for reversible interventions and flexible decision-making processes in
order to allow for ongoing adjustment as new information becomes available.

The second point recalls the broadly discussed question planning for whom?
Although addressing such a question is beyond the limits of the present text, it
must be noted that any effort to adapt to climate change is destined to fail if it does
not take into account the fact that any policy has differential impacts across
temporal and spatial scales as well as social groups. As remarked by the IPCC
(Cutter et al. 2012: 320), there is an important gap in adaptation research as
regards ‘‘the mechanisms or practical actions needed for advancing social and
environmental justice at the local scale, independent of the larger issues of
accountability and governance at all scales’’.
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7.5 Concerns and Hopes for Adaptation Mainstreaming
in Sub-Saharan African Cities

A variety of lines of reasoning converge on the importance of the local dimension
in determining the efficacy of adaptation mainstreaming in urban development and
environmental management policy and planning.

First, it is fairly obvious that the ‘‘culture of planning’’ of a particular place will
heavily influence the possibility of practicing the mainstreaming approach as
opposed to engaging in special actions, and will determine the content of adap-
tation. Friedman (2005) sought to typify urban planning in Africa on the basis of a
few characteristics that the cities of the continent have in common: average urban
growth of at least 5% annually; implosion of the informal economy upon which the
urban poor depend for their survival; financial incapability of adequately servicing
the population; and allocation of the majority of the land without regard for
regulations and planning standards. It is therefore appropriate to ask whether it
makes sense to proceed with the mainstreaming of adaptation within the context of
urban plans that are usually in default of implementation.

Nevertheless, mainstreaming across different sectors (horizontal linkages),
which is fundamental when addressing urban issues, is certainly more practical at
the local level since conflicts between competing priorities are more evident and
shared interests in avoiding socio-ecological crises are stronger among actors who
co-habit the same place. From this perspective, it is essential that the implemen-
tation of mainstreaming includes participatory practices capable of involving the
population that most depends on natural resources and is therefore most likely to
suffer from the effects of climate change.

However, sectoral mainstreaming at the national level is necessary in order to
create a favorable context for the sustainability and up-scaling of successful local
level practices (vertical linkages). In this respect, the local dimension can also
represent a formidable resource in terms of guaranteeing that mainstreaming
occurs from the bottom-up. The conflict between national interests in the city as a
motor of economic growth and the interests of the majority of the urban popula-
tion, which sees the city as a resource for carrying out their own life plans, is
inevitable and particularly relevant in Eastern Africa. However, the sharing of a
common space renders negotiation between the two parties of reciprocal value and
to a certain extent facilitates the identification of win–win solutions.

Lastly, there is an important obstacle to the adoption of the mainstreaming
approach to adaptation to climate change and variability in least developed
countries. The concern in these countries is that the choice of mainstreaming
implies a reduction of the funds dedicated to adaptation (Michaelowa and Mich-
aelowa 2007) or their absorption within development funding and the risk that they
will be directed to other objectives (Yamin 2005). In addition, there is concern that
donors may use adaptation mainstreaming to impose certain conditions (Gupta and
van de Grijp 2010). This obstacle also arises between national and local govern-
ments, particularly under conditions like those mentioned in Sect. 7.3.2.

7 Mainstreaming Adaptation into Urban 121



In conclusion, adopting the mainstreaming approach to climate change adap-
tation in Sub-Saharan cities is far from a simple choice. However, in our opinion it
is the best option because, notwithstanding the above mentioned difficulties and
risks, mainstreaming offers a unique opportunity to reframe urban policy and free
it of the paradigms of modern urban planning, allowing it to pursue promising new
directions in the sphere of African urban thought (Ricci 2011).
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Chapter 8
Knowledge Sharing on Climate Change
as a Resource for Adaptation Processes:
The Case of Malika, Senegal

Rita Biconne

Abstract In order to face Climate Change, cities should have a complex system
of adaptation capacities and abilities. Cities should involve everyone in this pro-
cess, disseminate information, and spread awareness of Climate Change issues.
Conventional studies and approaches are based on scientific knowledge that rarely
takes into consideration the socio-cultural aspects and practices prevalent in spe-
cific contexts. The assumption on which this chapter is based, however, is that
inclusion of these components is important and even necessary to starting a real
process of adaptation. Therefore, we consider adaptation as a continuum in which
strategy development depends on the relationships between local authorities, the
private sector, researchers, and civil society. In this context, building adaptive
capacity, knowledge sharing, and the delivery of adaptation actions become phases
of the methodology. Malika, a peri-urban area of Dakar in Senegal, has been
vulnerable to flooding since 2005, undermining dwellers’ daily lives and pro-
ductive activities, particularly agriculture. This chapter aims to highlight how the
sharing of knowledge on Climate Change, through a participatory approach, can be
a useful tool in the decision-making processes that characterize urban planning.
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8.1 Introduction

The present research adopts the definition of adaptation as adjustments to enhance
the viability of social and economic activities and to reduce their vulnerability to
climate, including its current variability and extreme events as well as longer term
climate change (Smit et al. 2000).

As such, adaptation is any alteration in the state of a system, in response to a
stressor, under which key variables are conserved or enhanced. This systems
definition of adaptation directs attention towards uncovering processes rather than
accounting for specific events or resources. Considering adaptation in terms of
learning allows for the identification of both material adaptation, individual and
collective actions, and institutional modification as valid adaptive strategies
(Pelling et al. 2008). In this framework, knowledge and learning as forms of
adaptive behavior raise questions about the process through which actors can share
and can learn to be adaptive.

Although the importance of the vertical interaction between local, regional, and
national actors is well established, focus on the local level, where adaptive
behavior is most prominent, is often inadequate. This chapter argues that the
relational attributes of local actors, their degree of knowledge, and social impli-
cations are central to adaptive capacity, which enables responses not only to the
unforeseen shocks related to climate change, but also to the uncertainty of eco-
nomic, social, and political change.

The following sections aim to highlight the relevance of knowledge sharing
through the use of a participatory approach as a tool in the decision-making
processes of urban planning in Malika, Senegal. Therefore, the main objectives of
this contribution are:

1. to assess the degree of awareness and perception of local urban issues, in terms
of both generalized and more specifically regional impacts of climate change;

2. to demonstrate the application of a participatory approach to sharing knowledge
as a potential tool in the decision-making processes of urban planning, based on
a case study of Malika; and

3. to make recommendations regarding the importance of collaborations among
various urban actors when establishing local strategies and measures for
adaptation to Climate Change (CC).

8.2 From the Approaches of Classical Science
to Knowledge Sharing

Natural disasters and increasing environmental stresses are not only capturing the
attention of direct victims of specific natural disasters and niche specialists. The
challenge of climate change is more and more intensely affecting the international
scientific debate, political and institutional channels, and public opinion.
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In the last decade, the production of information on impacts, vulnerability, and
adaptation to climate change, has adopted the classic approach based on scientific
recommendations. The tendency of politicians to turn to experts, often abroad, to
define a strategic framework has certainly created knowledge of considerable
value, but it has been less effective for local planning.

It is increasingly recognized that adaptation approaches, rooted in part in
indigenous knowledge and its ability to survive, are likely to be less efficacious
when they are imposed through top-down initiatives. At the same time, it is
accepted that, given the pace of transformation and the increasing severity of CC
impacts, indigenous practices are not sufficiently autonomous in the adaptation
process.

In this perspective, a close collaboration between local and expert knowledge,
including innovations in science and indigenous practices, is a fundamental
interaction.

Historically, the creation and dissemination of knowledge was the monopoly of
certain individuals or institutions. This resulted in the marginalization of segments
of society based on gender, race, language, and other discriminating factors.
However, the emergence of participatory tools has led many to argue that a new
architecture of participation is emerging that will democratize access to and
production of knowledge (Thompson 2008).

A recent report indicates the tensions and mistrusts in the relations among
African scientists, journalists, and politicians as the main obstacle to open
exchanges (Ochieng 2009), and emphasizes the need for an improved level of
mediation among these actors and reinforced cooperation aimed at an additional
increase of knowledge.

The urgent need to address the challenge of adaptation is closely linked to a
growing recognition that the success of adaptation practices has to take account of
local components (Dinar et al. 2008, Maddison 2006) and the collaboration with
local institutions and local social actors (Agrawal and Perrin 2008).

Recognizing, also, the potential of indigenous knowledge (which is often
transmitted orally at the local scale and not formally documented) in the adaptation
process is important when determining appropriate modes of interaction among the
holders of this immaterial common good.

Even international bodies are moving in this direction. According to the United
Nations Framework Convention on Climate Change (UNFCCC 2007), every
national government should prepare for and facilitate adequate adaptation to
climate change, including the adjustments necessary at the community, national,
and international levels. It has been stressed that adaptation strategies must include
an appropriate mutual relationship between the use of suitable technologies and
information on traditional coping practices, and they should also include a
diversification of current livelihoods and local interventions.

A detailed analysis by the International Research Institute for Climate and
Society, based on a gap analysis of the level of information on CC, indicates that
there is a paucity of scientific evidence of the value of integrating such information
in decision-making. That research also emphasizes
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the need to engage all stakeholders, to facilitate awareness and education, and to support
dialogues so that users can help to shape the services they receive (Hellmuth et al. 2007: 10).

These are the assumptions of the analytical and methodological research
approach illustrated below.

8.3 Methodology

The research began in 2008 as the Masters thesis of the present author and another
Italian architect, Loredana Lucentini. It is partially integrated into the doctoral
research of the author on the value of water in regional land-use and local
transformation. That study highlights the settlement dynamics in Dakar’s metro-
politan area, and specifically examined the effects of flooding in the urban context
of Malika. The overall aim was to provide municipalities, local associations, and
traditional authorities with updated tools and documentation, which were shared or
created in collaboration with inhabitants as a support for decision-making with
respect to territorial interventions.

The research was divided into two phases. The first phase involved a literature
review and cartographic research, data collection, and historical settlement anal-
ysis; the second phase included a four-month mission organized with the support
of the Italian NGO Fratelli dell’Uomo and conducted in collaboration with the
Senegalese associations Intermondes and CREM (Centre de Ressources Educa-
tionnelles Malika).

8.3.1 Introduction of Case Study

Senegal has been characterized by unfavorable socio-economic conditions for
decades. The country is ranked 156th on the United Nations Human Development
Index, and more than 56 % of the population lives below the poverty line.

In Senegal, as in most African countries, urbanization and settlement processes
have mainly been characterized by top-down interventions, the result of colonial
rule and inappropriate codes of modern land management. For example, the Dakar
Plan d’Urbanisme, in use since 1967—the year immediately following indepen-
dence—demonstrates the inadequacy of planning tools when faced with the
rapidity of urban transformations and pressing environmental emergencies.

Since the ‘1980s, increasing portions of the Senegalese territory have been
subject to the worsening of environmental and climatic conditions: the northern
part in particular has suffered severe drought, almost the entire coastline is vul-
nerable to rising sea levels, and various urban areas in the region of Dakar have
been subject to devastating floods.
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Vulnerability to flooding is often related to a lack of urban services and
infrastructure, such as drainage systems, and the quality of settlements.

This is worth considering more generally in that so much of the human cost of extreme
weather events in urban centres in low- and middle-income nations comes not from the
hazard or the disaster-event but from the inadequacies in provisions to protect urban
populations (or particular sections of the population) from it (Satterthwaite et al. 2007: 9).

In this framework, ecologically fragile areas are mainly suburbs and zones
occupied by informal settlements, where people can still use and occupy land for
subsistence (ActionAid International 2006). These inhabitants, often economically
and socially excluded, are frequently the part of the population that is most vul-
nerable to the impacts of climate changes.

Some people migrate to urban centers in search of better employment and better
economic opportunities—known as pull factors—while others migrate to escape
the negative effects of climate change, such as drought, floods, hunger, social
inequality, and cultural and spatial policies—known as push factors.

Environmental stress is a known contributing factor to rural–urban migration and
urbanization processes in Africa (Hope 2009).

Urban migrants are often subject to insufficient and unequal access to housing
(Yuen and Kumssa 2010; Simone 2004; Diop 2004), which is mainly of a pre-
carious and informal nature and located in confined and not built areas, where they
are more exposed to environmental hazards.

Fig. 8.1 Location of Malika in the Dakar region
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Malika (Fig. 8.1) is a representative case of such dynamics, as it is influenced
by the considerable extension of metropolitan settlements and highly subject to
environmental hazards. At the threshold between the Dakar metropolis and the
rural world, Malika is a temporary stop for some, though it more often becomes
the permanent area of residence for environmental refugees and urban migrants. It
represents a spatial reality that is permeated by the continuous social dynamism
through which migrants manage to change the settlement configuration of Sene-
galese cities (Piermay and Sarr 2007).

The demographic and spatial data available to local governments are limited
and poorly updated. This lack has significant impacts on urban management. The
official 2002 population estimate was 14,167 inhabitants (Direction de la Prévision
et la Statistique 2004); one must remember that these figures are imprecisely
linked to migrations and changes in informal settlements that were not covered in
the census.

Therefore, it is difficult to clearly define the administrative boundaries of
marginal neighborhoods, and as such they are subject to frequent changes of
influence. According to local authorities’ estimates, the administrative area is
around 130 km2. At the morphological level, Malika, like most of the Dakar
peninsula, is characterized by a natural system of Niayes, a sequence of depres-
sions and sand dunes. This ecosystem is very fertile due to the high surface level of
the aquifers, which favors agricultural production, but at the same time it is one of
the areas that is most fragile and vulnerable to floods.

As regards its historical and religious foundation, Malika is characterized by the
coexistence of traditionally legitimized figures and more recently established legal
representatives of the municipality.1 Changes in the distribution of powers and
territorial responsibilities have radically modified existing local structures and
required considerable efforts of adjustment and cooperation between the two local
entities. Nevertheless, local government, invested with new and relevant assign-
ments, has encountered many obstacles to improving land management strategies
in a synoptic frame of spatial and environmental components.

8.3.2 Knowledge Cannot be a Luxury Anymore.
A Participatory Process of Sharing

Behaviors at the individual and social level are linked to a variety of factors that
affect decisions regarding processes of adaptation to climate change. Actions and
practices are largely shaped by the cultural and social values of a given context.

1 The municipality of Malika was established following the implementation of the National Law
in 1996 with the transfer of competences from the State to local authorities in the main categories
of decentralization, including land use planning, urban design and housing.
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Local practices include socially constructed beliefs, preferences, and perceptions
that can undergo significant changes over time.

According to the studies conducted by Cambridge University on the psychology
of risk, effective appreciation of social and individual actions, and consequent
limits, must be understood in relation to the characteristics of a specific context;
vice versa, how those characteristics affect perceptions and related behaviors must
also be understood (Adger et al. 2009).

As mentioned above, the present research identifies the various levels of social
perception and awareness of climate issues as a central point (Fig. 8.2). The main
stages of research on social perception were based on three forms of interaction
with and between local actors. The circularity between understanding, listening,
and dialogue shows the necessary dynamism and interconnection of the three
methodological pillars contained in the case study. The tools and methods shown
in the figure are therefore used for a double purpose: to augment the degree of
perception and knowledge on the part of the population and various local actors;
and to activate and/or strengthen interaction and communication between them.

The initial phase of activity therefore aimed to build a framework in citizens’
perceptions of the urban impacts of CC and the broader regional consequences of
local development.

That phase involved a dual approach: on the one hand, traditional and
administrative representatives were involved as the largest holders of technical
knowledge; on the other, community groups and residents of flood-prone areas
were also engaged in the process.

The objective of this first phase was to facilitate involvement of the mayor,
technicians, and traditional leaders in the spatial survey of the areas most exposed
to environmental risks. After a preliminary literature review and mapping activity,
field surveys and technical inquiries were used to establish a synoptic framework
of the situation of vulnerable areas, using graphic elaborations to facilitate com-
prehension for the inexperienced.

Fig. 8.2 Participatory
approach to knowledge
sharing processes
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The results of this phase were an important bridge to subsequent activities
involving interactions among local actors: graphic representations were a funda-
mental basis for discussion, and debate fed the collective production of maps of
administrative distribution, land use, and the impacts of flooding.

The second phase focused on building trust between the people involved in
order to create a favorable environment for exchange and dialogue. Meetings were
organized that included a variety of activities and organizational approaches, such
as panel discussions, semi-structured interviews, questionnaires, and collective
mapping. Local people often assumed the role of moderator in order to stimulate
dialogue among citizens and to facilitate empowerment processes.

The essential aim of this phase was to bring out the different sensitivities to
climate change issues, thus facilitating awareness of spatial and environmental
complexity.

A moment of great value for participants, both in terms of their accountability
in the involvement process and their role in the management of the substantive
issues in question, was the administration of the questionnaire to their fellow
citizens.

The main objective of the questionnaire was to create a cognitive framework of
overall social perception of territorial issues and, in particular, the consequences of
floods.

Fig. 8.3 Photo of questionnaire administration
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Members of the local youth association CREM (Centre de Ressources Edu-
cationnelles Malika) collaboratively developed the format and questions. Some of
them were directly involved in administering the questionnaire to sample house-
holds in a 700-person neighborhood vulnerable to floods. The sample consisted of
30 respondents from 19 to 78 years of age and of both genders. The selection
parameters for respondent households included number of members, number of
workers within the household, gender, age, ethnicity, and average level of edu-
cation. The questionnaire was carried out largely in the Wolof language, which is
the most widespread in Senegal, especially in marginal areas where the level of
education is very low (Fig. 8.3).

The questionnaire consisted of four parts that targeted specific and comple-
mentary factors: the first included questions about interviewees’ personal infor-
mation, such as marital status, employment, and housing, which was designed to
compensate for the lack of data on the neighborhood of Medinatoul Salam; the
second part addressed public services, and inquired as to respondents’ access to
water, electricity, and public facilities; the third explored the local economic
dynamics of the formal and informal sector; and the last section specifically
explored flooding problems in the district, and sought to bring out perceptions of
the problem and the perspectives of each respondent.

Questionnaire data were elaborated with the collaboration of members of the
CREM.

Fig. 8.4 Photo of collective meeting
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This phase of direct contact among inhabitants of different housing and social
conditions stimulated dialogues and comparisons of various points of view, and it
also increased interest level on environmental issues.

The knowledge sharing process continued through the structuring of meetings
that would allow for dialogue between the various actors involved (Fig. 8.4).
Meetings involved inhabitants of similar civic and social affinities in order to
create a level of homogeneity that would facilitate spontaneous comparison of
multifaceted perceptions. Participants’ discussions were guided towards reasoning
and exploration of the selected issues.

In the following interactive session, thematic group meetings were organized on
various local issues that had been identified in previous stages.

In this case, the main driver was the interaction of heterogeneous levels of
perception, knowledge, and, above all, liabilities relating to adaptation strategies
and risk management for climate change. The main challenge was to critically,
collectively, and jointly question potential adaptation measures and coping prac-
tices, while also maintaining a synoptic vision of spatial and environmental issues
in local planning.

8.4 Main Results

The heterogeneity of the actors involved in the process and the limitations imposed
by poverty, illiteracy, and the lack of information infrastructure—to name just a
few factors—make the interchange and sharing of knowledge a real challenge.

The different levels of experiential education and training are clearly reflected
in the cognitive and practical approaches of the people involved, as is reflected by
the results of the interviews, questionnaires, and participatory activities.

Before discussing the results of the questionnaire on perception of CC, an
overview of the social cognitive level regarding territorial and regional particulars
is useful.

According to findings, people who do not work say they have no reason to
move from the neighborhood where they live. Most inhabitants have a precarious
work situation and they try to subsist through survival activities within the district.
For this reason, many residents have not moved from their own neighborhood and
a lot of them are not familiar with other areas of the city.

In addition to triggering complex social and cultural dynamics, this cognitive
bias creates an effective barrier to the spatial perception within the neighborhood
of the rest of Malika. It also affects the level of awareness of other flood-prone
areas in the municipality. This common factor could instead offer an important
opportunity for empowerment of environmental victims.

For example, the lack of spatial awareness is evinced with respect to the
administrative division of the municipality. The results of cognitive investigations
highlight that most of the people do not know the actual district subdivision:
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variability of citizens’ information oscillates from eleven to fourteen quarters,
while the administrative documents indicate twenty-six.

This factor clearly reflects the gap between official sources and the knowledge
that is widespread among the population, and highlights the considerable ineffi-
ciency of the administration’s communication and information channels.

The results of the questionnaire analyses with respect to the social perception of
CC indicate that cognitive limits are still very severe.

The issues raised were assessed according to three main levels of interpretation:
cognitive apparatus on the spatial impact of floods; evolution of the phenomenon
over time; and consequent health effects.

In terms of awareness of the spatial effect, responses ranged from an attitude of
indifference to natural disasters, described as the NIMBY position (Not In My
BackYard), to a fairly realistic awareness of conditions of vulnerability. Most
people do not believe that global and local human actions contribute to environ-
mental disasters over time. The low ability to inscribe environmental problems in a
broader framework of global change and in the specific context of the location of
at-risk settlements is very high.

Fig. 8.5 Solutions applied to the perimeter of flooded areas
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People’s perception is that the flood event is essentially limited to its direct
implications. They are mostly residents in flood areas who engage in simple
control solutions, which in most cases involve intuitive techniques to stem the
flooded surface with recycled materials, partly also to prevent children from
accessing it.

According to the questionnaire results, both collective and individual actions
are taken. The former consist in constructing small barricades in order to block,
reduce, or divert rainwater runoff (Fig. 8.5). In these situations, those who live
close to major flooded areas support the initiative. In public spaces, people also
organize lines of tires on the ground on which to walk in order access flooded
zones.

Other solutions are applied at the household level. Where possible, families
change or provisionally close the openings in outer walls to limit water-logging,
and raise the level of the flooring both outside and inside the house.

Most people are fairly conscious of the serious health consequences of stagnant
water. There is now widespread awareness that the permanent water basin facil-
itates the proliferation of mosquitoes and human parasites and promotes the spread
of disease to animals. There were no local practices in this area to contain such
problems.

Certainly, aggravation of the flood phenomenon since the first event in 2005
and the progressive increase of water surface area prompt greater attention on the
part of inhabitants. The elderly are particularly sensitive to the evolution of floods
over time. Closely following the changes over the years, they show more solidarity
with fellow victims of the phenomenon.

In general, results indicate that the perception of CC is highly related to factors
such as age, experience, and training; young people seem to be less fearful of the
consequences of floods than older inhabitants. Sometimes this is justified by the
greater propensity of young people to move into other geographic areas. The
resistance to abandon one’s house is usually higher at the family level and is
particularly common among women; this phenomenon extends to the regional
level and is generally a significant obstacle to the implementation of national
recasement programs.2

According to the interview results, the knowledge gap on environmental
awareness also affects local administration. There appears to be a considerable
lack of information and communications relating to the urban and social impacts
of CC. Malika is a small-medium sized district within the Senegalese territory.
One hypothetical explanation for this knowledge gap is inadequate access to
communication channels and media, which are more commonplace in urban
centers.

2 Programs that involve the construction of new habitations and housing systems for effected
populations.
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In this framework, local authorities are becoming aware that local people’s
responses to environmental change are linked with the evolution of subsistence
activities, and with external pressures on their habits and daily lives that prompt
their desire to lead more ‘‘modern’’ lives. As outlined in the interviews with
administrative representatives, in many cases people have developed strategies for
coping with weather variations and floods. Example of such strategies include:

• Changes in plot locations and crop diversification in order to minimize the risk
of harvest failure;

• Changes in food storage methods, such as drying or smoking, according to
corresponding food availability;

• Transformations of living areas and mobility patterns to deal with climatic
variability.

