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CHAPTER 1

Key Issues and Progress in Understanding 
Climate Risk in Africa

Katharine Vincent and Declan Conway

Abstract Adaptations and strategies to build resilience are needed to 
manage current impacts and will be increasingly vital as the world contin-
ues to warm. But making adaptation decisions can be complex, requiring 
careful consideration of multiple factors and perspectives, and balancing 
different priorities over different timescales. Society is embarking on a 
learning process that will continue for decades. This chapter and the book 
it introduces aim to contribute to this process. The book draws extensively 
from the Future Climate for Africa (FCFA) research programme that 
aimed to support adaptation and resilience in sub-Saharan Africa. In this 
chapter, we first briefly review the planning landscape for adaptation and 
building resilience and then consider how applications are changing the 
nature of climate information and the context of its use. This is followed 
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by a review of the current status of climate information, particularly future 
projections for Africa and the enduring challenge that uncertainty repre-
sents to their active use. We then ask how we can improve the use of cli-
mate information for resilience building and adaptation and present an 
overview of the coming chapters. The demand for information and guid-
ance on adaptation is continuing to grow, and is highlighting the need for 
new types and formats of data, and more innovative interactions with users 
to increase usability and application. Climate plays a dynamic role within 
complex, rapidly evolving social-ecological systems; this requires the cli-
mate science, resilience and adaptation communities to engage widely 
with other sectors and actors to make the agenda relevant and tractable for 
policy and practice.

Keywords Future Climate for Africa • Adaptation • Building resilience

IntroductIon

Our climate is changing—with major consequences for ecosystems and 
society. Adaptations and strategies to build resilience are needed to man-
age current impacts and will be increasingly vital as the world continues to 
warm. But making adaptation decisions can be complex, requiring careful 
consideration of multiple factors and perspectives, and balancing different 
priorities over different timescales. In particular, the fact that many adap-
tation benefits will accrue more acutely in the future means that they are 
often deprioritised relative to more immediate development challenges, 
particularly in Africa. This occurs against a context of uncertainty around 
the specific ways in which climate change will manifest at the local scale. 
Societies are only at the start of a learning process that will continue for 
decades.

This book aims to contribute to this process by developing our under-
standing of climate risk and its implications for approaches to adaptation 
and building resilience in Africa. We draw heavily on experiences from 
Future Climate for Africa (FCFA, https://futureclimateafrica.org/), an 
applied research programme that aimed to support adaptation and resil-
ience in sub-Saharan Africa through better understanding of climate risk 
and promotion of climate information use to inform planning decisions 
over the medium (5–40 years) term future. Projects under this programme 
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worked to improve the availability, accessibility and use of climate infor-
mation in different decision-making contexts—from cities to water infra-
structure to agriculture—in a range of countries. The book presents 
learning and experiences from this programme, focusing specifically on 
what does and does not work and why. In doing so, we critically reflect on 
a selection of trans-disciplinary approaches that bring together researchers 
and decision-makers to manage climate risk in the context of complex 
multi-dimensional problems. Our aim is that insights from these experi-
ences can inform resilience building and adaptation across sub- 
Saharan Africa.

This chapter sets the scene by briefly reviewing the planning landscape 
for adaptation and building resilience in the following section. Afterwards, 
we consider how the range of potential uses of climate information is 
changing the nature of information that is produced, and then assess the 
current status of climate information, particularly future projections for 
Africa. Following  that, we ask how we can improve the use of climate 
information for resilience building and adaptation, and then the final sec-
tion provides an overview of the coming chapters.

PlannIng for adaPtatIon and BuIldIng resIlIence

Recognition of the need for adaptation and building resilience has grown 
concurrently with awareness of climate change and the policy instruments 
that are in place to address it. The United Nations Framework Convention 
on Climate Change (UNFCCC) is the global policy arena for managing 
climate change. The framework convention addresses mitigation of the 
causes of climate change, and adaptation to the consequences of those 
changes. The latest legal instrument under the UNFCCC, the Paris 
Agreement, defines a Global Goal on Adaptation (Article 7).

