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practices). Adaptation options to ongoing climate change are most effective when considered together with 
mitigation strategies because there are limits to effective adaptation, mitigation actions can make adaptation 
more difficult, and some adaptation measures may increase greenhouse gas emissions. 
 
Adaptation and mitigation decisions are connected with economic concerns. In SROCC, two main economic 
approaches are used. The first comprises the Total Economic Value method and the valuation of ecosystem 
services. SROCC considers the paradigm of sustainable development, and the linkages between climate 
impacts on ecosystem services (Section 5.4.1) and the consequences on sustainable development goals 
including food security or poverty eradication (Section 5.4.2). The second economic approach used are 
formal decision analysis methods, which help to identify options (also called alternatives) that perform best 
or well with regards to given objectives. These methods include cost-benefit analysis, multi-criteria analysis 
and robust decision-making and are specifically relevant for appraising long-term investment decisions in the 
context of coastal adaptation (Section 4.4.4.6). 
 
 

 
Figure 1.2. Overview of the main ocean-cryosphere mitigation and adaptation measures to observed and expected 
changes in the context of this report. A longer description of these measures are given in SM1.3. Solar radiation 
management techniques are omitted because they are covered in other AR6 products. Governance and enabling 
conditions are implicitly embedded in all mitigation and adaptation measures. Some governance-based measures (e.g., 
institutional arrangements) are not included in this figure but are covered in Cross-Chapter Box 3 in Chapter 1 and in 
Chapters 2 to 6. GHG: greenhouse gases. Modified from Gattuso et al. (2018). 
 
 
1.6.2 Adaptation in Natural Systems, Ecosystems, and Human Systems 
 
In AR5, a range of changes in ocean and cryosphere natural systems were linked with medium to high 
confidence to pressures associated with climate change (Cramer et al., 2014). Climate change impacts on 
natural ecosystems are variable in space and time. The multiplicity of pressures these natural systems 
experience impedes attribution of population or ecosystem responses to a specific ocean and/or cryosphere 
change. Moreover, the interconnectivity of populations within ecosystems means that a single ‘adaptive 
response’ of a population, or the aggregate response of an ecosystem (the adaptive responses of the 
interconnected populations), is influenced not just by direct pressures of climate change, but occurs in 
concert with the adaptive responses of other species in the ecosystem, further complicating efforts to 
disentangle specific patterns of adaptation. 
 
Notwithstanding the network of pressures and adaptations, much effort has gone into resolving the 
mechanisms, interactions, and feedbacks of natural systems associated with the ocean and cryosphere. 
Chapters 4, 5, and 6 as well as Cross-Chapter Box 9 assess new knowledge on the adaptive responses of 
wetlands, coral reefs, other coastal habitats, and the populations of marine organisms encountering ocean-
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Cross-Chapter Box 2 (continued)

Actions to reduce 
Hazards

Risk

Vulnerability

Exposure

Hazard

Actions to reduce 
Vulnerability

Actions to reduce 
Exposure

Limits to Adaptation
• E.g. physical, ecological, technological, 
 economic, political, institutional, 
 psychological, and/or socio-cultural

Examples include:
• Coastal retreat and resettlement
• Risk sensitive land use planning
• Early warning systems and 
 evacuations

Examples include:
• Social protection
• Livelihood diversification
• Insurance solutions
• Hazard-proof housing 
 and infrastructure

Examples include:
• Ecosystem-based measures 
 to reduce coastal flooding
• Mangroves to alleviate coastal 
 storm energy
• Water reservoirs to buffer 
 low-flows and water scarcity

Figure CB2.1 |  There are options for risk reduction through adaptation. Adaptation can reduce risk by addressing one or more of the three risk factors: vulnerability, 
exposure, and/or hazard. The reduction of vulnerability, exposure, and/or hazard potential can be achieved through different policy and action choices over time until 
limits to adaptation might be reached. The figure builds on the conceptual framework of risk used in the IPCC 5th Assessment Report (AR5) (Oppenheimer et al., 2014).

and action. Such decision-making entails evaluation of the effectiveness, efficiency, efficacy and acceptance of actions. Adaptation 
responses are more effective when they promote resilience to climate change, consider plausible futures and unexpected events, 
strengthen essential or desired characteristics as well as values of the responding system and/or make adjustments to avoid 
unsustainable pathways (high agreement, medium evidence; Section 2.3; Box 2.4; 4.4.4; 4.4.5).

Adaptation requires adaptive capacity, which for human systems includes assets (financial, physical, and/or ecological), capital (social 
and institutional), knowledge and technical know-how (Klein et al., 2014). The extent of adaptive capacity determines adaptation 
potential, but does not necessarily translate into effective adaptation if awareness of the need to act, the willingness to act and/or the 
cooperation needed to act is lacking (high confidence; Sections 2.3; Box 2.4; 4.3.2.6.3; 5.5.2.4).

There are limits to adaptation, which include, for example, physical, ecological, technological, economic, political, institutional, 
psychological and/or socio-cultural aspects (medium evidence, high agreement) (Dow et al., 2013; Barnett et al., 2014; Klein et al., 
2014). For example, the ability to adapt to sea level rise depends, in part, on the elevation of the low-lying islands and coasts in 
question, but also on the capacity to successfully negotiate protection or relocation measures socially and politically (Cross-Chapter 
Box 9, also see Section 6.4.3 for a wider overview). Limits to adaptation are sometimes considered as something different from 
barriers to adaptation. Barriers can in principle be overcome if adaptive capacity is available (e.g., where funding is made available), 
even though overcoming barriers is often hard in reality, particularly for resource-poor communities and countries (high confidence; 
Section 4.4.3). Limits to adaptation are reached when adaptation no longer allows an actor or ecosystem to secure valued objectives 
or key functions from intolerable risks (Section 4.4.2; Dow et al., 2013). Defining tolerable risks and key system functions is, therefore, 
of central importance for the assessment of limits to adaptation.

Residual risks (i.e., the risk that endures following adaptation and risk reduction efforts) remain even where adaptation is possible 
(very high confidence; Chapters 2–6; Section 6.3.2; Table 6.2). Residual risks have bearing on the emerging debate about loss and 
damage (Huq et al., 2013; Warner and van der Geest, 2013; Boyd et al., 2017; Djalante et al., 2018; Mechler et al., 2018; Roy et al., 
2018). This report addresses loss and damage in relation to slow onset processes, including ocean changes (Section 5.4.2.3), sea level 
rise (Section 4.3), and glacier retreat (Section 2.3.6), and polar cryosphere changes (Section 3.4.3.3.4), as well as rapid onset hazards 
such as tropical cyclones (Chapter 6). The assessment encompasses non-economic losses, including the impacts on intrinsic and 
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Assessment of ocean-based measures
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(My own) Conclusions and key messages
• Climate change already affects marine and coastal ecosystems and 

the services they provide

• Paris Agreement has the potential to avoid the unmanageable but one 
must manage the unavoidable

• Urgent need for ambitious global mitigation and local adaptation: 
ocean provides solutions for both:

• Most global measures (except renewable energy) exhibit too many 
uncertainties to be recommended for large-scale deployment

• Local measures are low-regret options with huge co-benefits, can 
be scaled up immediately (although far less effective to address 
the global problem)

• Greatest benefit is derived from the combination of global and 
local solutions





Considerably expanded: 

Policy Brief presented on 

Saturday
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