8.5 Observations and Challenges

The present chapter aims to explore the participatory approach as a decision
making tool for planning Climate Change adaptation strategies that integrate social
and cultural issues and perceptions of local impacts. The methodology and results
of a participatory process, carried out in the pursuit of three main objectives, are
presented below.

The first objective was (1) to assess the degree of awareness and perception of
local urban issues, in terms of both generalized and more specifically regional
impacts of climate change. This has been achieved through the implementation of
social interaction activities. The complementary stages of the process facilitated
gradual involvement of participants and local representatives in the construction of
join activities and the achievement of shared results.

While the study’s contributions in terms of increased knowledge are difficult to
quantify, the process certainly has fostered an awareness of some organizational
and technical aspects that had not previously been considered by the residents or
the local administration.

Increased awareness of and information on environmental and sanitation issues,
land use, and the particularities of informal settlements constitute an important
development trend in the land management of Malika. Shared framework recon-
struction opens the way for a gradual integration of knowledge and skills in
adaptation decision-making strategies and, more generally, local development.

The second objective of this study is to provide recommendations on favorable
methodology, or (2) to demonstrate the application of a participatory approach to
sharing knowledge as a potential tool in the decision-making processes of urban
planning, based on case study of Malika.

The review of participatory processes is positive, particularly if one considers
that consultation and dialogue between the actors involved has stimulated a strong
interest in addition to having aroused the desire to define shared measures to
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reduce settlements vulnerability to CC. Meetings were characterized by significant
results that often overcame the limits which were sometimes created in the initial
confrontation between people of different social standing. The inputs provided by
each participant’s involvement in exploring and discussing territorial management
has sparked good adhesion to the activities.

The methodological approach can also be recalibrated for other cities in the
metropolitan area of Dakar as well as other developing countries with similar
environmental and socio-cultural contexts.

Lastly, the study sought to provide (3) recommendations regarding the
importance of collaborations among various urban actors when establishing local
strategies and measures for adaptation to CC.

To be effective, actions need a continuous process of information interchange
and knowledge sharing among urban actors. Constant updating of data on climate
change should be simultaneously carried out at different levels, from the scientific
to the political context, as well as channels of communication with citizens.

Therefore, local governments, which are crucial in the decision-making strat-
egies for CC adaptation, should follow several key guidelines: to ensure trans-
parency in governance and communications related to the availability and
variability of local resources; to provide a framework of individual and collective
practices, which may be a range of shared assumptions; to act as mediators
between external intervention and local experiences; and to ensure the effective-
ness and fairness of the strategies to be pursued.

Under such circumstances, the participatory process promotes citizens’ needs
and directs local development in a way that facilitates the role of local authorities.

Further efforts will be needed to cost the impacts of climate change and to
inform and sensitize local audiences. Given that most adaptation efforts will take
place at the local and sub-national levels, social and institutional agents should
experiment, imitate, communicate, learn from, and reflect upon the impacts of
climate changes and adaptation pathways.

To strengthen the educational, informational, and communicative level,
appropriate tools and methodologies must be identified that are calibrated to
involve a variety of actors. The cultural dimension of local communities, for
example, requires an interchange that is not based only on written texts. It also
demands direct communication and oral transmission in accordance with tradi-
tional widespread practice. In order to facilitate this process, information must be
specific to the site, user-friendly, and more inclusive of indigenous knowledge and
current local practices.

At the same time, the wealth of indigenous knowledge must be accessible to
experts, translated into different languages and forms so that it can be properly
shared in scientific research and in the institutional world.

The platform or forum for the direct exchange of information, experiences, and
best practices is a tool that is gaining success in international web communication.
Nonetheless, digital barriers between partners in different countries can signifi-
cantly limit sharing processes and reduce adhesion.
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Thus, three complementary categories should support knowledge sharing on
adaptation to CC. At the local level, knowledge enhancement should be considered
an intrinsic right and a source of inputs into the formal science; institutions should
promote the augmentation of scientific knowledge and strengthen interchange
relationships, whose potential has been underestimated; and finally, as regards
adaptation strategies, the possibility of overscaled local experiences should codify
general principles.

8.6 Conclusions

Adaptation is a relatively recent and rapidly evolving field. The conventional
approach has focused mainly on the production of information and knowledge
guided by experts and scientists. In most cases—particularly at the community
level—knowledge about adaptation grows out of practice and therefore requires
special attention to the interaction between various individual and collective
entities acting on a local scale.

Tackling the problem of climate change from the environmental position is
undoubtedly a priority, but it is not the only action required. It must also be
understood in connection with the social and cultural issues resulting from climate
change, which in turn will necessitate increased efforts to identify tools and
adaptation strategies.

The final challenge is therefore how to connect and deepen autonomous
adaptation and planning in specific countries or regions with high levels of risk,
and how to highlight social vulnerabilities in addition to potential physical
impacts.

In this context, learning from local communities becomes fundamental, and
working with them allows for definition of opportunities and the implementation
of useful adaptation pathways.
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Chapter 9
Climate Change Hazard Identification
in the Maputo Area

Maurizio Bacci

Abstract As stated in the fourth report of the Intergovernmental Panel on Climate
Change (IPCC), climate change is affecting temperatures, sea levels, and storm
frequencies in the entire world. While changes in average conditions can have
serious consequences by themselves, the main impacts of climate change will be
felt through weather extremes and the consequent risk of natural disasters. This
chapter provides an overall picture of the climate conditions in the Maputo region,
through the analysis of climatic data from the Maputo-Mavalane station
(1960–2006). The current climate dynamics are analyzed and future climate sce-
narios are briefly considered, based on the literature of Mozambique. The study is
especially focused on the aspects that most influence the management of a large
city like Maputo. As such, attention is centered on the analysis of intense phe-
nomena. The aim of this work is to contribute to local administrators’ under-
standing of climatic phenomena and their processes.

Keywords Climate change scenarios � Disasters risk � Scenario analysis �
Adaptation planning � Maputo

9.1 Climate Characterization of Maputo

The climate of Mozambique is mostly tropical, characterized by two seasons: a
cool and dry season from May to September, and a hot and humid season between
October and April.

Maputo city is situated on the west side of Maputo Bay, protected by the island
of Inhaca. The climatological data, collected by the Instituto Nacional de Mete-
orologia (INAM) and used in this study for the period 1960–2006, come from the
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Maputo-Mavalane station. The station is located at 25�550 S and 32�340 E and
records air temperature (min and max) and daily precipitation.

The temperature distribution in Maputo is almost constant, as shown in
Table 9.1. The average maximum temperature varies from the warmest month,
January (30.9�C) to the coolest month, July (25.2�C ), and the average minimum
temperature varies from 22.3 �C (January) to 13.2 �C (July).

Maputo is a relatively dry city, averaging 799.5 mm of precipitation per year
during 1971–2000, or 784.3 mm/year during the entire 1960–2006 period. Rain
distribution is characterized by high variability, with a maximum of 1299 mm/year
in 1966 and a minimum of 288 mm/year in 2003. The city has a relatively short
rainy season, lasting from November to March, with the wettest month in January,
as shown in Table 9.2. With respect to the agro-ecological Köppen-Geiger climate
classification zone, Maputo is Equatorial with a dry winter (Kottek et al. 2006).

The present climate study focuses on identifying the most intense rainy events
and calculating the indicators for the length of dry spells. For each year of the
historical series, the indices show some characteristics about rainfall and temper-
ature distribution. In particular, the rain indices are: (i) the total cumulative pre-
cipitation; (ii) the Simple Daily Intensity Index (SDII), calculated by dividing the
amount of rainfall by the wet days; (iii) the maximum number of wet days; (iv) the
maximum number of consecutive dry days; (v) the annual count of days in which
daily rainfall is more than 10 mm and (vi) more than 20 mm; (vii) the total annual
precipitation when the rainfall rate is in or above the 95th percentile and (viii) the
99th percentile of the 1961–1990 daily rainfall data; and (ix) the annual maximum
1-day and (x) consecutive 5-day accumulated precipitation.

For each index, the least squares linear trend was calculated in order to evaluate
the magnitude of the trend. A nonparametric Kendall’s tau for monotonic trends
was calculated for the series of indices using statistical software (Wessa 2011).
Kendall’s tau measures the strength of the relationship between the two variables,
making no assumptions about the distribution of the data or the linearity of any
trends. Like other measures of correlation, Kendall’s tau assumes a value between
-1 and +1. A positive correlation signifies that the values of both variables
increase together, or decrease together. On the other hand, a negative correlation
signifies that as one variable increases, the other variable decreases.

Confidence intervals can be calculated and hypothesis testing carried out with
the help of Kendall’s tau. The main advantages of using this measurement are that
the index distribution has better statistical properties, and Kendall’s tau can be

Table 9.1 Average monthly temperature and precipitation, Maputo-Mavalane (1960–2006)

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Av. Min temp (�C) 22.3 22.3 21.5 19.2 16.2 13.6 13.2 14.7 16.7 18.4 19.9 21.4
Av. Max temp (�C) 30.9 30.7 30.2 28.8 27.3 25.5 25.2 26.3 27.3 27.8 28.7 30.2
Rain (mm) 160.4 139.9 96.3 49.9 26.3 15.2 17.6 13.1 33.4 56.1 88.9 87.2
Av. n. of rainy days 11 10 10 7 4 3 3 3 5 8 11 11
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interpreted directly in terms the probability of observing concordant and discor-
dant pairs. Contrariwise, outliers, unequal variances, non-normality, and nonlin-
earity unduly influence the Pearson correlation.

The results of the rainfall indices analysis in Table 9.3 reflect a negative trend
for the number of wet days per year (2 fewer days in 10 years), with a probability of
94.9 % over the historical series, and in a positive trend for the maximum number
of consecutive dry days (2 more days in 10 years) with a probability of 91.6 %.

These results are perhaps to be expected. In fact, the trends are difficult to detect
due to the large interannual and decadal-scale variability of precipitation over the
African region (New et al. 2006).

With respect to climatology, cooling episodes are not significant for Maputo.
The lowest temperature recorded in the analyzed period was 4.3 �C in 1963, and
the minimum temperature dropped below 10 �C for six consecutive days only
once, in 1964. On the other hand, rising temperatures and heat waves could rep-
resent a problem, as they can aggravate the health conditions of the population.
The highest temperature recorded was 43.7 �C and the average annual temperature
maximum is 40.7 �C.

Regarding temperature indices, the trend analysis in Table 9.4 shows a more
robust magnitude in comparison with rainfall. For each index, trends and corre-
lations have been calculated with Kendall’s tau test.

A positive trend was detected for the number of days in which the temperature
was above 30 �C and the number of nights during which the temperature was

Table 9.2 Average monthly distribution of rainy days, rainy days above 10 mm, and rainy days
above 20 mm (1960–2006)

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Rainy days 11.0 10.5 10.1 6.8 4.0 3.2 3.0 3.1 4.5 8.1 10.9 10.6
Rainy days [10 mm 3.5 3.0 2.5 1.3 0.8 0.5 0.4 0.3 0.9 1.7 2.5 2.3
Rainy days [20 mm 2.2 1.8 1.5 0.6 0.4 0.1 0.2 0.1 0.3 0.7 1.3 1.1

Table 9.3 Annual rain indices—Kendall’s tau trend statistics (1960–2006)

Kendall
tau

2-sided
p value

Score Var
(Score)

Denominator Probability
(%)

Yearly rain -0.077 0.452 -83.000 11891.0 1081.0 54.8
No. of rainy days -0.200 0.051 -214.000 11868.7 1071.5 94.9
Max Cons. wet -0.059 0.587 -59.000 11428.3 996.7 41.3
Max cons. dry 0.176 0.084 189.000 11863.7 1071.0 91.6
Rain days [10 mm -0.068 0.514 -72.000 11816.7 1055.2 48.6
Rain days [20 mm -0.055 0.606 -57.000 11768.3 1044.4 39.4
Rain days [95 p -0.079 0.441 -85.000 11891.0 1081.0 55.9
Rain days [99 p 0.011 0.920 12.000 11890.0 1080.5 8.0
Max daily rain -0.110 0.279 -119.000 11889.0 1080.0 72.1
Max 5-days rain -0.045 0.660 -49.000 11891.0 1081.0 34.0
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above 20 �C, over an entire year. At the same time, the study indicates a negative
trend in the frequency of cool nights and cool days, which are defined respectively
according to the percentage of days when then minimum and maximum temper-
atures were in the 10th percentile or lower during the 1961–1990 period.

The analysis also revealed a positive trend in the frequency of warm nights,
which is defined as the percentage of days when the minimum temperature is in or
above the 90th percentile for the 1961–1990 period, although warm days reflected
a non-significant trend in the historical series.

Part of this trend may be explained by the urbanization of Maputo from 1960 to
2006. The urban heat island phenomenon has been documented for many cities
with varying populations, topographies, and climate regimes (Bornstein 1968; Li
et al. 2004; Giridharan et al. 2004). Many causes contribute to the urban heat
island effect, particularly the replacement of green areas with buildings, which
impacts the radiation balance (due to the heat capacity and conductivity of
building and paving materials, the increased absorption of short wave radiation,
anthropogenic heat sources, etc.) (Oke 1982). For this reason, it is very difficult to
quantify the influence of urban effects on the climatic trends recorded in the
Maputo-Mavalane meteorological station time series.

This study has also analyzed the links between the El Niño/La Niña-Southern
Oscillation and the rainfall and temperature regime in Maputo, considering the
possible effects of teleconnections between El Niño and African precipitation
(Nicholson and Kim 1997). The Southern Oscillation is the atmospheric compo-
nent of El Niño. It is an oscillation in surface air pressure between the tropical
eastern and the western Pacific Ocean waters (Zebiak and Cane 1987). The
Southern Oscillation Index (SOI) measures the strength of pressure differences
between Tahiti and Darwin, Australia. El Niño episodes are associated with
negative SOI values, which indicate that the pressure difference between Tahiti
and Darwin is relatively small. The monthly SOI values of are available at the
NOAA Climate Prediction Centre.1

A correlation analysis was conducted for the SOI and the temperature and
rainfall values in Maputo on a monthly and an annual scale. The monthly com-
parison in the entire series (Fig. 9.1) shows a weak correlation between SOI and

Table 9.4 Annual temperature indices—Kendall’s tau trend statistic (1960–2006)

Kendall
tau

2-sided
p-value

Score Var
(Score)

Denominator Probability
(%)

Freq. days above 30� 0.26 0.01 278.00 11874.6 1073.4 98.9
Freq. nights above 20� 0.54 0.00 584.00 11879.3 1075.4 100.0
Cool nights freq. -0.48 0.00 -519.00 11871.6 1071.9 100.0
Cool days freq. -0.31 0.00 -337.00 11864.3 1069.9 99.8
Warm nights freq. 0.54 0.00 581.00 11875.6 1073.9 100.0
Warm days freq. 0.10 0.35 103.00 11863.0 1068.9 65.1

1 See http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml.
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temperature. Considering the time shift, the maximum correlation between the two
indices is delayed by 4 months. Data indicates that positive (higher than average)
SOI values detected in the Pacific have a slight positive effect on temperatures and
rainfall in Maputo, with delays of 4 and 1 months, respectively. A negative
anomaly in SOI (El Niño) has a positive effect on monthly precipitation in Maputo.
The annual comparison also highlighted a weak negative correlation between SOI
values and Maputo precipitation, with an R of -0.27.

9.2 Statistics of Extreme Events

9.2.1 Heavy Rains

As regards the most intense rainfall phenomena recorded at Maputo-Mavalane
(Table 9.5), four episodes were characterized by an excess of 200 mm/day during
the 1960–2006 period, and are sorted according to amount of rain in Table 9.5.

The year 2000 has been the wettest in the historical series, with 4 episodes above
100 mm/day and the single-day record of 336.8 mm. In 1966, 3 episodes of more
than 100 mm/day were recorded, while in 1973 two such episodes were recorded.
The other 14 episodes are distributed throughout the rest of the historical series.

The Gumbel distribution was calculated to characterize the distribution of
extreme rainfalls at the Maputo-Mavalane station (Gumbel 1954). This method-
ology is used to model the distribution of extreme events (in this case, maximum
rainfall) in a number of samples, and predict the chances those events will recur.
Table 9.6 lists return periods for rainfall thresholds.

Considering the return period, the maximum rainfall episode of 2000 is
expected with a frequency of less than once every 200 years (with an exact

Fig. 9.1 Comparison between accumulated 12-month SOI and 12-month precipitation anomalies
at Maputo meteorological station over the 1961–2006 period
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estimated return period of 275 years). It is therefore reasonable to consider this
episode a very rare case, assuming that climate conditions will remain the same in
the future. Trends identified with respect to the most intense rain phenomena were
thus deemed to be non-significant.

9.2.2 Drought

In order to characterize drought events in Maputo, the Standardized Precipitation
Index, or SPI (McKee et al. 1993), shown in Fig. 9.2, was calculated for the
historical series at 12-month intervals to individuate the drought phenomena that
hit Maputo during the 1960–2006 period.

Using the SPI as an indicator, a functional and quantitative definition of drought
can be established for the time scale chosen. A drought event for a 12-month time
scale is defined here as a period in which the SPI is continuously negative and
reaches a value of -1.0 or less. Drought begins when the SPI first falls below zero
and ends when it regains a positive value. Drought intensity is arbitrarily defined
for SPI values as follows: 0 to -0.99 is mild drought; -1 to -1.49 is moderate
drought, -1.5 to -1.99 is severe drought, and -2.0 or lower is extreme drought.
For Maputo, the SPI analysis detected five episodes of severe drought: 1964/65,
1970/71, 1982/83, 1991/92, and 2002/03 with an estimated return period for a
severe drought phenomenon of once every 10 years.

Table 9.5 Most intense daily rain in the Maputo/Mavalane historical data (1960–2006)

Year Month Day Max temp Min temp Daily rain

2000 Feb. 7 26.7 22.4 336.8
1966 Jan. 5 25 22.9 233.6
1967 Feb. 26 25.5 20.2 221.8
1978 Jan. 4 28.7 22.3 202.7

Table 9.6 Return periods for
maximum daily rain

Return period (years) Max daily rainfall

2 116.0
25 225.4
50 257.4
100 289.6
200 321.9
1000 397.2
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9.3 A Literature Review of Climate Change Scenarios
for the Maputo Region

Mozambique is highly prone to climatic hazards and the government has long
known that disaster prevention should be part of the development process. As a
result, the government has included disaster risk reduction in all its main devel-
opment policies and strategies. However, implementation still remains a challenge.
The Ministry for the Coordination of Environmental Affairs (MICOA) produced
the National Adaptation Program of Action (NAPA) in 2007. This critical policy
document gives an overview of the situation in Mozambique and outlines the main
measures to be undertaken to improve the country’s resilience in the face of
climate change. The NAPA, as well as all other official and non-official docu-
ments, considers three main climate hazards in Mozambique: droughts, floods, and
tropical cyclones.

The Intergovernmental Panel on Climate Change (IPCC) is the leading inter-
national body for the assessment of climate change. The IPCC was established by
the United Nations Environment Program (UNEP) and the World Meteorological
Organization (WMO) to provide the world with a clear scientific view on the
current state of knowledge on climate change and its potential environmental and
socio-economic impacts. The main activity of the IPCC is to provide, at regular
intervals, Assessment Reports on the state of knowledge on climate change. The
latest is Climate Change 2007, the IPCC Fourth Assessment Report.

The main study conducted in Mozambique on the topic of climate change is the
INGC Climate Change Report, coordinated by Mozambique’s National Institute

Fig. 9.2 Standardized precipitation index time series calculated for Maputo, 1960–2006, using a
12-month time scale
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for Disaster Management (INGC) and published in 2009. The main purpose of this
study was to understand how the climate of Mozambique is already changing and
how it may be expected to change in the future. This INGC report details changes
observed in the seasonal climate of Mozambique during the 1960–2005 period and
presents downscaled future climate scenarios for Mozambique, focusing on the
midcentury (2046–2065) and late-century (2080–2100) periods.

According to the climate change analysis for Africa conducted by the IPCC
(Boko et al. 2007), the primary limit to developing more detailed analyses is the
dearth of regional and sub-regional climate change scenarios produced through
regional climate models or empirical downscaling. The main reasons for this lack
of information are the restricted capacity of computational facilities and insuffi-
cient climate data. In the entire national territory of Mozambique, there are only 19
active meteorological stations with a long time series (approximately 1 station for
every 42,000 km2).

Under the medium–high emissions scenario (SRESA1B), used with 20 General
Circulation Models (GCMs) for the 2080–2099 period, annual mean surface air
temperature is expected to increase between 3 and 4 �C compared to the
1980–1999 period, with less warming in equatorial and coastal areas. When
considering the temperature scenarios elaborated for three different temporal
scales, one notes the convergence of rising worldwide temperature with a worst-
case scenario for Mozambique of +4 �C in the 2080–2099 period. Despite the low
accuracy of these outputs, it seems clear that a temperature increase is very likely.

Few studies involving climate change scenarios in Mozambique have been
carried out. The most recent study was produced by Tadross in the INGC Climate
Change Report (2009). One of the outputs of this study is the projected temper-
ature change for 2046–2065, based on downscaled GCMs and shown in Fig. 9.3.

Both minimum and maximum temperatures are projected to increase in all
seasons, as indicated in Fig. 9.3. It is therefore possible to predict that tempera-
tures will rise between 1.5 and 3 �C by the 2046–2065 period.

Precipitation is characterized by a more complex distribution in the model
outputs. In Mozambique, the IPCC AR4 models seem to predict a high confidence
only for the southern part of the country, with a decrease of 0.1–0.2 mm/day in the
2080–2099 scenario.

For Mozambique specifically, the work of Tadross in the INGC—Climate
Change Report (2009) offers a more detailed output for the 2045–2060 period
(Fig. 9.4).

Model outputs indicate that rainfall can be expected to increase over most of
Mozambique, during the DJF and MAM seasons, while less than approximate
increases in evapotranspiration (0.1 mm/day) are predicted for the JJA and SON
seasons. Higher increases in rainfall are projected in areas towards the coast,
especially during the DJF season, with similar increases in coastal regions as well
as towards Malawi during the MAM season. Greater uncertainty in the models is
expected for the summer months (JJA), as it is more difficult to predict future
rainfall patterns with confidence.
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The probability of extreme events, including flooding and drought, is high for
Mozambique and the Maputo municipality specifically. As such, disaster pre-
vention is a high priority for the Maputo region, and subsequent studies will need
to direct more attention to the future distribution of rainfall and high temperatures.

Fig. 9.3 Median changes in
future maximum temperature
from 7 GCMs (2046–2065
period); ‘‘+’’ and ‘‘-’’
indicate whether seasonal
variability is expected to
increase or decrease in the
future (INGC 2009)

Fig. 9.4 Median changes in
future rainfall (mm/day) from
7 GCMs; ‘‘+’’ and ‘‘-’’
indicate whether seasonal
variability is expected to
increase or decrease in the
future (INGC 2009)
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In a warmer future climate, there will be an increased risk of more intense,
frequent, and longer-lasting heat waves. The Maputo heat wave of March–April
2011, which lasted over a week, is one example of the extreme heat events that are
likely to become more common in a warmer future climate. Along with the risk of
drying, there is the chance that intense precipitation and flooding will increase due
to the greater water-holding capacity of a warmer atmosphere. This has already
been observed and is expected to continue, since an increase in world temperatures
tends to cause a concentration of fewer, lengthier, and more intense periods of
precipitation.

Modeling studies indicate that future tropical cyclones may become more
severe, with greater wind speeds and more intense precipitation (Boko et al. 2007).
In fact, such changes may already be underway, and statistics indicate that the
average number of Category 4 and 5 hurricanes per year has increased over the
past 30 years (INGC 2009).

