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SMTS.1	Figure TS.3/SPM.2 Observed Impacts of 
Climate Change: Methodology and Line of 
Sight to Chapters and Papers

Figure TS.3/SPM.2 displays a synthesis of observed regional and global 
impacts of climate change on ecosystems (TS.3a/SPM.2a) and human 
systems (TS.3b/SPM.2b). Regional assessments are primarily based on 
the expert assessments in the regional chapters (Chapters 9–15) and 
cross-chapter papers (CCPs 1–7). The global assessment is provided 
by the ecosystem sectoral chapters (Chapters 2 and 3) and observed 
impacts on human systems by Chapters 4–8 and CCP2. In Figure TS.3/
SPM.2 confidence is provided in attribution of the observed impacts to 
climate change as defined in AR5 Chapter 18 and Cross-Chapter Box 
(CCB) ATTRIB in WGII AR6 Chapter 1.

Panel a – ecosystems

Observed impacts on ‘changes in ecosystem structure’, on ‘species 
range shifts’ and on ‘changes in timing (phenology)’ were assessed 
separately for terrestrial, freshwater and ocean ecosystems. Here, 
the observation of an impact (i.e. whether detected or not) and the 
confidence with which the observation can be attributed to climate 
change are shown. In panel (a), global assessments often focus on 
large studies, multi-species, meta-analyses and large reviews. For that 
reason they can reach higher confidence than regional studies, which 
often use smaller studies that have limited data in order to provide 
regional examples. References to the underlying evidences in chapters 
and cross-chapter papers are provided in Table SMTS.1.

Panel b – human systems

Observed impacts have been assessed within the three overarching 
categories ‘water scarcity and food production’ (including water 
scarcity, agriculture/crop production, animal and livestock health and 
productivity and fisheries yields and aquaculture production), ‘health 
and well-being’ (including infectious diseases, heat, malnutrition 
and other diseases, mental health as well as displacement) and 
‘cities, settlements and infrastructure’ (including inland flooding and 
associated damages, flood/storm induced damages in coastal areas, 
damages to infrastructure and damages to key economic sectors). 
Here, not only confidence levels are shown but also the direction of 
observed impacts, i.e. whether increasing adverse impacts or adverse 
and positive impacts have been observed within a region. In panel 
(b) the global assessment is the overall global outcome. Exclusively 
positive impacts have not been observed in any of the categories. 
References to the underlying evidences in chapter and cross-chapter 
papers are provided in Table SMTS.2.

An additional, more detailed synthetic assessment of observed 
impacts is provided in WGII AR6 Chapter 16, Figure  16.2 (see also 
SM16.7, Table SM16.7.2). Figure 16.2 is both more precise (splitting 
attribution) and more generic (including weather sensitivity and 
climate attribution, whereas Figure TS.3/SPM.2 just focuses on impact 
attribution). It separates the identification of weather sensitivity 
(observed influence of fluctuations in the climate-related systems on 
natural, human or managed systems) (also listed in Table SM16.7.3) 
from impact attribution (observed impact of long-term changes in the 

climate-related system on natural, human or managed systems) (also 
listed in Table SM16.7.2) and climate attribution (observed impacts of 
anthropogenic climate forcing on climate-related systems, generally 
provided by WGI) (also listed in Table  SM16.7.1). Figure TS.3/SPM.2 
focuses on impact attribution, sometimes also based on a combination 
of weather sensitivity and climate attribution. Some thematic 
and regional chapters include additional attribution assessments 
sometimes without this specific separation; this additional information 
is also reflected in Figure TS.3/SPM.2.
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SMTS.2	Impacts and Risks from Climate Change Assessed in Burning Embers

SMTS.2.1	Assessment of Burning Embers for Regional and Global Risk Assessments

In addition to the burning embers for the global Reasons for Concern (TS.AII.3), the WGII assessment also presents similar graphic illustrations 
of the impact and risk assessments of specific chapters and cross-chapter papers {Figure SPM.3, Figure TS.4}. The sources for these assessments 
are listed in Table SMTS.3.

Table SMTS.3 |  Impacts and risks from climate change assessed in burning embers {Figure SPM.3, Figure TS.4}

Group Key risk Scope Sources

Terrestrial and 
Freshwater 
Ecosystems

Biodiversity loss
Loss of species erodes ecosystem integrity, functioning, provisioning of services (including climate regulation, 
food and water) and resilience to extreme events and future climate change.

2.5.4, Table 2.5, 
Figure 2.11, Table SM2.5

Tree mortality
Tree mortality that exceeds natural levels degrades habitat for plant and animal species, increases carbon 
emissions, and reduces provision of water and other services for people.

2.5.4, Table 2.5, 
Figure 2.11, Table SM2.5

Structure change
Increasing risk of large-scale changes in ecosystem structure; ecosystem structural change with most 
information derived for tropical forest, boreal forest, savannas and tundra for both observations and future 
projections

2.5.4, Table 2.5, 
Figure 2.11, Table SM2.5

Wildfire increase
Increasing risk of wildfire that exceeds natural levels, damaging ecosystems, increasing illnesses and death of 
people, and increasing carbon emissions

2.5.4, Table 2.5, 
Figure 2.11, Table SM2.5

Carbon loss
Increasing risk of ecosystem carbon losses from tipping points of loss of tropical forest and Arctic permafrost 
that could substantially raise the atmospheric carbon dioxide level

2.5.4, Table 2.5, 
Figure 2.11, Table SM2.5

Ocean 
Ecosystems

Warm-water corals Increasing risks to biodiversity, structure and functioning
Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.3

Kelp forests Increasing risks to biodiversity, structure and functioning
Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.3

Seagrass meadows Increasing risks to biodiversity, structure and functioning
Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.3

Epipelagic
Increasing risks to biodiversity, structure and functioning in the upper part of the ocean with depth <200 m 
from the surface where there is enough sunlight to allow photosynthesis

Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.2

Rocky shores Increasing risks to biodiversity, structure and functioning
Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.3

Salt marshes Increasing risks to biodiversity, structure and functioning
Figure SM3.1, SROCC 
5.3.7, SROCC Figure 5.16, 
SROCC SM5.3

Health
Heat-related morbidity 
and mortality

Temperature thresholds at which health risks change. Adaptation under SSP1, SSP2 and SSP3 significantly 
alters the warming thresholds at which risks accelerate.

7.3.1, Figure 7.9

Ozone-related mortality

Malaria

Dengue and other 
diseases carried by 
Aedes spp.

Regional: 
Africa

Food production from 
crops, fisheries and 
livestock systems

Loss of food production from crops, fisheries and livestock systems
9.2, 9.8, Figure 9.6, 
Table 9.2, Table SM9.1

Biodiversity and 
ecosystems

Local or global extinction of species and reduction
or irreversible loss of ecosystems and their
services, including freshwater, land and
ocean ecosystems

9.2, 9.6, Figure 9.6, 
Table 9.2, Table SM9.1

Mortality and morbidity
from heat and infectious
diseases

Mortality and morbidity from increased heat and infectious diseases and infectious diseases (including 
vector-borne and diarrhoeal diseases)

9.2, 9.10, Figure 9.6, 
Table 9.2, Table SM9.1
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Group Key risk Scope Sources

Regional: 
Australasia

Loss and degradation of 
coral reefs

Loss and degradation of tropical shallow coral reefs in Australia and associated biodiversity and ecosystem 
service values due to ocean warming and marine heatwaves

11.6, Figure 11.6, 
Table 11.14, SM11.2, 
Table SM11.2b

Cascading impacts on 
cities and settlements

Cascading, compounding and aggregate impacts on cities, settlements, infrastructure, supply chains and 
services due to extreme events

11.6, Figure 11.6, 
Table 11.14, SM11.2, 
Table SM11.2i

Regional: 
Europe

Coastal flooding 
to people and 
infrastructures

Level of risks due to coastal flooding with low to medium adaptation (keeping coastal protection as it is now)
13.10.2.4, Figure 13.28, 
Figure 13.32, SM13.10, 
Table SM13.30

Heat stress, mortality 
and morbidity

Risk to human mortality and heat stress due to heat extremes and increase in average temperature
13.10.2.1, Figure 13.28, 
Figure 13.29, SM13.10, 
Table SM13.25

Water scarcity to people 
in southeastern Europe

Risks of water scarcity with low adaptation
13.10.2.3, Figure 13.28, 
Figure 13.31, SM13.10, 
Table SM13.29

Regional: 
Arctic

Sea ice ecosystems from 
sea ice change

Sea ice ecosystems are rapidly transforming, resulting in an unprecedented accumulation of cascading effects 
that impact almost every sector of environment and society. Increasing light penetration initiates earlier 
seasonal primary production, and albedo an increased warming, earlier growing season for ice algae and 
phytoplankton biomass, and changes in health and habitat of sea ice fauna, mega-fauna and fish species. 
Biophysical changes cascade to socioeconomic and cultural systems by impacting safe travel in ice, subsistence 
hunting, changing economic opportunities and potential for Arctic maritime trade—all of which will lead to 
additional impacts, risks, and transformations, some of which may be inevitable and irreversible. At current 
levels of warming, sea ice in the Arctic is already showing clear signs of transformation and reduction in 
extent, and thickness combined with increased mobility are expected to continue.

CCP6.3.1, Figure CCP6.5, 
SMCCP6.5

Fisheries catch for 
Pollock and Pacific cod

Risk transition analysis was focused on cod and pollock species in the Bering Sea under scenarios that
include status quo ecosystem-based measures including a limit on total groundfish yields. These fisheries 
represent the largest (Pollock, Gadus chalcogrammus) and one of the most valuable (Pacific cod, Gadus 
macrocephalus) fisheries in the USA. Warming temperatures and change in sea ice, circulation and shifts 
in trophic pathways to less-energy-efficient food chains were used to drive changes in survival (predation), 
growth and recruitment, and subsequent catch, under future scenarios.