The Global Goal on Adaptation aims to enhance adaptive capacity and 
resilience and to reduce vulnerability, with a view to contributing to sus-
tainable development, and particularly ensuring that adaptation is ade-
quate in light of the goal of limiting global warming to 2 °C (and pursuing 
efforts to limit it to below 1.5 °C). To ensure that this takes place, each 
Party to the UNFCCC is obliged to plan for adaptation (e.g. with a 
National Adaptation Plan) and communicate progress in those plans and 
their implementation through Adaptation Communications. Progress 
towards the Global Goal on Adaptation will be monitored every five years 
through a global stocktake. This complements Nationally Determined 
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Contributions (NDCs) under the Paris Agreement, whose primary aim is 
to outline mitigation commitments but may also contain adaptation pri-
orities. It also builds on National Adaptation Programmes of Action 
(NAPAs), which were submitted by Least Developed Country (LDC) 
Parties to outline their most pressing adaptation needs and inform the 
direction of adaptation finance under the UNFCCC.

Commitments for adaptation at the international level have been 
reflected at the national level, with countries around the world putting in 
place policies, strategies and legislation to address the challenges of cli-
mate change (e.g. see Averchenkova et al. 2017). As well as promoting 
adaptation, there is recognition that planning processes need to take into 
account the potential risks posed by climate change to ensure that the 
intended benefits of plans remain sustainable in the face of these risks. 
Given the significant role of international aid in some cases, this means 
that not only national governments but also multilateral and bilateral 
donors need to ensure that their plans are taking into account future cli-
mate conditions.

National governments are not the only actors considering climate risk. 
Many donors are now screening for climate risk among their aid portfo-
lios, but this is still piecemeal and rather ad hoc. In theory, the World Bank 
and African Development Bank, who are among the major investors in 
infrastructure projects, require that all projects are screened for climate 
risk, and that design modifications are instituted if required to sustain the 
intended benefits, before funding can be approved. There is also increas-
ing commitment within the private sector to identify and address climate 
risk; however, these assessments are not done routinely and their rigour 
and outcomes are not easy to establish as the results are rarely published 
(e.g. for hydropower, Lumbroso et  al. 2015) and often insufficient for 
investors (TCFD 2019).

Planning for adaptation and screening for climate risk generally requires 
information about future climate. Demand for climate information is thus 
growing, and raising questions about what types and how much informa-
tion is necessary, how to engage with this demand, and how to develop 
methods to promote its effective use in ways suitable for the diversity of 
situations in sub-Saharan Africa.
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decIsIons and PlannIng needs are changIng 
the nature of clImate InformatIon that Is requIred

There has been a significant improvement over recent decades in scientific 
capacity to understand the climate system and model the details of future 
climate. However, this improved scientific capacity for generating fore-
casts and projections does not simply translate into the type of information 
that is required by decision-makers for planning (Conway 2011; Nissan 
et al. 2019). Instead, there is often a “usability gap” resulting from a mis-
match in temporal and spatial scales of information, and the ways in which 
uncertainty is embodied, as well as whether demand is fully appreciated 
and how information is communicated (Lemos et al. 2012).

We can take two cases for illustration. When planning for the coming 
season, a small-scale farmer might want to know when the rains are likely 
to start, and how long they are likely to last. This will determine what to 
plant (either what crop, or what variety of a crop e.g. an early maturing or 
normal duration variety) and when to plant it in order to ensure maximum 
production. When planning a water storage and distribution system to 
ensure availability for a growing urban population, a government ministry 
will want to know where it should place a dam and the associated infra-
structure, and what their design should look like (e.g. in terms of dam 
capacity) in order to ensure maximum efficiency and reduce the risk of 
losses or excessive maintenance and repair costs due to floods and drought. 
Although there is scientific capacity to generate information to inform 
these decisions, it rarely matches the decision-makers’ desired accuracy, 
format and presentation. Across Africa, the development and dissemina-
tion of seasonal climate forecasts has long been a particularly active area of 
climate research and applications, with important lessons for addressing 
the usability gap (Hansen et al. 2011). However, the nature of seasonal 
forecasts means that they are not always easy to interpret and use.

