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Executive Summary

This chapter sets out the methodology for the Third UK CCRA Technical Report (CCRA3). The
Technical Report informs the CCRA3 Advice Report, which is written by the Climate Change
Committee, and these two documents together are the core components of the CCRA3 Independent
Assessment.

In line with the Climate Change Act 2008, the objective of the CCRA is to consider current and future
climate-related risks and opportunities to the UK, and the extent to which current or planned
policies address these. To help guide this, the CCRA3 Technical Report uses the following key
question:

Based on the latest understanding of current and future climate risks and opportunities, as well as
current and planned adaptation, what should the priorities be for the next National Adaptation
Programme and adaptation programmes of the devolved administrations?

The aim of the CCRA3 Technical Report is to inform planned adaptation from government, agencies,
regulators, etc., including both direct intervention and/or to create the enabling environment to
help others adapt (e.g. the private sector, households). It seeks to inform the adaptation
programmes of the individual countries of the UK (England, Northern Ireland, Scotland and Wales)
and this determines the aggregation and reporting level. The priority for the Technical Report is,
therefore, to identify where action is needed in the next five years to manage climate change risks or
opportunities that may arise over the short, medium and longer-term.

As with CCRA2, the CCRA3 Technical Report uses a synthesis approach. It draws on a large body of
peer-reviewed scientific literature and other quality-assured literature on climate change, risks and
adaptation, complemented by new research studies in key areas. This requires a harmonised and
consistent approach to consider and collate evidence from different sectors and source material:
this chapter sets out this approach.

The method developed in CCRA3 builds on requirements set out by Defra and the devolved
administrations and an initial method statement developed by the Climate Change Committee (CCC).
This was developed further by the CCRA3 Evidence method team authors. It uses the same broad
approach as CCRA2, but with some evolution to reflect lessons from CCRA2 and the second round of
national adaptation programmes, as well as developments in the climate risk assessment and
adaptation literature over the past five years.

The CCRA3 Evidence method is based on the prioritisation of risks and opportunities using an
analysis of urgency. This seeks to identify where action is most urgently needed over the next five-
year period using three questions:

What is the current and future level of risk/opportunity?
Is the risk/opportunity being managed, based on government commitments and other
adaptation actions?

3. Are there benefits to further action in the next five years, over and above that already planned?
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For the CCRA3 Technical Report, we have aligned the methodology to the three questions above,
thus there are three steps:

e Step 1) Analysis of the magnitude of current and future risks and opportunities;
e Step 2) Analysis of the benefits of current and planned adaptation;
e Step 3) Analysis of overall urgency and the benefits of additional adaptation.

For the third of these steps, the CCRA3 uses a complementary framework to help to identify
adaptation priorities, as well as what type of additional action could be useful. This approach builds
on a well-established literature that was also included in CCRA2. It aims to identify three types of
early adaptation priorities that can help address risks and opportunities within the next five-years:

e To address any current adaptation gap by implementing ‘no-regret’ or ‘low-regret’ actions that
reduce risks associated with current climate variability, as well as building future climate
resilience.

e To intervene early to ensure that adaptation is considered in near-term decisions that have long
lifetimes and therefore reduce the risk of ‘lock-in’, such as for major infrastructure or land-use
developments.

e To fast-track early adaptive management activities, especially for decisions that have long lead
times or involve major future change. This can enhance learning and allows the use of evidence
in forthcoming future decisions.

These three priorities are not mutually exclusive, and a combination of all three is often needed as
part of a portfolio at the national level.

At the end of this analysis, based on the evidence, each risk or opportunity is ranked into one of four
urgency scores: i) “more action needed”; ii) “further investigation”; iii) “sustain current action”; or iv)
“watching brief”.

A number of updated or new elements have been included in the CCRA3 Evidence method. These
include the following:

e A new set of UK Climate Projections were published in 2018, 2019 and 2020, called UKCP18.
However, it takes several years for the risk and impact literature to use these projections in
published studies, and much of CCRA3 is therefore based on literature that uses the previous set
of projections, UKCP09. CCRAS3 has therefore assessed what has changed from UKCPQ9 to
UKCP18, and has produced guidance on how to interpret exiting literature using the new
UKCP18 results (see also Chapter 1 (Slingo, 2021) and section 2.2 of this chapter).

e There is a greater focus in CCRA3 on looking at changes in climate variability (volatility) and new
methods for considering unprecedented events that could occur in the current climate. CCRA3
has also considered the potential risks of low-likelihood, high-impact outcomes, which includes
High++ scenarios and major discontinuities (globally or regionally) (see Chapter 1 (Slingo, 2021)
and section 2.2 of this chapter).

e CCRAS3 has considered interacting risks and interdependencies for each risk / opportunity, rather
than as part of a cross-cutting chapter (as in CCRA2). There is also consideration of the
inequalities associated with risks and opportunities.
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e There is a greater focus on considering the type of further adaptation that could be possible, and
on the benefits of additional action. A lesson from CCRA2 is that evidence to inform adaptation
needs to be collected and assessed earlier in the analysis. CCRA3 therefore has a greater
emphasis on the risks of lock-in and thresholds, as part of step 1 (see section 2.3). There is also
more emphasis on adaptive management, encouraging the consideration of evolving risks over
time, including a more explicit linkage to CCRA4 (see section 2.3).

e There has been more consideration of the economic costs (or benefits) of individual risks and
opportunities (reported in a separate monetary valuation analysis) and an analysis of the
indicative costs and benefits of further adaptation. n the indicative costs and benefits of further
adaptation.

e Finally, during the period that the analysis for the CCRA3 Technical Report was undertaken, the
UK, Scottish and Welsh Governments adopted Net Zero greenhouse gas emissions targets into
law. The measures needed to achieve Net Zero may be sensitive to climate hazards, particularly
in the buildings and land use sectors. To investigate this, CCRA3 has considered possible relevant
climate risks or opportunities for different types of mitigation measures, and also considered
synergies and trade-offs between mitigation and adaptation actions (see section 2.5).
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2.1. Introduction
2.1.1 Context and Objectives

The UK’s Climate Change Risk Assessment (CCRA) aims to analyse the risks and opportunities from
climate change to the UK, with the goal of informing the priorities for the UK Government’s
National Adaptation Programme (NAP) as well as the adaptation programmes of the devolved
administrations (DAs).

The UK CCRA is undertaken on a five-year rolling cycle and is now on its third cycle. This chapter sets
out the approach used for the Third CCRA Technical Report, to be published in 2021. The objective
of the Technical Report is to review and analyse the evidence on priority risks and opportunities for

England, Northern Ireland, Scotland and Wales and by doing so, to help provide information of
relevance for the next round of Government-led adaptation programmes. The Technical Report
informs the CCRA3 Advice Report, which is written by the Climate Change Committee, and these two
documents are core components of the CCRA3 Independent Assessment. This Assessment informs
the CCRA3 Government Report (due for publication in 2022) and the third NAP and the third
adaptation programmes of the devolved administrations (DAs), due to be published from 2023. The
information in the CCRA3 Technical Report is, however, also likely to be of interest to a wider
audience.

For practical purposes, the CCRA3 Technical Report sets out to address the following key ‘exam’
question:

Based on the latest understanding of current and future climate risks and opportunities, as well as
current and planned adaptation, what should the priorities be for the next National Adaptation
Programme and adaptation programmes of the devolved administrations?

These adaptation programmes may include direct public sector action (by government, agencies,
regulators, etc.), but also interventions that create the enabling environment for others to adapt, i.e.
for utilities, the private sector and households. To provide this information, the CCRA focuses on the
urgency of risks and opportunities. Urgency is defined as a measure of the level of action that is
needed in the next five years to reduce a risk or realise an opportunity from climate change, noting
that these near-term actions may address risks or opportunities in the short, medium or long-term.
To ensure that the information provided is relevant for the respective adaptation programmes, the
assessment is undertaken for each individual country (England, Northern Ireland, Scotland and
Wales), rather than for the UK.