CCP6.3.1, Figure CCP6.5, 
SMCCP6.5

Costs and losses for key 
infrastructure

Infrastructure is at risk from a variety of climate change hazards including sea level rise, storm surge, 
permafrost thaw and coastal erosion, among others. Impacts have already been observed for sewage systems, 
municipal buildings, roadways, pipelines, railways, ice roads and local trails between communities. Evaluation 
of risk transitions for infrastructure was based on observed and projected risks from relevant climate hazards 
to relevant Arctic infrastructure. Consideration of potential adaptation options available, including limits to 
adaptation (i.e., relocation, available technologies, potential for new technologies, existing building codes), 
were considered during expert evaluation.

CCP6.3.1, Figure CCP6.5, 
SMCCP6.5

Regional: 
Antarctic

Sea ice dependent 
ecosystems

See ‘Sea ice ecosystems from sea ice change’ for the Arctic (above). In the Antarctic, sea ice change is more 
variable than in the Arctic, and future projections are less certain.

CCP6.3.1, Figure CCP6.5, 
SMCCP6.5

Krill fisheries
Regional physical and biological changes in Antarctic waters are expected to result in net declines in krill 
habitat and growth potential, although one study does indicate a potential increase; however, significant 
regional declines may not be detected until later in the century.

CCP6.3.1, Figure CCP6.5, 
SMCCP6.5

Regional: 
Mediterranean

Water quality and 
availability

As global warming levels are rising, hydrological, agricultural and ecological drought intensity and duration 
are increasing, runoff, streamflow, groundwater recharge and water quality are decreasing and in the 
south-Mediterranean, aridity is expanding. This in turn increasingly affects water management, including 
hydropower production and cooling capacity.

CCP4.3.4, CCP4.3.6, 
Figure CCP4.8, 
SMCCP4.2a

Health and well-being
The population exposed to heat stress risks is escalating with rising global warming levels, resulting in 
increasing morbidity and mortality and cooling demand. The epidemic potential of dengue and other diseases 
is projected to increase.

CCP4.3.5, CCP4.3.6, 
Figure CCP4.8, 
SMCCP4.2f

Delayed impacts of sea 
level rise

The Mediterranean region is characterized by a high exposure to sea level rise, including people, infrastructure, 
ecosystems and the cultural heritage sites. Stabilizing global warming at about 2°C commits sea level rise for 
millennia, ultimately drowning key coastal low-lying areas of the Mediterranean where people currently live.

CCP4.3.2, CCP4.3.6, 
Figure CCP4.8, 
SMCCP4.2h

Regional: 
North America

Viability of 
tourism-related 
activities

Overall economic viability of tourism activities are assessed by evaluating the reduction in season length for 
tourism activities: Nordic skiing and snowmobiling, alpine skiing, beach tourism and coral reef snorkelling, and 
parks and protected areas visitation. Many of these activities have adaptation limits by 2°C.

14.5.7, 14.5.8, 14.6.1, 
Figure 14.10, SM14.4

Costs and damages 
related to maintenance 
and reconstruction of 
transportation infra-
structure

The focus of this assessment was on road (including ice roads in the Arctic) and rail and transportation 
infrastructure such as bridges, airstrips, pipelines and port facilities. Near-term impacts expected to be incremental. 
With low adaptation, risks will be high before 4°C and cold amount to hundreds of billions in needed repairs.

14.5.7, 14.5.8.1, 14.6.1, 
Box 14.5, Figure 14.10, 
SM14.4

Lyme disease
Temperature has contributed to the emergence of tick populations, their range and recent geographic spread, which 
are the main vector of Lyme disease. Risks are assessed for a SSP2 scenario with moderate challenges to adaptation.

14.5.6.4, 14.6.1, 
Figure 7.9, 7.3.1
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SMTS.4	Figure TS.13d: Africa Case Study

Table SMTS.5 |  Summary assessment, data and background information for the Africa Case Study in Figure TS.13d on making appropriate choices for fostering climate resilient 
development pathways. Appropriate choices are made by considering the portfolio of risks, the potential for adaptations to satisfactorily reduce risks and not exacerbate others, 
the potential for mitigation measures to interact with risks and adaptations within and across sectors, and how and whether adaptations can be enabled. The graphic table was 
developed based on a possible assembly (not exhaustive) of these considerations for four sectors (agriculture, water, built environments, ecosystems) in the region Africa, as well 
as more general considerations where appropriate.  For each of these sectors, the following were elaborated: (i) the potential for cascading and compounding effects amongst key 
risks within sectors, between sectors and across boundaries and the possible limits to adaptation and the adaptation gap to be filled; (ii) the potential for adaptations to reduce key 
risks, including their feasibility, their interaction with other adaptations addressing the same or interacting risks, and whether they are limited by global warming level (GWL); (iii) 
the potential for interactions of adaptations with mitigation measures (grouped into categories that might interact with risks and adaptations), including showing their importance 
and whether the interaction would be potentially positive, negative or a mixture of both (note: ‘carbon’ refers to carbon sequestration); (iv) Enabling conditions for sectors grouped 
into categories of enablers common across many sectors, showing their importance and how they may be suitable across a number of sectors, along with an assessment of the 
gap in the enabler for satisfactory adaptation. Confidence levels, lines of sight to chapter sections, suitable keywords and additional supporting text are provided for each assessed 
component of the graphic table.

Africa

General for region

Enabler
Impor-
tance

Magnitude 
of gap

Confi-
dence 
Level

Lines of 
sight

Keywords Additional Supporting Text

CRD 
enablers

Finance High Large High
9.1, 9.4.1, 
9.4.5, 9.5.2

Broad-based

Climate-related research in Africa faces severe data constraints, 
as well as inequities in funding and research leadership that 
reduces adaptive capacity (very high confidence). Many 
countries lack regularly reporting weather stations, and data 
access is often limited. From 1990–2019, research on Africa 
received just 3.8% of climate-related research funding globally: 
78% of this funding for Africa went to EU and north American 
institutions and only 14.5% to African institutions. The number 
of climate research publications with locally based authors 
are among the lowest globally and research led by external 
researchers may focus less on local priorities. Increased funding 
for African partners, and direct control of research design and 
resources can provide more actionable insights on climate risks 
and adaptation options in Africa.
Adaptation generally is cost-effective, but annual finance 
flows targeting adaptation for Africa are billions of US 
dollars less than the lowest adaptation cost estimates for 
near-term climate change (high confidence). Finance has not 
targeted more vulnerable countries. From 2014–2018 more 
finance commitments were debt than grants and—excluding 
multilateral development banks—only 46% of commitments 
were disbursed (compared to 96% for other development 
projects).
Adaptation costs will rise rapidly with global warming (very 
high confidence). Increasing public and private finance flows 
by billions of dollars per year, increasing direct access to 
multilateral funds, strengthening project pipeline development 
and shifting finance from readiness activities to project 
implementation would help realise transformative adaptation in 
Africa (high confidence). Concessional finance will be required 
for adaptation in low-income settings. Aligning sovereign debt 
relief with climate goals could increase finance by redirecting 
debt-servicing payments to climate resilience.
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Enabler
Impor-
tance

Magnitude 
of gap

Confi-
dence 
Level

Lines of 
sight

Keywords Additional Supporting Text

Cross-sectoral 
and 
transboundary 
solutions

High Moderate High

9.3.2, 9.4.2, 
9.4.3, 9.6.4, 
9.11.5, 
Box 9.3, 
Box 9.5, 
Box 9.6

Integrated 
Planning, 
Options across 
multiple sectors; 
Transboundary 
and 
multistakeholder 
cooperation; 
Multilevel Equity; 
Benefit sharing

Cross-sectoral ‘nexus’ approaches provide significant 
opportunities for large co-benefits and/or avoided damages 
(very high confidence). For example, climate change adaptation 
benefits pandemic preparedness, ‘One Health’ approaches 
benefit human and ecosystem health, and ecosystem-based 
adaptation can deliver adaptation and emissions mitigation 
(high confidence).
Without cross-sectoral, transboundary and long-term planning, 
adaptation and mitigation response options in one sector can 
become response risks, exacerbating impacts in other sectors 
and causing maladaptation (very high confidence). For example, 
maintaining indigenous forest benefits biodiversity and reduces 
greenhouse gas emissions mitigation, but afforestation—or 
wrongly targeting ancient grasslands and savannas for 
reforestation—harms water security and biodiversity, and can 
increase carbon loss to fire and drought. Planned hydropower 
projects may increase risk as rainfall changes impact water, 
energy and food security exacerbating trade-offs between users, 
including across countries.
Governance for climate-resilient development includes long-term 
planning, all-of-government approaches, transboundary 
cooperation and benefit-sharing, development pathways that 
increase adaptation and mitigation and reduce inequality, and 
implementation of Nationally Determined Contributions (NDC) 
(high confidence).