There are several reasons for a mismatch in information supply and 
demand with seasonal forecasts. Seasonal forecasts are probabilistic rather 
than deterministic, meaning that they provide the likelihood that the total 
volume of rainfall in a season will be above normal, normal and below 
normal. This poses several challenges for decision-making. Firstly, the 
rainfall patterns in sub-Saharan Africa are variable over time, and thus the 
medium- or long-term average that represents the ‘normal’ volume of 
seasonal rainfall against which the forecast for the coming season is com-
pared can disguise significant variability. Comparing a coming season with 
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an average is thus often difficult to visualise. Secondly, the probabilistic 
nature of the forecast is difficult to interpret. Dividing up 100% into three 
probabilistic terciles often results in negligible differences—for example, a 
forecast might say there is 40% likelihood of above normal rainfall, 30% 
likelihood of normal rainfall, and 30% likelihood of below normal rainfall. 
The limited difference between the three categories means that it does not 
often give farmers usable information on what to expect. Thirdly, the 
spatial scale for the seasonal forecast is often large. Regional Climate 
Outlook Fora develop collectively agreed (consensus-based) seasonal fore-
casts at regional level, which are then contextualised by countries and 
sometimes downscaled to sub-national level. However, the large areas 
covered by seasonal forecasts are unlikely to have uniform conditions, 
which reduces the likelihood that the information will be accurate at high 
spatial resolution. Fourthly, seasonal forecasts focus on the total amount 
of rainfall that is likely to fall within a season (the variable for which fore-
cast skill is most accurate), when it is the distribution of the rainfall that 
matters the most for planting decisions (which generally has low fore-
cast skill).

Similar challenges of mismatch between supply and demand are evident 
for longer-term climate projections. Global Climate Models (GCMs) proj-
ect future climates over the long term, typically until 2100 and beyond, 
which is longer than the timeframe of most planning decisions. The aver-
age lifespan of a dam, for example, is around 50  years, so the priority 
would be to know the future climate until around 2070. Typically the 
spatial resolution of GCMs has been coarse, with grid cells of hundreds of 
kilometres squared (although this has reduced over time). One of the big-
gest challenges with climate projections is that they embody multiple 
sources of uncertainty. Indeed, modelling anything into the future is sub-
ject to uncertainty. Future climate will depend on the concentrations of 
greenhouse gases in the atmosphere which depend on the evolution of 
human activities and any policy decisions to limit emissions. There is then 
uncertainty in how the multi-faceted components of the climate system 
will respond to those concentrations, and how they will interact with each 
other. Each of the over 60 GCMs in the world will capture these processes 
differently—adding an additional element of uncertainty. Unfortunately, 
uncertainty tends to increase at finer spatial and temporal scales, which is 
a problem because it is often finer-scale information that stakeholders 
request and which leads to the most significant risk (i.e. from extreme 
floods and droughts). More information on the background, use and 
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presentation of GCM projections can be found in FCFA guides (e.g. 
FCFA 2016; Conway et al. 2017).

As a result of these uncertainties, there is often disagreement between 
models. While all models project warming, there is considerable diver-
gence in rainfall conditions, with the model range including wetting and 
drying in most of Africa. This uncertainty makes it difficult for planners to 
know what they need to plan for. Added to this, the ways in which scien-
tists visualise the outputs of GCMs with different plots is not always easy 
for non-specialists to understand and interpret (Fig. 1.1).

status of clImate model ProjectIons

While there is clearly a need to better match climate information supply 
with the demands of users, there has been significant progress in the avail-
ability and quality of information over time. Temperature remains easier to 
project with confidence than rainfall, which is subject to the interaction of 
a wider range of factors acting at the local level. One of the first reviews 
was published 25 years ago (Hulme 1994), showing GCM results with a 
mid-range greenhouse gas emission scenario for 2050 that projected 
warming of most of tropical Africa by less than 1.2  °C (from 1990). 
Rainfall was projected to increase over Africa, except for the northern 
third where drier conditions were projected, although with high uncer-
tainty, particularly over the Sahel. This situation prompted the observation 
that ‘This wide range of possible precipitation changes for Africa makes it 
problematic to develop sensible response strategies to greenhouse gas 
induced climate change in Africa’ (Hulme 1994, p. 39).