In addition, unless it conflicts with the primary aim, the CCRA3 Technical Report also has a set of
secondary goals, which are:

e To inform investment and policy decisions where there are material climate risks for other
organisations or actors, e.g. for the private sector (including small to medium sized businesses)
or households. This has links to recent initiatives on financial climate risk disclosure and
reporting (TCFD, 2017; NGFS, 2019) and also the UK Green Finance Strategy (HMG, 2019);
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e To show progress from CCRA1 (HRW, 2012a) and from CCRA2 (CCC, 2016) on how our
understanding of the level of current and future risk, as well as the management of these risks
by Government, has changed; and

e To act as a stepping-stone to CCRA4 in terms of the approach, framing and information needs.

The CCRA3 Technical Report draws on a well-informed practitioner community and a rich legacy of
previous climate risk assessments. It updates the previous CCRA2 by drawing on evidence produced
in the intervening five years. It also includes an update to the methodology used for the assessment,
taking advantage of the fact that the five-year UK CCRA cycle allows for a process of evaluation and
learning. This has led to an evolution in the method used for successive assessments, i.e. from
CCRA1 to CCRA2, and CCRA2 to CCRA3.

In the first and second CCRAs, the assessment of risks was presented in an Evidence Report. In
CCRA3, the Independent Assessment consists of a substantial set of reports and other document
including this Technical Report and the CCC’s Advice Report. As with the CCRA2 Evidence Report, the
CCRA3 Technical Report is based on a synthesis exercise, rather than a new national quantified
assessment. It draws on the large body of peer-reviewed scientific literature and grey literature on
climate change, risks and adaptation in the UK, complemented with new CCC commissioned
research in key areas. It uses this evidence alongside expert judgement in assessing risks and
opportunities, building on expertise in the international context (e.g. Mach et al., 2017) as well as
previous CCRAs. However, this synthesis approach means that the CCRA3 draws on literature that
has used different methods, scenarios and assumptions.

The key aim of the CCRA3 method chapter is to set out a harmonised approach to: gather evidence
from the wide range of source material; to analyse this evidence consistently; and to present it in
ways that make it easier for the UK Government and the devolved administrations to respond.
This chapter sets out this approach.

The method developed for the CCRA3 Technical Report responded to requirements set out (in a
document) by Defra and the devolved administrations (produced in 2018).

It was further developed by the CCRA3 Evidence method team authors, working in partnership with
the Climate Change Committee, who led the overall programme to produce the Independent
Assessment, and with inputs and comments from the peer review process. The method
development drew on lessons from the second CCRA Evidence Report (CCRA2), published in 2016
(CCC, 2016), the latest climate science including the new UK Climate Projections (UKCP18), and the
updated approaches to climate change risk and adaptation assessment presented in the IPCC Fifth
Assessment Report (IPCC, 2014a), the Special Reports on Global Warming of 1.5°C (IPCC, 2018a) and
on the Ocean and Cryosphere in a Changing Climate (IPCC, 2019). A summary of the methodological
development of the three CCRAs over time is presented in Table 2.1 below, followed by discussion of
a number of key updates of relevance in CCRA3.
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Objective and
aims

' CCRA1

Quantification of risks /
opportunities (impacts)

Table 2.1 Evolution of the CCRA method over time.

CCRA2

Assessment of risks /
opportunities to inform
adaptation

CCRA3

Assessment of risks /
opportunities to inform
adaptation and initial
steps towards adaptive
management

Approach

New analysis of all risks
using standardised
approach

Synthesis, supported by
targeted new research

Synthesis, supported by
targeted new research
and inclusion of new
climate projections

Direct funding
available*

Approximately £3.5
million

Approximately £0.7
million

Approximately £1.8
million

Method to
assess risk /
opportunities

Quantitative or semi-
gquantitative impact
assessment

3 step urgency
framework

3 step urgency
framework, with
additional method
development

Identification of
risks /
opportunities

Very wide initial review,
with focus down on 100
or so most important

Initial list provided by
Government and DAs,
reviewed and extended
based on evidence to
~55 risks and
opportunities

Initial list provided by
Government and DAs,
reviewed and extended
based on evidence to
~65 risks and
opportunities

UK climate UKCIPO2 and UKCP0O9 UKCP09 UKCP09, UKCP18,
Projections EuroCORDEX

Global climate N/A CMIP5S CMIP5, CMIP6, HELIX,
projections UKCP18 global
Economic Indicative valuation of Not included Indicative valuation of
analysis risks and opportunities risks and opportunities,

plus initial consideration
of costs and benefits of
further adaptation

* It is highlighted that all three CCRAs, but especially the synthesis assessments undertaken in CCRA2 and

CCRA3, benefited from considerable levels of in-kind support. This included the time contribution of the CCC
secretariat, as well as the inputs from contributor authors which were unpaid. The total costs of undertaking
CCRA2 and CCRA3 is therefore much higher than shown in the table.

Climate Science. Since CCRA2, there has been the publication of new climate projections for the UK
(Lowe et al., 2018; Murphy et al., 2018; Palmer et al., 2018). The CCRA3 Technical Report makes use
of UKCP18 as far as possible, and bespoke analysis was carried out to help teams re-assess existing

published evidence on future impacts (which is often based on UKCP09) in light of the new

projections (see Chapter 1: Slingo, 2021). However, the Technical Report also draws on scenarios

and studies that are not based on UKCP18 in order to ensure evidence is drawn from the widest

possible base of research.
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Identification of risks and opportunities. There are a very large number of potential risks and
opportunities from climate change in the UK, indeed, the CCRA1 Evidence Report (HRW, 2012a)
identified almost 1,000 of these following a series of stakeholder workshops to come up with a ‘long
list’. This was then reduced down to the most important 100 or so based on a set of evaluation
criteria. The approach adopted in CCRA3 is the same as the second CCRA (CCC, 2016) and focuses on
the most important risks and opportunities as identified by the UK Government and devolved
administrations, with some additions from the Technical Report authors and inputs from stakeholder
workshops. This approach is therefore selective (rather than comprehensive). Although driven by
the end user, this approach to risk selection runs a risk that some risks or opportunities (including
unknowns) are poorly addressed, though CCRA3 has paid greater attention to the consideration of
low-likelihood, high impact scenarios and events than previous CCRAs (see later section).

Consideration of Adaptation. The role of the CCRA3 Technical Report — as part of the analysis of
urgency - is to assess whether current and planned adaptation is managing risks and opportunities,
and what adaptation gaps might be present. For the CCRA, an adaptation gap is considered to exist
if risks (or opportunities) are not being managed (see section 2.7). This provides a clearer sense of
where action is most urgently needed. Following a specific request from Government, a greater
emphasis is given in CCRA3 to identifying where adaptation action is likely to be most ‘urgent’
between 2022 and 2027. This includes an indicative analysis of what form this additional adaptation
could take, and possible costs and benefits, while noting it is not the role of the CCRA3 Technical
Report to identify adaptation policies or make recommendations.

Net Zero. During the time period that the CCRA3 was being undertaken, the UK Government
adopted a Net Zero greenhouse gas emissions target, as an amendment in the Climate Change Act.
The Scottish Government committed to a target of Net Zero emissions of all greenhouse gases by
2045 and the Welsh Government has announced a 95% reduction in greenhouse gas emissions by
2050 with an ambition to reach Net Zero. This has important implications for future socio-economic
scenarios and mitigation-adaptation linkages. To respond to this, an additional analysis was included
in the second round of the CCRA3 evidence analysis. This undertook an initial analysis on the
possible influence of climate risks on Net Zero measures, and considered mitigation-adaptation
linkages.

2.1.2 Key Terms

In the context of the CCRA3 Technical Report, ‘risks’ are defined in line with the climate change
literature (IPCC, 2014a), i.e. the potential for adverse consequences of climate-related hazards,
based on their likelihood of occurrence, and taking account of exposure and vulnerability. In CCRA3,
the term ‘risk’ is used to identify negative consequences from climate change, and the term
‘opportunity’ to identify positive consequences. A full glossary has been developed for CCRA3 and a
number of the key terms are presented in Box 2.1. This draws primarily on the IPCC 5™ Assessment
Report (AR5) Core Concepts (IPCC, 2014a), the IPCC Glossary (IPCC, 2014b) and the IPCC Special
Report on Global Warming of 1.5 °C (SR1.5) (IPCC, 2018b), but with additions on the new elements
introduced in CCRA3. It has been reviewed and agreed by the CCRA3 technical team, peer reviewers
and Government stakeholders.
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Box 2.1 Key concepts and terms used in CCRA3.