Inclusive 
and enabling 
institutions 
and decision 
processes

High Large High 9.4.2
Engagement 
Options

In Africa, climate governance occurs in a context of deep 
inequality and asymmetric power relations—both within 
countries and between countries—making adequate 
mechanisms for multi-stakeholder participation essential. This 
requires creation of avenues for the voices of marginalised 
groups in policy processes and enabling policy environments 
that can catalyse inclusive action and transformational 
responses to climate change
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Enabler
Impor-
tance

Magnitude 
of gap

Confi-
dence 
Level

Lines of 
sight

Keywords Additional Supporting Text

Governance High Large High 9.4.4
Adaption Legal 
frameworks

Robust legislative frameworks, both climate change specific and 
non-specific, can foster adaptive responses to climate change, 
particularly in LDCs. As discussed in Chapter 17, there are 
many reasons for this. The successful implementation of policy 
objectives across the continent is often contingent upon or at 
least supported by an underlying legislative framework. There 
are also wider systemic and structural reasons for developing 
climate change legislation, including the promotion of 
coordination within government, its policy entrenching role, its 
symbolic value and its potential to support climate finance flows.
Robust legislative frameworks that develop or amend laws 
to mainstream climate change into their empowerment 
and planning provisions will facilitate effective design and 
implementation of climate change response options (high 
confidence).
The Paris Agreement acknowledges, in Article 7.5, that 
adaptation should be based on and guided by, among other 
things, ‘traditional knowledge, knowledge of indigenous peoples 
and local knowledge systems’. The accumulated knowledge 
within Indigenous knowledge systems is particularly important 
as it can assist governments in determining how the climate 
is changing, how to characterise these impacts and provide 
lessons for adaptation. In this context, Indigenous knowledge 
systems can play an important role in the effective design of 
local laws, as well as national laws. Doing so can contribute to 
the success of climate change response strategies, including 
enhancing local participation and the implementation of 
community-based and ecosystem-based adaptations. For 
example, the Makorongo Village Forest Management By-Law 
in Tanzania codifies local customary practices relating to forest 
management and sustainable harvesting with associated dual 
adaptation and mitigation benefits and includes all villagers in 
the decision-making processes relating to forest management. 
The inclusion of beneficial Indigenous knowledge systems 
within local by-laws is contingent on the active involvement 
of members of the Indigenous community and awareness 
of climate change considerations within the local sphere of 
government, and a willingness to foster such practices.
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Enabler
Impor-
tance

Magnitude 
of gap

Confi-
dence 
Level

Lines of 
sight

Keywords Additional Supporting Text

Technological, 
information, 
decision 
support, 
climate 
services & 
literacy

High Large High
9.4.5, 9.5.1, 
9.8.4, 9.10.3, 
Figure 9.11

Climate services 
& literacy; 
Planning, 
Information, 
Diverse 
Knowledges

Climate information services that are demand driven and 
context specific (e.g., for agriculture or health) combined with 
climate change literacy can be the difference between coping 
and informed adaptation responses (high confidence). Across 33 
African countries, 23–66% of people are aware of anthropogenic 
climate change—with larger variation at sub-national scales 
(e.g., 5–71% among states in Nigeria). Climate change literacy 
increases with education level but is undermined by poverty, 
and literacy rates average 12.8% lower for women than men. 
Around 71% of Africans that are aware of climate change agree 
it should be stopped. Production of salient climate information 
in Africa is hindered by limited availability of and access to 
weather and climate data.
Policy actors across Africa perceive that anthropogenic climate 
change is already impacting their locales through a range of 
negative socioeconomic and environmental effects. They are 
highly concerned about and motivated to address these impacts. 
Transformative responses to the impacts of climate change 
facilitate CRD and are informed by perceptions of climate 
variability and change and climate change literacy.
Perception of climate change in Africa can occur without 
knowledge of its anthropogenic causes and its effect on risk, 
as awareness of the concept of climate change is generally 
low across Africa. This can lead to coping responses to climate 
change which fall short of adaptation. Climate change literacy 
can fill this knowledge gap and, together with climate services, 
extend responses to climate change to include consideration of 
future risk through awareness of the anthropogenic cause of 
climate change and its effect on risk.
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Agriculture

Key Risks
Magnitude 
of adapta-
tion gap

Limits to 
adaptation 

(GWL)

Confi-
dence 
Level

Lines of 
sight

Keywords Additional Supporting Text

Interacting 
key risks, 
adaptation 
gaps & 
limits to 
adaptation

Food security Large 1,5 High

9.4.3, Boxes 
9.3 and 
9.5, 9.4.5, 
9.6.1, 9.8.2, 
Figure 9.24, 
Table SM16.24

Reduced 
production 
(crops, 
livestock, 
fisheries); 
woody plant 
encroachment; 
water scarcity, 
competition

Key Risk: Risk of food insecurity, malnutrition (micronutrient 
deficiency) and loss of livelihood due to reduced food 
production from crops, livestock and fisheries.
Severe reduction in food security and increase in malnutrition 
due to declines up to 5–15% in yield of staple crops, and 
30–45% in net primary productivity of rangelands, varying by 
crop and region. Declines in fish catch potential in tropical west 
Africa of >50%.
Climate change threatens livestock production across Africa 
(high agreement, low evidence). Rangeland net primary 
productivity is projected to decline 42% for west Africa by 
2050 at 2°C global warming. Vector-borne livestock diseases 
and the duration of severe heat stress are both projected to 
become more prevalent under warming. {9.8.2, Figure 9.24, 
9.8.2.4}. Future climate change will have compounding impacts 
on livestock, including negative impacts on fodder availability 
and quality, availability of drinking water, direct heat stress and 
the prevalence of livestock diseases. For example, in Zimbabwe 
by 2040–2070, net revenues from livestock production, 
compared to a 2011 survey, are projected to decline by 8–32% 
under RCP4.5 for 2°C and 11–43% under RCP8.5 for 2.7°C 
global warming due to a decline in fodder availability.
Heat stress may already be the largest factor impacting 
livestock production in many regions in Africa, as the 
combination of high temperatures and high relative humidity 
can be dangerous for livestock and has already decreased dairy 
production in Tunisia. Climate change is projected to increase 
heat stress for all types of livestock, especially in the tropics 
{Figure 9.2.4}. More studies quantifying the impact of heat 
stress on other types of livestock production loss are needed 
in Africa.
Planned hydropower projects may increase risk as rainfall 
changes impact water, energy and food security exacerbating 
trade-offs between users, including across countries.
In Africa, climate change is reducing crop yields and 
productivity (medium confidence). Agricultural productivity 
growth has been reduced by 34% since 1961 due to climate 
change, more than any other region. Maize and wheat 
yields decreased on average 5.8% and 2.3%, respectively 
in sub-Saharan Africa due to climate change in the period 
1974–2008. Farmers and pastoralists perceive the climate to 
have changed and over two thirds of Africans perceive climate 
conditions for agricultural production have worsened over the 
past ten years. Woody plant encroachment has reduced fodder 
availability. By 1.5°C global warming, yields are projected to 
decline for olives (North Africa) and Sorghum (West Africa) 
with a decline in suitable areas for coffee and tea (East Africa). 
Although yield declines for some crops may be partially 
compensated by increasing atmospheric CO2 concentrations, 
global warming above 2°C will result in yield reductions for 
staple crops across most of Africa compared to 2005 yields 
(e.g., 20–40% decline in West African maize yields), even when 
considering adaptation options and increasing CO2 (medium 
confidence). Relative to 1986–2005, global warming of 3°C is 
projected to reduce labour capacity in agriculture by 30–50% in 
sub-Saharan Africa.
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Human health Large 1,5 High

Box 9.5, 
Figure 9.25, 
Section 9.8.5, 
Table SM16.24

Water 
competition; 
malnutrition

9% declines in maize yield for West Africa and 20–60% decline 
in wheat yield for southern and northern Africa, as well as 
declines in coffee and tea in East Africa and sorghum in West 
Africa {Figures 9.22 and 9.23; Section 9.8.2.1 and 9.8.2.2}, and 
>12% decline in marine fisheries catch potential for multiple 
West African countries, potentially leaving millions at risk of 
nutritional deficiencies.
Increasing demand for water for agricultural and energy 
production is driving an increasing competition over water 
resources between food and energy industries which, among 
other effects, compromises the nutritional needs of local 
populations.

Living 
standards & 
equity

Large 1,5 High

9.8.2.3, 
9.10.2.2.2, 
9.4.5.2, 
Table SM16.24

Wild harvest 
declines, food 
insecurity

Wild-harvested foods (e.g., fruits, vegetables and insects) 
provide dietary diversification and for many people in Africa, 
wild-harvested food plants may provide a livelihood and/or 
nutritional safety net when other sources of food fail, such as 
during drought.
Food insecurity and nutritional deficiencies, projected to 
increase with increasingly variable climates, has been shown to 
increase sexual risk-taking and migration, as well as increase 
susceptibility to other infections.
A recent Afrobarometer study covering 34 African countries 
found 67% of Africans perceive climate conditions for 
agricultural production to have worsened over time, and report 
drought as the main extreme weather event to have worsened 
in the past decade. 
Additionally, people engaged in occupations related to 
agriculture (farming, fishing or forestry) were more likely to 
report negative weather effects (59%) than those with other 
livelihoods (45%).