Few studies of Mozambique have been dedicated to these critical aspects of
climatic disaster risk awareness and prevention. This lack of detailed information
could lead to an underestimation of future risks in this sector. For this reason, the
present study is based on Global outputs, and considers their application to the
municipal level as indicative of future trends.

In sum, the likelihood of future climatic trends and relative sets of expected
impacts can be defined in order to determine appropriate risk reduction strategies.
Table 9.7 provides climate variables and the expected impacts of each identified
risk. The adaptive capacity of populations and the implementation of mitigation
measures are not considered in this chapter.

Table 9.7 Climate variables, likelihood of future trends and expected impacts (Short term
horizon 2020–2030, long term horizon 2040–2060)

Climate trend Projected
likelihood

Impacts

Intensified rainfall Short term
Very likely

Increased flooding of buildings and
homes

Long term Increased flooding of roads
Likely Increased risk of flood-related

causalities
Increased risk of epidemics
Beach pollution

Decreased annual rainfall Short term
Very likely

Decreased availability of water
resources

Long term Decreased stream flow
Likely Increased water demand

Higher maximum temperatures and heat
waves

Short term Increased illness in vulnerable
populationsLong term

Likely
Very likely

Increased wind speed and tropical
storms

Likely Infrastructure damage
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9.4 Conclusion and Recommendations

Although climate change is a global problem, its impacts vary widely and are felt
locally. This chapter has endeavored to provide useful information about the case
of the city of Maputo and the types of challenges decision-makers will face in
developing sustainable responses to various climate impacts. Historically, risk
management strategies have relied on local experience, but with global climate
change and rapid population increases, the future will not look like the past, and
there is an urgent need to develop adaptive strategies. As this study illustrates,
adaptation measures will be needed in Maputo to increase resilience to climate
variability and to extreme weather events.

These findings demonstrate that increasing temperature and the decreasing
number of rainy days is confirmed by Maputo meteorological station data and by
GCM models. Meanwhile, changes in others climatic parameters are less statis-
tically robust in sign and magnitude. For this reason, ongoing updating of new
climate change scenarios will need to be produced by scientific community in
order to define a clear vision of the future. Notwithstanding the difficulty of
extrapolating the effects of the urban heat island based on regional temperature
trends, given the concurrent expansion of the Maputo metropolitan area over the
last 50 years, the heating phenomenon is expect to continue in the future, caused
by a combination of urban heat island effects and broader climatic trends.

Despite the lack of detailed, local scale information on these issues, this study
considers expected changes as a basis for planning future policies that prioritize
interventions based on risk assessment. Spatial and temporal resolution is funda-
mental to climate change models. Best practice should use the same time period for
planning and climate forecasts in order to adopt optimal choices in terms of mag-
nitude of expected impact. As we move further in the future, the GCM introduces
increasing degrees of uncertainty into the predictions: what is very likely in 2020 it
is less likely in 2100. Especially for Africa, the GCM is not able to determine
realistic initial conditions due to the weak measurement network in the region.

This study therefore proposes four key climate change risk identification
procedures:

1. Regular review of the future climate scenarios presented in this study, partic-
ularly after the release of the Intergovernmental Panel on Climate Change’s
(IPCC) Fifth Assessment Report (scheduled for release in 2014).

2. Application of climate change scenarios as the basis for assessing risks in the
initial stage of the risk assessment.

3. Use of appropriate temporal and spatial resolution of climate model outputs for
correct planning. Where this is not possible, use of the closest scenario avail-
able and planning of policy mitigation measures accordingly.

4. Improve data acquisition networks and monitoring systems.
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Chapter 10
Impacts of Ocean Dynamics, Climate
Change and Human Pressure
on the East African Coast: The Case
of Maputo

Carlo Brandini and Massimo Perna

Abstract Coastal erosion and loss of coastal environments are worldwide phe-
nomena. These typical processes occur on different spatial and temporal scales,
from river basins to coastlines, and from the ocean-atmosphere system to the
global climate scale. All climate change scenarios foresee an increase in the global
mean sea level in the next century, from a few tens of centimeters to over a meter.
However, these scenarios are not sufficient to explain the accelerating erosion that
already occurs today. In coastal areas, such change appears to be linked not only to
sea level rise as a direct cause, but also to changing climatic conditions (changes in
the rain distribution, winds, sea waves, etc.) and to increased human pressure on
land (excessive use of weirs and dams along watercourses, loss of coastal dunes
and areas of protective vegetation such as mangroves, etc.). The case of Maputo is
quite informative, as none of the known effects of climate change is the main cause
of the significant erosion processes that occur there today. Rather, this erosion is
attributable to an altered balance between the contributions of sediment from
neighboring river basins and to certain effects of coastal dynamics.
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10.1 Introduction

Sea Level Rise (SLR) has been discussed extensively in recent decades. As early
as the 1960s, the effects of SLR had already been noted by Bruun (1962) as a
possible cause of the loss of coastline in many areas, especially along low shores.
Over subsequent decades, increased attention was paid to SLR as a phenomenon
closely linked to global warming. Many studies have aimed to determine its
causes, and predict its future evolution (Jevrejeva et al. 2010; Rahmstorf 2007;
Vermeer and Rahmstorf 2009).

Projected SLR scenarios are expected to have significant impacts on the econ-
omies of entire coastal regions, and may even affect the very survival of many
settlements and major coastal cities. Such long-term scenarios require the design of
new rules that will facilitate human adaptation to these changes and attenuate the
level of risk, particularly since storm surges and floods in coastal areas will have
greater impacts as SLR increases. To date, SLR has been widely recorded to be in the
order of a few mm/year (2–4), although this rate seems to have increased in recent
years. Looking at actual data, there is still no evidence of the sharp increase that is
predicted by numerical models for the coming decades. However, this does not
exclude the realization of forecasted scenarios, since SLR is far from being linear.
Other processes acting to modify land-sea level changes include tectonics and eu-
stasy, which should be carefully considered in a long-term perspective (Bruun
1988). Whatever the real SLR will be, it cannot be characterized simply as a greater
elevation of sea level that will submerge coasts, but rather as a long-term process that
will certainly have some degree of interaction with short-term processes. Today, in
many parts of the world, we are already witnessing the loss of coastal environments
due to processes that are globally referred to as coastal erosion.

One preliminary question arises directly from a rereading of Bruun’s article:
what is the actual role of the SLR observed in recent decades in terms of the loss of
coastal areas (mostly sandy littorals) and more generally in what we call coastal
erosion? The immediate answer is that, in some areas where spectacular coastal
erosion phenomena are present, they have little to do with SLR, rather they are due
to the alteration of an existing morphodynamic equilibrium. A coastline in mor-
phodynamic equilibrium (i.e. not in erosion or in growth) is one where the sedi-
ment input and output are balanced. Such erosion is usually a local phenomenon,
where reduced sediment input, and the continuation of causes that determine
sediment transport (e.g. waves and coastal currents) act together. The input of
sediments to a stretch of coast is due to sediment transport from an adjacent coast,
or to the contribution of sediments derived from a watercourse. In the latter case, it
is well known that many interventions made in the catchment area to inhibit the
transport of river sediments have a negative impact on sandy shores. Along the
African coast, this effect is particularly important because sediment transport
depends on the river flow, and such flows have reduced considerably in recent
years due to the documented reduction in rainfall, rising temperatures, and
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increased consumption of water for domestic, agricultural, and industrial use. Such
increased consumption can also be considered an indirect effect of CC and the
growing needs of the population. It is therefore change, in a broader sense, to
which we refer to understand the complex phenomenon of coastal erosion.

This chapter refers to a case study of the Municipality of Maputo (Mozam-
bique). To compare the two phenomena (coastal erosion and SLR) short- to
medium-term dynamics and long-term trends are discussed. The former can be
very significant and their influence on overall dynamics can cause intense, though
possibly reversible, erosion. On a longer time scale, the changes indicated by SLR
scenarios determine permanent and non-reversible effects. The first part of this
chapter describes a model for interpreting the dynamics of Maputo Bay, based on
dynamic variables (meteorological, hydrological, and oceanographic) and on their
possible long-term changes.

It is subsequently argued that consideration of these phenomena must receive
greater attention from planners, as knowledge of these dynamics is essential to
successful planning of coastal protections and the reduction of vulnerability and
risk for the population.

10.2 Description of Site

Maputo Bay is a subtropical embayment of the Indian Ocean, between 25� 500 and
26� 200 S, subject to large seasonal freshwater and tidal variations, and extends
around 45 km from east to west and approximately the same from north to south.
The bay is closed to the west by the Mozambique coast and to the east by the
Machangulo peninsula and Inhaca Island. The bathymetry of Maputo Bay is
shallow with an average depth of 5 m reaching *30 m at the ocean boundary.
The bay opens to the shelf through an 18 km wide inlet (from the Macaneta sand
dunes, the eastern boundary of the Incomati River, to Ilha dos Portugueses near
the eastern side of the bay) (Fig. 10.1).

Maputo Bay is in itself a sort of natural harbor, well protected from wind and
waves, particularly in the south, near the capital. The sea bottom is character-
ized by the presence of numerous sandbars and shallow areas, as well as by a large
number of submarine channels. These channels in the bay’s bathymetry were
formed by the interaction between tides and the estuarine system, and in particular
by the interaction between the Maputo River delta and the tidal inlet north of it
(Mussa et al. 2003). The Machangulo peninsula and Inhaca Island form a barrier
through a combined action of tides and aeolian deposition, thus protecting the river
delta from the continental shelf.

Satellite images show plumes of turbidity at the main rivers’ mouths, carrying
in suspension mostly sandy and silty sediments. The shores in the area are either
sandy beaches or mangroves at different stages of conservation.

Maputo Bay is subject to the impacts of a number of industries and several
types of anthropogenic activities (heavy aluminum, salt farming, artisanal fishing,
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mangrove cutting for firewood) some of which are in conflict with each other in
terms of water use and sustainability (e.g. pollutants from domestic and industrial
wastewater disposal contrast with fishing activities).

10.3 Hydrographic Characteristics of Maputo Bay

From a hydro-morphological point of view, the bay is a very complex system,
whose dynamics need to be properly understood in order to predict future change.

Forcing by tidal action in Maputo Bay increases from neap (range *0.5 m) to
spring tide (range *3 m) with corresponding changes in the tidal currents
(from *0.1 to *1 ms-1).

The region is also subject to strong seasonal rainfall: freshwater flow can be
very low in the dry season, and then peak at more than 103 m3s-1 following
intense rains in the winter season. The volume of river discharge into the Indian
Ocean reflects, to a certain extent, the rainfall patterns in the region, thus rivers
draining high rainfall areas have relatively higher discharges. Consequently, the
region is characterized by the presence of large estuarine zones and extensive
mangrove forests.

Some of the most important river basins of the region conveying flow into
Maputo Bay are:

• Komati (Incomati) river, which enters the bay at its northern end;
• Maputo river, which enters in the South;

Fig. 10 1 Maputo Bay and
its main riverine
contributions
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• Several smaller streams originating in the Lebombo Mountains, including the
Matola (from the north), the Umbuluzi (from the west), and the Tembe (from
the south), which meet towards the middle of the bay in an estuary generally
known as the English River (formerly the Espírito Santo River). We will refer to
this estuary simply as the Umbuluzi river.

The Incomati and Maputo rivers have large catchments, while the Umbuluzi’s
encompasses a relatively small area. Most of the flows are concentrated in the
period from October to April, and have a pulse-like character.

The Incomati River has a total basin area of about 46,800 km2, and an average
yearly flow of 3.59 km3 y-1, 50 % of which is extracted mainly for agriculture.
Concerning the flow regularization, the Incomati has the most significant dams,
with 2060 9 106 m3 of storage, followed by the Maputo and the Umbuluzi. The
volume of water extracted from the basin has been rising. Historical data shows
that, during the wet season, the mean flow in the Incomati was 80.69 m3 s-1 with a
recorded maximum 6827 m3 s-1 during the catastrophic floods of 2000.

In comparison with the Incomati, the Maputo River has a basin area of about
29,800 km2, has a lower peak flow, and is smoother throughout the wet season
with less marked pulse discharges.

The rivers carry large quantities of freshwater and sediments to the bay. The
main flows are diverted to the left due to the effect of the Coriolis force (quite
evident from satellite imagery), so the flow exiting from the Incomati River tends
to leave the bay, while that from Maputo is diverted along the western edge of
the bay and tends towards north, joining its contribution with the Umbuluzi, in turn
diverted to the north, and so feeding the sandy coast to the east of Maputo. Inside
the bay, freshwater and sediments are stirred by the action of currents, and in
particular by the interaction of oscillating tidal currents at the river entrance, and
wind-induced currents (the so-called Ekman drift).

The action of surface waves is very weak. In fact:

1. The bay is closed with respect to almost all directions of the incoming waves,
the fetch is very small in all directions, except for the northeast, which can be
significant but hits only on the south coast of the bay (the mouth of the Maputo
River);

2. A small percentage of waves from the Indian Ocean can enter the bay by
diffraction, being much attenuated by this effect;

3. The bay is shallow, and this significantly contributes to reducing the height of
the waves in the surf zone (where sediment transport is expected to increase).

However, while the shallows do limit the impact of wind waves on the coast,
these do not prevent the entry of long waves (tidal surge) that can interact sig-
nificantly with the hydrodynamics of the bay.

Satellite images show the presence of underlying forms that are shaped like
large ripples, typical of areas with strong tidal excursions. The sediment balance is
very delicate and liable to undergo changes as a result of any of the causes that
promote the growth or erosion of the seabed and of the coastline. The same
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ecosystem has a strong dependence on freshwater input, not only because it is
vulnerable to adverse effects from pollutants, but also because the sustainability of
fishing activities (mainly shrimp) and the maintenance of the mangrove ecosystem
are dependent on a minimum freshwater supply to the bay.

10.4 Hydrodynamic Modeling

The use of numerical models for understanding the oceanographic dynamics near
the coast is one of the main tools for monitoring coastal seas, for planning mea-
sures to be carried out on the coast, and for developing future scenarios related to
CC. It is worth noting that models are derived in large part from measured data,
both remotely sensed and collected in situ. In coastal areas, oceanographic
information that can be derived from satellite data has many limitations (e.g. for
sea level). In situ data are crucial for this study. Unfortunately, apart from some
data accessible through available publications, it is difficult to access local data,
particularly updated bathymetric data at a good resolution, as well as hydro-
graphical and water level data (to process information on tides, sea levels and
morphodynamic parameters).

By contrast, a considerable amount of large-scale data is available from world
atmospheric/ocean atlases and global numerical models, particularly as regards
broad hydrographical features (mainly temperature and salinity), medium resolu-
tion bathymetry products, and atmospheric data regarding hydrodynamic forcing
and tidal components. The local data needed for the present study was therefore
derived through application of downscaling models to available large-scale data.

Maputo Bay is on the margin of the monsoonal regime, with large expected
variations of atmospheric pressure and high winds. The bay is subject to consid-
erable seasonal variations in freshwater input (*10–103 m3 s-1) and pronounced
variations in tidal stirring power. During the dry season, the water column is fully
mixed, with a weak horizontal density gradient and residual circulation mainly due
to tidal currents. By contrast, during the wet season freshwater buoyancy was
observed to induce marked horizontal salinity gradients and stratification, which is
pronounced around the time of neap tides. Such a coastal system may be classified,
as regards the freshwater input, as a monsoon-like regime (Lencart e Silva 2007): a
sudden increase in rainfall induces large river runoff and creates the conditions for
a change in circulation patterns.

In this context, the main exchange controls are not only tidal shear diffusion
mechanisms, but also residual currents coming from:

• interaction between tides, coast, and bathymetry;
• density gradients (created by river runoff and surface heating); and
• large-scale effects, such as slope in the mean sea level (MSL) imposed by strong

winds, atmospheric pressure, and variability in the off-shore current and eddy
structures, among others.
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A model of Maputo Bay at 1 km of resolution has been developed. The model,
which integrates the ocean hydrodynamic (primitive) equations, is forced by wind,
atmospheric pressure, the astronomical tide, temperature and salinity gradients,
and main riverine input (in particular the three main contributions to Maputo Bay).
The model is based on the Regional Ocean Modeling System (ROMS) code, a
state of the art numerical circulation model (Shchepetkin and McWilliams 2005)
that has been specially designed for accurate simulations of regional ocean sys-
tems. ROMS has been applied for the regional simulation of many different
regions of the world ocean (Marchesiello et al. 2003).

To characterize the scales of detail and to obviate the problem of downscal-
ing information from the global scale to the coastal scale of interest in this study,
we chose to use a chain of nested models, starting from a large-scale climato-
logical model at 1/4� of resolution and forced by climatological atmospheric data
(COADS).

As for the oceanographic context, Maputo Bay is a sub-regional complex
system situated between the Agulhas Current and the eddies system of the
Mozambique Channel. The large-scale model includes the high-pressure system
that dominates the region, and the intensification of the westward coastal current,
typical of many of the western continental margins. In a classical view of the
currents, the North Madagascar Current would flow south through the channel to
form the Mozambique Current and, to the south, the Agulhas Current. Today, such
a view has changed and the low variability scenario has been replaced by a
configuration with greater spatial and temporal variability, in the form of a train of
non-permanent anticyclonic eddies.

An intermediate (1/16�) resolution model has been spun to provide the bound-
ary conditions of the high-resolution model of the bay (1/80� is about 1 km)
(Fig. 10.2).

Maputo Bay is subject to a strong semidiurnal tide with a marked spring to neaps
ratio (Canhanga and Dias 2005). Following the model, currents inside the bay range
from 0.1 ms-1 in neap tide (minimum range of excursion) to about 1 ms-1 in spring
tide (maximum range), as it is also confirmed by in situ data (Lencart e Silva 2007).
Tidal analysis of the historical surface elevation established by Canhanga and Dias
(2005) shows a minimum range of 0.2 m and a maximum of 3.8 m.

The model shows that temperature has an annual warming cycle, while on the
other hand salinity has a small degree of variation: this is confirmed by observed
data (Lencart e Silva 2007). Also, tide-induced residual currents show the for-
mation of a non-permanent (although recurrent) eddy, just in front of the Incomati
estuary, probably determined by the mutual interaction between tidal forcing,
density front, and the coastline shape.

Tidal amplitudes vary over the year between 80 cm during neap tides and about
300 cm during spring tides. This is correctly reproduced by the model, as are the
frequencies of tidal oscillation (Fig. 10.3).

In the INGC report (2009), the Highest Astronomical Tide (with a return period
of 1 year) is estimated at 178 cm above MSL, which is consistent with mea-
surements and model results. Moreover, an extreme sea level of about 270 cm is
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Fig. 10.2 Simulation of a Spring tide cycle in Maputo Bay, 16th November of a climatological
year
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estimated for a return period of 100 years. These developments can reasonably be
registered when a low-pressure system (e.g. a tropical cyclone) hits the coast and
adds the effect of high tide to the inverse barometer effect, the latter due to strong
winds causing a surge towards the coast.

10.5 Climate Change and Coastal Erosion

One of the biggest impacts that can be expected on the coast as a result of CC is
brought on by the rising sea level. Although multiple data sources are now
available to estimate the rise in average sea level, estimates of MSL based on
in situ data do not support sufficiently reliable forecasts for the next century.

In particular, it is not possible to obtain data on sea level rise derived from
historical hydrographical data over a long enough period to obtain valid extrap-
olations for the area in question. The only estimates of future SLR are from global
models. Considerable efforts are being made by the scientific community to obtain
more reliable estimates of future MSL. In coastal cities such as Maputo, this
increase in MSL may have devastating consequences, especially if combined with
other causes of rising sea level along the coast.

Fig. 10.3 Tidal variations calculated using the ROMS model. The reference level is global MSL

10 Impacts of Ocean Dynamics, Climate Change and Human Pressure 163



However, there is considerable variation among the projections being advanced
at present in the international community:

(1) The IPCC estimates include an increase from 18 to 59 cm to be reached by
2100 (IPCC 2007). In comparison to the ongoing debate, these estimates are
considered among the most conservative, and do not take into account a
scenario of rapidly melting of ice.

(2) The melting of ice, as measured in multiple field studies, is associated with
time scales in the order of several centuries and millennia. Most studies do not
expect, for the next century, an increase of more than a few tens of cm to be
contributed by melting ice.

(3) Many studies on sea level rise have been derived from paleoclimate studies,
which have great validity, but are a poor basis for projecting scenarios of rapid
changes over a few tens of years (Grinsted et al. 2009).

(4) Most of the studies that exceed the IPCC estimates of MSL rise by 2100
provide values that are usually lower or slightly higher than 1 m (Rahmstorf
2007; Rahmstorf 2010). However, some recent studies predict that sea level
could rise by more than one meter this century if greenhouse gas emissions
continue to escalate (Vermeer and Rahmstorf 2009).

This estimate is obviously not to be applied at the global scale, and differs from
point to point along the coasts of the earth, interacting with local geological
conditions such as tectonic uplift/subsidence, isostasy, or sediment compaction.
Nevertheless, a maximum projected MSL rise of 1.25 m by 2100 has been deemed
sufficiently conservative for the purposes of the present study, and that estimate
has been applied to all subsequent determinations in this work.

Figure 10.4 depicts four scenarios, assuming an average sea level rise of 1.25 m
in 2100:

1. the current situation;
2. the future scenario, in the case of an SLR of 1.25 m;
3. the current situation if the coast were be flooded by a storm surge during spring

high tide conditions and with a return period of 100 years; and
4. the future scenario, in which MSL rise is compounded by a storm surge with

return period of 100 years.

We can see that the majority of the city of Maputo would not be affected by the
circumstances described above, with the exception of several newly urbanized
areas to the east of Maputo (Costa do Sol). That area would not be particularly
affected by rising sea level in itself, but it would be affected, even now, if a surge
of great magnitude were to impact the coast, and that effect would be amplified in
the future when combined with SLR.

The INGC report (2009) on the impact of climate change in Mozambique
contemplates a much more severe scenario involving a rise in sea level equal to
5 m by 2100. It should be noted that none of the evidence presently available to the
scientific community supports this hypothesis. Even more questionable statements
appear in the same report to justify the need for coastal defenses against SLR.
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Fig. 10.4 From top to
bottom: current situation;
mean sea level rise of 1.25 m
in 2100; current situation
with a surge return period
100 years; and future surge.
Area of the port of Maputo on
the left, Costa do Sol on the
right
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However, the only way to reduce the impact of sea level rise on human activities is
through the rules of good building and good urban planning, and not through
coastal defenses. The municipality should simply avoid the building of homes and
neighborhoods in areas that are less than 4–5 m above MSL.

As in many other world areas, coastal erosion in the Maputo Bay is due to the
combination of man-made and natural processes. Among the most significant
anthropogenic activities are the damming of rivers (which causes a sediment
deficit in the inputs to the coastal zone) and overexploitation of the littoral areas.
Other conditions being equal (i.e. ignoring the causes attributable to human
behavior), natural causes are likely to determine the main effects of CC. These
natural processes include floods, storms, sea waves, and sediment transport (in
both alongshore and cross-shore directions). Although the completion of this study
would require more detailed data than those available, the model highlights major
flows of water and sediment across the bay.