The main definitions in CCRA3 draw on the IPCC 5™ Assessment Report (IPCC, 2014b) and the IPCC
core concepts (IPCC, 2014a) and key terms are summarised below.

IMPACTS

Vulnerability SOCIOECONOMIC
CHNGIE PROCESSES
Natural Socioeconomic
Variability Pathways
Adaptation and
Mitigation

Anthropogenic
Climate Change

Actions

Governance

EMISSIONS
and Land-use Change

Box 2.1 Figure 1. Core Concepts of the IPCC 5™ Assessment Report WG II. Reproduced from
IPCC, 2014a.

Risk - The potential for adverse consequences where something of value is at stake and where the
occurrence and degree of an outcome is uncertain. In the assessment of climate impacts, the
term risk is often used to refer to the potential for adverse consequences of a climate-related
hazard on lives, livelihoods, health and well-being, ecosystems and species, economic, social and
cultural assets, services (including ecosystem services), and infrastructure. Risk results from the
interaction of vulnerability (of the affected system), its exposure over time (to the hazard), as well
as the (climate-related) hazard and the likelihood of its occurrence. Source IPCC SR1.5. Note that
in CCRA3, the term risk is used for negative consequences (i.e. threats).

Opportunity - The potential for a beneficial consequence, as a result of a changing climate (the
propensity to be beneficially affected). Source: CCRA3 Method Chapter Authors.

Exposure - The presence (of people; livelihoods; species or ecosystems; environmental functions,
services, and resources; infrastructure; or economic, social, or cultural assets) in places and
settings that could be adversely affected. IPCC, ARS5.

Vulnerability - The propensity or predisposition to be adversely affected. Vulnerability
encompasses a variety of concepts and elements including sensitivity or susceptibility to harm and
lack of capacity to cope and adapt. Source IPCC, ARS.

Hazard - The potential occurrence of a natural or human-induced physical event or trend that may
cause loss of life, injury, or other health impacts, as well as damage and loss to property,
infrastructure, livelihoods, service provision, ecosystems and environmental resources. In the
IPCC, hazard refers to climate-related physical events or trends. Source IPCC ARS5.
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Impacts - Effects on natural and human systems of extreme weather and climate events and of
climate change. Impacts generally refer to effects on lives, livelihoods, health status, ecosystems,
economic, social, and cultural assets, services (including environmental), and infrastructure due to
the interaction of climate changes or hazardous climate events occurring within a specific time
period and the vulnerability of an exposed society or system. Impacts are also referred to as
consequences and outcomes. Source IPCC AR5.

Adaptation - The process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some
natural systems, human intervention may facilitate adjustment to expected climate and its
effects. Source IPCC, AR5. This includes: Incremental adaptation - Adaptation actions where the
central aim is to maintain the essence and integrity of a system or process at a given scale.
Transformational adaptation - Adaptation that changes the fundamental attributes of a system in
response to climate and its effects. Source IPCC ARS5.

Autonomous adaptation - IPCC AR5 defined this as adaptation in response to experienced climate
and its effects, without planning explicitly or consciously focused on addressing climate change
(spontaneous adaptation). However, CCRA3 does not use the term autonomous adaptation.
Instead, it considers two elements: reactive adaptation, i.e. a response to the changing climate
experienced rather than a pro-active planned approach, as well as non-governmental planned
adaptation (i.e. anticipatory adaption undertaken by other organisations, e.g. private sector).

Resilience - IPCC AR5 defines as: the capacity of social, economic and environmental systems to
cope with a hazardous event or trend or disturbance, responding or reorganizing in ways that
maintain their essential function, identity and structure while also maintaining the capacity for
adaptation, learning and transformation. However, the term resilience is now used very widely, in
different ways, and as a consequence in CCRA3 we try and avoid the term due to the lack of a
commonly applied definition. The exception is where it is used in existing Government policies, or
in plans or actions as stated by the private sector or other groups, noting in such cases the specific
definition should be included.

Adaptation pathway - A generic term that involves the analysis of adaptation options over time to
changing risk levels. This term has been applied in a number of different ways, which include: i):
Adaptation roadmaps or pathway frameworks, which consider portfolios of adaptation that
change over time, to allow analysis of the timing and sequencing of adaptation and identify
priorities; ii) Adaptive management, which is an iterative cycle of monitoring, research, evaluation
and learning, i.e. a process, that is used to improve future management strategies (also called
iterative risk management); iii) Dynamic adaptation route-maps, which focus on decision making
under uncertainty and identify adaptation tipping points (or turning points), the point at which a
particular action is no longer adequate for meeting the plan’s objectives, that act as triggers for a
change in adaptation. Source: CCRA3 Method Chapter Authors.

Socioeconomic scenario - A scenario that describes a possible future in terms of population, gross
domestic product, and other socioeconomic factors relevant to understanding the implications of
climate change. Source, IPCC ARS.

Lock-in - Early actions or decisions that involve long lifetimes or path dependency, which will
potentially increase future risk or vulnerability and that are difficult or costly to reverse later
(irreversibility). This can be from a ‘business-as-usual’ action or decision, from a lack of an action
or decision, or from a maladaptive action or decision. Source: CCRA3 Method Chapter Authors.
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2.2. Developments in the CCRA3 Methodology

The UK Climate Change Act (2008) set out the requirement to complete a Climate Change Risk
Assessment (CCRA) every five years, followed by a National Adaptation Programme. This repeat
cycle provides the opportunity to review and learn, and thus iteratively improve each CCRA (and
subsequent NAP). In line with this, a number of methodological updates have been included in this
CCRA Technical Report. These improvements have drawn on the lessons from CCRA2, as well as
changing practices on risks and adaptation assessment from the literature. Alongside this, there was
the publication of UKCP18 and a new set of CCC commissioned research was published. These
developments are set out in this section.

2.2.1 Evaluation and Lessons from CCRA2

Following the first CCRA, a number of formal evaluations of the Evidence Report were undertaken
(Wilby, 2012; HRW, 2012b; Watkiss and Hunt 2012). These provided recommendations that were
used in the methodology update and subsequent implementation of CCRA2 (see Table 2.1). There
were also several academic reviews of CCRA1 (Tangney, 2017; Tangney and Howes, 2016).

There was not a formal evaluation of the CCRA2 Evidence Report. However, the CCC produced a
lessons report, based on feedback from its Adaptation Committee, as well as Evidence Report
authors and the Customer Group of the CCRA. This concluded that distilling the evidence into
urgency scores was an effective way to communicate the results in a meaningful way for
Government. It also reported that the governance arrangements worked well, i.e. the use of an
IPCC-like synthesis approach, with lead contributors and a larger group of contributing authors,
overseen by the CCC’s Adaptation Committee, acting to coordinate the whole project with
independence from Defra. The approach, combined with a two-stage peer and stakeholder review
process, delivered an Evidence report that was authoritative and usable. However, the lessons
report identified that the success of the project relied heavily on goodwill (given that most authors
were not paid), and that the length of the process created challenges. It was also difficult to
differentiate risks by scenario (i.e. between the 2°C and 4°C global temperature increase by 2100,
relative to pre-industrial), due to the evidence available and the resource constraints. There was
also insufficient information on common socio-economic scenarios for the UK. The synthesis
approach also made it difficult to assess the magnitude of risks with little evidence or inconsistent
assumptions from different evidence sources. There was considered to be insufficient cross-sectoral
analysis in the report. Finally, some chapters struggled to get buy-in or material from Government
Departments, indicating a need for an improved Government review process. There has also been
some academic literature that has compared and evaluated CCRA1 and CCRA2 and made
suggestions on future risk assessments (e.g. Howarth et al., 2018), particularly on some aspects of
method, operationalisation and better communication.