Given the different capacities of different models to represent and proj-
ect the climate, best practice has always been to use collections of models, 
or “ensembles”, and to consider the multi-model mean and the inter- 
model range. By 2001, with a sample of ten updated or new GCMs, 
Hulme et al. (2001) revised projections for Africa showing consistent pat-
terns of warming from 2° to 6 °C by 2100. Confidence in the magnitude 
and direction of change in regional rainfall was still low, leading the authors 
to suggest concentrating on vulnerability reduction and strengthening 
capacity to adapt to climate variability would bring immediate benefits and 
build capacity to adapt to longer-term changes in climate. However, broad 
spatial patterns appeared for the December to February season indicating 
wetting over East and central Africa and drying over parts of southern 
Africa. These results established spatial patterns of change that have 
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WHY ARE THERE SO MANY CLIMATE PROJECTIONS (GCM)
AND WAYS OF VISUALISING THEM?

UNCERTAINTY IN HOW THE CLIMATE WILL CHANGE IN FUTURE

MANY SETS OF CLIMATE MODEL PROJECTIONS

MANY WAYS OF VISUALISING THE PROJECTIONS
ALL HAVE PROS AND CONS

NATURAL VARIABILITY | COMPLEX CLIMATE PROCESSES | RATE OF FUTURE EMISSIONS

TIME SERIES
Highlights extremes and variability,

can also include GCM range

MAP
Shows spatial patterns of change,

can also include GCM range

INFOGRAPHIC
Easy to interpret but can

over-state confidence

RANGE
Highlights range across GCMs

but is hard to interpret

PROBABILISTIC
Gives indication of likelihood for extreme

events but can be hard to interpret

DIFFERENT GLOBAL MODELS DIFFERENT TYPES OF MODELS
labolgsvlanoiger.g.eAll have dif ferent approaches

Fig. 1.1 The various ways of presenting Global Climate Model outputs
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remained fairly stable throughout the subsequent multi-model assess-
ments reported in the Fourth and Fifth Intergovernmental Panel on 
Climate Change (IPCC) reports (Coupled Model Intercomparison 
Project (CMIP) CMIP3, Christensen et  al. 2007; CMIP5, Christensen 
et al. 2013).

However, similarities between model results do not necessarily indicate 
accuracy of projections. For example, there is a discrepancy between an 
observed drying trend in East African March to May rainfall and the pro-
jections for increasing rainfall in the future (the East African paradox; 
Rowell et al. 2015). For the Sahel, the observed multi-decadal variability 
is a crucial test for GCMs, and while this is simulated by many, they do not 
capture the scale of observed oscillations at multi-decadal timescales 
(Biasutti 2013). For southern Africa, projections of drying in early sum-
mer are robust, but extreme drying simulated by some models appears 
unlikely because these models simulate too much rainfall in the present 
climate (Munday and Washington 2018). Some approaches therefore con-
sider constraining model selection by identifying those that most accu-
rately represent the climate of a particular region or the mechanisms by 
which it changes. But, constraining models in this way is contentious (it 
requires explicit value judgements) and may have a limited effect on the 
range of uncertainty, as found for East Africa (Rowell et al. 2016; Chap. 6).

how can we ImProve the use of clImate 
InformatIon for adaPtatIon and BuIldIng resIlIence?

There are various ways to overcome the usability gap and ensure that the 
improved availability of climate information translates into effective adap-
tation and resilience building. The important factors for successful infor-
mation use can be broadly categorised as credibility (perceived technical 
quality of information), legitimacy/trust (belief that the information seeks 
to serve the users’ interests) and salience (relevance to users’ needs) (Cash 
et  al. 2003). Another categorisation uses fit, interplay and interaction 
(Lemos et al. 2012). Fit includes users’ perceptions of how climate infor-
mation fits with the organisational context; interplay considers how well 
information can integrate with pre-existing knowledge or information in 
the organisation; and interaction deals with the relationship between the 
information producers and the users (Soares and Dessai 2016). 
Development and dissemination of seasonal climate forecasts has been a 
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particularly active area of climate research and applications in Africa. The 
importance of framing any new information in the context of existing risk 
management practices is a key lesson from this work.