The concentration of suspended sediments within the bay was modeled using a
number of Lagrangian particles released in the vicinity of the river mouths, and
assuming a concentration of suspended sediments proportional to the input. The
impact that a 20 % reduction of transport (freshwater and sediments) would have
on the concentration of suspended sediment near the beaches was then estimated,
taking as reference points the beaches near Costa do Sol. In practice, most of the
sediment that nourishes the beaches to the east of Maputo seems to come from the
mouth of the Umbuluzi river (10 %—i.e. half—of the total 20 % impact) and to a
lesser extent from the Incomati and Maputo rivers. This highlights, once again,
that the morphodynamic equilibrium within the bay is rather delicate and extre-
mely sensitive to the reduction of sediments. In particular, the impact on sediment
caused by the construction of river dams (such as the recently built Pequenos
Libombos dam along the Umbuluzi river, close to Maputo) appears to be very high.

This low intake of fresh water flow (and sediment) at the river mouths, on the
other hand, is well documented (UNEP 2009).

It should be noted that the coastal structures (groynes) put in place to protect the
shoreline have been shown to be quite effective in protecting the coastal area: three
such groynes, built on the eastern coast of Maputo, show an accumulation to the
south (which seems to capture part of the sediments moved from the south, thus
mostly coming from the Umbuluzi), while further north a slight accumulation has
occurred on both sides, more pronounced on the northern side. This means that
there is no clear trend in the direction of longshore sediment transport, with tidal
oscillations moving comparable volumes of sediment in the two directions. The
significant setback that the beaches have suffered in many places is therefore not
due to alterations in the hydrodynamic regime, but rather to a reduced amount of
sediments in the bay.

Coastal protection constructions (coastal walls) are effective in areas where the
sea has already eroded much of the coast and the central problem is to protect existing
infrastructure (e.g. along the Avenida Marginal). It should be noted that the con-
servation status of some natural elements along the coast, such as sand dunes and
mangrove forests (often in combination) near the capital, is substandard. Recently,
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many construction projects have been carried out in low areas occupied by man-
groves. The restoration of these natural elements today is expensive or even
impossible, However, in areas where mangroves are still intact, every effort should
be made to maintain the natural elements that act as partial protection against erosion.

10.6 Conclusions

The projected long-term impact that climate change may have on the coast of
Maputo, and other parts of the African coast, entails critical aspects that are
insufficiently appreciated. Such aspects must, of course, be considered on a case-
by-case basis. In the case of Maputo, the bay is part of a complex coastal system
with a very delicate morphodynamic balance, determined by the joint action of
tidal forcing and freshwater and sediment inputs from neighboring river basins
(Maputo, Incomati, and Umbuluzi).

The reduction of sediment transport from hydrographical basins, caused by the
intensive use of water (dams) and by the decrease in cumulative rainfall, is the
most likely cause of coastal erosion, which is occurring mainly along the beaches
east of Maputo. In the future, we can expect water consumption from rivers to
increase, due to the economic development of this part of Mozambique and the
consequences of global warming. This will undoubtedly lead to further reduction
of the sediment transport, with serious consequences for the morphodynamic
equilibrium of the beaches and of the bay in general.

The rise in sea level is currently a very controversial topic. Considered in
isolation, the impact of this rise is not expected to be particularly serious for the

Fig. 10.5 Examples of coastal erosion along the Avenida Marginal
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city of Maputo, however important consequences are expected to occur along the
beaches of the east coast (Costa do Sol), where intense urbanization is ongoing.

It is important to stress that there are no coastal defenses to counter the sea level
rise. As such, a number of actions should be taken to avoid building in areas lower
than 4–5 m above the actual MSL. Urban planning and urban rules are the only
reliable tools with which to counter sea flooding phenomena, a risk that already
exists today (e.g. in the event of a storm surge during a phase with very high tides).

Finally, it is worth noting that many elements of natural protection against
coastal erosion (dunes, mangroves) in the Maputo region are now in poor condi-
tion, compromised, or destroyed (Fig. 10.5). There is therefore a need to avoid the
over-exploitation and destruction of coastal sand dunes and mangrove forests,
where they still exist. These environments are also important from an ecosystem
standpoint as elements of outstanding environmental quality.
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Chapter 11
Flood-Prone Areas Due to Heavy Rains
and Sea Level Rise in the Municipality
of Maputo

Sarah Braccio

Abstract The identification of flood-prone urban areas is of special interest to the
majority of Sub-Saharan cities hit repeatedly by this type of disaster. This chapter
presents the sources of information and a snapshot of methods used to identify
areas prone to flooding due to heavy rains and sea level rise, information that is of
use to the municipality of Maputo, Mozambique. This particular case is significant,
given the disastrous events that have occurred there in the past few years and
which can be attributed to climate change (INGC 2009). The sources of infor-
mation available were compared and validated. The Modified Normalized Dif-
ference Water Index (MNDWI) calculated on the first available LANDSAT 7
ETM satellite images after the extreme rains of 6–8 February 2000 has proven to
be the best method for the Maputo case. The snapshot method used allowed us to
identify 57 km2 of area exposed to flooding (16 % of the municipality). This result
could be improved by georeferencing the flooded blocks systematically detected
by district officers after each episode of heavy rain, and examining their correlation
with the intensity of the physical events that led to their flooding.

Keywords Flood-prone areas � Landsat 7 ETM � Digital elevation model �
Modified normalized difference water index � Maputo

11.1 Introduction

The areas identified as most exposed to heavy rains and sea level rise by Bacci,
Brandini, and Perna (see Chaps. 9 and 10) must be pinpointed in order to use them
in Ponte’s (see Chap. 12) risk equation:
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R ¼ ðH � V � EÞ=A

RðriskÞ ¼ ½H ðhazardÞ � V ðvulnerabilityÞ � E ðexposureÞ�=A ðadaptationÞ

The present analyses aim to supply information that will help local authorities
identify climate change adaptation measures (see Chap. 13).

Flood-prone areas can be identified using a hydrographic model. However, in
Africa, large cities rarely have access to information on the nature of the soil,
orography, daily precipitation in hours, or the consistency and state of maintenance
of stormwater drainage, information necessary to create a functioning model. In
the absence of such data, two different rapid methods can be used.

The first is the identification of those areas which, due to the terrain, tend to
accumulate rainwater (see Degiorgis et al. 2012; Manfreda et al. 2011; Ho et al.
2010; Taubenbock et al. 2011).

The second consists in ascertaining, through on-site inspections, the areas
flooded following heavy rains and where, if possible, the level of intensity is
known.

The use of snapshot methods should not be considered an alternative to normal
simulations using hydrological/hydraulic models, but they can be quick and useful
tools for preliminary identification of areas subject to flooding, should the long and
costly process of constructing a model is not feasible.

This chapter will consider two factors that are useful for calculating the risk of
flooding: firstly, the basins where rainwater tends to stagnate and the areas subject
to flooding following extreme tides in the municipality of Maputo (347 km2);
secondly, the pressure on flood-prone areas caused by runoff water originating
from the secondary watershed to which each of those areas belongs.

Risk calculation drew on six sources of information available on four city
districts of Maputo and their 54 bairros, excluding the less populated districts of
Katembe and Inhaca.

The first was the digital elevation model (DEM) based on ASTER (GDEM)
satellite surveys with 30 m resolution. The GDEM was obtained by stereoscopi-
cally comparing 1.3 million optical images from ASTER, which cover approxi-
mately 98 % of the Earth’s surface. These images can be downloaded free of
charge from NASA’s EOS data archive or from Japan’s Ground Data System. The
DEM facilitated identification of the lowest areas within municipal borders.

The second source was LANDSAT TM images.
The third source was the catalogue of satellite images available on Google

Earth.
The fourth source was the map produced by the Instituto Nacional de Gestão de

Calamidades (INGC).
The fifth source was the list of areas flooded on 15 January 2011 as detected by

the municipality’s experts and the list of quarteirão (a minimal territorial entity,
comprised of a few city blocks) flooded after the heavy rainfall of 15–20 January
2011 as detected by district experts and officers from the bairro (neighborhood).
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The sixth source was the study produced by the USGS after the extreme rainfall
(337 mm) of 7 February 2000 in order to identify flooded areas, though definite
information on the methods used in that study was not available.

The final phase consisted in reconstructing the runoff pressure on identified
areas, and comparing the exposed surface area to the surface area of the watershed
to which it belongs. This is a simplification that presumes the same impervious
surface rate, the same soil nature, and the same slope across the entire secondary
watershed. Nevertheless, it is useful for calculating risk. The use of the satellite
images and digital elevation models (DEM) freely available online and the sim-
plifications adopted were aimed at developing a method that could be repeated
notwithstanding limited financial means and could be managed by local authorities
with no particular expertise (The World Bank Group AFTUW 2012).

Among the difficulties encountered was the lack of information on an urban
scale. In an international context, Rainfall Detection Systems (Ajmar et al. 2011)
use satellite images, like MODIS, to pick out bodies of water. However, those
images have a spatial resolution that ranges from 250–1000 m and are therefore
unsuitable for an urban context. According to the National Disaster Management
Authority of the Government of India (2009), a scale of 1:10,000 and elevation
information with an accuracy of 1 meter (RMSE) in rolling and hilly areas are
considered appropriate when identifying flood-prone areas. Yet the digital land
models available, such as the ASTER GDEM, reach a maximum accuracy of
10 m.

11.2 Areas Prone to Flooding Caused by Heavy Rainfall

The 1960–2006 daily rainfall series used by Bacci (see Chap. 9) shows 16 days
with precipitation ranging from 100 to 200 mm and seven days with precipitation
over 200 mm (Table 11.1). The former events recur, on average, every two years,
while those over 200 mm occur approximately once every 10 years, and were thus
defined as extreme.

The precise identification of areas prone to flooding due to extreme rainfall
requires the preparation of a hydrological model that takes into account the con-
ditions of water on the surface and underground. Such a model requires infor-
mation such as the site’s orography, the nature of the soil, its level of
impermeability, the level of precipitation (especially during the first few minutes
of rain), ground water levels, and the existing drainage system and its state of
maintenance.

With respect to spatial aspects, three different types of hydrological model can
be identified (Jha et al. 2011):

• one-dimensional models: these are simplified models in which only certain
aspects are taken into account, such as water depth, velocity and runoff
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direction. Examples of this kind of model are beach profile models, HEC-RAS,
LIS-FLOOD, and HYDROF;

• 2-D models, which consider runoff occurring concurrently to the main rainfall
phenomenon. These models are used in topographically complex areas such as
large floodplains, and they require high-quality data and long calculation times.
TELEMAC 2D, SOBEK, DELFT 3D, and MIKE21 HD are examples of two-
dimensional models;

• 3-D models, in which all three components of water velocity are taken into
account. These are complex models that can only be used over small areas.
Examples include FINEL 3D, FLUENT and PHOENIX.

As regards Maputo, apart from the DEM, the nature of the soil, and total daily
precipitation, all other information is lacking.

Another method, one that would allow for quick identification of the main areas
of rainwater stagnation, was therefore needed. Six types of information were used
to develop such a method.

Firstly, a digital model of the terrain allowed researchers to identify the lowest
areas within the municipality’s borders (Fig. 11.1). This information was provided
by the ASTER GDEM (ground resolution 30 m—1 pixel = 30 m). The Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Dig-
ital Elevation Model (GDEM) covers the entire global land surface. Horizontal
accuracy is approximately 30 m with 95 % confidence, and vertical accuracy is
20 m with 95 % confidence (Wang et al. 2011; Tarekegn et al. 2010).

The slope image of the Maputo area was provided by the DEM SRTM 90 m.
The SRTM (Shuttle Radar Topography Mission) DEM has an absolute vertical
accuracy of ±16 m and an absolute horizontal accuracy of ±16 m. Raster map
layers of slope, aspect, and curvatures were generated as well as partial derivatives
from a raster map layer of true elevation values (Fig. 11.1). Aspect was calculated
counter clockwise from the east.

Second, researchers verified the possibility of identifying areas flooded by
heavy rainfall on the basis of LANDSAT 4 multispectral images (with a maximum
30-m resolution). In particular, seven episodes of heavy rainfall between 1973 and
2011 were identified. In five of the seven cases, LANDSAT images were taken at
least 19 days after the event, and up to 208 days after in the case of the disas-
trously heavy 225 mm rain of January 1978 (Table 11.2). Moreover, in three of the
seven cases, cloud cover in these images was 30 % or more (Table 11.2).

Table 11.1 Maputo
1960–2006. Rainfall in mm
(Bacci, see Chap. 9)

Rainfall class (mm) Days (No.)

1–49 3,950
50–74 70
75–99 32
100–199 16
Over 200 7
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The presence of cloud cover at the time when the LANDSAT images were
recorded hindered calculation of the NDWI index, since the covered pixels appear
as no data and the pixels overshadowed by the clouds have altered DN values. As
such, the areas exposed to flooding could not be identified through satellite sur-
veys, and researchers’ only option was to deduce them from flooded areas fol-
lowing major events.

Fig. 11.1 Maputo (black border). Orographic image from DEM SRTM 90 (formulated by
Braccio 2011)

Table 11.2 Municipality of Maputo, Mozambique, 1973–2011

Rainfall LANDSAT image Image delay
Date mm Date L type Cloud cover % Quality

1973, Sep 28–30 319.9 1973, Oct 8 L 1–3 MSS 30 4
1976, Jan 39–31 313.3 1976, Feb 10 L 1–3 MSS 10 5
1978, Jan 3–4 225.1 1978, Aug 25 L 1–3 MSS 80 0
1984, Mar 23–25 219.7 1984, Jun 1 L 4–5 MSS 20 9
2000, Feb 6–8 551.2 2000, Mar 1 L 7 SLC-On 41 9
2000, Mar 8–11 214.2 2000, Apr 2 L 7 SLC-On 23 9
2011, Jan 12–15 200.0 2011, Feb 1 L 4–5 TM 7 0

LANDSAT images available in the archives and distributed by the USGS after seven episodes of
heavy rain ([200 mm) (http://glovis.usgs.gov/; formulated by Braccio 2011)
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Though more costly, this analysis was possible through photo-interpretation of
GeoEye-1 high-resolution satellite images, which, since 2000, allow for a multi-
temporal analysis for the purpose of identifying flood-prone areas. The GeoEye-1
satellite has the highest resolution of any commercial imaging system and is able
to collect images with a ground resolution of 0.41 m, re-sampling to 0.5 m (1
pixel = 0.5 m) in full color or the black-and-white mode. It collects multispectral
or color imagery at 1.65-m resolution. The advantage of GeoEye-1 comes from
orbit performance. Researchers verified the availability of free archive satellite
images on Google Earth, which—though not available immediately after heavy
rainfall—have the advantage of allowing the photographic interpretation of floo-
ded areas. By contrast, LANDSAT images are available immediately following
heavy rainfall, however they are subject to a cloud cover of 30 % or more, and as
such cannot be used. The test carried out in the Magoanine A-B-C bairro after the
disastrous rains of 6–8 February 2000 revealed the existence of a 1.6 9 0.8 km
area that was still flooded 4 months after the heavy rains (Fig. 11 2).

Ten years later, the same area was completely parceled out and largely built up
(Fig. 11.2 right). Over 800 building plots had already been completely developed.

Fig. 11.2 Maputo,
Magoanine A-B-C bairro,
2000 (left) and 2010 (right).
Four months after the
disastrous rainfall of 6–8
February 2010, the area
outlined in black was still
flooded (left). Ten years later,
the basin which had been
previously flooded was found
to be completely built up
(right, black outline)
(formulated by Tiepolo 2011)
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Housing had been constructed in flood-prone areas without any drainage system to
keep the site dry in case of heavy rainfall.

Third, following the photographic interpretation of available Google Earth
images, a LANDSAT 7 ETM satellite image taken on 20 May 2000 using the
Modified Normalized Difference Water Index (MNDWI) was also analyzed. That
image shows flooded areas (Fig. 11.3 in grey) both in the Magoanine A-B-C
bairro and in other parts of the city. The identification of moist soil and water
according to the MNDWI index (Ho et al. 2010) can facilitate detection of flooded
sites. This method allowed researchers to isolate flooded areas of LANDSAT
images obtained during the flood season and water-saturated areas of images
obtained during the rainy season with high potential for inundation.

Fourth, the data gathered through on-site inspections, carried out by municipal
officers following heavy rains, was analyzed. This comprised two sources of
information collected during the heavy rainfall of February 2011. The first source
was a report entitled Municipal Survey of Flooded Areas in February 2011
(Fig. 11.4), while the second was a map entitled Bairros Frequentemente Inun-
dados Devido a Chuvas Intensas produced by the INGC-CENOE (Fig. 11.5).

Fig. 11.3 Maputo, 20 May 2000. LANDSAT 7 ETM multispectral satellite image taken
4 months after heavy rainfall, with the areas identified by the USGS (2000) study highlighted.
According to the MNDWI, bodies of water are shown in grey and moist soil in white (formulated
by Braccio)
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Both the Municipality’s report and the INGC-CENOE map involved collection
of diverse types of information (concerning streets, particular points or entire
bairros). They report on 112 and 93 ha of flooded areas, respectively. In both cases,

Fig. 11.4 Maputo 2011.
Flooded areas and streets
after the flooding of 15
January 2011 (Maputo
Municipality 2011;
formulated by Ponte 2011)

Fig. 11.5 Maputo 2010.
Frequently flooded bairros
(INGC CENOE 2010;
formulated by Ponte 2011)
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the information provided was not particularly useful for an analytical identification
of the areas at risk.

Fifth, the areas flooded following heavy rains were examined in a report drafted
by each district. These analytical reports identify single flooded quarteirão.
Unfortunately, this information is difficult to access for various reasons (one of
which was the unfortunate theft of the computer where they were stored, another
was the destruction of the archive). The present study analyzed information con-
cerning the Kamaxaquene district and researchers were able to verify which
quarteirão were flooded according to the district’s inspection following the rainfall
of 15–20 January 2011 (Fig. 11.6). The result was a surface area significantly
smaller than the one highlighted on the basis of the district’s orography, but
nevertheless within the areas this study considers to be exposed to flooding.

Finally, this study took into account the flooded areas identified by USGS in
2000 (Figs. 11.7 and 11.8). Those areas constitute 8 % of the total surface area of
the four districts of Maputo considered in the present study (which excludes the
districts of Katembe and Inhaca) (Table 11.3).

Fig. 11.6 Maputo 2011. Kamaxaquene municipal district. Flooded quarteirões according to the
survey carried out following the heavy rains of 15–20 January, and flood-prone areas according to
the USGS. The grey bairro has 15 unspecified flooded quarteirões out of 85. (Formulated by
Ponte 2011)
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There is considerable overlapping of the lower parts of the secondary water-
sheds and the areas identified by the USGS study.

11.3 Areas Prone to Flooding Due to Sea Level Rise

Brandini and Perna (see Chap. 10) have identified flood prone areas due to rising
sea levels based on the hypothetical extreme tide of 270 cm with a recurrence rate
of 100 years identified by the INGC. In addition to the extreme tide, a sea level
rise of 100 cm is projected for 2100. Brandini and Perna (ibid.) identified the
flood-prone area (Fig. 11.10 black border) with a rise of 370 cm of the sea level
above the average tide level and where Ponte (see Chap. 12) identified built-up
areas in September 2010 (Fig. 11.9 white border) (Table 11.4).

It is useful to keep in mind that the flood-prone areas identified in this way are
quite different from those considered flood-prone in the Maputo Municipality
Master Plan.

In total, flood-prone areas due to heavy rainfall and extreme tides cover
approximately 16 % of the continental territory of the municipality of Maputo,
excluding the districts of Katembe and Inhaca.

Fig. 11.7 Maputo 2000.
Flood-prone areas due to
heavy rains (A–H) and due to
sea level rise (I–K) (USGS
2000; Brandini estimation;
formulated by Ponte 2011)
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11.4 The Pressure of Secondary Watersheds on Flood
Prone Areas

Flood-prone areas are such because of their position at the bottom of several of
secondary watersheds. They receive water not just from rainfall but also from
rainfall runoff on the surface of each secondary watershed. The larger the

Fig. 11.8 Maputo 2000. Overlying DEM SRTM 90 m, and flood-prone areas as identified by the
USGS in 2000 (formulated by Braccio 2011)

Table 11.3 Maputo.
Characteristics of the eight
areas prone to flooding
following heavy rainfall

Flood prone areas due to heavy rains

A B C D E F G H
P

ha 1,383 127 192 112 117 778 79 68 2,856
% 24.1 2.2 3.3 2 2 13.6 1.4 1.2 100
% – – – – – – – – 12.4
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watershed is compared to the exposed surface area, the greater the pressure will be
on the latter.

The level of runoff depends on the soil texture, the terrain’s gradient, and the
level of impermeability (due to construction, the paving of open spaces and roads,
etc.). Although these factors can be measured, the information needed to do so was
not available at the time of this study. In stead, for the purpose of risk analysis, the
secondary watersheds belonging to each flood-prone area were identified. The
exposed area was then compared to its secondary watershed, assuming a relative
amount of uniformity in the factors determining the level of runoff in all secondary
watersheds.

Such comparison indicated that secondary watersheds range from two to five
times the surface area exposed to flooding (Fig. 11.10, Table 11.5).

Fig. 11.9 Maputo 2010. Flood-prone areas (black border) and built-up areas (white border)
(Brandini and Perna 2011; formulated by Braccio 2011)

Table 11.4 Maputo. Areas exposed to flooding due to a sea level rise of 370 cm

Flood prone areas due to S-LR

I J K
P

ha 1,423 256 1,197 2,876
% 24.8 4.5 20.9 100
% – – – 12.6
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11.5 Conclusions

This study has identified the areas exposed to flooding due to heavy rainfall
([200 mm) and extreme sea level rise (tide ? sea level rise).

The methodology evaluated the six types of information available:

Fig. 11.10 Maputo2000.Flood-proneareas (ha)and theirwatersheds (formulatedbyBraccio2011)

Table 11.5 Maputo 2011. Size of flood prone areas due to heavy rain compared to their sec-
ondary watersheds

Dimensions of the watershed

A B C D E F G H

FPA (ha) 1,383 127 192 112 117 778 79 68
Watershed (ha) 2,702 96 736 277 304 1,364 116 253
W/FPA 2 4.7 3.8 2.5 2.6 1.7 1.4 3.7
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1. A DEM to identify the lower parts of each secondary watershed
2. LANDSAT TM images taken after heavy rainfall
3. The catalogue of satellite images available on Google Earth
4. The INGC map of flood-prone areas
5. The district reports on flooded quarteirão following the heavy rains of January

2011
6. The USGS study drafted after the heavy rains of February 2000.

By analyzing this information, researchers have deduced that the basins of the
secondary watersheds identified using the DEM and confirmed by other sources
are consistent and remain the best sources for identifying flood-prone areas. This
allowed for identification of eight areas exposed to flooding due to heavy rainfall.
It should be specified that these are areas where water tends to stagnate (unlike
other areas, not included this study, where flash floods occur, such as the Central
bairro in district 1). Other areas that will be subject to flooding should the sea level
rise by 370 cm due to the combined effect of sea level rise and extreme tides are
also added to the list of flood-prone areas. Overall, the areas exposed to flooding
account for approximately 16 % of the municipality’s surface area.

It is worth remembering that altimetric micro variations, which cannot be
detected either by the DEM or the technical map available, can determine an
infinite number of flood-prone areas. This is why the information contained in
district reports on flooded areas should be mapped using GIS and correlated with
the amount of rainfall (mm).
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Chapter 12
Flood Risk Due to Heavy Rains and Rising
Sea Levels in the Municipality of Maputo

Enrico Ponte

Abstract This article assesses flood risk due to heavy rains and sea level rise in the
municipality of Maputo (Mozambique) (1.1 million inhabitants in 2007, 346 sq
km). The risk assessment methodology took into consideration four factors (hazard,
vulnerability, exposure, and adaptation) using the formula R ¼ H � V� Eð Þ=A,
where R = risk, H = hazard, V = vulnerability, E = exposure, A = adaptation.
The four factors are measured using different indicators (rainfall, return periods of
heavy rains and extreme tides, nature of the soil, density and poverty of population,
etc.). The study uses photo interpretation of high-resolution satellite images, pop-
ulation figures, and terrain data, analyzed through the use of open source GIS
software and on-site information. Eleven flood prone areas are identified: eight
threatened by heavy rains and three by sea level rise. According to these results, an
estimated 7 % of the population of Maputo lives in areas (106 ha) where the flood
risk is greater than 6 on a scale of 1–10.