The CCC consulted with Government (the key users of the Evidence Report), to get feedback on
improving the CCRA method. This led to a CCRA3 Requirement Document, produced by Defra and
the devolved administrations, and also represented the views of other government departments as
fed in using a consultation process. This included the following key requests for CCRA3:
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e To inform the adaptation plans of the UK Government and the devolved administrations, and to
help this, make the outputs and key messages more accessible (e.g. greater use of infographics,
guidance on entry points for outputs, shorter, crisper and less technical summary reports);

e To use a more systems-based approach than CCRA2 to take better account of interdependencies
and interactions;

e To take account of new evidence on climate projections (namely UKCP18, most of which was
published in November 2018, with a further set of high-resolution projections published in
September 2019);

e To consider different future global warming scenarios, including those associated with a 2°C and
a 4°Cincrease in global mean temperature by the end of the century, relative to pre-industrial.

e To use the urgency framework developed for CCRA2, refining it to identify a smaller number of
specific priorities for the next five-year period;

e To avoid recommendations about the risk appetite for addressing risks, or on how to adapt,
since those are policy or operational decisions. However, where appropriate, and for
consistency with CCRA2, to include consideration of some adaptation scenarios that go beyond
planned adaptation.

e There was also a subsequent request, as part of discussions with Defra and the DAs, to assess
risks and opportunities in monetary terms, and to consider the indicative costs and benefits of
adaptation, i.e. to include more economic analysis than in CCRA2.

As part of the CCRA3 methodology development, a rapid evaluation of CCRA2 was also undertaken
by the methodology chapter team. This found that the smaller number of risks in CCRA2 (56)
allowed a more focused assessment. However, while the use of literature review and synthesis did
provide a good evidence base, there was not the same quantitative information of magnitude as
generated in CCRA1, and less direct comparability between risks, although this was not considered
to be detrimental to the final Evidence Report. The use of the urgency framework was considered a
particularly useful addition, as this focused the evidence towards a policy-first approach (Ranger et
al., 2010) that informs adaptation — as compared to a science-first approach that focuses on the
climate projections and impacts (as in CCRA1). The success of CCRA2 was particularly noteworthy
given the much lower resources available than for CCRA1.

Alongside this there was also some analysis of the uptake and use of the CCRA2 Evidence Report in
policy, i.e. in the subsequent five-year adaptation policy period and the 2" National Adaptation
Programme for England (Defra, 2018), as well as the Adaptation Programmes of the DAs. The CCC
Adaptation Progress Report (CCC, 2019a), and supporting research (Watkiss et al., 2019) found that
the coverage of the risks and opportunities from the CCRA2 Evidence Report in the 2nd NAP (Defra,
2018) was partial. A similar finding (Watkiss et al., 2019) was found for the use of CCRA2 Evidence
material in the UK Government 25 Year Environment Plan (25 YEP) (HMG, 2018), which set out the
long-term strategy for the environment, including climate change. For the latter, the analysis
identified that there was not a systemic analysis to integrate climate risks across the 25YEP
objectives and goals (i.e. a climate adaptation mainstreaming exercise).

CCRA2 undertook a very high-level assessment of the benefits of further action (step 3 of the
method), consistent with the resources available. The reviews above identified that in many cases,
this step identified future research priorities. A greater focus on potential interventions, rather than
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research gaps, was therefore identified to offer more relevant information for the development of
planned adaptation by the Government.

Finally, as noted above, after CCRA1 a number of formal evaluations were undertaken. This process
step was not repeated in the same depth after CCRA2, reducing the opportunity for learning. A
stronger component of evaluation and learning was therefore identified, to be undertaken after the
publication of CCRA3.

2.2.2 Lessons from other national climate risk assessments and academic literature

The UK is not the only country undertaking climate risk assessments. Most European countries have
undertaken these types of climate risk assessments and have published national adaptation plans,
and globally, many countries are undertaking similar exercises as part of the UNFCCC National
Adaptation Plan process. These other assessments provide potentially valuable lessons, and a rapid
review of other national risk assessments was undertaken to help inform CCRA3. The review
concentrated on those countries that have already undertaken multiple assessments (and thus
include learning cycles). Some of the key findings are summarised in Box 2.2. The lessons from this
review were used to update the CCRA3 method, so as to reflect current good practice (see section
2.3).

There are also other climate change risk assessments at different scales emerging in the UK, such as
the recent climate risk and opportunity assessment for Glasgow City Region (CRC, 2019) and the
analysis of the Climate Risk Assessment by Kent County Council on behalf of the Kent Climate
Change Network. This highlights that national level assessments can cascade down to local risk
assessment, either using similar approaches or assessing what the national level implications mean
for the local area.

Box 2.2 Review of other Climate Change Risk Assessments.

A number of other national climate change risk assessments were rapidly reviewed. The focus
was to identify additional methodological aspects as compared to CCRA2, and look for lessons on
application in national risk assessment. Some key insights are highlighted below that were
considered particularly relevant.

The US 4th National Climate Assessment (USGCRP, 2018) is a mandated risk assessment, which is
delivered every four years, with the requirement to analyse the effects of global climate change
(on the USA). The assessment is an extremely comprehensive analysis, and has benefited from
several successive assessment cycles. It provides some useful lessons on how to raise interest in
climate risks in a challenging climate policy landscape. Methodologically, it has many aspects that
are similar to CCRA, but the most recent analysis also refined the goal to focus on key messages
using a series of questions:

e What do we value? What is at risk?

e What outcomes do we wish to avoid with respect to these valued things?

e What do we expect to happen in the absence of adaptive action and/or mitigation?

e How bad could things plausibly get?

e Are there important thresholds or tipping points in the unique context of a given region,
sector, and so on?

Chapter 2 — Methodology 13



Third UK Climate Change Risk Assessment Technical Report

The aim was to address the overarching question of ‘what keeps you up at night?’ There was also
a stronger focus on:

e Impacts and losses on the economy;

e Extreme impacts (Impacts from changes in extreme statistics of key climate variables) that are
less likely but have severe consequences;

e Communicating cascading effects among and within complex systems;

e Quantification of risks that could be avoided by taking action.

The Netherlands has been one of the leaders in climate risk and adaptation planning globally. The
most recent National Climate Adaptation Strategy 2016 (NAS, 2016), while it has different
objectives to the UK CCRA, does include a risk assessment and this uses four diagrams (‘Hotter’,
‘Wetter’, ‘Drier’ and ‘Rising Sea Level’) to visualize the effects of climate change within nine
sectors: water and spatial management; nature; agriculture, horticulture and fisheries; health and
welfare; recreation and tourism; infrastructure (road, rail, water and aviation); energy; IT and
telecommunications; public safety and security. From this it sets out six climate effects which call
for immediate action to be identified. The diagrams provide a useful way of trying to
communicate climate information and have been reviewed alongside other international
examples to help design the CCRA3 summary products.

There is also a literature on climate change risk assessment associated with the large flows of
finance being spent internationally on adaptation, which provides valuable new insights. In
2017/18, global public finance flows for adaptation were estimated at US$30 billion (CPI 2019). A
very large proportion of this (57.4 billion: MDBs, 2017) was financed by the large multi-lateral
development banks (MDBs) and International Financial Institutions (IFls) including those in
Europe. Of high relevance, these organisations have implemented climate risk management
systems (CRMs) as part of their due diligence processes, and they undertake routine climate
change risk assessment of investments, especially for infrastructure (MDBs, 2017). These assess
the level of climate risk during the project appraisal cycle, and if needed, include adaptation
(resilience) measures. They provide an existing and applied evidence base on processes and
implementation practice for climate risk analysis of major investments, as well as lessons on
improving risk assessments over time (ADB, 2020) that have relevance for national assessments.