As outlined earlier, uncertainty—how to characterise it and how to deal 
with it—has been and continues to be a defining feature of research and 
practice on adaptation. The wide spread in model results over much of 
Africa has remained a stubborn feature since the earliest days of multi- 
model comparisons and has implications for the credibility of information. 
The key role that rainfall plays in livelihood systems across Africa makes 
this particularly challenging for decision-making. There are limits to the 
accuracy of projections that can be obtained about the future, which will 
always be subject to some uncertainty. This calls into question the top- 
down, supply-driven “predict then act” approach, whereby climate projec-
tions determine risk, and then adaptation options are identified to respond 
to that risk.

Turning this approach on its head, a variety of decision-driven 
approaches have arisen that look at the planning decision that needs to be 
made and ensure that the decision will be resilient in the context of a range 
of potential futures (thereby addressing the uncertainty of any future pro-
jections). One branch is known as Robust Decision-Making (RDM) or 
Decision-Making Under Uncertainty (DMUU). These approaches recog-
nise that planning decisions with long-term lifespans need to be made, 
with deep uncertainties that cannot be reduced by gathering more infor-
mation, but can be addressed by moving from predict-then-act approaches 
to assess-risk-of-policy approaches (Lempert et al. 2006). RDM methods 
can involve a combination of top-down and bottom-up approaches in 
which modelling methods are informed by stakeholder consultation pro-
cesses. Presenting information about future risks and uncertainty can be 
approached in different ways, such as through narratives or storylines that 
combine process-based understanding of physical climate communicated 
in a bespoke manner, within hypothetical settings or using expert judge-
ment techniques (e.g. Chap. 2).

On shorter timescales some humanitarian and development agencies 
are developing decision protocols that use forecast information for advance 
release of finance or other types of early action for disaster risk manage-
ment (Forecast-based Action, FbA; Wilkinson et al. 2018). Examples of 
FbA use a variety of financing tools, including dedicated funds, specially 
allocated funds in emergency response funds, insurance and direct links to 
regular resource allocation processes. FbA programmes have been 
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deployed through various delivery mechanisms, including social protec-
tion systems. There has also been a move in this field to frame actions as 
‘no regrets’ or ‘low regrets’ which are likely to result in humanitarian or 
wider development benefits irrespective of how the situation plays out, 
especially for seasonal timescales given high levels of uncertainty (Wilkinson 
et al. 2018).

Legitimacy issues such as defining aims, involvement in processes and 
ownership of outcomes are critical to agendas promoting climate informa-
tion use. This includes engaging in climate science and the development 
of GCM projections or being able to tailor them to their national con-
texts. Increasing availability of projection-generating toolkits has contrib-
uted to 90% of 189 countries including climate projections in their 
vulnerability and adaptation assessments that form part of their National 
Communications to the UNFCCC (Skelton et al. 2019). However, the 
wide adoption of GCM projections obscures major differences in capacity 
to generate and customise global climate science to national/local con-
text: capacity is strongly skewed in favour of countries in the global North 
(Haunschild et  al. 2016). Infrastructure and capacity gaps and lack of 
funding are known to be important for many National Meteorological and 
Hydrological Services (NMHS), and while recent extensive funding and 
initiatives are going some way to address these concerns, political and 
economic considerations require careful attention (Harvey et al. 2019). 
These issues feed into broader research on the political dimensions of 
adaptation through which ideas, power and resources are determined by 
different groups across scales ranging from the global North and South to 
between and within communities (Tanner and Allouche 2011; Eriksen 
et al. 2015). Other concerns include debates about the role of different 
actors in the process. For example, some warn that commercialised models 
of climate service provision might exacerbate the challenge of using infor-
mation from climate science to inform adaptation by gatekeeping access 
on the basis of ability to pay, which is particularly an issue in Africa (Webber 
and Donner 2017).