Keywords Climate change � Floods risk assessment � Risk modelling � GIS �
Maputo

12.1 Introduction

In the last 30 years the Earth has suffered increasingly frequent and intense natural
disasters (EM–DAT 2012; World Bank 2011). The number of people affected by
these disasters averaged 147 million per year during 1981–1990, which increased
to 211 million per year during 1991–2000 and 246 million in 2001–2010.

People, assets, and natural systems increasingly suffer the effects of these
natural disasters (Botzen et al. 2010).
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Today, flooding is responsible for two-thirds of the people affected and causes
over one-third of the total estimated economic damage (Pilon 2003). Increased
flooding due to climate change is affecting increasingly urbanized areas, which
threatens economic growth, and requires an integrated approach to risk manage-
ment (Apel et al. 2009; Shi et al. 2005).

This study assesses flood risk due to heavy rains and sea level rise in Maputo,
the capital of Mozambique. Over a million people live in this 346 km2 urban area.
In particular, this study focuses on six city districts (KaMpfumo, KaChamanculo,
KaMaxakeni, KaMubukwana, Ka Mavota, and Katembe—see Chap. 13, Fig. 13.1
for district boundaries) and their 54 bairros (neighborhoods), and excludes Matola
and the less populated district of Inhaca (Fig. 12.1).

In contemporary society, population increase and ageing, economic develop-
ment, urbanization, industrialization, and deforestation make urban settlements
more vulnerable to natural risk (Takeuchi 2006). The term natural risk includes all
events which create a

probability of harmful consequences or expected losses (deaths, injuries, property, live-
lihoods, economic activity disrupted or environmental damaged [sic]) resulting from
interactions between natural or human–induced hazards and vulnerable conditions (UN-
ISDR 2004).

In the last 20 years numerous studies have been carried out on the effects of
natural risks in different urban regions (Pelling 1997; Bankoff 2003; Aragon-
Durand 2007; Dutta et al. 2005; Thieken et al. 2007; Ali 2007). Others have
focused on specific hazards such as floods (Duclos and Isaacson 1987; Legome
et al. 1995; Jonkman and Kelman 2005).

In developing countries where many floods are caused by natural risks aggra-
vated by insufficient development in affected communities, the vulnerability of the

Fig. 12.1 On the left, Matola and Maputo municipalities, with suburban districts of Inhanca and
Katembe. Built-up area (black) and undeveloped area (grey); on the right, the subdivision of
Maputo into bairros (map by E. Ponte)
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population living in areas exposed to danger is a challenge for risk management.
Vulnerability is defined as

the condition determined by physical, social, economic, and environmental factors or
processes, which increase the susceptibility of a community to the impact of hazards (UN-
ISDR 2004).

Apart from vulnerability, the literature identifies two additional factors that
contribute to natural risk: hazard and exposure (Crichton 2002; ADRC 2005;
Alexander 2000).

In the present assessment, a fourth factor was included in the methodology used
to calculate risk for Maputo: adaptation. Adaptation to climate change is defined as

the adjustment in natural or human systems in response to actual or expected climatic
stimuli or their effects, which moderates harm or exploits beneficial opportunities (IPCC
2001, 982).

Adaptation can be effective in three different ways: it can mitigate the level of
vulnerability, reduce exposure and reduce the hazard.

To calculate risk we used the formula (adapted from Davidson 1997):

R ¼ H � V� Eð Þ
A

The four factors (H, V, E, A) were measured using indicators such as rainfall,
return periods of heavy rains and extreme tides, and the surface area of hydro-
graphic sub-basins covering the areas exposed to floods. These indicators interact
in a very complex way (Smith 1994; Alkema 2003), and how components are
evaluated and to which risks they are considered to contribute vary between dis-
ciplines (Roberts et al. 2007).

The indicators chosen for Maputo depended on existing data for population,
poverty, and rainfall, complemented by information gathered in the field during
interviews with district and bairro officials (adaptation measures); additional
information was obtained through photo-interpretation of a GeoEye satellite image
dated September 2010 (bare land, impervious surface rate, municipal dump buffer,
tarmac roads).

Combining the multiple components of risk requires a quantitative approach
(Roberts et al. 2007) and results of the assessment of flood risk due to heavy rains
and extreme tides are presented below. The methodology used to identify risk
areas is illustrated, followed by the assessment of hazards, vulnerability, and
exposure. The indicators and criteria chosen as well as their weighting are
explained. Finally, adaptation is briefly assessed (a more detailed analysis of this
factor can be found in Chap. 11).

Although risk assessment focused on all 11 flood prone areas, this article will
only report on the area with the highest flood risk values due to heavy rains and the
area where there is greatest flood risk due to sea level rise. Results indicate that
7 % of the population in Maputo lives in high-risk areas and that population
density and poverty are the indicators with the greatest impact on risk values.
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12.2 Identification of Areas with Greatest Flood Risk
and Hazards

Flood hazard is defined as the probability of occurrence of a potentially damaging
flood event of a certain magnitude in a given area within a specific period of time
(Crichton 2002; Kron 2005). The existing literature contains a variety of meth-
odologies for studying hazards.1

In the present study, 11 flood prone areas were identified: eight due to heavy
rains (A–H) and 3 due to sea level rise (I–K) (Fig. 12.2).

The identification of flood prone areas requires a hydrographic model to sim-
ulate the event. In the present case, the municipality’s orography was used to
identify the areas of Maputo located in the lowest part of the hydrographic sub-
basins (see Chap. 11).

12.2.1 Flood Prone Areas Due to Heavy Rains

The eight areas identified as flood prone due to heavy rains varied in size from 68
to 1.383 ha (Table 12.1). Apart from their size, the areas diverged in several ways.
Those to the south (E, F, and G) were occupied by formal and informal housing,
services, and industries. The areas to the west (B, C, and D) along the river Matola
contained informal settlements, cultivated land, and green space, while areas A
and H were occupied only by residential housing. There were also differences in
the population density of the eight areas.

Hazard (H) is determined by two factors. The first is the quantity of rain in
relation to the size of the stormwater drainage system. Rainfall data for the city of
Maputo between 1960 and 2006 show that heavy rains in excess of 200 mm have a
15 year return period (see Chap. 7). However, the stormwater drainage system is
designed to collect only 100 mm of rain, and will therefore be 100 % over
capacity when faced with 200 mm of rain.

The second factor is the surface area of the hydrographic sub-basin of each of
the eight flood prone areas due to heavy rains. The bigger the sub-basin, the greater
the amount of water that will collect at the bottom of it due to run off.

Therefore, the H value of each area is determined by the ratio between the
surface area (in ha) of the flood prone areas (FPA) and the size of its hydrographic
sub-basin (Table 12.2) multiplied by 2, which is the ratio between the 200 mm

1 The United Nations Development Program (UNDP) together with the European Commission
have initiated a study in the Philippines to define guidelines for including natural disaster risk
reduction efforts in development planning processes. In particular, regarding the analysis of
hazards, the guidelines envisage dividing the territory according to the intensity or frequency of
occurrence and thereby define levels of susceptibility. This is intended to encourage the creation
of hazard maps (UNDP 2008).
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heavy rain and the rain for which the stormwater drainage system was designed
(100 mm):

H ¼ 2 � hydrographic sub-basin
flood prone area

The ratio between the hydrographic sub-basins and the flood prone area varies
between 1.4 and 4.7.

Fig. 12.2 Maputo. Floodable
areas due to heavy rains (A–
F) according to USGS, and
flood prone areas due to sea
level rise (I–K) (GeoEye
photo interpretation, see
Chaps. 10 and 11; map by E.
Ponte)

Table 12.1 Flood prone areas of Maputo

Flood prone areas

A B C D E F G H I J K
P

Maputo

ha 1383 127 192 112 117 778 79 68 1423 256 1197 5732 22900
% 24.1 2.2 3.3 2 2 13.6 1.4 1.2 24.8 4.5 20.9 100 –
% – – – – – – – – – – – 25 100

Table 12.2 Surface area and watershed dimensions by flood prone area (FPA)

Dimensions of the watershed

FPA A B C D E F G H
P

Surface area (ha) 1383 127 192 112 117 778 79 68 2858
Watershed (ha) 2702 596 736 277 304 1364 116 253 6348
W/SA 2 4.7 3.8 2.5 2.6 1.7 1.4 3.7 2.2
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12.2.2 Flood Prone Areas Due to Sea Level Rise

Identification of areas prone to flooding caused by rising sea levels was premised
an extreme tide of 270 cm with a 100 year return period, as established by the
INGC (Instituto Nacional de Gestão de Calamidades). Furthermore, a sea level rise
of 100 cm in the year 2100 was considered (see Chap. 8).

As such, the present study considers a total possible sea level rise of 370 cm
(270 ? 100 cm), and on that basis the surface area of the municipality that would
be flooded by the sea was established. Within that area, the built areas that existed
in September 2010 as per the GeoEye satellite image have been identified.

Two factors were considered in the calculation of flood hazard due to sea level
rise: first, the ratio of the forecast extreme tide of 270 cm to the highest annual
astronomical tide (estimated by INGC to be 178 cm), which is 1.52; second, the
distance from the coastline (DC), since this reduces the impact of flooding. The
greater the distance from the coastline (km), the lower the amount of water in case
of flooding.

Therefore, hazard in this case is calculated as follows:

H ¼ 1:52
DC

12.3 Vulnerability

The term vulnerability has long been used in literature about natural disasters
(Gilbert 1995; Hewitt 1983, 1997), but it became more important when people
began to talk about growth and global change (Dow 1992; Dow and Dowing
1995). The IPCC Fourth Assessment Report (IPCC 2007) emphasizes that
developing countries are more vulnerable to climate change due to a lack of
institutional capacity.

12.3.1 Methodology

Vulnerability has been described by several authors in general terms, but rarely has
it been measured in a specific urban context in Sub-Saharan Africa.

As regards social sciences, attempts have recently been made to quantify cer-
tain aspects of the problem using anthropological and economic parameters in
order to compare different places and time periods (Alwang et al. 2001).

In the literature on vulnerability, it is divided into physical and social vulner-
ability (Adger 2006; Douglas 2007). Vulnerability is multi-faceted, and its main
elements can be described as physical (the natural and built environment),
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systemic, social/community/institutional, and economic. Each element influences
the others (Menoni et al. 2012).

Vulnerability refers to a specific place and time. As a result, specific indicators
can be used only if the scale is small (Cutter et al. 2003).

12.3.2 Identification and Weighting of Indicators

To assess the vulnerability of Maputo, this study uses indicators valid not only for
heavy rains but also extreme tides.

The following indicators are used to measure vulnerability in flood prone areas:
nature of the soil, impervious surfaces (built up areas), lack of tarmac roads, lack
of tree cover, poverty of resident population, and proximity to dumps. An example
of how indicators were recorded for flood prone area F (see Fig. 12.2) is provided
in Table 12.3.

At least two more indicators of vulnerability should have been added: unsafe
sanitation and hygiene services (latrines) and access to drinking water from open-
air wells which may be polluted by contaminated flood water. This study does not
consider these factors because the information available regarding latrines and
wells was outdated (2003) and limited to two districts (SEED 2010).

Having established the indicators of vulnerability, the first step is to measure
them within each flood prone area.

The second step was to establish the weights of every indicator. If the sum of all
the indicators gives a value of less than 1, then vulnerability is mitigated. If it
remains 1, then vulnerability is the same. If it is greater than 1, vulnerability
increases.

The six indicators used and the weighting methodology are described below:

1. Nature of the soil. Rainwater infiltration was zero in clay terrains along the
Costa do Sol and the left bank of the Umbeluzi and Infulene rivers, which
occupy 11 % of the municipality (including the districts of Katembe and Inh-
aca). All the other soils are very sandy and this facilitates infiltration. The sand
layer resting on a clay bed ranges from 45 to 75 m (Geological Map of Maputo
1:50,000). Nevertheless, some sandy surfaces (e.g. the Congolote formation)
are sometimes covered by a layer of clay (e.g. the Machava formation) that
reduces permeability, making water infiltration impossible (Isidro and Vicente
2004). The following values were attributed to the two different kinds of soils
found in the municipality: 0.1 for sand and 1 for clay (because it is, however,
slightly impervious).

2. Impervious surfaces. Water collected on impervious surfaces (roofs, floors)
runs into permeable interstices. When there are more impervious than perme-
able surfaces, water tends to stagnate, sometimes covering large areas. Since
Maputo has a patchy stormwater drainage system, the impervious surface rate
measures this factor of vulnerability. This information was taken from a high
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resolution GeoEye satellite image (2010). Each exposed area was divided into
territorial units with homogeneous settlements. One hectare in each unit was
used as a sample and measurements were taken of its impervious surface rate
(Fig. 12.3). The impervious surface rates ranged from 9 to 67 %.
The territory in question was divided into areas of homogenous settlement, and
the impervious surface rate for each area was calculated. A value of 1.1 was
attributed to areas with an impervious surface rate of less than 50 %, and a
value of 2 to areas with a rate of 50 % or more.

3. Roads. The surface of a road affects its the ability to absorb water. In Maputo,
most roads are unsurfaced, based on the GeoEye satellite image dated
September 2010 and additional data collected during on-site inspections
(Fig. 12.4). During these inspections we found that asphalt or concrete block
roads do not always have a suitable drainage system. In such cases, water runs
off the road surface. With some exceptions, unsurfaced roads have no drainage
so they are unable to quickly drain off water. As such, asphalt roads were
assigned a value of 0 while unsurfaced roads were given a value of 1.

4. Tree cover. Tree cover delays and reduces the amount of rainwater that reaches
the ground and therefore reduces vulnerability. Based on the high-resolution
GeoEye image and on-site inspections, the municipal areas without tree cover
were identified. In particular, two classes and their relative values were defined:
bare ground was assigned a value of 1, and soil with trees was assigned a value
of 0.5.

5. Poverty. Vulnerability is directly related to poverty. Métier’s 2007 estimation
of poverty in the bairros, conducted for the World Bank, ranged from a low of
20 % in the bairro of Malhangalene A to a high of 74 % in the bairro of
Albazine. The parameters used in that study were housing type, access to
drinking water, energy source, level of education, and type of employment. It’s
important to note that the bairros with a lower poverty index (less than 30 %)
were found in urban district 1 (KaMpfumo), while the 8 areas identified in the
present study as prone to flooding due to heavy rains have a poverty index
ranging from 30 to 60 %. Métier’s poverty percentage was used for each bairro
(e.g. bairro Chamanculo C = 56 % = 0.56).

Table 12.3 Layers of vulnerability indicators for area F

Area
(Fig. 12.2)

No of
layers

Serial
letter

Soil Imperv.
surf.

Roads Tree
cover

Poverty Dump
P

indices

F 2 a 0 1 0 0 1 0 2
F 2 b 0 1 0 1 0 0 2
F 3 a 0 0 1 1 1 0 3
F 4 a 0 1 1 1 1 0 4
F 2 a 0 1 0 0 1 0 2
F 3 a 0 0 1 1 1 0 3
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6. Dump sites. The municipal dumpsite is located in bairro Hulene B. The
dumpsite was created 45 years ago on an abandoned fresh water lagoon. The
dump now covers 25 ha and is used for all kinds of rubbish, including domestic,
sanitary, industrial, and commercial waste (Vicente et al. 2006). The garbage
mound, varying from 5 to 15 m in height, is located less than 10 m from
adjacent houses, and there is no protection/retaining wall (IBAM 2008). Heavy
rains will make the surrounding area even more vulnerable due to the run off
from the mountain of trash and the percolation of contaminated water in the
water table supplying the wells. No standard buffer zones are specified in the
regulations regarding dumps. Based on Italian regulations, we considered that
the effects of the rubbish would be harmful to the health of anyone residing
within 500 m of the dump. Given the extreme hazard created by this situation,
we assigned a value of 10 to the 500 m wide buffer zone.

Fig. 12.3 Roof cover density: 45 % (left) and 43 % (right) (E. Ponte)

Fig. 12.4 Left Maputo, Mafalala bairro, Nov. 2011. People walking along an unpaved flooded
road; Right Maputo, Costa do Sol bairro, Rua Engenheiro Santos Resenoe, Nov. 2011. Paved road
with a drainage canal (E. Ponte)

12 Flood Risk Due to Heavy Rains and Rising Sea Levels 195



12.4 Calculating Vulnerability

Having established coefficients for the six indicators, the vulnerability index was
calculated for each plot of land in the eight areas prone to flooding due to heavy
rains.

Four of the six indicators were considered elements of physical vulnerability
because they involved the terrain: tree cover, impervious area, type of soil, and
road surface. The severity of physical vulnerability is then multiplied by the social
vulnerability factor (poverty). In the case of heavy rains, an extremely poor
population may be unable to move to new accommodations and may not have the
capacity to cure illnesses caused by flooding (malaria, diarrhea, leptospirosis, etc.)
This is why the poverty indicator is considered a magnifier. Finally, proximity to
the dump is added as a separate, additional element.

In conclusion, this is the formula; below we have provided the variability range
of each indicator:

V ¼ Soilþ Impervious Surfaceþ Roadsþ Tree Coverð Þ � Povertyþ Dump

V ¼ 0:1� 1ð Þ þ 1:1� 2ð Þ þ 0� 1ð Þ þ 0:5� 1ð Þð Þ � 0:2� 0:75ð Þ þ 0� 10ð Þ

12.5 Exposure

Exposure is defined as

people, property, systems, or other elements present in hazard zones that are thereby
subject to potential losses (UN-ISDR 2009).

The indicators to consider when determining exposure are population density
and the economic and strategic importance of the exposed elements (infrastructure,
services, industries).

The population density of Maputo was determined on the basis of the 2007
population census. Using the bairro as the basic data unit, the entire municipality
can be divided into 62 units. To more accurately calculate the density of a specific
unit, the area of any unbuilt sites of more than 1 ha was subtracted from the
surface area of the unit. Unbuilt areas were identified through photo interpretation
of GeoEye satellite images (2010) (Fig. 12.5).

According to those calculations, Maputo has a mean density of 46 inhabitants
per hectare (i/ha): density peaks occur in Chamanculo (294 i/ha) and Maxaquene
(291 i/ha); meanwhile, the lowest values occurred in the suburban areas of Bag-
amoio (31 i/ha) and Katembe (2 i/ha). However, some suburban areas are densely
inhabited, for example Hulene A (220 i/ha) (subdivision 32) and 25 de Junio B
(148 i/ha) (subdivision 49) (see Fig. 12.1).
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According to study results, only a few densely populated areas are flood prone
(Chamanculo, Minkadjuine, Mafalala, and Maxaquene). Nevertheless, the less
densely populated northern bairros, which are also flood prone, are experiencing
rapid demographic growth. Moreover, the situation illustrated in Fig. 12.5 refers to
2010, and may already have worsened.

On-site inspections and interviews revealed that official markets and industrial
zones in flood prone areas were rarely affected because they were built on foun-
dations. Meanwhile, most informal markets and some schools were flooded on a
regular basis. A complete exposure analysis should include this data.

12.6 Adaptation

The value assigned to adaptation, defined in detail by Tiepolo (see Chap. 13), is
based on the number of flood impact reduction measures implemented. The lit-
erature divides such measures into structural and non-structural (FIFMTF 1992).
The former are visible physical structures (stormwater drainage canals, raised
foundations to protect buildings, sea walls), which are generally quite expensive.
Non-structural measures (early warning systems, sanitary education, event simu-
lations) tend to cost less than structural measures and are not visible.

Adaptation measures were analyzed in detail for the four districts identified as
regularly exposed to flooding: Katembe, KaChamanculo, KaMaxakeni, and
KaMavota (see Chap. 13). The data collected on adaptation measures during
interviews and on-site inspections in those areas were georeferenced on a map.

Fig. 12.5 Built-up area
(grey) used to calculate
population density. White
areas are undeveloped plots
larger than 1 ha (GeoEye
2010; map by E. Ponte)
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Not all adaptation measures have the same impact on risk reduction, so each
measure was weighted. Once all the measures in the districts in question had been
identified, their weighting produced the following results: Katembe 0.25, KaCh-
amanculo 0.25, KaMaxakeni 0.5, KaMavota 0.75.

12.7 Risk

Risk was analyzed in terms of the four risk factors—hazard, vulnerability, expo-
sure and adaptation—using the following formula:

R ¼ H � V� Eð Þ=A

Heavy Rains:

R¼ 2 � sub - bas=areað Þ½ � � roadsþ soilþ tree coverþ imperv: surf:ð Þ � povþ dump½ � � pop dens:ð Þf g= adapt: meas:ð Þ
R¼ 2 � 1:9� 4:7ð Þ½ � � 1þ 0:1� 1þ 0:5� 1þ 1:1� 2ð Þ � 0:05� 0:65þ 0� 10½ � � 294� 2ð Þf g= 0:25� 0:75ð Þ

Sea level rise:

R¼ 1:52 � dist:cð Þ½ � � roads þ soilþ tree coverþ imperv: surf:ð Þ � pov þ dump½ � � pop dens:ð Þf g= adapt: meas:ð Þ
R¼ 1:52 � 0� 2ð Þ½ � � 1þ 0:1� 1þ 0:5� 1þ 1:1� 2ð Þ � 0:05� 0:65þ 0� 10½ � � 294� 2ð Þf g= 0:25� 0:75ð Þ

Fig. 12.6 Maputo. Risk
areas within the flood prone
area F with a risk score
ranging from 6.6 to 0.1. Risk
score: very high (black), high
(grey) and moderate (white)
(E. Ponte)
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The calculation of flood risk due to heavy rains for 100 basic territorial units
produced a range of risk from 0.1 to 9.8. Ten basic units (37 ha) have an extremely
high risk factor (between 6.0 and 9.8). Fourteen other basic units are considered
high-risk (3.0-5.9). The 10 extremely high-risk units represent 10 % of floodable
areas due to heavy rains.

The risk factor for the 10 floodable areas due to sea level rise in the KaMavota
district varied from 0.19 to 9.38. Of the 36 territorial areas analyzed, 13 territorial
units were considered high-risk areas.

These results demonstrate that a large percentage of the population (slightly less
than 70,000 individuals) lives in high-risk flood areas.

Table 12.4 and the risk assessment maps illustrate how some indicators are
more important than others (above all, population density and poverty index).
However, all indicators have to be considered in order to obtain a reliable risk
factor. The risk assessment results for area F are shown as an example in Fig. 12.6.

12.8 Conclusions

The Maputo Municipality is part of the UN-HABITAT Cities and Climate Change
initiative. The COP 17 conference held in Durban in late 2011 presented data
showing that, in developing countries, climate change and related natural hazards
impact coastal cities the most. Sixty percent of the world’s population lives in low-
lying coastal areas (less than 10 m.a.s.l.). Although these areas represent only 2 %
of surfaces all over the world, they support 10 % of the population, 80 % of which
live in cities. The UN ISDR project, Making Cities Resilient: My city is getting
ready, is planning important studies involving a large number of coastal cities,
proof of the relevance and importance of this study.