The academic literature on climate risk assessment and adaptation has also developed considerably
since the last CCRA. A rapid review to inform CCRA3 identified a number of relevant themes that
were subsequently incorporated where possible into the CCRA3 method:

e A greater focus was included to encourage iterative risk management (Jones et al., 2014) in
CCRAS3 (also called adaptive management), to help prioritise and sequence adaptation over time.
These approaches are sometimes called adaptation pathways, though this term is used for
several different approaches (see key terms Box 2.1).

o The lessons from new decision support approaches for adaptation, including decision making
under uncertainty (DMUU), were included in CCRA3. While most of the formal DMUU methods
are more applicable at the project scale, rather than at the national level, the concepts that
these approaches advance, e.g. robustness, diversity, flexibility, learning, and minimizing regret
(Watkiss et al., 2014), are useful to help identify potential additional adaptation action.

e An additional method component (in Step 2 on adaptation) was added to recognise that there
are barriers (constraints) to adaptation (for both risks and opportunities) (Klein et al., 2014), and
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that addressing these barriers is important for implementation of adaptation. This also aligns to
the traditional policy appraisal framework in UK Government (set out in the UK Green Book,
HMT, 2018), and can help the subsequent justification for adaptation policy and programming.

e There was a greater focus on the consideration of climate risks in private sector decisions in
CCRA3, reflecting developments on the financial reporting of climate risks. This aligns to the
initiatives of the Task Force on Climate-related Financial Disclosures (TCFD, 2017) and the
Network for Greening the Financial System (NGFS, 2019). These frameworks identify physical
climate risks (the risks which are the focus of CCRA3) as well as transition risks (associated with
policy or technology change as the world reduces greenhouse gas emissions, which are not
considered in CCRA3). There has also been a recent recognition of liability risks, which arise
from people or businesses seeking compensation for losses they may have suffered from
physical or transition risks (BoE, 2018). These initiatives are likely to stimulate greater interest
from the private sector in the CCRA3 results. In response, the CCRA3 Expert Advisory Panel
strengthened private sector involvement and interest in CCRA3, though the main audience for
the Independent Assessment (including the Technical Report) remains Government.

e Reflecting the government request, the CCRA3 method considered, in indicative terms, the
monetary valuation of risks and opportunities (presented in a separate economic report), and
the indicative costs and benefits of further adaptation (included in Step 3).

e The CCRA3 method and its implementation have also adopted a stronger emphasis on co-design
and co-production - i.e. the participatory development of the project with stakeholders (end-
users) (Hegger et al., 2012; Beier et al., 2016) than previous cycles. This drew on recent review
work which has identified the key success factors for co-production for climate change and
adaptation (COACCH, 2018). Additional co-production activities were undertaken as part of the
Technical Report chapter research and analysis, while noting there were some limits due to the
need to respect the governance arrangements for CCRAS3, i.e. to produce a report that is
independent of Government while at the same time undertaking co-production of research with
Government as a key end-user.

e There is growing recognition that climate risks will not be distributed evenly (among groups as
well as places) (JRF, 2016) and thus additional consideration of distributional effects and
inequalities was included.

e There is more focus on the potential synergies and trade-offs between adaptation and
mitigation (OECD, 2017; IPCC, 2018a), and this became even more relevant area during the time-
period of CCRA3 with the announcement of Net Zero targets and analysis (CCC, 2019b).

e Finally, there is a growing focus in the literature on the need for transformational adaptation
(Field et al., 2014; Lonsdale et al., 2015: CRC, 2020), which requires fundamental change, as
compared to incremental adaptation (see Box 2.1) and this is reflected in the final method step
and greater linkages to CCRA4.

2.2.3 New Climate Science and UKCP18

A new, comprehensive set of state-of-the-art climate projections for the UK were released in
November 2018 by the Met Office and its partners (Lowe et al., 2018; Murphy et al., 2018; Palmer et
al., 2018), commissioned by Defra. The UKCP18 projections provided important new information of
relevance to CCRA3 and were taken into account as much as was practically possible. For example,
they were used in the supplementary analysis undertaken by the research projects.
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A key part of the CCRA3 methodology was to take advantage of the new UKCP18 information, while
acknowledging that due to the timing of release, it has not fed into the risk and opportunity
literature. Reflecting this, the Technical Report has drawn on scenarios and studies that are not
based on UKCP18 in order to ensure evidence is drawn from the widest possible base of research.

Although a number of studies have already been carried out using UKCP18, most of the literature on
future UK climate risks assessed in CCRAS3 is inevitably based on the previous set of climate
projections, UKCP09 (Murphy et al., 2009). It is noted that some climate risk-related quantities in
UKCP18 are quite different to those in the previous projections, while others are similar (see Chapter
1: Slingo, 2021). It has been important to assess where these differences are extensive enough to
affect the advice previously provided by the CCRA, and thus affect CCRA3 findings.

UKCP18 contains some projection tools that are similar in nature to those in UKCPQ9, such as the
probabilistic projections, the regional climate model projections and the sea-level rise projections.
As an update from UKCP09, UKCP18 includes the more recent emissions scenarios linked to the
Representative Concentration Pathways (RCPs). The probabilistic projections considered four RCP
scenarios, ranging from RCP2.6 (which is consistent with extensive mitigation of emissions) through
to RCP 8.5 (which has future emissions considerably higher than pathways considered consistent
with current worldwide energy policies). The intermediate scenarios RCP4.5 and RCP6.0 were also
included: these are within the range of possible emissions futures considered consistent with
current worldwide policies, and RCP6.0 is used to define the higher climate change scenario used in
the CCRA3 Technical Report (see Box 2.5 and also the Introduction chapter: Betts and Brown, 2021).

An important feature of both the UKCP18 and UKCPQ9 probabilistic projections that is different to
most other projections with General Circulation Models of climate is that they are driven by
scenarios of emissions scenarios rather than concentrations. For example, the widely-used models in
the 5 Coupled Model Intercomparison Project (CMIP5) apply the RCPs as pathways of greenhouse
gas concentrations in the atmosphere, but in contrast, UKCP18 uses emissions scenarios aligned to
the RCPs but calculates its own concentration pathways accounting for uncertainties in carbon cycle
feedbacks to be explored and quantified. The latter approach results in a range of concentration
pathways, most of which rise faster than the standard RCP concentration pathways. This is an
important influence on the differences in projected rates of warming between UKCP18 and CMIP5
(Murphy et al., 2018).

As a further advance from UKCPQ9, information from the UKCP18 probabilistic scenarios has been
used to quantify the effects of natural climate variability on the spread of future outcomes (Murphy
et al., 2018).

As well as the UK and global probabilistic projections, UKCP18 provided a 28-member perturbed
parameter ensemble (PPE) of global (60km resolution), and PPEs of regional (12km) and local
(2.2km) projections over UK land areas, driven by a range of concentration pathways arising from
the standard RCP8.5 emissions scenario. The 12km resolution of the regional projections is higher
than the 50 km resolution of the equivalent projections in UKCP09, and in some cases these project
larger changes in weather extremes such as heavy precipitation —a comparison of this was carried
out in support of the CRA3 Technical Report (Johns et al., 2021). The high-resolution (2.2km)
Convective Permitting Model used in the local projections has been shown to simulate extreme
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precipitation events more realistically than lower-resolution models so the changes in the local
projections provide further important context for the assessment, as discussed in Chapter 1.

60km-resolution projections were also provided for global warming levels of 2°C and 4°C global
warming above pre-industrial, and for the RCP2.6 emissions scenario (Gohar et al., 2018).

UKCP18 also includes probabilistic projections with one of the same emissions scenarios (SRES A1B)
as used in UKCPO9, so that a direct comparison can be made with previous probabilistic projections
(Murphy et al., 2018). The method used for assessing the implications of the new regional climate
projections in the UKCP18 projections for conclusions derived from UKCP09-based regional
projections is described in Box 2.4.

Like UKCP0O9, UKCP18 also includes marine projections including the rise in long-term average sea
level, changes in short-term extreme water levels from storm surges, and changes in wave height
(Palmer et al., 2018). Since these were developed in parallel with the new climate modelling system
used for the UKCP18 land projections, the marine projections used existing climate projections from
CMIP5. Although this inevitably results in potential inconsistencies between the UKCP18 land and
marine projections, this does not pose a difficulty for CCRA3 as the Technical Report already draws
on literature from a wide range of very different sources and has applied a framing of future
projections which groups these together appropriately.