Terrestrial 
and ocean 
ecosystem 
services

Large 1,5 High

9.8.2, 9.8.5, 
9.9.4, 9.10.2, 
9.11.2, 9.6.2, 
Figure 9.19

Habitat loss; 
Fish declines; 
Invasives

Multiple African countries are projected to face compounding 
risks from reduced food production across crops, livestock and 
fisheries, increased heat-related mortality, heat-related loss of 
labour productivity and flooding from sea level rise, especially 
in west Africa (high confidence).
African biodiversity loss is projected to be widespread and 
escalating with every 0.5°C increase above present-day global 
warming (high confidence). Above 1.5°C, half of assessed 
species are projected to lose over 30% of their population or 
area of suitable habitat. At 2°C, 36% of freshwater fish species 
are vulnerable to local extinction, 7–18% of terrestrial species 
assessed are at risk of extinction, and over 90% of east African 
coral reefs could be destroyed by bleaching. Above 2°C, risk of 
sudden and severe biodiversity losses becomes widespread in 
west, central and east Africa. Climate change is also projected 
to change patterns of invasive species spread.
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Example 
adapta-
tions for 
key risks

Food 
security

Moderate 1,5 High
9.3.1, 9.3.2, 
9.8.3, 9.8.4, 
9.4.1

Irrigation; Water 
management, 
Land 
management; 
Climate smart 
agriculture

Different types of irrigation including drip and small-scale irrigation can 
contribute towards increased agricultural productivity (SDG 2), improved 
income (SDG 1) and food security (SDG 2) and increase resilience to 
long-term changes in precipitation (SDG 13). In Kenya and Tanzania, 
small-scale irrigation provides employment opportunities and income to both 
farmers and private businesses (SDGs 8 and 9). Land management practices 
including the use of fertilizers and mulching have also been highlighted 
as adaptation options improving soil fertility for better yields (SDG 2) and 
delivering opportunities to reduce the climate change effects (SDG 13).
there was limited evidence to assess the continued effectiveness of these 
options at higher global warming levels with some options, such as bulk 
water infrastructure (particularly large dams), expected to face increasing risk 
with continued warming with damages cascading to other sectors {Box 9.5}, 
while others, such as crop irrigation and adjusting planting times, may 
increasingly reach adaptation limits above 1.5°C and 2°C global warming.
Sustainable Water Management (SWM) includes rainwater harvesting for 
irrigation, watershed restoration, water conservation practices (e.g., efficient 
irrigation) and less water-intensive cropping, and was the most reported 
adaptation response in the food sector. SWM was assessed with medium 
economic and social feasibility and low environmental, institutional and 
technological feasibility. The feasibility of this adaptation category may 
depend largely on socioeconomic conditions.
Climate-smart agriculture (CSA) offers opportunities for smallholder farmers 
to increase productivity (SDG 2), build adaptive capacity while reducing 
the emission of GHGs (SDG 13) from agricultural systems. CSA practices 
including conservation agriculture, access to climate information, agroforestry 
systems, drip irrigation, planting pits and erosion control techniques can 
improve soil fertility, increase yield and household food security, thereby 
contributing to the realisation of SDG 2 in Africa.
In contrast, adaptation actions may induce trade-offs with mitigation 
objectives, as well as other adaptation and developmental outcomes, 
delivering negative impacts and compromising the attainment of the SDGs. 
For example, increased deployment of renewable energy technologies can 
drive future land use changes and threaten important biodiversity areas if 
poorly deployed. The use of early maturing or drought-tolerant crop varieties 
may increase resilience (SDGs 1, 2), but adoption by smallholder farmers can 
also be hindered by affordability of seed. Cultivation of biodiesel crops also 
can hinder food security (SDG 2) at local and national levels.
Technological (including on-farm engineering), institutional, and financing 
factors are major barriers to climate adaptation feasibility in Africa (high 
confidence).
There is limited evidence for economic growth alone reducing climate 
damages, but under scenarios of inclusive and sustainable development, 
millions fewer people in Africa will be pushed into extreme poverty by 
climate change and negative impacts to health and livelihoods can be 
reduced by 2030 (medium confidence).

Human 
health

Moderate
Not 
assessed

Medi-
um

9.10.3, 9.11.3
Food supply 
chains; social 
protection

Transformative adaptation requires integration of resilience and mitigation 
across all parts of the food system including production, supply chains, 
social aspects and dietary choices. Adaptation to prevent malnutrition goes 
hand-in-hand with adaptation to prevent food insecurity {5.12.5, 9.8.3}.
Social protection has been used for decades, particularly in eastern and 
southern Africa, to safeguard poor and vulnerable populations from 
poverty and food insecurity. Instruments of social protection include public 
works programmes, cash transfers, in-kind transfers, social insurance and 
microinsurance schemes that assist individuals and households to cope 
during times of crisis and minimise social inequality.
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Living 
stand-
ards & 
equity

Large
Not 
assessed

High ES.9, 9.11.3 Social protection

Integrating climate adaptation into social protection programmes, such 
as cash transfers, public works programmes and healthcare access, 
can increase resilience to climate change (high confidence). Social 
protection has been used for decades, particularly in eastern and southern 
Africa, to safeguard poor and vulnerable populations from poverty and 
food insecurity. Instruments of social protection include public works 
programmes, cash transfers, in-kind transfers, social insurance and 
microinsurance schemes that assist individuals and households to cope 
during times of crisis and minimise social inequality.

Terres-
trial and 
ocean 
eco-
system 
services

Moderate
Not 
assessed

Medi-
um

9.6.2, 9.8.2.3, 
9.8.5

Natural forest 
maintenance

Natural forests provided 21% of rural household income across 11 African 
countries and wild-harvested foods (including fisheries) provide important 
nutrition to millions of Africans, including through important micronutrients 
and increased dietary diversity.

Mitigation 
measures

Importance 
of interac-
tion with 

adaptation

Direction 
of effect

Confi-
dence 
Level

Lines of 
sight

Specific ex-
amples / case 

studies
Additional Supporting Text

Potential 
interaction 
with 
mitigation 
measures

Technology High + High 9.3.2
(+) Carbon (soils 
– climate-smart 
agriculture)

Climate-smart agriculture (CSA) offers opportunities for 
smallholder farmers to increase productivity (SDG 2), build 
adaptive capacity while reducing the emission of GHGs 
(SDG 13) from agricultural systems. CSA practices including 
conservation agriculture, access to climate information, 
agroforestry systems, drip irrigation, planting pits and erosion 
control techniques can improve soil fertility, increase yield 
and household food security.

Nature based High + High
Table 9.6, 
9.3.2

(+) Carbon 
(ecosystem 
protection & 
restoration; forest 
sustainability, soil 
management)

Improved ecosystem care and restoration are cost-effective 
for carbon sequestration while providing multiple 
environmental, social and economic co-benefits. Sustainable 
Water Management (SWM), watershed restoration, was 
assessed with medium economic and social feasibility and 
low environmental, institutional and technological feasibility.
Ecosystem protection and restoration [outcome: Carbon 
sequestration and storage], conservation agriculture 
practices, sustainable land management, and integrated 
catchment management can support climate resilience.
Maintaining existing indigenous forest and indigenous forest 
restoration is a win–win, maximising benefits to biodiversity, 
adaptation and mitigation (high confidence).
Forestry and other land use: Restoration/ reforestation – 
Sustainable forestry and land management; Restoration of 
degraded ecosystems and enhanced carbon sequestration; 
Reducing pressure on forests for food and energy needs
Land management practices including the use of fertilizers 
and mulching have also been highlighted as adaptation 
options improving soil fertility for better yields (SDG 2) and 
delivering opportunities to reduce the climate change effects 
(SDG 13).

Land 
management

High +/− High
Box 9.3, 
Tabel 9.6

(−) Energy 
(renewable energy 
farms, biofuel 
crops), Carbon 
(afforestation 
of ancient 
grasslands)
(+) Carbon 
(Protection/
restoration of 
indigenous 
vegetation)

Adaptation actions may induce trade-offs with mitigation 
objectives, as well as other adaptation and developmental 
outcomes, delivering negative impacts and compromising the 
attainment of the SDGs. For example, increased deployment 
of renewable energy technologies can drive future land use 
changes. Cultivation of biodiesel crops also can hinder food 
security (SDG 2) at local and national levels.
Afforestation—or wrongly targeting ancient grasslands 
and savannas for reforestation—harms water security and 
biodiversity, and can increase carbon loss to fire and drought.
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CRD 
enablers

Finance High Large High
9.3, 9.4.1, 
9.4.1.4, 
9.4.4.1

Ownership; 
Targeted 
projects

Technological, institutional, and financing factors are major 
barriers to climate adaptation feasibility in Africa (high 
confidence).
The present situation reflects not only an insufficient level of 
finance being mobilised to support African adaptation needs 
{9.4.1} but also problems in accessing and using funding that 
is available.
While supporting readiness activities is important for 
strengthening country ownership and institutional 
development, research suggests adaptation finance needs 
to shift towards implementation of concrete projects and 
more pipeline development if the goal of transformative and 
sustained adaptation in Africa is to be realised.
There are also wider systemic and structural reasons 
for developing climate change legislation, including the 
promotion of coordination within government, its policy 
entrenching role, its symbolic value and its potential to 
support climate finance flows.

Poverty 
reduction

High Large High 9.3.2

Drought-
resistant crops; 
agroforestry, 
diversification

Adaptation options such as access to climate information, 
provision of climate information services, growing of 
early maturing varieties, agroforestry systems, agricultural 
diversification and growing of drought-resistant varieties of 
crops may deliver co-benefits, providing synergies that result in 
positive outcomes. For instance, in Sub-Saharan Africa drylands 
including northern Ghana and Burkina Faso and large parts of 
the Sahel, migration as a result of unfavourable environmental 
conditions closely linked to climate change has often provided 
opportunities for farmers to earn income (SDG 1) and mitigate 
the effects of climate-related fluctuations in crop and livestock 
productivity (SDG 2).

Inclusive 
and enabling 
institutions 
and decision 
processes

High Large High 9.3, 9.4.1
Stakeholder 
Engagement

Technological, institutional, and financing factors are major 
barriers to climate adaptation feasibility in Africa (high 
confidence).

Technological, 
information, 
decision 
support, climate 
services & 
literacy

High Large High 9.3, 9.4.1

Information-
technology; 
climate ser-
vices

Technological, institutional, and financing factors are major 
barriers to climate adaptation feasibility in Africa (high 
confidence).
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Interacting 
key risks, 
adaptation 
gaps & 
limits to 
adaptation

Water security Large 2 Medium
Box 9.5, 9.3.1, 
Table SM16.24

Drought; 
Urbanisation; 
Energy

Key Risk: Risk to water and energy security due to 
drought-induced shortage of irrigation and hydropower. 
Severe risks driven by long-term warming and drying and 
reduced river runoff, which occurs in some climate models 
(high uncertainty in hydrologic outcomes). Increased 
urbanisation, population and economic growth, increasing 
electricity and food demand. Dramatic planned expansion in 
hydropower (+581%) and irrigation capacity (+63%) under 
the Program of Infrastructure Development in Africa.
The study found that hydropower revenues in the driest 
climate scenarios could be 58% lower in the Zambezi River 
basin, 30% lower in the Orange basin and 7% lower in 
the Congo basin relative to a scenario with current climate 
conditions. Hydropower revenues in the wettest climate 
scenario could be more than 20% higher in the Zambezi 
River basin and 50% higher in the Orange basin. The biggest 
risk to the production of irrigated crops is in the eastern Nile 
where irrigation revenue could be 34% lower in the driest 
scenario and 11% higher in the wettest than in a scenario 
without climate change.