The goal of the present study is to prepare a tool that the Maputo Municipality
could use to assess flood risk. As in many large cities, very little data exists about
the population, climate, settlements, and infrastructure south of the Sahara.
Although the limited availability of data affected the methodology used in the
study, a useful tool has been developed with the following characteristics:

• Simple. The risk index is visualized on coded maps showing a number corre-
sponding to the numeric value obtained. The different grey hatched areas on the
map show the risk factor (black = very high risk, white = low risk);

• Accurate. The areas at risk are shown on maps and are immediately identifiable
thanks to appropriate scales and names of the road network;

• Transferable. The data was processed using open source GIS, which allows data
to be exchanged free of charge with other users;

• Easily updated. Risk area maps can be updated by changing the input of the
layers.
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Future research into this area should take into account the fact that floods due to
heavy rains or sea level rise can coexist in Maputo. So far, these two sources of
risk have been considered only separately. As such, a multi-risk assessment should
be developed, one that draws on the input of several different disciplines (EMA
2002).

This study assessed both types of risk on the basis of indicators—namely
population density, poverty, construction and adaptation measures—that are
constantly evolving in Maputo. Future application of this methodology will
therefore require a shift from use of the risk assessment tool developed by this
study to ongoing use of a risk monitoring tool.
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Chapter 13
Ongoing and Future Flood Adaptation
Measures in the Municipality of Maputo

Maurizio Tiepolo

Abstract This chapter presents the adaptation baseline for flooding caused by
extreme rains, sea level rise, and high tides brought on by climate change in the
municipality of Maputo (1.1 million inhabitants in 2007, 347 km2). Adaptation
measures were ascertained over the 57.4 km2 exposed to regular flooding through
interviews with district and neighborhood officers and on-site inspections. The size
of the areas exposed to flooding (16 % of the administrative surface), their dis-
persion in 21 fragments and the fact that many measures are not detectable by
means of surveys has complicated the work. The importance of adaptation is
defined for each exposed area on the basis of the physical, economic, social, and
health consequences of its absence and is expressed as a figure that can be used in
risk equations. A focus group set up with members of the environmental direc-
torate of the municipality of Maputo identified short, medium, and long-term
measures, prioritized those measures according to five criteria, and discussed the
mainstreaming of adaptation in planning tools.

Keywords Climate change � Flood risk � Assessment of adaptation measures �
Adaptation planning � Maputo

13.1 Introduction

As mentioned in previous chapters, two physical events that are influenced by
climate change were investigated in Maputo: extreme rains, i.e. daily rainfall
greater than 200 mm (see Chap. 9); and the combination of extreme tides and sea
level rise (see Chap. 10). This chapter identifies the adaptation baseline (Levina
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and Tirpak 2006) as well as the future measures that should be prioritized and
mainstreamed in local planning so as to reduce flooding risk.

The need for adaptation to urban climate change in Mozambique is significant
and cannot be addressed by international aid alone, not even in regions that receive
significant funding from international donors, such as the Sahel (Tiepolo 2012). To
achieve adaptation, aid should instead be used to support local governments in
finding and using their own resources more efficiently (Braccio and Tiepolo 2013),
hence the need to identify areas of greatest risk, prioritize actions, distribute those
actions over time, and ensure they are mainstreamed in planning tools.

Since no previous assessment of adaptation to floods and related physical
planning adjustments had been conducted for Maputo (United Nations Habitat
2010), this chapter also investigates future adaptation measures for the city. The
literature dealing with large African cities prone to heavy rains brought on by
climate change identifies drainage as a typical adaptation measure (Lwasa 2010:
167; Folorunsho and Omojola 2009; Karley 2009; République centrafricaine 2009;
IMWI 2013). Although drainage work is fundamental, the importance of alter-
native devices that can be managed jointly to encourage the infiltration and storage
of water (filtering trenches and wells, infiltration basins) has been recognized as
well (Dasylva 2009). There is still general agreement on the inevitability of
resettlement procedures affecting residents in areas prone to regular flooding.

13.2 Adaptation Measures Defined

The equation used to calculate risk includes not only hazard, vulnerability, and
exposure, but also adaptation:

R ¼ H � V � Eð Þ=A ðadapted from Davidson 1997Þ

The term adaptation to climate change indicates

the adjustment in natural or human systems in response to actual or expected climatic
stimuli or their effects, which moderates harm or exploits beneficial opportunities. (IPCC
2001)

There are two kinds of adaptation measures: structural and non-structural
(FIFMTF 1992). As the former involve public works, they are visible: rainwater
drainage canals, platforms or stilts used to raise homes above high water levels,
new settlements built to house the inhabitants of areas prone to flooding, and sea
walls, stone walls, embankments, and raised door thresholds to protect against high
tides. These are expensive improvements whose specific geographic location can
be determined through on-site inspections, a long but feasible operation.

Non-structural measures are more numerous. These include early warning
devices alerting residents to the increased danger of flooding, the education of
local people in terms of what should be done should flooding occur, dissemination
of information on hygiene, conducting flooding drills in schools and hospitals,
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formulation of floodable area maps and evacuation maps, and the installation of
markers indicating the water level in exposed areas. In other cases, non-structural
measures include less obvious activities that often prove to be vital in the event of
flooding: installation of electric generators, drinking water tanks for schools and
hospitals, the protection of industrial water treatment plants or of warehouses
storing dangerous substances, latrines raised above the high water mark, and the
protection of drinking water wells against contamination by floodwater. Other
measures come into play only after the event, such as vaccination campaigns and
the replanting of mangrove forest areas, the latter of which is not always visible
due to the slow rate of growth. As such, many of these non-structural adaptation
measures are not obvious when carrying out on-site inspections.

13.3 Data Collection Methodology

Adaptation measures in Maputo are urgently needed in the areas most exposed to
flooding due to heavy rains (28.6 km2) and the areas most exposed to flooding due to
extreme tides and sea level rise (28.8 km2), as identified by Braccio (see Chap. 11)
and Brandini and Perna (see Chap. 10). Adaptation measures were therefore ascer-
tained for 21 areas of Maputo, covering a total of 57.4 km2: a large area if one intends
to carry out comprehensive inspections.

When ascertaining adaptation, the methods to be used should depend on the
conditions of the particular case (Barros et al. 2012).

As regards Maputo, the method used to identify an adaptation baseline
(Table 13.1) involved interviews with district and bairro (neighborhood) officers
working in exposed areas.

Some measures, such as the rainwater drainage network, might have been
identified without the need for on-site inspections were it not for the fact that there
are no complete, up-to-date maps showing the current level of maintenance.

Therefore, two interviews were conducted in each of the four districts where
most of the areas exposed to flooding are located: an in-depth interview with a
district officer, followed by a general inspection of the district, and an in-depth
interview with the secretary of the neighborhood most at risk, followed by visits to
specific sites. Each interview was structured around four topics: the hazards
encountered over the previous year; what happened before, during, and after the
event; the existing adaptation measures; and the measures that needed to be
introduced. When discussing hazards, interviewers specifically mentioned the
heavy rains of late January 2011 (200 mm) and 1 November 2011, which, though
considered modest, produced immediately visible effects in the most exposed
neighborhoods, including the accumulation of standing water.

The only portion of the interview that involved prompts concerned existing
measures. Using a photo album depicting 32 typical measures listed in the liter-
ature, interviewees were asked to identify the measures that existed in their dis-
trict/neighborhood and to describe the extent thereof. Interviews took place
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between 1 and 4 November 2011, and were conducted by the author, assisted by
E. Ponte and accompanied by an officer of the environmental directorate of the
municipality of Maputo, in districts no. 2 KaChamanculo (neighborhood no. 15
Chamanculo C), no. 3 KaMaxakeni (neighborhood no. 27 Polana Caniço B), no. 5
KaMavota (neighborhood no. 51 Maghoanine B) and no. 6 Katembe (neighbor-
hood no. 55 Guachene) (Fig. 13.1).

Non-structural measures are extremely important, such as early warning sys-
tems and the construction of local climatic scenarios for forecasting the return
period of heavy daily rains, which are particularly useful in planning drainage
work (Magadza 2000). Non-structural measures also include the coping strategies
of the poor, such as savings groups, income diversification and the accumulation of
assets (Allen et al. 2010). Nevertheless, as regards flooding due to sea level rise,
spontaneous, improvised adaptations are believed to have little effect compared to
investment done from public sector (Nicholls et al. 2010: 5).

In order to ascertain whether such measures are important in Maputo as well,
what the priorities are, and what their short, medium, and long-term distribution
could be, we set up a focus group with six officers from the municipality’s
environmental directorate. A few reflections on this are given at the end of the
chapter.

13.4 Existing Adaptation Measures

The adaptation measures currently in place in areas exposed to flooding were
identified by showing each interviewee a photo album of 32 typical measures listed
in the literature. This allowed researchers to distinguish 18 adaptation measures
currently in place in Maputo. The most common measure consisted in the iden-
tification of inhabitants affected by flooding in each district, carried out by the
chefe de quarteirão (the heads of a small number of blocs) following episodes of
heavy rainfall. These reports are submitted to District officials, and used to compile
a list of flooded quarteirão (each quarteirão is identified with a progressive
numbering system). In the future, it would therefore be possible to build a
georeferenced map of the areas flooded after each heavy rainfall.

Table 13.1 Maputo: adaptation study methodology

Ongoing measures Information sources Future measures Information sources

• Measure
identification

• District/neighborhood
officer interviews

• Priority criteria • Maputo directorate for
the environment
Focus group

• Measure
identification• Measure weight • Field visits

• Desk work • Measure ranking• District ranking
. .

R = (H*V*E)/A 6 priority measures
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Three of the four districts notify residents when dangerous weather is forecast.
In two districts, an early warning is launched via television and radio. However,
the information provided is very general and not specific to the situation in each
neighborhood or district. In the district of Katembe, for example, a local radio
station would be much more effective because it would be closer to the situation
and could provide district-specific warnings.

Fig. 13.1 Maputo 2011. Interviewed districts (no. 2, 3, 5, 6) and neighborhoods (no. 15, 27, 51,
55); areas exposed to flooding from extreme rain, extreme tides, and sea level rise are highlighted
in grey
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In two of the districts studied, there are power generators in hospitals and
vaccination campaigns are carried out following floods.

As regards structural measures, only two of the four districts have a rainwater
drainage canal network and maintenance service (Fig. 13.2), and in only two
districts are homes equipped with a raised entrance (Fig. 13.3).

Many of the existing adaptation measures identified were only present in one
district, including disaster drills in schools, emergency plans for schools, disaster
preparation, drinking water tanks in hospitals, raised latrines, and resettled
residents.

The following measures were completely absent: formulation of maps of
flooded areas and evacuation maps, use of high water markers, accumulation of
emergency food reserves prior to floods, implementation of economic incentives
discouraging people from constructing buildings in flood-prone areas, dissemi-
nation of emergency kits, protection of industrial waste water treatment plants,
construction of flood barriers and formulation of emergency plans for industrial
areas, instructions on handling dangerous substances, house retrofitting, con-
struction of cement barriers to protect drinking water well heads, dune and man-
grove restoration, stabilization of banks and hillside slopes, and the construction of
new rainwater drainage systems.

Fig. 13.2 Maputo, 5 Nov. 2011. A primary rainwater drainage canal along Kahunda Street,
properly maintained (Tiepolo 2011)
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13.5 Distribution of Adaptation Measures

The distribution of adaptation measures across the four districts studied varies
considerably. In Katembe, on the right bank of the Umbeluzi River, and in
KaChamanculo only 4 measures are in place, while 8 measures were identified in
KaMaxakeni and 13 were identified in KaMavota.

As regards the flood risk due to tides and rising sea levels, the analysis was
limited to the area of KaMavota, where stone barriers and sea walls were found to
be in place (Fig. 13.4 and Table 13.2).

The adaptation baseline data was then used to compile a risk map (see Chap. 12)
in which all four risk calculation variables (hazard, vulnerability, exposure, and
adaptation) were georeferenced. On that basis, a specific risk figure was calculated
for each point of the exposed areas, indicating the risk intensity on a scale from 1 to
10. Information regarding adaptation, collected through interviews and site visits,
was also included in the map. When the secretary general of a neighborhood
identified commonly used adaptation measures without specifying specific zones
where they were applied, the map simply indicates such measures are present
throughout the entire neighborhood.

Fig. 13.3 Maputo, KaMaxakeni district, 2 Nov. 2011. The raised entrances of building plots
constructed to exclude floodwater (Tiepolo 2011)
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13.6 The Importance of Existing Adaptation Measures

Not all adaptation measures are of equal importance. Each measure was weighted
according to the physical, economic, social and health consequences that would
occur in its absence (Table 13.2).

Based on site visits to flood-prone areas, it appears that while most structural
and non-structural measures can’t prevent flooding, the dearth or total lack of such
measures correspond to increased severity of the effects of flooding. Since adap-
tation is the denominator in the risk equation, even at its maximum value of 1 it
cannot reduce risk. Rather in a best-case adaptation scenario, a denominator of 1
will have no impact on the overall risk value, while a denominator of less than 1
(e.g. an adaptation score of 0.5) will increase the total risk score.

At this point in the study, the physical, economic, social, and health conse-
quences in the absence of each adaptation measure in case of flooding were
considered (Table 13.2).

Physical consequences include the interruption of drinking water and electricity
supplies, sewage leakage from latrines, and homes rendered uninhabitable. Health
consequences include the spread of diseases such as malaria, diarrhea, leptospi-
rosis, and cholera as well as the interruption of healthcare and delays in emergency
services.

Fig. 13.4 Maputo, district 4, 3 Nov. 2011. Sea wall in the Costa do Sol neighborhood (Ponte
2011)
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Economic consequences include loss of goods and crops, the impossibility of
working, and delays in transport, while the primary social consequence is
increased poverty.

Each measure was assigned 0.025 points for each category of consequence, and
therefore received a score of 0.075 for three consequences, up to a maximum of
0.1 points if all four types of consequences were found to result in the absence of
that measure (Table 13.2).

According to that ranking, results indicate that drainage and its maintenance,
the resettlement of residents in flood-prone areas to safe sites, and raised latrines
are the most important measures given the consequences that their absence
engenders. Next (with 0.075 points) come disaster preparation, vaccination cam-
paigns after the event, hygiene education, stone barriers, and sea walls. With 0.05
points, the adaptation measures considered to be of lesser importance included
early warnings and information, the identification of residents exposed to flooding,
electric generators and drinking water tanks for hospitals, and the restoration of
mangroves. Measures scoring just 0.025 points were disaster drills and emergency
plans in schools (Table 13.2).

The inclusion of certain types of construction work in structural measures,
rather than others, was reviewed following the interviews, and interviewees’
opinions on the utility of measures were truly enlightening. For example, the most
surprising result was the importance that interviewees attributed to drainage canal
maintenance (Fig. 13.5) and rubbish removal.

Another aspect that emerged from the interviews was disappointment with
resettlement operations for the residents of flood-prone areas. Though resettlement
areas are not at risk of flooding, their peripheral locations often lack amenities and
leave resettled flood victims far from their community and relatives, a tie con-
sidered to be very important in Maputo. Such was the case with the resettlement of
central neighborhoods of the inner Guachene bairro to the most remote parts of the
Katembe district, beyond the Umbeluzi River.

The total weighting of adaptation measures found in the various districts pro-
duced the following results: Katembe and KaChamanculo 0.275, KaMaxakeni
0.425, and KaMavota 0.8. As such, the district on the south side of the Umbeluzi
River is the least adapted while the inner district on the border with the munici-
pality of Matola is the best adapted. No district is therefore completely deprived of
adaptive capacity. However, the existing measures are insufficient and this makes
the risk higher (Fig. 13.6).

13.7 Future Adaptation Measures

A focus group consisting of six people was organized at the Municipality of
Maputo Directorate for Environment. Each of the Directorate members is familiar
with the problem of flooding, not only in a professional capacity, but also as
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private citizens often residing in exposed areas. The purpose of the focus group
was as follows:

1. Identify adaptation measures for future flooding;
2. Categorize measures as short-, medium- or long-term;
3. Define the length of these three terms in months/years;
4. Establish the priority of the measures identified.

In addition to the district and neighborhood interviews, the focus group
examined each of the 32 adaptation measures listed in the photo album, approving
or rejecting them according to their appropriateness to local conditions. Appro-
priateness was determined on the basis of five criteria identified by the focus
group:

• No regrets: the measure must have beneficial effects, even in the absence of
climate change;

• Requirements: no legislative changes are needed to implement the measure;
• Community acceptance: the measure must be accepted by the local community;
• Budget: the measure’s cost must be feasible given the current municipal budget;
• Cost-benefit: benefits of the measure must outweigh the costs of

implementation.

Fig. 13.5 Maputo, KaMavota district, 3 Nov. 2011. Stormwater drainage along Dona Alicia
Street with efficiency compromised by vegetation (Tiepolo 2011)
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Five of the 32 measures were simply considered inappropriate for Maputo
without considering the 5 criteria. In particular, encouraging people to store food
reserves was held to be irrelevant to the local urban environment. The emergency
kit was deemed unbeneficial insofar as it might encourage residents to remain
inactive during flooding. Drinking water tanks for hospitals were considered an
unnecessary cost given that, to date, the water supply has never failed. Flood-proof
platforms were considered to be a good measure for community services only.

Fig. 13.6 Maputo 2011. Level of adaptation by district: most adapted is KaMavota (5—dark
grey); moderately adapted is KaMaxakeni (3—grey); least adapted are Kachamanculo and
Katembe (2 and 6—light grey). Exposed areas are enclosed by a continuous black border
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Finally, resettlement was preferred over retrofitting to help homes withstand
flooding (Table 13.3).

In addition, four measures required significant changes to legislation: protection
of industrial water treatment plants, barriers to protect industries against flooding,
an emergency plan for industries; and instructions on handling dangerous
substances.

Five measures were considered beyond the reach of the municipal budget: slope
stabilization, sea walls, and new stormwater drainage are all extremely costly. In
addition, dune restoration has corollary economic implications given that builders
use the dunes as a supply of inert materials for construction work. Finally, man-
grove restoration is a costly and multifaceted endeavor because it requires edu-
cating local people regarding the consequences of cutting down the mangroves for
firewood, and in some cases also necessitates resettlement.

Fifteen measures were considered short-term, four medium-term, and six long-
term (Table 13.4).

Short-term measures are less costly to implement, thus all were retained without
any prioritization. The 10 medium-long term measures were then pared down to
six during the focus group discussion. Each member of the focus group was asked
to score the six measures in order of priority from 1 (most important) to 6 (least
important). The total points attributed by the focus group to each measure deter-
mined its priority (Table 13.5).

13.8 Implementing Adaptation Measures

The next step toward implementing the selected adaptation measures will be to
involve the stakeholders from exposed areas of Maputo and any projects already in
place to support community-based adaptation. These actors should be asked to re-
orient their approach according to the ‘no regrets’ criterion (Care 2011).

Relocation to safer areas, improved housing, protection of productive assets,
purchase of flood insurance, and flood preparation through training are all adap-
tation measures that are typically implemented at the household level (Moser and
Satterthwaite 2008: 20).

In order to implement the measures contemplated here, physical planning tools
should be suited to include climate change adaptation in urban environments.
Indeed, such tools allow planners to focus on both peri-urban areas, where
development can increase the hazards (such as flooding) that strike cities and
downtown informal settlements, where most people live (Barros et al. 2012: 460).
Physical planning tools affect land use, and thus the areas exposed to hazards and
the physical aspects of vulnerability as well (United Nations 2004: 314). Though
such tools have generally failed to include climate change adaptation in urban
environments in the majority of developing countries (Barros et al. 2012), in some
cases (e.g. Rufisque, Senegal) they have been adapted (Olhoff 2011: 29). In Niger,
the national guide for drafting local development plans has been updated to
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integrate climate change (République du Niger 2012). Nevertheless, climatized
local development plans are presently few and mostly for rural areas (such as
Gorouol, Loga, Roumbou, and Tanout), though the plan prepared for Niamey’s
district no. 1 shows that mainstreaming can benefit cities as well.

The process of mainstreaming climate change adaptation in national and sec-
toral policies and local planning tools is expected to guarantee that adaptation has
a greater positive impact in the medium-long-term (UNDP 2011: 10).

Table 13.3 Maputo 2011. The identification of priority measures for adapting to flood

Measure No
regrets

Legislative
change

Community
acceptance

Budget Cost-
benefit

Flooded area map at bairro level • • • • •
Flood level markers • • • • •
Early warning • • • • •
Informing population about

preparedness
• • • • •

Emergency preparation training • • • • •
Emergency plans for schools • • • • •
Disaster drills in schools • • • • •
Health education • • • • •
Evacuation map preparation • • • • •
Incentives to leave exposed areas • • • • •
Resettlement of exposed

populations
• – – – –

Stormwater drainage maintenance • • • • •
Identification of exposed

population
• • • • •

Post-disaster vaccination
campaigns

• – – – –

Power generators for hospitals • • • • •
Protection of industrial water

treatment plants
• – • • •

Anti-flood barriers for industries • – • • •
Emergency plans for industries • – • • •
Instructions on handling

dangerous substances
• – • • •

Raised latrines above flood level • • • • •
Concrete protection of wells

against flooding
• • • • •

Dune restoration • • • Exp •
Mangrove restoration • • – Exp •
Slope stabilization • • • Exp •
Dykes • • • • •
Sea walls • • Not all Exp •
New stormwater drainage

construction
• • • Exp •
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13.9 Conclusions

The existing adaptation measures in Maputo are insufficient to significantly
decrease hazard, vulnerability, and exposure to flooding. Not one of them has been
properly designed to cope with extreme rainfall and high tides.

Table 13.4 Maputo 2011. Measure time horizon: Short-term (0–6 months); Medium-term
(6 months–1.5 year); Long-term (4 years)

Measure Duration
Short-term Medium-term Long-term

Flooded area map at bairro level •
Flood level markers •
Early warning •
Informing population about preparedness •
Emergency preparation training •
Emergency plans for schools •
Disaster drills in schools •
Health education •
Evacuation map preparation •
Identification of populations exposed to flooding •
Post-disaster vaccination campaigns •
Protection of industrial water treatment plants •
Barriers to protect industries against flooding •
Emergency plans for industries •
Instructions on handling dangerous substances •
Dune restoration •
Mangrove restoration •
Raised latrines (above the flood level) •
Power generators for hospitals and health centers •
Slope stabilization •
Sea walls and dykes •
Stormwater drainage maintenance •
Resettlement of populations exposed to flooding •
New stormwater drainage construction •
Economic incentives to leave exposed areas •

Table 13.5 Maputo 2011. Medium-long term measure prioritization

Adaptation measure Score Ranking

Drainage maintenance 9 1st
Economic incentives to leave exposed areas 12 2nd
New storm water drainage 18 3rd
Sea wall 26 4th
Slope stabilization 27 5th
Resettlement 34 6th
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While the main rainwater drainage system can sustain the impact of even
200 mm of daily rainfall, the secondary network is small and obstructed by rub-
bish and vegetation in almost all areas.

The resettlement of residents from flood-prone areas to safe sites might seem
like a simple and decisive measure, but it is implemented poorly and is disliked by
the people benefiting from it who, over time, return to live in the areas they
originally came from, where they can be close to their relatives and have access to
basic amenities.

The situations in the four districts that encompass the areas at greatest risk of
flooding differ enormously. While Katembe and KaChamanculo have almost no
adaptation measures, KaMavota has three times as many. The risk equation for
each area will therefore have a denominator that varies from 0.275 to 0.8, with
significant effects on the final risk figure.