2.2.4 New climate science: low-likelihood, high-impact scenarios and events

It is important for a risk assessment to consider high-impact outcomes even if they are considered to
be of low likelihood. This includes responses of the climate system outside of the ranges considered
“likely”, and also potential abrupt climate changes and the passing of “tipping points” in the Earth
System (see Chapter 1: Slingo, 2021). Examples of the former include high values of equilibrium
climate sensitivity or carbon cycle feedbacks strength which are facilitated by the use of probabilistic
projections. Regarding climate tipping points, also known as earth-system tipping points, and
sometimes as climate tipping elements (Lenton et al., 2008; Lenton et al., 2019), some of these are
now included in mainstream climate projections and other studies related to these, but many are
still not.). Nevertheless, they are increasingly recognised as a very important component of climate
change risk assessment, and modelling and theoretical work has been performed to explore them
outside of the mainstream climate projections.

These earth system climate tipping points elements were not included in depth in CCRA1 or CCRA2,
and this was considered an important omission. They have therefore been included in CCRA3. Some
are included either explicitly or implicitly in the UKCP18 projections: the marine report considers the
implications of marine ice shelf instabilities which could lead to more rapid sea level rise, and the
probabilistic land projections include uncertainties in carbon cycle feedbacks based on a model
which simulates die-back of the Amazon forest in some of its simulations (Boulton et al., 2017). The
high-emissions RCP8.5 scenario can also serve as a proxy for climate projections with much stronger
carbon cycle feedbacks than in current Earth System Models, which could be used to represent the
effects of permafrost thawing and other biospheric sources of carbon dioxide or methane emissions.
A scenario of shutdown of the Atlantic Meridional Overturning Circulation (AMOC) has also been
examined with a version of the main climate model used in UKCP18 (Jackson et al., 2015), and
although this is not included in the UKCP18 projections themselves, it has been used for assessing
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some impacts on the UK (Ritchie et al., 2020). The implications of some of these has been considered
for a limited number of risks, and an additional study was performed for CCRA3 to examine these
and other tipping points from a UK perspective (Hanlon et al., 2021). Since this showed that
information on the implications of other climate tipping points for UK climate risks remains limited,
it was not possible to include an assessment of tipping points at the level of all individual risks and
opportunities. Instead, they are considered through a separate cross-cutting analysis in each chapter
following the discussion set out in Chapter 1 (Slingo, 2021).

2.2.5 Additional Commissioned Research

Following the CCRA2 Evidence report, an evidence gap analysis was commissioned by the CCC. This
identified over 200 evidence gaps. Following a stakeholder engagement period in 2016 — 2018, the
CCC commissioned six research projects to inform the CCRA3 Technical Report, using funding
provided by Defra, the devolved administrations and research councils (NERC, ESRC and EPSRC).
These projects were:

Updated projections of future water availability for the UK (HRW, 2020);

Updated projections of future flood risk for the UK (Sayers et al., 2020);

Understanding how behaviours can influence climate change risks (Power et al., 2020);
Climate driven threshold effects in the natural environment (Jones et al., 2020);
Interacting risks (WSP, 2020);

A consistent set of socioeconomic projections dimensions for the CCRA3 Evidence Report

ok wnN R

research projects (Cambridge Econometrics, 2019).

These projects have fed into CCRA3 in a number of ways. The flood risk and water availability studies
provided updated quantified risk estimates for CCRA3, using the new UKCP18 products. They also
used the new socio-economic projections provided by the sixth research project. Some of the other
studies have provided information of relevance to the update methodology in CCRA3. The threshold
study helped to provide information for the new pathways thinking in CCRA3, while the interacting
risks project was used to help assess the interacting and cross-cutting risks (which are undertaken
for each risk/opportunity in the chapters in CCRA3, rather than as a separate cross-cutting chapter
as in CCRA2).

Work was also commissioned in support of the CCRA3 Technical Chapters to assess the impacts of
climate change on agricultural land use and associated greenhouse gas emissions (Mancini et al.,
2021), again using UKCP18 projections. Further additional work was carried out by the research
community on implications of climate change for wildfire risks in the UK (Belcher et al., 2021). This
had been identified as an area where the evidence base had not advanced substantially between
CCRA1 and CCRA2.

The results of these studies and the CCRA3 research described in sections 2.2.3 and 2.2.4 are
included throughout the Technical Report chapters and referenced as such.

2.3 The CCRA3 Approach: Using Risk Assessment to Inform Adaptation
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2.3.1 The Framework for CCRA3

The CCRA3 Evidence method is based on the prioritisation of risks and opportunities, using an
analysis of urgency. This seeks to address the issue of ‘where is action needed most urgently over
the next five-year period’? This is complemented by a second framework (applied in Step 3) that
helps to identify early adaptation priorities to respond to the identified risks and opportunities, i.e.
that seeks to address the issue of ‘what type of action is most urgently needed?’

2.3.1.1 Establishing urgency

The analysis of the urgency of risks and opportunities was undertaken in CCRA2 through an urgency
framework (Warren et al., 2016). This high-level framework has been carried over into CCRA3, with
minor refinements. It prioritises risks and opportunities using three questions:

1. What s the current and future level of risk/opportunity?
Is the risk/opportunity going to be managed, taking into account Government commitments and
other non-Government adaptation?

3. Are there benefits to further action in the next five years, over and above what is already
planned?

These three questions are shown within the decision flow diagram in Figure 2.2.

1. What is the current and future level of risk/opportunity?

Low
l High, medium or unknown
2. Is the risk/opportunity going to be being managed, taking into
account government commitments and non-governmental adaptation? Less
significant
l Significant adaptation shortfall (barriers / failures) shortfall

3. Are there benefits to further action in the next five years, over and
above what is already planned?
l Yes

More action Further Sustain Watching
needed investigation current action brief
d
]

More urgent Less urgent

Supported by capacity building

Figure2.2 Urgency Scoring Framework. Updated from CCRA2 (Warren et al., 2016).

2.3.1.2 Identifying possible priorities for early adaptation

The CCRA Technical Report aims to provide evidence to inform adaptation. Following from the
urgency diagram above, it seeks to provide additional information on what type of adaptation action
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might be beneficial in a case where more action is needed. This is influenced by the type of decision,
noting that for many risks and adaptation responses, there is a need to address the challenge of
deep uncertainty, i.e. where the probability of risks is not known (Hallegatte et al., 2012). An initial
adaptation framework was set out in CCRA2 (Warren et al., 2016; Warren et at., 2018). This built on
a well-established literature and existing frameworks for identifying early adaptation priorities, using
a portfolio or ‘building block’” approach (drawing on Fankhauser et al. (1999); Ranger et al. (2010);
Watkiss and Hunt (2011)). This framework has been updated in CCRA3, and identifies three main
priorities for early adaptation activities, which are to:

e Address any current adaptation gap by implementing ‘no-regret’ or ‘low-regret’ actions’ to
reduce risks associated with current climate variability as well as building future climate
resilience, or to enhance opportunities.

e Intervene to ensure that adaptation is considered in near-term decisions that have long
lifetimes, such as major infrastructure developments, in order to avoid ‘lock-in’ (see key terms).
This can include the use of decision making under uncertainty (DMUU) concepts (i.e. flexibility,
robustness).

e Fast-track early adaptive management activities, especially for decisions that have long lead
times or involve major future change, including planning, monitoring and research. This can
enhance learning and allows the use of evidence in forthcoming future decisions, for either risks
or opportunities.

These are shown in the adaptation priority framework in Figure2.3, along with the decision
characteristics involved. It is stressed that at the national level, all three of these adaptation
priorities or building blocks (shown in the green boxes) are needed, and this requires portfolios of
interventions for each individual risk or opportunity. Indeed, the three activities above can be part of
an overall adaptive management process or adaptation roadmap (see section 2.3.2).