Food security Moderate 2 Medium
Box 9.5, 9.3.1, 
Table SM16.24

Irrigation; 
Infrastructure; 
Cascading 
risks

Irrigation revenues in Zambezi Basin decline up to 
USD 45 billion relative to baseline scenario bulk water 
infrastructure (particularly large dams), expected to face 
increasing risk with continued warming with damages 
cascading to other sectors {Box 9.5}, while others, such 
as crop irrigation and adjusting planting times, may 
increasingly reach adaptation limits above 1.5°C and 2°C 
global warming.

Living 
standards & 
equity

Moderate 2 Medium
Box 9.5, 
Table SM16.24

Irrigation 
revenues

Irrigation revenues in Zambezi Basin decline up to USD 
45 billion relative to baseline scenario.

Critical 
physical 
infrastructure, 
networks & 
services

Large 2 Medium
Box 9.5, 
Table SM16.24, 
9.8.5

Irrigation; 
Energy

Hydropower and irrigation revenues in Zambezi Basin 
decline up to USD 45 billion relative to baseline scenario. 
Consumer electricity expenditure could increase 47% across 
the Southern African Power Pool.
Hydropower development carries risk of regrets due to 
damages when a different climate than was expected 
materialises. Energy costs for cooling demands are projected 
to accumulate to USD 51.3 billion by 2035 at 2°C global 
warming and to USD 486.5 billion by 2076 at 4°C.
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Peace & 
human 
mobility

Large 1.5 Medium
9.7.2, 9.9.1, 
9.9.3, Box 9.8

Extreme 
events; 
drought; urban 
pressure; 
Poverty

Over 2.6 million and 3.4 million new weather-related 
displacements occurred in sub-Saharan Africa in 2018 and 
2019.
Hydrological fluctuations are associated with drought, flood 
and cyclone events which have had multi-sector impacts 
across Africa, including: reduced crop production, migration 
and displacement, food insecurity and extensive livestock 
deaths, electricity outages, increased incidence of cholera 
and increased groundwater abstraction amplifying the risk 
of saline intrusion from sea level rise.
Climate-related displacement is widespread in Africa, 
with increased migration to urban areas in sub-Saharan 
Africa linked to decreased rainfall in rural areas, increasing 
urbanisation and affecting household vulnerability {Box 9.9}. 
Much of this growth can occur in informal settlements 
which are growing due to both climatic and non-climatic 
drivers, and which often house temporary migrants, 
including internally displaced people.
Poverty is a significant factor of flood-induced displacement 
in Africa, where even small flood exposure can lead to high 
numbers being displaced.
Compared to population in 2000, human displacement 
due to river flooding in sub-Saharan Africa is projected 
to increase 600% by 2066–2096 with moderate-to-high 
population growth and 2.6°C global warming, with risk 
reducing to a 200% increase for low population growth and 
1.6°C global warming.
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Example 
adaptations 
for key risks

Water security Moderate 1.5 Medium
Box 9.5, 9.3.1, 
Table SM16.24, 
4.7.2

Dams; irrigation

Increased electricity trade between river basins, which have 
little correlation in yearly rainfall and runoff.
There was limited evidence to assess the continued 
effectiveness of these options at higher global warming 
levels with some options, such as bulk water infrastructure 
(particularly large dams), expected to face increasing risk 
with continued warming with damages cascading to other 
sectors {Box 9.5}, while others, such as crop irrigation 
and adjusting planting times, may increasingly reach 
adaptation limits above 1.5°C and 2°C global warming.
Studies assessing the future effectiveness of irrigation 
related responses {Figure 4.28} focus on a range of specific 
approaches, including increasing irrigation efficiency, 
deficit irrigation, irrigated area expansion or shifting from 
rain-fed to irrigated agriculture, as well as specific types 
of irrigation (21 studies; 103 data points). As a frequently 
implemented option with direct entry points to agricultural 
models, this option provides the most robust set of data 
points across regions and warming levels. For all regions, a 
reduction in effectiveness is apparent from 1.5°C to higher 
levels of warming, leading to increased residual risk with 
increasing warming (high confidence).

Food security Small 2 Medium
Box 9.5, 9.3.1, 
Table SM16.24, 
4.7.2

Irrigation; 
Planting regimes; 
Cropping Patterns

Catchment restoration and integrated water management 
schemes.
Crop irrigation and adjusting planting times, may 
increasingly reach adaptation limits above 1.5°C and 2°C 
global warming.
Changes in cropping patterns and crop systems 
{Figure 4.28} (5 studies; 31 data points) indicate limited 
potential to reduce projected climate risks, with the 
majority of studies providing results of up to 1.5°C 
of  warming and limited evidence for higher warming 
levels. At 1.5°C, effectiveness in Africa is mostly 
insufficient, with substantial maladaptive potential.

Living 
standards & 
equity

Large 1.5 Medium
9.10.3, 9.11.3, 
9.11.4

Inclusive 
sustainable 
development; 
social protection

There is limited evidence for economic growth alone 
reducing climate damages, but under scenarios of inclusive 
and sustainable development, millions fewer people in 
Africa will be pushed into extreme poverty by climate 
change and negative impacts to health and livelihoods can 
be reduced by 2030 (medium confidence).
Social protection has been used for decades, particularly 
in eastern and southern Africa, to safeguard poor and 
vulnerable populations from poverty and food insecurity. 
Instruments of social protection include public works 
programmes, cash transfers, in-kind transfers, social 
insurance and microinsurance schemes that assist 
individuals and households to cope during times of crisis 
and minimise social inequality.

Critical physical 
infrastructure, 
networks & 
services

Moderate 1.5 Medium
Box 9.5, 9.3.1, 
Table SM16.24

Eco-urban 
infrastructure

Urban gardening and agriculture bulk water infrastructure 
(particularly large dams), expected to face increasing risk 
with continued warming with damages cascading to other 
sectors {Box 9.5}, while others, such as crop irrigation 
and adjusting planting times, may increasingly reach 
adaptation limits above 1.5°C and 2°C global warming.
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Peace & human 
mobility

Moderate
Not 
assessed

Medium Box 9.8, 9.3.1
Opportunities for 
movement

Migration is an important and potentially effective 
climate change adaptation strategy in Africa and must be 
considered in adaptation planning (high confidence). The 
more agency migrants have (that is, degree of voluntarily 
and freedom of movement), the greater the potential 
benefits for sending and receiving areas (high agreement, 
medium evidence) {Cross-Chapter Box MIGRATE in 
Chapter 7}. In a synthesis of 63 studies covering over 
9700 rural households in dryland sub-Saharan Africa, 23% 
of households employed migration (primarily temporary 
economic) to adapt to changes in rainfed agriculture. 
Migration responses to climate change tend to be stronger 
among wealthier households, as poorer households often 
lack financial resources necessary to migrate.

Mitigation 
measures

Impor-
tance of 
interac-

tion with 
adapta-

tion

Direction 
of effect

Confi-
dence 
Level

Lines of 
sight

Specific exam-
ples / case stud-

ies (optional)
Additional Supporting Text

Potential 
interactions 
with 
mitigation 
measures

Land 
management

High +/− High
ES.9, 9.4.3, 
Boxes 9.3, 9.5

(−) Carbon 
(afforestation 
of ancient 
grasslands);
(+) Energy (hydro 
dams)

Maintaining indigenous forest benefits biodiversity and 
emissions mitigation, but afforestation—or wrongly targeting 
ancient grasslands and savannas for reforestation—harms 
water security and biodiversity, and can increase carbon 
loss to fire and drought. Planned hydropower projects 
may increase risk as rainfall changes impact water, energy 
and food security exacerbating trade-offs between users, 
including across countries.

Nature based High + High 9.6.4
(+) Carbon (forest 
restoration)

Afforestation reduces water availability but forest restoration 
and removing invasive plant species can increase water flows 
in regions facing water insecurity from climate change.

Buildings & 
infrastructure

High – High
Boxes 9.3 and 
9.5, 9.9.5

(+/−) Energy 
(Dams – take 
water, store 
water);
(−) Carbon 
(afforestation)

Placing cross-sectoral approaches at the core of CRD provides 
significant opportunities to deliver large benefits and/or 
avoids damages across multiple sectors including water, 
health, ecosystems and economies (very high confidence) 
{Boxes 9.5, 9.6, 9.7}. They can also prevent adaptation or 
mitigation action in one sector, exacerbating risks in other 
sectors and resulting in maladaptation, for example, from 
large-scale dam construction or large-scale re/afforestation 
(e.g., water–energy–food nexus and large-scale tree planting 
efforts) {Boxes 9.3, 9.5}.
Planned infrastructure developments, including those related 
to the AU’s PIDA, along with other energy plans, and China’s 
Belt and Road Initiative, may increase or decrease both 
climate change mitigation and adaptation depending on 
whether infrastructure planning integrates current and future 
climate change risks.
Under the Nationally Appropriate Mitigation Action 
programme, investments in public transport and 
transit-oriented development are highlighted as desired 
mitigation–adaptation interventions within cities of South 
Africa, Ethiopia and Burkina Faso. These interventions 
simultaneously reduce the vulnerability of low-income 
residents to climate shocks, prevent lock-ins into 
carbon-intensive development pathways and reduce poverty 
(high confidence). The combined mitigation–adaptation 
interventions in the land use transport systems of African 
cities are also expected to have sufficient short-term 
co-benefits (reducing air pollution, congestion and traffic 
fatalities) to be ‘no regret’ investments (very high confidence).
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Energy High +/− High
Boxes 9.3 and 
9.5, 9.6; 9.7

(−) Energy 
(Hydropower)
(+) Cross basin 
risk pooling / 
transfer

Placing cross-sectoral approaches at the core of CRD provides 
significant opportunities to deliver large benefits and/or 
avoids damages across multiple sectors including water, 
health, ecosystems and economies (very high confidence). 
They can also prevent adaptation or mitigation action in 
one sector, exacerbating risks in other sectors and resulting 
in maladaptation, for example, from large-scale dam 
construction or large-scale re/afforestation (e.g., water–
energy–food nexus and large-scale tree planting efforts).