As regards future measures, those with the highest priority are mainly structural
measures, particularly the maintenance of the existing rainwater drainage canal
network and the construction of new sections. These findings are consistent with
reports in the literature on other large African cities, such as Accra, Addis Ababa,
Bangui, Dakar, Douala, Durban, Lagos, and Kampala (see Chap. 2).

The second priority measure involves the strengthening of banks, hillside
slopes, and sea walls. Resettlement—even if it is implemented through economic
incentives paid to those living in exposed areas—is considered to be of lesser
utility.

As regards the methodology, ascertaining and weighing climate change adap-
tation measures requires discussion with local players, unlike other components of
the risk equation. This is the only way to identify less visible adaptation measures
and appreciate their relative importance. Secondly, adaptation assessment is more
robust if the end goal is to take action. In fact, only when the issue of actually
implementing measures is considered does the need arise to prioritize them, and
thus to define the importance of single adaptation measures.
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Chapter 14
Linking Vulnerability and Change:
A Study in Caia District, Mozambique

Elena Ianni

Abstract The vulnerability of a community is usually defined in relation to an
outcome, such as hunger, following a natural catastrophe, like drought or flood.
Present challenges demonstrate that emergencies are multi-faceted and that risks
are not the result of physical events alone. Changes to ecological, economic or
social relations and structures erode the adaptive capacity of communities, which
become locked into an undesirable, vulnerable state. This chapter focuses on the
ways in which a particular set of changes related to economic liberalization affect
the vulnerability context in rural areas of the Caia District, in central Mozambique.
The factors on which this study focuses include the modernization and resettle-
ment policies of the district government; the market economy and its potential
effects on agricultural incomes; and the land tenure investments of private firms
and the increasing competition between farmers and commercial interests over
access to land and natural resources. Drawing from household survey data and key
informant data, we argue that the changes to economic and social relations that are
occurring in the district may compromise families’ capacities to cope with climate
changes, and jeopardize their possibility of remaining on their existing develop-
ment trajectory or making the transition to a better one.
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14.1 Introduction

The answer to the question of whether human societies will be able to respond to
the pace at which social and natural systems are currently changing is not trivial.
Perhaps they can, if faced with either natural or social change (Anderies 2011).
However, in the face of double exposure (i.e. the simultaneous impacts of global
environmental change and globalization) (O’Brien and Leichenko 2000), house-
holds, villages, and regions may be stretched beyond their capacity to cope on their
own. Both globalization and global environmental change are generating a highly
connected system in which decisions at small scales are influenced by and will
influence processes at the global scale in unpredictable and novel ways (Adger
et al. 2009a, b). O‘Brien and Leichenko (2000) and Leichenko and O’Brien (2002)
suggest that there is a need to incorporate economic globalization into current
analyses of climate vulnerability. In particular, the manifestations of globalization,
including economic liberalization and increasing international trade, commer-
cialization, and export orientation, are likely to shape future development patterns.

As explained by Silva et al. (2010), an examination of the dynamic interaction
between environmental stress and economic change is particularly relevant for
southern Africa, as it is characterized by high levels of both poverty and envi-
ronmental variability. In addition, southern Africa is becoming increasingly inte-
grated into the global economy and has been identified as one of the most
vulnerable regions to climate change in the world. This chapter deals specifically
with the vulnerability to climate change demonstrated by the rural Sena commu-
nities in the district of Caia in Mozambique, who exhibit all the aforementioned
conditions characteristic of southern Africa, explored below.

Firstly, where poverty levels are severe, most people’s food consumption is
considered borderline according to international standards: it is below the rec-
ommended minimum daily calorie intake of 2,100 per person and falls below the
recommended minimum daily protein intake of 52 g per person. In the inner part
of Caia, there is insufficient access to or a general lack of basic infrastructure, such
as roads and water wells. The mean per capita consumption of water in the villages
is about 10 L/day. Smallholders’ agricultural plots are rain fed and most families
lose part of the harvest due to drought and locust invasions. Secondly, the district
has increasingly been integrated into the global economy. In recent years, infra-
structure development has attracted economic interests; the total population of the
district increased by 35 % from 1997 to 2007. In order to improve and modernize
rural living conditions (i.e. maximize safety and access to water), the government
recently endorsed actions to relocate people from isolated rural areas to the
neighborhoods of urban centers. Moreover, the district government, following a
trend across Mozambique and in many other African countries, has been fostering
large-scale land acquisitions and forest exploitation leases as a means to rapidly
achieve an alleged rural development. These actions have been undertaken based
on the assumption that they play an important role in catalyzing economic
development, facilitating infrastructure expansion, and creating employment. The
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increasing competition with commercial interests over access to land and natural
resources will force people towards the urban areas and will create large numbers
of part-time, casual, and low-paid workers. Finally, environmental hazards, such as
flooding, droughts, and cyclones commonly affect this vulnerable area. Repeated
flooding of the Zambezi River has been documented in recent years, and evidence
suggests that an increase in the variability and the intensity of rainfall events may
be contributing to the associated flooding (Mason and Joubert 1997; Hulme et al.
2001; Thornton et al. 2006). Basically, climate stress will exacerbate the adverse
ecological and socio-economic changes caused by large dams in the Zambezi
catchment that have already substantially altered the magnitude, timing, duration,
and frequency of flooding events in the delta (Beilfuss and Brown 2010). Projected
climate changes—an increase in the mean annual temperature by 1.8–3.1 �C, a
2–9 % decrease in rainfall, and a 2–3 % increase in solar radiation by 2075—will
lead to a drying in the Southern African region. Two outcomes are associated with
these changes: a reduction in crop production, such as maize yields; and a decline
in nitrogen content in plants, reducing their nutritional value.

The Sena communities that live in the Mozambican drylands are resource-
dependent and have developed practices and institutions that are well adapted to
local environmental variation. As a result, over the centuries families have
developed a complex and generalized life system that has allowed them to survive
in critical times and adapt to climate variability. In this chapter, I argue that the
changes to economic and social relations that are occurring in the district may
compromise families’ capacities to cope with climate changes, and jeopardize their
possibility of remaining on their existing development trajectory or making the
transition to a better one. Drawing from household survey data and key informant
data, I examine the effects and influences of simultaneous processes of change on
farmers in the district of Caia. On the basis of the results, some policy actions in
the context of evolving rural–urban interfaces and in the developing context of
land deals are discussed.

14.2 Theoretical Framework

From a reductionist approach, people are considered vulnerable due to their
presence in hazardous locations. The vulnerability of a household or community is
usually defined in relation to an outcome, such as hunger, following a natural
catastrophe, like drought or flood. Current challenges demonstrate that emergen-
cies are multi-faceted (Eakin et al. 2009), and there is an emerging awareness that
vulnerability and local responses to shocks and change can only be understood by
examining the interactions between multiple stressors (Gallopin 2006; Vogel et al.
2007; Quinn et al. 2011). Vulnerability studies are finding increasing popularity in
policy and practitioner communities engaged in various research fields, including
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risk assessment and natural hazards (Alcántara-Ayala 2002), food security (Grillo
2009), and environmental change (Adger et al. 2009a, b). O’Brien et al. (2007)
maintain that there are two main streams of literature relating vulnerability to
climate change. Authors define these two interpretations as contextual and out-
come vulnerabilities. The latter considers vulnerability as the negative outcome of
climate change for any particular exposure unit—an outcome that can be quanti-
fied and measured, as well as reduced through technical and sectoral adaptation
measures, including by reducing greenhouse gas emissions. The former considers
vulnerability as the present inability of social and ecological systems to cope with
external pressures or changes (in this case, changing climate conditions) that are
generated by multiple factors and processes. In this view, reducing vulnerability
involves altering the context in which climate change occurs, so that individuals
and groups can better respond to changing conditions. Vulnerability in drylands
cannot be attributed to climatic factors alone but to a multiplicity of contextual
conditions. This may include institutional and political changes, such as restricted
access to land, water, services or mobility that often take place outside the realm of
a rural community. Crop failures and livestock deaths are causing economic losses,
raising food prices, and undermining food security with an ever greater frequency,
especially in parts of Sub-Saharan Africa. Context vulnerability literature
emphasizes that to effectively reduce vulnerability, factors that influence a generic
capacity to respond to a variety of changes have to be identified (O’Brien et al.
2007). Identifying vulnerability to current variability and extremes is a good
starting point for understanding vulnerability to any future changes in climate
because some of the social factors that prevent certain households from responding
today are likely to similarly affect households in the future.

14.3 The District of Caia

The district of Caia, Province of Sofala, lies in the lower tract of the Zambezi
River basin. The population of the district is concentrated along the main com-
munication corridor (i.e. the Beira-Sena national road along which the towns of
Caia and Sena are located). Thanks to infrastructural improvements, along with the
introduction of electricity, Sena and Caia have progressively assumed the shape
and functions of rural towns (Diamantini et al. 2011). In the town, urban living
occurs alongside rural ways of life, with subsistence agriculture and traditional
institutions coexisting. These features reflect a spatial organization and housing
typology much closer to that of a village than of a city. The interior part of the
district still maintains a distinct rural character, and basic infrastructure—roads,
schools, and water wells—are either lacking, or do not provide adequate services.

226 E. Ianni



14.3.1 Sena Communities

The Sena people that live in the district are one of the Bantu speaking populations of
Southern Africa. According to the classification of Sansom (1974), as western
Bantu people the Sena of Caia concentrate their dwellings and disperse their eco-
nomic activities over a wide zone of exploitation. This is based on ecological
conditions, the main one being the nature of the terrain, with inland plateaus
characterized by large expanses of relatively uniform country where a variety of
resources are not frequently contained in small confines. Another determinative
ecological condition is the general problem of finding a constant water supply
source. The main activity for families is agriculture and, as in most African cultures,
women are responsible for the agricultural work. Each family works on one or more
agricultural plots, machambas (generally 3.5 ha per family), usually fragmented in
different locations. One is set close to the house, between 5 and 30 minutes walking
distance, and the others are located approximately 1 hour away, with some up to
2 hours or more from the family’s house, in the lowlands (baixa). Fields in the
lowlands are able to withstand periods of drought because they collect all the water
available in the watershed. In the rainy season, the lower machamba is completely
flooded, but the higher machamba keeps producing. In the lowlands, families are
able to grow cash crops, including vegetables, sugar cane, and rice. The baixa
produces about twice as much food as the rain-fed machamba. The main causes of
harvest loss are drought and locust invasions. Basic widespread cultivated crops are
sorghum, millet, and maize. Taking into consideration the cereal quantities avail-
able to families and assuming a consistent daily necessity of 0.5 kg of cereal per
person, 50 % of families are not guaranteed adequate food.

In addition to basic crops, most of the families cultivate so-called high value
crops (i.e. not directly used by the family) that are primarily intended for sale.
Sesame is grown by the great majority of the families and is sold at 20 metical/kg
(1 metical = 0.0363 US$). Cotton and peanuts are also widely grown in the dis-
trict and are sold at 15 metical/kg and 6 metical/kg, respectively. Most of the time,
agricultural production does not satisfy families’ needs; therefore, families
undertake temporary work (buscados) to survive during harsh periods. Families
have learned how to cope with risk; their lives are built upon a complicated and
delicate system, as well as different sources of income that span a wide territory
and are highly influenced by chance. An expanded description of the communities
in the district can be found in Ianni (2012) and Nicchia (2011).

14.3.2 Governance Issues

In 2006, the regional government drafted a strategic development plan for the
district. Limited agricultural production, insufficient drinking water sources,
periodic floods, and inadequate social infrastructure were identified as the main
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constraints. On the other hand, the presence of abundant water sources (Zambezi
River and Zangue River), high biodiversity in the forests, and soil fertility were
described as the main strengths. On the basis of geographical and socio-economic
criteria, the plan divided the Caia district into four areas (Fig. 14.1).

The government identified sub-region 1 as economically developed, sub-region
2 as a cluster of problematic communities, and sub-region 3 as a cluster of poverty.
In the aftermath of the 2007 flooding of the Zambezi River, the government started
a program to relocate the population from sub-region 4 to areas of lower risk (sub-
region 1) in villages named reasentamentos. The rationale and expected outcome
was that the Zambezi River fertile floodplain should become less settled. Also, the
government recently endorsed actions to relocate people from isolated rural areas
in sub-regions 2 and 3 to sub-region 1. These actions have been described by the
government as a policy to maximize the population’s access to water, schools, and
markets. On the other hand, the idea of moving people from the forested interior
sparked accusations of assisting large land investors to permeate these marginal
and ‘‘wide’’ areas. The ambiguity of this policy derives from the fact that the land
of the rural hamlets dispersed throughout the inner part of the district is not
‘‘underutilized’’, ‘‘uncultivated’’ or ‘‘available’’, as claimed by the government.

Fig. 14.1 Division of the Caia District according to the land use plan
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Meanwhile, contacts have been established between government officers in charge
of agricultural matters and investors, but have not been made available to the
public or non-governmental organizations.

Since land property in Mozambique belongs exclusively to the State, land may
not be sold or alienated, but can be leased for the purpose of use and fruition
(direito de uso e aproveitamento, DUAT). The Land Law, established in 1997,
provides that DUATs are granted on a 50-year state leasehold, renewable for an
additional 50 years. The law recognizes the de facto occupation of land by those
occupying it according to customary norms and practices. Traditional land man-
agement systems continue to be the principal means by which the rural poor obtain
access to land, as customary tenure presently accounts for 90 % of land tenure
rights. Two suppositions in particular underpin the government’s argument that
land and forest deals are development catalyzers:

• Investors acquire the use of marginal or unused lands and increase their pro-
ductivity and utility; and

• The award of concessionary rights to investors applying for land, according to
the National Land Law, is subject to a mandatory consultation and negotiation
process with the local community, and this is supposed to facilitate a win–win
solution for local groups and investors.

14.4 Methods

Empirical analysis was undertaken regarding household vulnerability in the district
of Caia to identify the key features that characterize the way in which climate
stressors and economic changes interact with the local vulnerability context.

A vulnerability study that focused on spatial and temporal details at the indi-
vidual or household level was gathered through a questionnaire conducted with
families in the rural areas of the district. Questions were formally organized
according to the following specific themes:

1. Food production (information on family organization, family agricultural
yields, and non-agricultural activities that complement family livelihoods);

2. Food consumption (information on daily food intake and access to natural
resources);

3. Food access (information on the type and amount of exchanges with the towns
to acquire goods and commercialize production and living costs);

4. Adaptive capacity of families, i.e. response to uncontrolled events (information
on the occurrence of agricultural calamities and strategies put in place by
families to cope with crises); and

5. Farmers’ relationships with the land (information on spiritual values and land
attachment).
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The qualitative sample did not intend to encompass all the families that inhabit
the rural areas of the district; rather, a random sampling, influenced in part by
accessibility, was adopted. The male or female heads of 72 households (with a
mean of 8 family components) were interviewed. The age of the interviewees
ranged between 18 and 84 years, with a median of 38. Thirteen individuals (10 of
them women) were not able to specify their age. All interviews were conducted in
the Chisena (indigenous) language. If the interviewee was able to speak Portu-
guese, open questions were discussed without translation.

Land access mechanisms were explored with the traditional authorities through
in-depth interviews devoted to understanding the Land Law in practice. Questions
posed to the traditional authorities comprised three themes. First, the customary
mechanisms of land access for families were investigated to understand how land
is requested and assigned. Then, authorities’ knowledge of the Land Law and
negotiation processes with investors, if any, were explored. Finally, the flow of
information, within and outside the community was described to determine who
makes decisions and how they are communicated to the community.

All interviewed authorities were male. In total, 26 interviews were conducted.
No authority was able to speak Portuguese. Most of the authorities did not have a
formal education, with the majority having completed schooling only up to the
third grade. The mean age of authority figures was 57, with 8 under 40 years of age
and 6 over 70 years old. The sample of authorities was representative, since it
covered the totality of district regulados (administrative areas).

14.5 The Influence of Current Economic and Political
Changes on the Vulnerability Context

The population of the district of Caia is facing multiple stressors. This investi-
gation suggests that ongoing economic and political changes may impact the
vulnerability context of households in terms of people’s capacity to respond to
current and future changes. We have analyzed the empirical data from the villages
to assess some of the factors critical for response capacity. The factors on which
we focus in this study include:

• The modernization and resettlement policies of the district government;
• The market economy and its potential effects on agricultural incomes, access to

agricultural support, employment opportunities, state agricultural support sys-
tems, as well as household labor and capital availability; and

• The land tenure investments of private firms and the increasing competition
between farmers and commercial interests over access to land and natural
resources.
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14.5.1 The Modernization Wave and Economic Growth

Many of the processes that generate vulnerability to climate change are closely
associated with poverty. However, it has been demonstrated that poverty reduction
measures may in some cases increase vulnerability and pose new threats to well
being (Eriksen and O’Brien 2007). The transition from poverty to a less vulnerable
state often fails when the social, economic, and political conditions that create
uncertainty and insecurity are not removed. For example, migration and mobility
are becoming increasingly important to generating income in response to climate
change, and policies that tie people to small-scale agriculture and impose other
constraints on mobility may, in fact, generate or exacerbate poverty.

In the district of Caia, relocation and urbanization actions are described by the
government as a policy to modernize the district (i.e. maximizing public safety and
access to water, schools, and markets). This policy followed a governmental
analysis (Governo do Distrito de Caia 2006) that claimed the dispersion of set-
tlements in the ‘‘wide’’ territory is the main cause of rural poverty and the primary
obstacle to development, since it impedes capillary access to water and social
facilities. The idea that economic growth is the essential tool for poverty reduction
has been increasingly reconsidered, since it ignores non-income aspects of poverty
and the processes of exclusion and marginalization that generate it. The current
policy in the district is not addressing the real causes of poverty. For instance, the
dispersed setting of the hamlets is not the cause of poverty; on the contrary, this
pattern facilitates families’ livelihoods and allows them to survive. The Sena
people have built a successful risk management system. Diversifying access to
fertile land is the strategy that the Sena people have always used, and which they
believe to be the most effective action against climate change. The land considered
by the government as the remaining suitable land for investments is not vacant,
but actually already under use and extremely necessary to the livelihood strategies
of rural people.

This research draws attention to ongoing resource access patterns and migration
flows within the district. Consistent with the government analysis, the present study
shows that, in the inner part of the district, there is insufficient access to or a lack of
water wells. Of all the communities visited, only 25 % were found to have access to
a functioning and easily accessible well. The remaining 75 % live with poor water
quality in wells or difficult to no access to them. This is particularly true in the
interior villages, where the problem of water scarcity is particularly severe: women
need to walk more than 3 hours to reach a water source. As a consequence of new
people relocating from the inner areas towards the corridor in search of water, access
to resources (water, land, and fuel) in town neighborhoods is becoming difficult. In
the villages close to the towns, wells do not have sufficient yield capacity to satisfy
population needs and queuing time at the water wells is, on average, 1 hour. All the
families living along the corridor walk 3–4 hours to a harvestable forest since closer
forests have been overexploited, while 80 % of the families living in the interior
collect wood in the machamba or in the vicinity of the house. Finally, along the
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corridor, fertile machambas are becoming scarce and people are returning to the
mato in search of new machambas to cultivate.

I strongly assert that the proposed solution of reallocating people in the corridor
to assure them a better life will fail completely if it is not coupled with projects to
secure land for restoring forests and protecting water resources. Otherwise,
urbanization policies may help in diminishing poverty levels, but will not reduce
vulnerability.

14.5.2 The Shift to Commercial Farming

Transition to commercial farming for smallholder farmers requires at least two
conditions: changing farming techniques and access to urban markets. However,
farming techniques in the district that are well adapted to managing local envi-
ronmental variability, such as seeding many small plots, are not suited to the
economies of scale needed for commercial agriculture. In addition, although
commerce in the entire inner district revolves around the city of Sena, the road
network to reach the interior is in very poor condition and roads become
impassable in the rainy season.

The government assumes that relocation actions will facilitate farmers’ access
to markets.

However, a critical finding in many studies is that, while people are dependent
on market interaction, particularly during droughts, improving physical access to
markets and increasing trade alone does not necessarily reduce vulnerability in the
long term. This is because market access is not solely a function of geographical
location in relation to regional and national markets or physical isolation. Equally
important are the social and economic factors, which farmers in the Caia district
lack, such as capital, support from agricultural authorities, and knowledge of
market rules. All of these components place people in a poor negotiating position
in market relations.

Government policies greatly benefitting commercial and private farmers at the
expense of smallholders were established during the 1990s. In particular, com-
mercial farms were granted access to bank credit, agricultural inputs, and exten-
sion services. Some of the large joint venture companies, formed when state farms
were sold off after 1987, also contracted small-scale farmers, providing them with
seeds and insecticides in exchange for the right to purchase, for example, cotton.
The present relationship between producers and traders, in particular in the cotton
sector, has not changed significantly, even since colonial times. As in the 1930s,
during the monopolistic regime of the Companhia Algodeira Nacional (Isaacman
et al. 1980), the factory imposes prices outside market rules. Under this system,
contract smallholders with too little land may not even qualify for free inputs. In
addition, smallholders who do not grow cotton or other crops for joint ventures
often have no access to inputs at all.
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In the wider district, very few families had received a visit from an agricultural
extension agent at the time of data collection. In effect, the technological expertise
provided through government programs has primarily benefitted wealthy farmers
who can afford to invest in new technologies, while fewer technical options are
available for rain-fed farming, or the plethora of other livelihood activities in
which people engage (Eriksen and Silva 2009). Technological measures may
actually be counterproductive and exacerbate the inequality and marginalization
that currently contribute to the vulnerability of rural households, instead of
effectively reducing it (Adger 2000).

Prices received for crops vary widely as a result of market forces. Since the price
of cotton has drastically dropped in recent years and is currently around 5–6 metical/
kg, many farmers abandoned the cultivation of cotton and shifted to growing ses-
ame, which is sold at 20 metical/kg. The cost of agricultural products is directly
proportional to their energy intake from the soil and the market considers sesame to
have high nutrient uptake. This means that sesame cultivation is highly rentable
because, theoretically, these returns can only last a few years due to the rapid
depletion of soil fertility. The situation deserves particular attention from agricul-
tural authorities. Sorghum, the crop that 89 % of the families cultivate, is taking a lot
of energy from the soil and Caia farmers may soon face a long-term crisis caused by
a decline in soil fertility due to thoughtless short-term decisions. On the other hand,
price variability has not only increased the economic vulnerability of the people but
also adversely affected their psychological disposition, as they find themselves
embroiled in a situation over which they have no control.

14.5.3 Investments and Land Deals

The new Land Law of 1997 was designed to facilitate private enterprise as well as
protect community rights; however, it may lead to adjustments in livelihood
activities and affect people’s capacity to respond to climatic fluctuations and
change. It has become easier for investors and private enterprises to obtain land
rights. While land cannot be sold or mortgaged, individuals and communities have
the right to occupy their land, obtain a title document, and then rent it out on a 50-
year lease. Peaceful conditions, as well as infrastructure upgrades since the end of
the war, have resulted in an increase of foreign investments in Mozambique. Many
studies argue that large-scale acquisitions jeopardize small-scale farmers’ food
security (Food and Agriculture Organization 2009) and access to the resources on
which they depend, such as land, water, wood, and grazing (Haralambous et al.
2009; Kugelman and Levenstein 2009; Smaller and Mann 2009). This study in the
Caia district is in complete accordance with these observations. The implemen-
tation of land deals will have a negative impact on the district.