The differences between the three ‘building blocks’ of early adaptation in Figure 2.3 are quite subtle,
but important. Each involves a different combination of the time-scale of climate risks and the time
period of the adaptation decision. On the left of Figure 2.3, there are some current decisions or
actions that can be taken now to address current climate risks. These lead to an immediate benefit.
An example is to improve weather and climate services to reduce current weather-related impacts

from heatwaves. Moving to the centre of Figure 2.3, there are some near-term decisions which will

be exposed to future climate change risks, and there is a one-off opportunity to adapt now. For

example, to change the design of a major new infrastructure project (e.g. a major bridge or
hydroelectric-power plant) to make them more resilient to future climate change, noting later major
retrofits could be expensive or impossible. Finally, on the right of Figure 2.3, there are some future
decisions that may need to be implemented to address major climate change in the future. Some of

these will take time to develop, and some will benefit from improved information and learning. In
these cases, it makes sense to start planning now (especially if lead times are long or the potential
for learning is large). The Thames Estuary 2100 project (Ranger et al., 2013) is such an example,

! No-regret adaptation is defined as options that ‘generate net social and/or economic benefits irrespective of whether or not anthropogenic
climate change occurs’ (IPCC, 2014b). A variation of no-regret options are win-win options, which are options that have positive co-benefits,
which could include wider social, environmental or ancillary benefits. These are differentiated from low-regret options, which may have
low costs or high benefits, or low levels of regret, or may be no-regret options that have opportunity or transaction costs in practice.
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where early planning and monitoring has been put in place now to prepare for the possibility that a
new Thames Barrier might be needed in the long-term. The key point is that all of these involve
some actions in the next five years, i.e. in the next NAP period.

Is there a medium or

Timing .
. large current risk ;
of risk Is there a medium or

large long-term risk

No

Are there near-term Would initial action

decisions with a long help prepare for

lifetime and the risk long-term change /
of lock-in? long lead times?

Would immediate
action generate
benefits now?

Decision
question

No and low regret ‘Climate-smart’ Early adaptation Watching brief
Type of adaptation, design, including activities to support — periodic
adaptation [ERTTENETELE T decision making future decisions and review
capacity under uncertainty action

[ National portfolio of adaptation actions }

This adaptation framework is applied in Step 3 of the urgency method (see Figure 2.2). However, a
lesson from the review of CCRA2 was that this requires particular evidence to be gathered in Steps 1
and 2, to allow the subsequent application of the framework in Step 3. For this reason, additional
information requirements (to inform adaptation) were added early in the CCRA3 method - this
includes a greater emphasis on lock-in, thresholds, and adaptive management — and are discussed in
the next section.

It is noted that while this methodology has been applied to all risks and opportunities in CCRA3, it is
more challenging to apply this approach to international risks (Chapter 7: Challinor and Benton,
2021). Additional information on how this has been addressed is presented in that chapter.

This method was applied to all risks and opportunities, at the level of each of the four countries
(England, Northern Ireland, Scotland and Wales) as set out in the CCRA3 Requirement Document. It
is highlighted, however, that risks and opportunities vary across regions and populations. In practice,
for adaptation decisions, greater dis-aggregation may be needed.
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2.3.2 New focus areas in CCRA3

A number of additional developments — related to the frameworks above - are included in CCRA3.
These encourage more adaptive management thinking in the CCRA, although there are limits to
what is possible given that CCRA3 is a synthesis exercise, rather than new analysis of future impacts
and adaptation. These are described briefly below.

2.3.2.1 Risks of Lock-in

The first area that is given greater weight in CCRA3 is the risk of lock-in. The adaptation literature on
lock-in has generally focused on decisions that ‘lock-in’ the potential for future climate change risks
that are difficult or costly to reverse or change later (Fankhauser et al., 1999; Ranger et al., 2010;
Fankhauser et al., 2013) and this term was included in CCRA2 (Warren et al., 2016). It is recognized
that lock-in is an important issue for early action, and it has been considered in recent CCC progress
reports (e.g. CCC, 2015; 2017; 2019a). The term lock-in has also appeared in the IPCC glossary for
recent special reports (IPCC, 2018b), which defines it as a situation in which the future development
of a system, including infrastructure, technologies, investments, institutions, and behavioural norms,
is determined or constrained (‘locked in’) by historic developments. CCRA3 investigated these issues
in more detail, with an updated literature review on lock-in, including a consideration of the use of
the term in the mitigation literature (see Seto et al., 2016).

Based on this, a new definition was developed for the CCRA3 (see Box 2.1). This captures the
relevant focus on lock-in that could arise in the next NAP period (i.e. the next five years or so) and
relates to actions or decisions that could potentially increase future risk or vulnerability and that are
also difficult or costly to reverse later (quasi-irreversibility / path dependency). This can be from i)
action or decision taken that is business-as-usual’, ii) from a lack of an action or decision, or iii) from
a maladaptive action or decision.

An example where business-as-usual actions or decisions could involve lock-in (i) is the building of
new infrastructure, which has a long life-time. Where this does not consider future climate risks, this
may experience large future climate impacts, and/or could be expensive or difficult to retrofit later.
This could be large projects that do not consider future floods risks or building large numbers of
houses that do not consider future overheating risk. It can also involve land-use decisions, as these
tend to lock-in development patterns irreversibly, e.g. developing new areas that may become at
risk under future climate related flooding. At the same time, lock-in could also include policy
decisions associated with these investments (e.g. building standards or development policy) and
even new policy or market based instruments that increase exposure, sensitivity or vulnerability. An
example of (ii) could include a case where peatlands are not restored in the short-term, leading to
further degradation that is irreversible, which removes its coping capacity to future climate shocks. It
could also include a failure to manage other drivers of stresses, such as rising demand for water, that
increase susceptibility to future climate change. Finally, examples of maladaptation (iii) could include
a major investment today that involves a sunk cost for an adaptation measure that may not be
needed, or implementing costly adaptation without considering uncertainty (noting also that lock-in
may constrain future adaptation decisions). In the CCRA3 method, a decision that involves a
potential risk of lock-in is given a higher magnitude score, and assigned a higher urgency score
requiring action sooner.
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2.3.2.2 Thresholds

The second area of greater focus in CCRA3 is around thresholds. These represent levels or states
beyond which there is step-change in risks and which may necessitate much greater levels of
adaptation (or even may reach the limits of adaptation, Klein et al., 2014). This draws on the
literature on adaptation decision-making under uncertainty (DMUU) and adaptation pathways (e.g.
Ranger et al., 2013; Dittrich et al., 2016). CCRA3 has included more adaptive management thinking,
with a more explicit consideration of thresholds and the potential differences for these between 2
and 4°C pathways. In considering these elements, authors were asked to consider a number of
different types of thresholds:

e Biophysical thresholds. Typical examples are the suitability or lethal threshold limits for crops,
temperature thresholds for heat and daily mortality, or thresholds for heating or cooling
demand. These thresholds are sometimes translated into current policy, e.g. the Heat Health
Watch heat-wave temperature thresholds, or occupational temperature thresholds.

e Engineering thresholds. These are often associated with design standards and tolerance levels
for various climate parameters, e.g. rail buckling temperature thresholds, maximum water flows
for drainage channels etc.

e Performance thresholds. These thresholds are linked to the adaptation tipping points literature
(also known as adaptation turning points) (Haasnoot et al., 2013; Werners et al., 2013), and they
relate to points beyond which a particular action is no longer adequate for meeting a plan’s
objectives and a different adaptation option or strategy is required, including sometimes more
transformational measures. These can include a wide range of types of thresholds, e.g. service
levels, economic returns.

e Policy thresholds. These may be policy levels that are set to politically determined levels of
acceptable risk or economic optimality, e.g. the use of 1 in 100 year level of flood protection, or
policies that define unacceptable risks.

It is noted that for the first of these, there may be natural or intrinsic thresholds, which may be
immutable. For the other three, these thresholds are often set by decision makers, and thus reflect
policy choices.