Enablers
Impor-
tance

Magni-
tude of 

gap

Confi-
dence 
Level

Lines of sight Keywords Additional Supporting Text

CRD 
enablers

Coordination 
and 
integration

High Large High
9.4.3, Box 9.5, 
Table SM16.24

Integrated 
approaches across 
related sectors

Placing cross-sectoral approaches at the core of 
climate-resilient development provides significant opportunities 
to deliver large benefits and/or avoids damages across multiple 
sectors including water, health, ecosystems and economies 
(very high confidence).
Cross-sectoral or ‘nexus’ approaches can improve the ability of 
decision-makers to foresee and prevent major climate impacts. 
Barriers to developing nexus approaches arise from rigid 
sectoral planning, regulatory and implementation procedures, 
entrenched interests and power structures and established 
sectoral communication structures. Opportunities for 
overcoming these barriers include creating a dedicated home 
for co-development of nexus risk assessment and solutions, 
promoting co-leadership of projects by multiple sectors, 
specific budget allocations for nexus projects, facilitating and 
coordinating services, compiling useful strategies into toolkits, 
ameliorating inequitable power relations among participants 
and measuring progress on nexus approaches through metrics.
An integrated response can be enhanced through the inclusion 
of community-based organisations, such as water resource user 
associations and the wide range of other multi-sectoral actors 
involved in and affected by development decisions.

Inclusive 
and enabling 
institutions 
and decision 
processes

High Large High
Box 9.5, 
Table SM16.24

Multi-level 
Inclusivity

An integrated response can be enhanced through the inclusion 
of community-based organisations, such as water resource user 
associations and the wide range of other multi-sectoral actors 
involved in and affected by development decisions.
Collaboration between scientists and policy-makers to 
address the complexity of decision-making under uncertainty, 
coupled with community involvement in participatory scenario 
development and participatory GIS to aid in collaborative 
planning that is context-specific are powerful tools for more 
beneficial adaptive and resilience building actions.

Technological, 
information, 
decision 
support, 
climate 
services & 
literacy

High Large High
Box 9.5, 
Table SM16.24

Tools to address 
complexity, 
uncertainty, change 
& contestation

Understanding of water-energy-food nexus interlinkages 
can help characterise risks and identify entry points and the 
relevant institutional levels for cross-sectoral climate change 
adaptation actions.
Longer (multi-decadal) hydrological datasets and model 
improvements are required, and models should incorporate 
the quantification of the wider benefits, risks and political 
opportunities arising from reservoir development to 
better inform decision-makers to achieve a higher level of 
(transboundary) cooperation.
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dence 
Level
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Cross-sectoral 
and 
transboundary 
solutions

High Moderate High
9.4.3, Box 9.5, 
Table SM16.24, 
Box 9.8

Options to improve 
multiple sectors

Placing cross-sectoral approaches at the core of 
climate-resilient development provides significant opportunities 
to deliver large benefits and/or avoids damages across multiple 
sectors including water, health, ecosystems and economies 
(very high confidence).
Cross-sectoral or ‘nexus’ approaches can improve the ability of 
decision-makers to foresee and prevent major climate impacts. 
Barriers to developing nexus approaches arise from rigid 
sectoral planning, regulatory and implementation procedures, 
entrenched interests and power structures and established 
sectoral communication structures. Opportunities for 
overcoming these barriers include creating a dedicated home 
for co-development of nexus risk assessment and solutions, 
promoting co-leadership of projects by multiple sectors, 
specific budget allocations for nexus projects, facilitating and 
coordinating services, compiling useful strategies into toolkits, 
ameliorating inequitable power relations among participants 
and measuring progress on nexus approaches through metrics.
An integrated response can be enhanced through the inclusion 
of community-based organisations, such as water resource user 
associations and the wide range of other multi-sectoral actors 
involved in and affected by development decisions.
Most climate-related migration and displacement observed 
currently is within countries or between neighbouring 
countries, rather than to more geographically distant 
high-income countries.

Built environments (urban/rural)

Key Risks

Magni-
tude of 
adapta-
tion gap

Limits to 
adap-
tation 
(GWL)

Confi-
dence 
Level

Lines of sight Keywords Additional Supporting Text

Interacting 
key risks, 
adaptation 
gaps & 
limits to 
adaptation

Coastal 
socio-ecological 
systems

Large < 1.5 Medium
Table SM16.24, 
Box 9.4

Water scarcity; 
extreme events; sea 
level rise

Cascading and compounding risks to economies and 
governance due to severe, concurrent or successive 
climate-intensified natural disasters (floods, droughts, fires, 
wind, heat) affecting human settlements and infrastructure.
The Cape Town drought illustrates how a highly diverse. 
African city and its citizens responded to protracted and 
unanticipated water scarcity. Anthropogenic climate change 
made the drought five to six times more likely. After three 
consecutive years of low precipitation, Cape Town braced 
for a ‘Day Zero’ where large portions of the city would 
lose water supply. The risk of day zero was anticipated 
to cascade to affect risks to health, economic output 
and security. The case study highlights the importance 
of communication, budgetary flexibility, robust financial 
buffers and insurance mechanisms, disaster planning, 
intergovernmental cooperation, nature-based solutions, 
infrastructure transformations and equitable access for 
climate adaptation in African cities facing water scarcity.
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Living standards 
& equity

Large < 1.5 High
Table SM16.24, 
Box 9.4, 9.9.2, 
9.9.3

Poverty alleviation; 
Water security; SME 
impacts

Globally, sub-Saharan Africa has the largest population 
living in extreme poverty that are exposed to high flood risk 
(~71 million people or 55% of global total) . Poverty is a 
significant factor of flood-induced displacement in Africa, 
where even small flood exposure can lead to high numbers 
being displaced. Africa’s large population of urban poor and 
marginalised groups and informal sector workers, further 
contribute to high vulnerability to extreme weather and 
climate change in many settlements (high confidence).
The risk of day zero was anticipated to cascade to affect 
risks to health, economic output and security.
Business disruptions from climate impacts have implications 
for deepening poverty. Small and medium enterprises 
(SMEs) employ 60–90% of workers in many African 
countries and contribute 40% or more to the GDP in Ghana, 
Kenya, Nigeria, South Africa, Tanzania and Zimbabwe. The 
viability of businesses and economic well-being of large 
populations employed in SMEs is severely affected by 
climate hazards as reported for local wind storms in Ibadan, 
El Niño-related flooding (Nairobi), drought-induced water 
supply disruption (Gaborone) and power outages (Lusaka).

Human health Moderate < 1.5 High
Table SM16.24, 
Box 9.4

Disruption, loss 
of life; Cascading 
risks; Sanitation

Loss of life and disruption of livelihoods.
Restricted access to water resources, and water shortages in 
urban areas disrupting sanitation and food processing and 
distribution systems.
The risk of day zero was anticipated to cascade to affect 
risks to health, economic output and security.

Food security Moderate < 1.5 Medium
Table SM16.24, 
Box 9.4

Water security, 
sanitation in 
food processing, 
distribution

Restricted access to water resources, and water shortages in 
urban areas disrupting sanitation and food processing and 
distribution systems.
Loss of life and disruption of livelihoods.
The risk of day zero was anticipated to cascade to affect 
risks to health, economic output and security.

Water security Large < 1.5 High
Table SM16.24, 
Box 9.4

Water scarcity; 
Cascading risks

Restricted access to water resources, and water shortages in 
urban areas disrupting sanitation and food processing and 
distribution systems.
Loss of life and disruption of livelihoods.
The risk of day zero was anticipated to cascade to affect 
risks to health, economic output and security.

Critical physical 
infrastructure, 
networks & 
services

Large < 1.5 High
Table SM16.24, 
Box 9.4

Flood damages
Damage to key urban infrastructure and services from flood 
events, particularly high risk within coastal cities.
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Magni-
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tation 
(GWL)

Confi-
dence 
Level
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Peace & human 
mobility

Large
Not 
assessed

High
9.9.1, Box 9.9, 
9.9.3

Water scarcity; 
Floods; Landslides; 
Poverty

Climate-related displacement is widespread in Africa, 
with increased migration to urban areas in sub-Saharan 
Africa linked to decreased rainfall in rural areas, increasing 
urbanisation and affecting household vulnerability. Much 
of this growth can occur in informal settlements which are 
growing due to both climatic and non-climatic drivers, and 
which often house temporary migrants, including internally 
displaced people. Such informal settlements are located in 
areas exposed to climate change and variability and are 
exposed to floods, landslides, sea level rise and storm surges 
in low-lying coastal areas, or alongside rivers that frequently 
overflow, thereby exacerbating existing vulnerabilities.
Globally, sub-Saharan Africa has the largest population 
living in extreme poverty that are exposed to high flood 
risk (~71 million people or 55% of global total). Poverty is 
a significant factor of flood-induced displacement in Africa, 
where even small flood exposure can lead to high numbers 
being displaced. Africa’s large population of urban poor and 
marginalised groups and informal sector workers, further 
contribute to high vulnerability to extreme weather and 
climate change in many settlements (high confidence).