This study found that local communities are totally unprepared to negotiate with
emerging land investors, since awareness of their rights under the Land Law is very
limited. There is a large and disturbing distance between state laws and practice
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(Taylor and Bending 2009); shortcomings in the design and implementation of the
community consultation process have been reported in the literature (Durang and
Tanner 2004; Johnstone et al. 2004; Norfolk and Tanner 2007; Chilundo et al. 2005)
and our results concur with these findings. In the district of Caia, communities that
have been consulted and have reached an agreement often have no understanding
that they are giving up this land permanently, and they have no understanding of the
value of what they are giving away. Consultations were limited to one meeting and
only community leaders (traditional chiefs, local party leaders) and a limited number
of community representatives attended. It was rarely clear whether and how these
individuals represented the community. The boundaries of the concession request
were indicated on maps or in conversation but never verified (walked) during the
consultation. Authorities completely ignored the rights the Land Law grants to local
communities when negotiating with timber companies. Provisions of consultation
records concerning benefit-sharing, time-bound targets or measurable indicators of
progress could not be found, nor do proposed or effective sanctions exist in cases of
non-compliance of the concession. All registered negotiations ended with short-term
returns, often for the authorities and the participants of the meeting. In practice,
several agreements between communities and investors involved one-shot decisions
with a few people from the community accepting very small payments (a grain mill,
a local shop) compared to the value of the forest concessions acquired by the
investor.

The Land Law of 1997 established a mandatory community consultation pro-
cess to pave the way for investors’ access to land while protecting local land rights
and improving living conditions. Although the explicit purpose of law is to protect
and serve local communities, this does not seem to be the path to achieve that.

14.6 Conclusions

Climate change may amplify the cumulative effects of what communities are
already experiencing, and has the potential to cause a collapse. To diminish vul-
nerability is most appropriately thought of as a process of social learning, using
human capacities and knowledge to reduce vulnerability and risk in the face of the
unknown and unexpected. There remains a contrast between individual and
household strategies to cope and adapt, often relying on multiple sources of
security, and the more sectoral and technical interventions promoted by national
and international institutions. Policies and interventions should focus on the areas
of overlap, such as adaptation measures that reduce both poverty and vulnerability
to climate change. Unless the negotiating position of smallholders in market
relations is improved concurrently with access to required technical expertise,
inputs, and enhancement of land and natural resources for agricultural and off-farm
activities, increased market interaction and commercialization can actually lock
people into unreliable, short-term survival type strategies at the expense of long-
term livelihood security and response capacity.
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Chapter 15
Conclusions

Silvia Macchi and Maurizio Tiepolo

Abstract The main lessons learned from the case studies presented in this book
are reviewed in order to formulate recommendations for further research and
action in adaptation to climate change. First, the present state of knowledge on the
main components of vulnerability to climate change in large Sub-Saharan cities is
assessed. To that end, the following set of components has been identified: hazard,
sensitive area, exposure, adaptive capacity, adaptation measures, and risk. Next, a
series of steps for improving available knowledge before or during planning
adaptation is defined. Lastly, the issue of how to identify the most opportune
adaptation options and measures is examined and a five-step process for planning
adaptation is proposed as follows: 1. Identify possible measures; 2. Localize
measures; 3. Plan measures; 4. Manage measures; and 5. Identify entry points.
Challenges and related recommendations are outlined for each step of the process,
with reference to the case studies of Dar es Salaam, Tanzania, and Maputo,
Mozambique.
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15.1 Current State of Knowledge and Perspectives
on Improvement

The analysis developed in the two introductory chapters and in those dedicated to
individual case studies has observed the state of knowledge on the main physical
and human components that influence vulnerability to climate change in large Sub-
Saharan cities: climatic and non-climatic drivers of hazard, exposure, sensitive
areas, inhabitants’ adaptive capacity, on-going adaptation measures, and risks.
These components assume different denominations and are placed in relation to
each other in different ways, depending on the study question and disciplinary
context as well as the approach to interpreting vulnerability (what matters) and
defining the consequent strategy for action (what should or could be done). The
book moves in the direction of a shared reference framework. However, deeming
that the time is not yet ripe for final methodological choices with respect to
planning adaptation to climate change, the editors preferred to leave the author of
each chapter free to adopt the terminology best adapted to his or her particular case
and theoretical approach, asking that they simply outline their reference frame-
works within the text. Moreover, this decision made possible the types of com-
parison and contamination that are necessary when addressing Sub-Saharan
planning culture, which was born of colonization and is today subject to processes
of continuous hybridization as a result of the interventions of donors and con-
sultants from all over the world.

In this book, the question of vulnerability to climate change is addressed
through two main methodological perspectives: that of adaptation to climate
change in the case of progressive salinization of groundwater due to seawater
intrusion in Dar es Salaam, and that of disaster risk management in the case of
flooding caused by extreme rainfall events and sea level rise in Maputo. The IPCC
Special Report on Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation (2012) recognizes that these two approaches
have a shared focus on reducing exposure and vulnerability to natural hazards,
including the potential adverse impacts of climate change. Nevertheless, the
adaptation perspective defines vulnerability as a dependent variable that is deter-
mined by contextual factors such as exposure, sensitivity, and adaptive capacity,
while the disaster risk reduction perspective defines vulnerability as an indepen-
dent variable that is combined with exposure and adaptation in the determination
of risk.1 It bears mentioning that the most recent policy literature on adaptation to
climate change reveals a tendency to consider these two approaches as closely
interrelated,2 although adaptation includes aspects that go beyond the mitigation of

1 In fact, the disaster risk reduction definition of vulnerability appears rather similar to what the
adaptation approach defines as sensitivity.
2 For example, the 2013 EU Strategy on adaptation to climate change states ‘‘Adaptation action
is closely related and should be implemented in synergy and full coordination with the disaster
risk management policies that the EU and the Member States are developing’’.

238 S. Macchi and M. Tiepolo



possible adverse impacts of climate change to include the consideration of
opportunities provided by a changing climate.

The main lessons learned that have been presented in this book are reviewed
below and grouped according to a list of the components of vulnerability. Per the
above comments, the list itself should be considered merely a tool used for the
summary purposes of this conclusive chapter.

Hazard
This book has outlined the types of analysis that can allow us to understand

whether climate change is under way and to what extent highly weather- and
climate-dependent hazards can be attributed thereto, such as seawater intrusion
caused by the combined effect of changing rainfall patterns and sea level rise or
tidal surges. The most significant analyses are those that address extreme rainfall
and the daily rainfall return period (see Chap. 9) as well as variations in minimum
and maximum temperatures and tidal height and speed (see Chap. 3). Yet such
studies are rarely carried out (see Chap. 2). The necessary information is often
unavailable, as is frequently the case with rainfall intensity (mm/h), or has not
been collected over a sufficiently long period of time, as with tidal gauge data (m/
h), and/or is not adequately detailed, as is the case with variations in daily rainfall
values over the course of a year. However, the case of Maputo (see Chaps. 9 and
10) demonstrates that even with the information presently available, one can
conduct extremely useful analyses that allow for the identification of increased
extreme rainfall frequency over the last decade. But the fact remains that analyses
of the entire river basin within which the city lies is recommendable, as precipi-
tation occurring far from the city may cause the river to swell and flood (see Chap.
2). In addition, hazards result from the combination of climatic and non-climatic
factors such as urban sprawl, particularly in areas of rapid urbanization (see Chap.
5). It follows that analyses of climate and weather parameters must be accom-
panied by analyses of land cover and urban development patterns. Moreover, the
relationship between hazards and climate conditions is not always as direct and
immediate as in the case of flooding and heavy rainfall. The phenomenon of
seawater intrusion into coastal aquifers, for example, represents a much more
difficult hazard to assess since it is the result of a complex dynamic involving
multiple variables and medium-long time periods (see Chap. 4).

Sensitive Areas
The possible assessment methods vary on a case-by-case basis. In the case of

flooding due to heavy rainfall, the direct identification of hazard-prone areas is
rapid, precise, and not very costly. In fact, post physical event direct surveys are
already practiced by many local administrations in order to assess damages (see
Chap. 2). However, this can still be improved. First and foremost, damage survey
data should be entered into a GIS and placed in relation to the intensity of the
precipitation that caused it (see Chap. 11). Direct survey, insertion of data into a
specific GIS, and study of the relationships between variations in rainfall pat-
terns—as well as a series of anthropic factors that modify water extraction and
recharge rates—are also essential steps in identifying the areas sensitive to
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seawater intrusion (see Chap. 4). In both cases, the need for research into expe-
dited survey methods based on remote sensing and ground monitoring networks is
more urgent than ever.

Exposure
In the cities studied, the sensitive areas are vast (see Chaps. 3 and 11) and

contain a large number of people (130,000 in Dar, 70,000 in Maputo). Rapid
methods for estimating the resident population during inter-census periods (see
Chap. 5) and evaluating the sensitivity of livelihood systems to environmental
changes (see Chaps. 6 and 10) represent a priority for urban research. However, in
the peri-urban fringe, many flood-prone areas contain few or no inhabitants. As
such, according to the current definition of hazard, they would not be taken into
consideration. Yet these areas are often intensively cultivated and constitute a
source of sustenance and income for many citizens. It is therefore essential that
exposure assessments be extended to include peri-urban agricultural areas.

Adaptive Capacity
In the case of Sub-Saharan cities, adaptive capacity is an interpretive key that

allows for a positive view of a reality that is often described exclusively in terms of
what it lacks compared with ‘real’ cities (see Chap. 1). Investigation of household
characteristics can contribute to an understanding of how different modalities of
resource access and environmental management, spatial location, facilities, and
economic activities might promote or limit specific autonomous adaptation prac-
tices. The field study conducted in Dar es Salaam’s peri-urban areas (see Chap. 6)
reveals a broad spectrum of options (explicit and implicit adaptation practices)
from which institutions can draw valuable lessons in terms of identifying potential
entry points for effective institutional adaptation measures. Nevertheless, the
proposed framework for assessing autonomous adaptive capacity requires further
study in order to include analysis of the institutional dimensions of adaptation, thus
providing a basis upon which to assess the effectiveness of adaptation policies and
actions.

Adaptation Measures
The case of Maputo (see Chap. 14) demonstrates that assessing the climate

proofing measures in place is very complex and time consuming even for visible
measures, given the extent and fragmentation of sensitive areas, such as those
prone to flooding. The large cities south of the Sahara rarely have georeferenced
maps of the drainage networks or their level of maintenance. Censuses of houses
are obsolete and refer to a territorial unit that is too vast to be of any use. There are
no maps of slope stabilization works or water regulating structures like embank-
ments and dams. Even more complex is the identification of measures taken to
improve the population’s autonomous adaptive capacity, as these rely on multiple
sources of security and require interventions that go beyond and even conflict with
the more sectoral and technical measures usually promoted by institutions (see
Chap. 6). Learning from local communities is fundamental when defining
opportunities and implementing useful adaptation pathways (see Chap. 8).
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Meanwhile, an effort must be made on the part of local governments to mainstream
climate change concerns in their daily work rather than focusing on self-standing
measures (see Chap. 7).

Risk
Risk mapping is the first and most essential step in the spatial planning of

adaptation. But, given the continuous transformation occurring in the large cities
south of the Sahara, there is a need to shift from the use of one-time mapping to the
concept of continuous monitoring. Mapping must be precise, i.e. conducted on a
detailed scale, and at the same time simple to calculate. The use of GIS is thus
indispensable, and the flood risk assessment carried out in Maputo is an example of
good practice (see Chap. 12). Nevertheless, the coexistence of a plurality of risks in
the same area, as is the case in Maputo where floods are due to both heavy rains and
sea level rise, should be taken into account. As such, a multi-risk assessment should
be developed, one that draws on inputs from several different disciplines.

Without knowledge it is difficult for local administrations to effectively address
adaptation to climate change, even if they are sensitive to the problem and have
access to the necessary resources. Available knowledge influences the choice of
adaptation measure. A series of complementary and in some cases preparatory
steps for planning adaptation has thus been identified:

• Improve data acquisition networks and monitoring systems;
• Georeference the data obtained and insert them into a multiscope GIS;
• Identify hazard trends under climate change;
• Reinforce local administrative capacity to produce and manage information;
• Create incentives for ground-up knowledge building.

15.2 Towards Adaptation Planning

The purpose of our investigations has also been to access as many elements as
possible in order to identify, on a case-by-case basis, the most opportune adap-
tation options and measures. The nature of adaptation measures varies consider-
ably according to the chosen approach: action-specific, mainstreaming, or a
combination of the two (see Chap. 7). This choice depends in turn on a variety of
interconnected factors: the type of phenomenon under consideration (e.g. flooding
from extreme rainfall or progressive groundwater salinization due to incremental
shifts in rainfall and sea level), the time horizon of the intervention (short or
medium-long term), the scale of the intervention (from a single neighborhood to
the entire urban region), the components of risk or vulnerability targeted by the
intervention, the definition of adaptation used (which ranges from mere reduction
of potential climate-related development risks to taking advantage of opportuni-
ties), and the budget and policy priorities of the local administrations involved. In
this book we have outlined two case studies that differ considerably in terms of
these factors, and as such the action-specific approach prevailed in the case of
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Maputo while the mainstreaming approach was adopted in the case of Dar es
Salaam. However, we contend that in both cases the transition from knowledge of
phenomena to adaptation followed the same five main steps, outlined below.

Step 1: Identify Possible Measures
Whatever approach is adopted, a careful analysis of the physical, social, and
institutional characteristics of the city in question is fundamental to defining a
series of criteria with which to evaluate the appropriateness of each measure.

In the case of Dar es Salaam, the measures studied were aimed at transforming
existing local plans for urban development and environmental management in order
to increase their capacity to support the inhabitants of peri-urban areas in their
autonomous adaptation to environmental changes (see Chap. 7). This is a typical
mainstreaming measure, which entails changes to the procedures and organization
of local institutions, the normative apparatus, and policy frameworks in order to
transform decision-making processes such that the structural and non-structural
interventions undertaken by administrations contribute to improving the adaptive
capacity of the settled population. Several important lessons can be drawn from
such on-going activities. First, the experience that local administration gained
through working on the application of the Environmental Policy Integration (EPI)
principle, particularly when developing Agenda 21 in a local context, has provided
a fundamental basis of competence and capacity in mainstreaming adaptation to
climate change. In fact, in the case of Dar es Salaam such experience has been so
important that, today, capacity building in adaptation mainstreaming is often a
question of recognizing local administrations’ existing contributions to adaptation
rather than introducing a new approach. The EPI work undertaken thus far has also
prompted a series of unresolved tensions that also recur with respect to adaptation.
In particular, there is a risk that the introduction of new procedures like those
typical of the EPI model (Environmental Impact Assessment and Strategic Envi-
ronmental Assessment) may translate into a reinforcement of state control over
local governments. That risk is particularly pronounced in cases of urban adaptation
where there is already an open conflict between national interests in the city as a
motor of economic growth and the interests of the majority of the urban population,
which sees the city as a resource for achieving their own life plans. The two parties
in question have extremely different concepts of what urban assets and processes
should be protected and enhanced through adaptation. Guaranteeing that these two
conceptions compete on equal footing and reach an equitable compromise in terms
of what to do entails that planners assume the important responsibility of opening
decision-making processes up to the participation of inhabitants.

In the case of Maputo, assessments addressed two typologies of intervention
that could be implemented by local institutions: structural and non-structural (see
Chap. 13). As regards the former, a clear preference emerged for small-scale work
that could be managed by local communities. The most controversial intervention
was evacuation of the population from the most exposed zones. The practicability
of evacuation depends on the capacity of local governments to offer valid reset-
tlement alternatives for families and activities through proven instruments such as

242 S. Macchi and M. Tiepolo

http://dx.doi.org/10.1007/978-3-319-00672-7_7
http://dx.doi.org/10.1007/978-3-319-00672-7_7
http://dx.doi.org/10.1007/978-3-319-00672-7_13
http://dx.doi.org/10.1007/978-3-319-00672-7_13


the use of vacant land and land sharing. Such instruments require a georeferenced
information system (GIS) regarding land ownership in order to assess whether the
existing unoccupied urban spaces are large enough to accommodate the transfer. In
addition, it is essential that measures be taken to prevent future occupation of risk
areas, which often occurs when a risk area has neither a use nor a user. Floodplains
can serve many purposes and be used for a variety of purposes as long as they are
not transformed by physical structures that would impede their hydraulic func-
tionality. Among non-structural interventions, the use of early warning systems
appears to be widely practicable. Nevertheless, its efficacy depends on the correct
identification of potentially disastrous events and the continuous updating of such
knowledge so that the alarm is modified over time. The case of Maputo also
demonstrates that structural and non-structural interventions must be integrated:
for example, the development of new drainage canals would be ineffective if not
accompanied by adequate waste management (see Chap. 13).

Step 2: Localize Measures
The localization of measures and the scale of intervention depend on the type of
problem being considered, the chosen adaptation strategy (climate proofing versus
adaptive capacity improvement, see Chap. 7) and the type of measure to be
developed.

In the case of Dar es Salaam, the problem is the vulnerability of access to
freshwater for households dependent on boreholes within the coastal plain, where
the combined effects of climate change and urban expansion are expected to
aggravate the salinization level of the shallow aquifer. The adaptation strategy
aims at improving the autonomous adaptive capacity of households through
adoption of typical mainstreaming measures in order to incorporate adaptation into
local urban development and environmental management plans, as mentioned
above. This is therefore a local problem in a clearly defined area—the Dar coastal
plain—and interventions target the plans of local administrations that impact
important variables of the problem (depending on the case, these may be the
municipal development plans, metropolitan master plans, or basin management
plans) as well as involving advocacy for changes in norms or policies among
higher level institutions.

In the case of Maputo, the problem is flood risk in low-lying areas due to
extreme rainfall events, which are expected to increase as a result of climate
change. The adaptation strategy is to climate proof the city through a variety of
structural and non-structural action-specific measures. Such measures do not
concern exclusively the area most exposed to risk. Rather, in the view of pre-
vention, the basin uphill from the city is also considered in order to reduce runoff
and erosion before they can generate impacts on the city. This involves inter-
ventions in territories administered outside the city, and actions differ from those
implemented in the city. This may involve the transition to more energy efficient
cooking stoves, the use of alternative fuels such as pellets to prevent deforestation,
land and water conservation works to promote infiltration and reduce runoff
(trenches, embankments, stone walls, etc.), community management of grazing
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land, or the cultivation of crops that do not necessitate clear cutting. None of this
has anything to do with the lack of urban drainage canals, which requires action by
other institutional actors, but it does relate to a decrease in pressure on existing
river levees and drainage systems. In order to achieve these adaptations, some
intermediate administrative entity, such as the region, must promote dialogue
between the local administrations in question in order to sensitize them to the
problem and then modify their respective physical planning instruments.

Step 3: Plan Measures
Once the set of possible measures has been defined and the relevant public
administrations have been identified, interventions must be planned and distributed
over time according to a clear list of priorities and with a clear understanding of
the costs and modalities of implementation. In other words, measures must be
inserted and harmonized within a local adaptation action plan. While many Sub-
Saharan countries have developed this type of instrument at the national level
(National Adaptation Programme of Action—NAPA), the number of large cities
that have a Local Adaptation Plan of Action (LAPA) remains low. Moreover,
existing LAPAs differ considerably, oscillating between true plans for adaptation
to climate change to climate-compatible or climate-proof development plans (see
Chap. 2).

It bears mentioning that in both Dar es Salaam and Maputo, many of the
measures identified above have already been included in local planning for some
time as they are considered essential to achieving the MDGs (see basic infra-
structure) and application of the EPI principle (see Strategic Environmental
Assessment). Nevertheless, this is not enough to guarantee that they be imple-
mented, even in the presence of external aid in the form of financial resources and
capacity building. Today, many of the efforts to overcome the gap between
planning and implementation are oriented towards improving the budgetary self-
reliance of local governments in order to reduce their financial dependence on
donors and increase their ownership of policy implementation. One of the most
widely used strategies is the reinforcement of local fiscality, a very delicate
argument since it draws attention to the above-mentioned conflict between national
interests and those of inhabitants, in addition to opening the question of land tenure
and titling and the taxation of land rents. In practice, it is a matter of improving
knowledge of taxable income, simulating earnings, increasing the collection of
taxes, and using tax earnings to finance climate change adaptation measures and
planning instruments in a manner that guarantees cost effectiveness and efficiency
in public spending. In many cases, the budgetary decision-making processes are
also being reviewed, responsibility mechanisms have been introduced into
spending decisions, and the role of local governments’ political branches, partic-
ularly that of the mayor, have been reduced in favour of the administrative branch.
Much work has yet to be done with respect to improving efficiency and equity in
spending, however, and there is also a high risk that a shift towards technocracy
may begin to occur.
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In such a context, planners can assume a pivotal role. While the importance of
spatial planning is evident with respect to the location of taxable assets and
activities (as in resettlement operations and/or the use of vacant land), one must
not forget that planning is also a strategic tool for capturing at least part of the
surplus value of the land generated by public works such as new infrastructure
(paved roads equipped with drainage canals and streetlights) and urban facilities
(schools, health care, shopping centers, markets, etc.). The capture of this surplus
value (e.g. through taxation of vacant private land or leasing of vacant public land)
can contribute to financing climate change adaptation work.

Step 4: Manage Measures
The adaptation measure management phase, even in the presence of a good action
plan, remains a challenge.

How can the maintenance of improved infrastructure be guaranteed? Existing
assets are managed poorly or not at all. Certain types of work can be entrusted to
community management if there is an incentive supply. For others, however, it is
difficult to imagine anything other than improved public management. As always,
it is a question of means (personal, instrumental, and financial) and institutional
capacity. The problem is not much different when it comes to ensuring the
application of new procedures, the functioning of new organizations, the
enforcement of new laws, or the adoption of new policy frameworks.

Added to this are the management requirements specific to adaptation to cli-
mate change. Notwithstanding the fact that in many cases the quantity and quality
of available information could be substantially improved by acquiring new data or
simply by analyzing existing data in a more effective manner, it is undeniable that
uncertainty is inherent in predictions of global climate change, its local effects, and
above all its impacts on natural ecosystems and human livelihoods (see Chap. 1).
As a result, very few adaptation decisions can be considered irreversible, and local
administrations need the capacity to continuously revise strategies and interven-
tions on the basis of the evolving availability of information. While the absolute
priority of no or low regret measures remains, the management phase should be
considered an integral part of adaptation action, and decision-making processes
should be endowed with the flexibility necessary to take into account the dynamic
nature of the risks associated with climate change and the vulnerability of the
contexts in question.

Step 5: Identify Entry Points
This is the most complex phase, both because there is very little pre-existing
experience upon which to rely and also because experiences obtained elsewhere
may provide very limited support in terms of the choice of so-called adaptation
entry points. The place-specific variables that influence such choices are manifold:
certainly the particular society-environment relationship that characterizes a city
and determines sensitivity to a given effect of climate change plays a key role; the
‘‘planning culture’’ of a given society is equally relevant, as it constrains the choice
of modality through which the planning process can occur as well as the type of
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approach that is effectively practicable; finally, recent emergency situations can
sensitize public opinion with respect to a specific risk, or an existing urban policy
could be useful for adaptation and thus financed with climate change funding.

Today, the most widespread strategy is to concentrate on activities and mea-
sures that are also justified under current climate conditions and able to provide
short-term tangible benefits to well-defined target groups. This does not prevent
one from assuming a broader perspective and undertaking actions aimed at rein-
forcing the general capacity of local administrations with respect to environmental
management and urban development planning, as the cases addressed in this book
have demonstrated. For example, contributing to the development of a multiscope
information system could be a next step as it offers multiple advantages that the
administrations of large Sub-Saharan cities appear to appreciate. In this context,
bilateral cooperation with the direct involvement of non-state actors (universities,
local administrations, NGOs, CBOs, etc.) emerges as a modality capable of
offering good results, and should therefore be prioritized.
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