To achieve salience, there is a need to translate model results into user- 
relevant information that is contextualised to suit the specific needs of 
agencies, communities and individuals. This often requires a role for inter-
mediaries (Dilling and Lemos 2011). Limits to the spatial detail of GCM 
projections and a common focus on timescales far into the future are sig-
nificant challenges to this goal. A prerequisite is to understand decision- 
making contexts and information needs for potential “users” of such 
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climate information (Carr et  al. 2020; Harvey et  al. 2019). Bringing 
together the “producers” and “users” of climate information can help 
promote the dialogue required for each to understand the other’s perspec-
tives, abilities and needs, bearing in mind that limited resources and skill-
sets may be important barriers (e.g. Chap. 3). These various actors working 
together in a process of co-production can improve the likelihood that 
credible, legitimate and salient information is produced, which increases 
the likelihood of application (Carter et al. 2019). However, thus far co-
production of climate services is still in its infancy, especially in Africa, and 
there is a need for more rigorous evaluation of its utility (Wall et al. 2017).

conclusIon and outlIne of followIng chaPters

The need to adapt and build resilience is clear. The demand for informa-
tion and guidance to support this process is continuing to grow, and is 
highlighting the need for new types and formats of information, and more 
innovative interactions with users to increase usability and use (Vincent 
et al. 2020). Progress towards effective linkage between top-down, supply- 
side approaches that aim to address the availability of information with 
bottom-up, demand-side approaches where information is defined by 
decision contexts has been slow. This book addresses this gap through 
real-world examples that apply novel approaches to knowledge creation.

The following chapters provide an expanded context, informed by 
practice, to climate research in Africa, recognising the important relevance 
of shorter timescales but focusing on longer term (roughly 5–40 years) 
timescales for adaptation. In Chap. 2, Jack et al. introduce the concept of 
distillation and its relationship with climate information and definitions of 
reliability and robustness. They describe an example of information distil-
lation using complementary approaches to GCM projections based on 
narratives. In Chap. 3, Vincent et al. reflect on the role of process—how 
activities are designed and undertaken—what principles should be consid-
ered (e.g. salience, credibility and legitimacy) and who is or should be 
involved. They consider what we are learning about a role for co- 
production from practical attempts to employ it. In Chap. 4, Audia et al. 
argue for the need to add equity to the principles of flexibility, robustness 
and low economic regrets (FREE) that already characterise DMUU.

Chapters 5–8 then present case studies from Malawi, Tanzania, Zambia 
and Uganda—four countries where the FCFA programme has supported 
adaptation and resilience  building through improving the provision of 
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climate information that is useful and usable to decision-makers. In Chap. 
5, Tembo-Nhlema et  al. illustrate how Participatory Scenario Planning 
(PSP) has been used on seasonal forecasts in Malawi to generate useful and 
usable information for farmers. In Chap. 6, Siderius et  al. present an 
approach for reducing uncertainty in GCM projections to inform deci-
sions around water, energy and the environment in the Rufiji River basin 
of Tanzania and how such approaches benefit from user-defined perfor-
mance indicators. In Chap. 7, Taylor et al. illustrate the process through 
which various sources of climate information were integrated into Lusaka’s 
Strategic Plan for 2017–2021. In Chap. 8, Cornforth et al. reflect on ways 
to evaluate the impact that climate information has on decision-making 
through quantitatively assessing the status of livelihoods under different 
climate scenarios.

The case study chapters are guided by a series of questions designed to 
reflect the multidimensional nature of adaptation and some of the issues 
often encountered in practice:

• What are the characteristics of the decision problem and how are 
they defined and by whom?

• What kinds of interactions occur and who is involved in them?
• What are the key contextual factors, including the significance of 

historical climate risks and the role of institutions and governance?
• How are climate risks characterised and communicated, and over 

which timescales?
• To what extent does uncertainty about climate feature in the 

case study?
• To what extent are non-climate considerations important and how 

they are addressed?
• What are the reflections—what works well and why?

In Chap. 9, we reflect on the experiences outlined in the book noting 
that at their core are attempts to initiate and inform conversations about 
climate risk and the need for adaptation and resilience building. We con-
sider these conversations and what they mean for the growing adaptation 
agenda. Africa is urbanising rapidly and is in the midst of major infrastruc-
ture expansion which is changing exposure and sensitivity to extremes, 
and generating new hazard combinations. The research presented in this 
book recognises that climate plays a dynamic role within complex 
environment- society processes. This requires adaptation researchers to 
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engage with other sectors and actors to make the agenda relevant and 
tractable across policy and practice arenas.
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