Example 
adaptations 
for key 
risks

Coastal 
socio-ecological 
systems

Large 2 High
9.6.4, 9.9.3.1, 
9.8.5.2

Habitat restoration; 
Storm surge 
protection; EbA

Marine and coastal ecosystems such as mangroves, seagrass 
and coral reefs provide storm protection and food security 
for coastal communities (high confidence). Restoring reef 
systems reduced wave height in Madagascar, but there is 
limited evidence for the efficacy of coral reef restoration 
at large scales with increased warming {Section 3.6.3}. 
Populations at risk from storm surge and/or sea level 
rise coincide with areas of high coastal ecosystem-based 
adaptation (EbA) potential from Mozambique to Somalia, 
and coastlines of the Gulf of Guinea, Gambia, Guinea-Bissau 
and Sierra Leone. Understanding hotspots of EbA potential 
is particularly important for west Africa with some of the 
highest levels of human dependence on marine ecosystems 
at high risk from climate change and large populations 
vulnerable to sea level rise.

Living standards 
& equity

Large
Not 
assessed

High
9.4.2, 9.10.3, 
9.11.4

Social protection; 
Health care

Integrating climate adaptation into social protection 
programmes, such as cash transfers, public works 
programmes and healthcare access, can increase resilience 
to climate change (high confidence). Nevertheless, 
social protection programmes may increase resilience to 
climate-related shocks, even if they do not specifically 
address climate risks.

Human health Large
Not 
assessed

High
9.8, 9.9, 9.9.5, 
9.10, 9.11

Water 
management; 
Sanitation; Social 
protection; 
Nature-based 
solutions

Reduced drought and flood risk, and improved water and 
sanitation access, can be delivered by water sensitive and 
climate scenario planning, monitored groundwater use, 
waterless on-site sanitation, rainwater harvesting and water 
re-use, reducing risk to human settlements
Integrating climate adaptation into social protection 
programmes, such as cash transfers, public works 
programmes and healthcare access, can increase resilience 
to climate change (high confidence). Nevertheless, 
social protection programmes may increase resilience to 
climate-related shocks, even if they do not specifically 
address climate risks.
Nature-based solutions are also being deployed in 
mitigating and adapting to climate change, with 
demonstrated long-term health, ecological and social 
co-benefits.
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Food security Large
Not 
assessed

Medium 9.10.3

Urban agriculture, 
forestry; mental 
health; heat 
management

Urban agriculture and forestry can improve nutrition 
and food security, household income and mental health 
of urban farmers while mitigating against some of the 
impacts of climate change, like flooding and landslides (by 
stabilising the soil and reducing runoff, for example), heat 
(by providing shade and through evapotranspiration) and 
diversifying food sources in case of drought.

Water security Moderate 2 High
ES.9, 9.3.1, 
9.7.3, 9.8.5, 9.8, 
9.9, 9.10, 9.11

Water 
management; 
Integrated 
solutions; Flood 
management

Risk-sensitive infrastructure delivery and equitable provision 
of basic services can reduce climate risks and provide net 
financial savings (high confidence). However, there is limited 
evidence of proactive climate adaptation in African cities. 
Proactive adaptation policy could reduce road repair and 
maintenance costs by 74% compared to a reactive policy. 
Adapting roads for increased temperatures and investment 
in public transport are assessed as ‘no regret’ options. In 
contrast, hydropower development carries risk of regrets 
due to damages when a different climate than was expected 
materialises. Energy costs for cooling demands are projected 
to accumulate to USD 51.3 billion by 2035 at 2°C global 
warming and to USD 486.5 billion by 2076 at 4°C.
Water sector adaptation measures show medium social 
and economic feasibility but low feasibility for most 
African cities due to technical and institutional restrictions, 
particularly for large supply dams and centralised 
distribution systems (medium confidence). Use of integrated 
water management, water supply augmentation and 
establishment of decentralised water management systems 
can reduce risk. Integrated water management measures 
including sub-national financing, demand management 
through subsidies, rates and taxes, and sustainable water 
technologies can reduce water insecurity caused by either 
drought or floods (medium confidence).
Reduced drought and flood risk, and improved water and 
sanitation access, can be delivered by water sensitive and 
climate scenario planning, monitored groundwater use, 
waterless on-site sanitation, rainwater harvesting and water 
re-use, reducing risk to human settlements.
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Critical physical 
infrastructure, 
networks & 
services

Moderate 2 High
ES.9, 9.3.1, 
9.7.3, 9.8.5, 9.8, 
9.9, 9.10, 9.11

Risk-sensitive 
design; water and 
sanitation access

Risk-sensitive infrastructure delivery and equitable provision 
of basic services can reduce climate risks and provide net 
financial savings (high confidence). However, there is limited 
evidence of proactive climate adaptation in African cities. 
Proactive adaptation policy could reduce road repair and 
maintenance costs by 74% compared to a reactive policy. 
Adapting roads for increased temperatures and investment 
in public transport are assessed as ‘no regret’ options. In 
contrast, hydropower development carries risk of regrets 
due to damages when a different climate than was expected 
materialises. Energy costs for cooling demands are projected 
to accumulate to USD 51.3 billion by 2035 at 2°C global 
warming and to USD 486.5 billion by 2076 at 4°C.
Water sector adaptation measures show medium social 
and economic feasibility but low feasibility for most 
African cities due to technical and institutional restrictions, 
particularly for large supply dams and centralised 
distribution systems (medium confidence). Use of integrated 
water management, water supply augmentation and 
establishment of decentralised water management systems 
can reduce risk. Integrated water management measures 
including sub-national financing, demand management 
through subsidies, rates and taxes, and sustainable water 
technologies can reduce water insecurity caused by either 
drought or floods (medium confidence).
Reduced drought and flood risk, and improved water and 
sanitation access, can be delivered by water sensitive and 
climate scenario planning, monitored groundwater use, 
waterless on-site sanitation, rainwater harvesting and water 
re-use, reducing risk to human settlements.

Peace & human 
mobility

Large
Not 
assessed

Medium

9.3.1, Box 9.8, 
Cross-Chapter 
Box MIGRATE in 
Chapter 7

Support networks; 
Financial support; 
Agency for 
migrants

Migration and social infrastructure (including decentralised 
management, strong community structures and informal 
support networks) show high potential for risk reduction.
Limited financial and technical support for migration limits 
the extent to which it can make meaningful contributions 
to climate resilience. International and domestic 
remittances are an important resource that can help aid 
recovery from climate shocks, but inadequate finance and 
banking infrastructure can limit cash transfers {Box 9.8}. 
Male migration can increase burdens of household and 
agricultural work, especially for women. The more agency 
migrants have (that is, degree of voluntarily and freedom of 
movement), the greater the potential benefits for sending 
and receiving areas (high agreement, medium evidence).
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Potential 
interaction 
with 
mitigation 
measures

Buildings & 
infrastructure

High +/− High
Boxes 9.3 and 9.5, 
9.9.5

(+) Energy 
(transport 
diversification, 
eco-building)
(−) Energy (Dams 
divert water)

Placing cross-sectoral approaches at the core of CRD 
provides significant opportunities to deliver large benefits 
and/or avoids damages across multiple sectors including 
water, health, ecosystems and economies (very high 
confidence) {Boxes 9.5, 9.6 and 9.7}. They can also prevent 
adaptation or mitigation action in one sector, exacerbating 
risks in other sectors and resulting in maladaptation, for 
example, from large-scale dam construction or large-scale 
re/afforestation (e.g., water–energy–food nexus and 
large-scale tree planting efforts) {Boxes 9.3 and 9.5}.
Planned infrastructure developments, including those 
related to the AU’s PIDA, along with other energy plans, 
and China’s Belt and Road Initiative, may increase or 
decrease both climate change mitigation and adaptation 
depending on whether infrastructure planning integrates 
current and future climate change risks.
Under the Nationally Appropriate Mitigation Action 
programme, investments in public transport and 
transit-oriented development are highlighted as desired 
mitigation–adaptation interventions within cities of South 
Africa, Ethiopia and Burkina Faso. These interventions 
simultaneously reduce the vulnerability of low-income 
residents to climate shocks, prevent lock-ins into 
carbon-intensive development pathways and reduce 
poverty (high confidence). The combined mitigation–
adaptation interventions in the land use transport systems 
of African cities are also expected to have sufficient 
short-term co-benefits (reducing air pollution, congestion 
and traffic fatalities) to be ‘no regret’ investments (very 
high confidence).

Technology High + High 9.11.4

(+) Energy 
(Decentralised & 
low carbon energy 
access)

Pro-poor policies that link mitigation and adaptation, such 
as using renewable energy to increase rural electrification 
or using revenues from a carbon tax, combined with 
international financial support to increase social assistance, 
could support sustainable eradication of poverty under 
near-term climate change.

Societal 
(behavioural)

High – Medium 9.11.4

(−) Options 
affected by social 
inequality in 
energy, water and 
food security

Analysis of INDCs across 54 African countries suggests 
current climate policies do not, on average, target social 
inequality in energy, water and food security; proposed 
mitigation and adaptation actions fell about 23% for every 
1% rise in social inequality across these sectors.

Enablers
Impor-
tance

Magni-
tude of 

gap

Confi-
dence 
Level

Lines of sight Keywords Additional Supporting Text

CRD 
enablers

Governance High
Not 
assessed

High Table 9.3
Multi-level 
Engagement

High-level engagement: Climate policies, traditionally overseen 
by environment ministries, are increasingly receiving priority 
from finance and planning ministries. Zambia’s Climate Change 
Secretariat is currently led by the Ministry of Finance, while 
Tanzania’s environmental division sits in the office of the 
Vice-President.

Finance High
Not 
assessed

High 9.4.1 Adaptation finance

Existing estimates are expected to substantially underestimate 
eventual costs with adaptation costs possibly 2–3 times higher 
than current global estimates by 2030, and 4–5 times higher 
by 2050.
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Technological, 
information, 
decision 
support, 
climate 
services & 
literacy

High
Not 
assessed

High
9.4.5, 
Table SM16.24

Early warning 
systems; Perception 
management

Early-warning systems. Monitoring and forecasting systems
Understanding the human cause of climate change has 
been shown to be a strong predictor of climate change risk 
perception and a critical knowledge foundation that can affect 
the difference between coping responses and more informed 
and transformative adaptation.

Coordination 
and 
integration

High
Not 
assessed

High 9.4.3
Options to improve 
multiple sectors

Traditional risk assessments typically only consider one climate 
hazard and one sector at a time, but this can lead to substantial 
misestimation of risk because multiple climate risks can interact 
to cause extreme impacts.
Because multiple risks are interlinked and can cascade and 
amplify risk across sectors, cross-sectoral approaches that 
consider these interlinkages are essential for climate-resilient 
development, especially for managing trade-offs and 
co-benefits between SDGs, mitigation and adaptation 
responses.

Processes for 
innovation, 
adjustment 
and learning

High
Not 
assessed

High 9.9.5
Innovation & 
planning; social 
learning

Autonomous responses to climate impacts in 40 African cities 
show that excess rainfall is the primary climate driver of 
adaptation, followed by multi-hazard impacts, with 72% of 
responses focused on excess rainfall. Innovation for adaptation 
in areas such as home design, social networks, organisations 
and infrastructure, is evident. Social learning platforms also 
increase communities’ adaptive capacities and resilience to risk.

Biodiversity and Ecosystem Services

Key Risks

Magni-
tude of 
adapta-
tion gap

Limits to 
adap-
tation 
(GWL)

Confi-
dence 
Level

Lines of sight Keywords Additional Supporting Text

Interacting 
key risks, 
adaptation 
gaps & 
limits to 
adaptation

Coastal 
socio-ecological 
systems

Large 2 High
Table SM16.24, 
9.6.4, 9.8.5

Habitat loss; 
Extreme events

Risks to marine ecosystem health and livelihoods in 
coastal communities due to ocean heatwaves, increased 
acidification and sedimentation/turbidity.
Destruction of 90% of coral reefs and severe degradation 
of seagrass beds and mangroves.

Living standards 
& equity

Moderate 2 High
Table SM16.24, 
Figure 9.25, 9.6.4, 
ES.9

Livelihoods 
dependent on wild 
systems (tropics)

Risks to marine ecosystem health and livelihoods in 
coastal communities due to ocean heatwaves, increased 
acidification and sedimentation/turbidity.
Fisheries provide the main source of protein for ~30% 
of Africa’s population and support the livelihoods of 
12.3 million people. At 1.5°C global warming, marine fish 
catch potential (MFCP) decreases 3–41% by 2081–2100 
relative to 1986–2005, increasing to 12–69% at 4.3°C, 
with the highest declines for tropical countries. Under 
1.7°C global warming, reduced fish harvests could leave 
1.2–70 million people vulnerable to iron deficiencies, up to 
188 million for vitamin A deficiencies, and 285 million for 
vitamin B12 and omega-3 fatty acids by mid-century.
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Terrestrial and 
ocean ecosystem 
services

Large 2 High
Table SM16.24, 
9.6.4, 9.5.10, 9.6.1, 
9.8.2

Heat stress; ocean 
acidification; 
Extreme events; 
declining fisheries

Risks to marine ecosystem health … due to ocean 
heatwaves, increased acidification and sedimentation/
turbidity.
Increases in frequency, intensity, spatial extent and 
duration of marine heatwaves are projected for all coastal 
zones of Africa. At 1°C and 3.5°C of global warming, the 
probability of marine heatwave (MHW) days is between 
4–15 times and 30–60 times higher compared to the 
preindustrial (1861–1880) 99th percentile probability, 
with highest increases over equatorial and sub-tropical 
coastal regions {Figure 9.16}. These events are expected to 
overwhelm the ability of marine organisms and ecosystems 
to adapt to these changes.
Mangroves, seagrasses and coral reefs support nursery 
habitats for fish, sequester carbon, trap sediment 
and provide shoreline protection. Climate change 
is compromising these ecosystem services (medium 
confidence). Marine heatwaves associated with El 
Niño-Southern Oscillation (ENSO) events triggered massive 
coral bleaching and mortality over the past 20 years.
The assessed temperature range for the transition to very 
high risk is wider for food production than for biodiversity 
and health. Projected impacts for food include: 10–30% 
decline in marine fisheries catch potential for the Horn 
of Africa region and southern Africa and more than 30% 
decline for West Africa at 2°C global warming, with greater 
declines at higher levels of warming.

Example 
adaptations 
for key risks

Coastal 
socio-ecological 
systems

Large 1.5 High 9.6.4
Maintenance and 
restoration

Marine and coastal ecosystems such as mangroves, 
seagrass and coral reefs provide storm protection and 
food security for coastal communities (high confidence). 
Restoring reef systems reduced wave height in 
Madagascar, but there is limited evidence for the efficacy 
of coral reef restoration at large scales with increased 
warming. Understanding hotspots of ecosystem-based 
adaptation (EbA) potential is particularly important for 
west Africa with some of the highest levels of human 
dependence on marine ecosystems at high risk from 
climate change and large populations vulnerable to sea 
level rise.

Living standards 
& equity

Large
Not 
assessed

High 9.11.3, 9.11.4 Social protection

Social protection has been used for decades, particularly 
in eastern and southern Africa, to safeguard poor and 
vulnerable populations from poverty and food insecurity. 
Instruments of social protection include public works 
programmes, cash transfers, in-kind transfers, social 
insurance and microinsurance schemes that assist 
individuals and households to cope during times of crisis 
and minimise social inequality.

Terrestrial and 
ocean ecosystem 
services

Large 1.5 High 9.6.4

Maintenance 
and restoration. 
Protection of 
hotspots. EbA.

Marine and coastal ecosystems such as mangroves, 
seagrass and coral reefs provide storm protection and 
food security for coastal communities (high confidence). 
Restoring reef systems reduced wave height in 
Madagascar, but there is limited evidence for the efficacy 
of coral reef restoration at large scales with increased 
warming. Understanding hotspots of EbA potential is 
particularly important for west Africa with some of the 
highest levels of human dependence on marine ecosystems 
at high risk from climate change and large populations 
vulnerable to sea level rise.
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Potential 
interactions 
with 
mitigation 
measures

Buildings & 
infrastructure

High – High Boxes 9.3, 9.5
(−) Energy (dams 
altering water 
flows)

Placing cross-sectoral approaches at the core of CRD provides 
significant opportunities to deliver large benefits and/or avoids 
damages across multiple sectors including water, health, 
ecosystems and economies (very high confidence) {Boxes 9.5, 
9.6, 9.7}. They can also prevent adaptation or mitigation action 
in one sector, exacerbating risks in other sectors and resulting in 
maladaptation, for example, from large-scale dam construction or 
large-scale re/afforestation (e.g., water–energy–food nexus and 
large-scale tree planting efforts).

Societal 
(behavioural)

High + Medium 9.4.4, 9.11.3

(+) Governance 
(Indigenous 
systems); land 
management 
(reduce emissions)

Improving land management practices of charcoal producers 
and artisanal gold miners, combined with appropriate alternative 
livelihood and energy sources, can reduce emissions and increase 
resilience (e.g., reduce erosion and sedimentation, increase water 
infiltration).
The Makorongo Village Forest Management By-Law in Tanzania 
codifies local customary practices relating to forest management 
and sustainable harvesting with associated dual adaptation 
and mitigation benefits and includes all villagers in the 
decision-making processes relating to forest management. The 
inclusion of beneficial Indigenous knowledge systems within 
local by-laws is contingent on the active involvement of members 
of the Indigenous community and awareness of climate change 
considerations within the local sphere of government, and a 
willingness to foster such practices.

Nature based High + High Box 9.3

(+) Carbon (Forest 
restoration & 
sustainable 
management; Soil 
management)

Maintaining existing indigenous forest and indigenous forest 
restoration is a win–win, maximising benefits to biodiversity, 
adaptation and mitigation (high confidence).

Land 
management

High + High 9.6.4

(−) Carbon 
(Afforestation using 
water, taking over 
ancient grasslands)

Afforestation—or wrongly targeting ancient grasslands 
and savannas for reforestation—harms water security and 
biodiversity, and can increase carbon loss to fire and drought.
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CRD 
enablers

Finance High Large High Table SM16.24
Response to 
extreme events

Ensuring that people have the assets to draw upon in times of 
need.

Inclusive 
and enabling 
institutions 
and decision 
processes

High Large Medium Table SM16.24 Inclusivity
Empowering people to have a say in what happens to them, 
ensuring the ability to determine what is right for them.

Coordination 
and integration

High Large Medium 9.4.3
Coordination; 
Transboundary 
agreements

Enhanced transboundary governance arrangements suggest that 
countries are joining forces to coherently manage and protect 
natural resources … Angola, for example, outlines regional 
adaptation as a priority and one of its unconditional adaptation 
strategies (which is already funded) is enhancing resilience in the 
Benguela fisheries system, a project shared with Namibia and 
South Africa.

Governance High Large High 9.6.3
Protected areas to 
support biodiversity 
and livelihoods.

Establishing protected areas
African protected areas store around 1.5% of global land 
ecosystem carbon stocks and support biodiversity. They also 
support livelihoods and economies, such as through nature-based 
tourism and improved fisheries. Climate change and land use 
change will interact to influence the effectiveness of African 
protected areas (high confidence).

Processes for 
innovation, 
adjustment 
and learning

High Large High Table SM16.24 Diversification Providing the flexibility to change (livelihood diversification).