The consideration of thresholds (particularly performance thresholds) has been used widely in the
adaptation tipping points literature and adaptation pathways (see definition Box 2.1). However,
these pathway approaches and threshold analysis are more often used at the project level, and
there are challenges to implement them at the national level. Nonetheless, there is a value to
exploring potential risk (or opportunity) thresholds, to help inform the CCRA3 and to encourage
more pathway thinking. It is also highlighted that there is a separate literature on global (Earth
System) thresholds (often called climate tipping points), discussed in section 2.6., which should not
be confused with the thresholds or adaptation turning points discussed above.

2.3.2.3 Sequencing adaptation, adaptive management and transformational adaptation

While the focus of CCRA3 is to identify where further adaptation is needed in the next reporting
period (to address priority risks and opportunities over the short, medium and long-term), these
early priorities need to be seen as part of a longer-term adaptive management process, i.e. that
encourages a cycle of evaluation, learning, and revision (of possible actions).
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CCRAS3 therefore includes more emphasis on iterative adaptive management. The aim is to
encourage more consideration of risks and opportunities — and adaptation - over time and across
scenarios (including uncertainty). This is particularly important because of the regular repeat cycle
of the CCRA process every five years, and thus the opportunity to learn and update over time.

In the national context, this could extend to adaptation roadmaps, i.e. generic adaptation pathways.
These are not to be confused with detailed dynamic adaptation route-maps, which are a decision
support method used primarily at the project level (e.g. as in Thames Estuary 2100, see Reeder and
Ranger, 2013), which are often called dynamic adaptation pathways (see Box 2.1).

However, while an adaptive management process is inherent in the CCRA and NAP process due to
the five-year repeat cycle, operationalising this in practice is very challenging at the national scale.
There are some examples, notably in the Netherlands with the Delta Committee and plans (Marcel
et al., 2011) but these tend to focus on sea-level rise, which lends itself more easily to such analysis.
Following the CCRA1, Defra funded an Economics of Climate Resilience study (Frontier Economics et
al., 2013; HMG, 2013) which developed national level adaptation roadmaps. While this approach
was informative, and identified actions over time (for successive CCRA cycles), it was found to be
difficult to implement the findings at the sectoral level, because there are multiple risks (and
opportunities). This indicates adaptive management (roadmaps) is more applicable at the level of
individual risks or opportunities. However, developing a national adaptation roadmap for every
CCRAS3 risk and opportunity would be a major undertaking and has not been possible given the
resources available and synthesis nature of CCRA3. Nonetheless, recent national level analysis (for
the CCC) did develop indicative analysis for ten specific risks and opportunities (Watkiss et al., 2019)
and found it was possible to identify lock-in and thresholds, and to include some general suggestions
on moving to an adaptive management approach. CCRA3 authors were therefore asked to try and
incorporate a similar discussion in Step 3 of the CCRA method, i.e. to try and consider some of the
implications of lock-in and thresholds, as well as to include adaptive management suggestions for
further action.

Looking forward, it would be useful to maximize the linkages between successive CCRAs (see Figure
2.4) to try and encourage a more formal iterative approach into national risk assessment. As a first
step towards such an approach, CCRA3 included an additional question for authors to address in the
analysis on ‘what evidence or learning would help to inform CCRA4?’

This recognises that the CCRA4, which is due for completion in 2027, will inform the fourth NAP and
DA adaptation programmes for the period 2028-2032. By this time, the UK’s climate is projected to
be significantly different as compared to the last century, and could be entering a period of very
major climate change in the decade that follows, especially if global international mitigation efforts
are below the levels needed to deliver the Paris Agreement. Therefore, authors were asked to
consider what additional information might be useful to help inform CCRA4 and NAP4 decisions and
they were also asked to explicitly consider where transformational adaptation might be needed.
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2.4. CCRA3 Process

2.4.1 Overview of the CCRA3 Process

This section sets out the process involved in the development of the CCRA3 method. Building on the
CCC method statement, as well as the early review work (on other national risk assessments and the
academic literature), a first draft of the CCRA3 Technical Report Methodology Paper was produced
in April 2019. This was reviewed internally by the CCRA3 Technical Report team and by the CCC
secretariat. Following updates, a second draft of the method paper was produced and was shared
with the Chapter teams for discussion, and a methodology workshop was held with this group in
May 2019. The resulting changes and updates were used to produce a third version, which was
reviewed by an external Expert Advisory Panel (EAP, in June 2019) and presented to the CCRA3
Project Board for comment (July 2019). The comments received were used to produce an updated
version of the methodology, which went out for detailed external peer review during August and
September 2019. This included review by the Government, the EAP and the external peer review
panels. A large number of comments were received from this review, and these were used to
produce a fifth version of the methodology chapter (along with a logged response to all 350
comments).
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This version was used by Chapter teams for the first round of the CCRA Evidence analysis and
urgency scoring. The methodology was operationalised through the development of a CCRA3
Risk/Opportunity template, which set out the questions that chapter teams should address (and
record) for each of the three urgency method steps, along with worked examples. The template is
attached in Annex 1. To support this process, a slide presentation pack on ‘how to’ implement the
method was produced.

During the autumn of 2019, a number of activities (method authors or working groups) further
developed the methodology. This included consideration of socio-economic scenarios including the
UK Net Zero target, adaptation pathways, interacting and cross-cutting risks and
equity/distributional impacts. A revised methodology chapter was produced in January 2020, along
with an updated template, and discussed at a CCRA3 meeting with the chapter teams in February
2020. This was finalised for the second round of CCRA Evidence analysis in March 2020, and was
also sent out for a final peer review in May 2020 by the Government, the EAP and the external peer
review panel. The comments from this review were used to produce a draft final version of the
methodology chapter in October 2020, which was circulated with other chapters for a final round of
peer review in November 2020, but with instructions for comments to focus on updates only.

2.4.2 Overview of the CCRA3 Evidence Process

The CCRA3 method was applied using a three-round approach to derive the magnitude and urgency
scores. This iterative process is set out in Figure 2.5.

2" and
31 calls
for
evidence

“ L
evidence
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The initial pass of the urgency scores was undertaken during late 2019, based on existing literature.
A second iteration of the urgency scores was made in early 2020, following the evidence from the
UKCP09-UKCP18 comparison, the outputs of CCRA3 research projects, the outputs of CCRA3-
focussed research in other programmes, and new literature published later in the CCRA3 analysis
and writing period. A final iteration was made in late 2020 to ensure an up-to-date assessment
reflecting the latest literature.

2.5. CCRA3 Method Overview

The final methodology is summarised in Figure 2.6, showing the three urgency steps (in red) and
associated questions, along with the tasks (in blue) that are undertaken at each of these steps. This
is presented as a flow chart, which shows how the evidence at each stage progresses through
towards the analysis of urgency. The key outcomes are shown in green, and include the magnitude
scores (Step 1) and the urgency scores (Step 3).

The method is designed to treat evidence consistently, irrespective of the sector or system affected,
creating a balanced assessment representative of the available literature. The three steps are briefly
described below and then outlined in detail in the subsequent sections.
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2.5.1 Step 1: Assessment of risks and opportunities

This step undertakes the analysis of current and potential risks and opportunities, and undertakes an
initial scoring of their magnitude. It is stressed this scoring is undertaken at the national level, i.e.
individually for all four countries. This first step includes the following tasks:

Step 1a. Current risks and opportunities. This task sets out to understand and assess present-day
current climate-related risks and opportunities, with a quantitative or qualitative assessment of their
magnitude (see magnitude scoring Tables 2.2 and 2.3). For risks, it assesses how vulnerability,
exposure and hazards affect current risks, including the influence of socio-economic drivers. For
opportunities, as the IPCC hazard-exposure-vulnerability framework does not apply, the focus is on
understanding the current influence of climate. This task also considers the distributional effects and
potential inequalities associated with risks and opportunities. An analysis of the magnitude for risks
and opportunities is made (individually) for each of the four countries (England, Northern Ireland,
Scotland and Wales) (see Table 2.2 and 2.3, below), along with an analysis of the confidence in this
score, based on the quality of the evidence and the level of agreement in the evidence between
studies and authors (see Tables 2.4 and 2.5).

Step 1b. Future risks and opportunities. This task extends the analysis above to understand and
assess how climate and socio-economic change may alter risks and opportunities in the future. This
assesses the magnitude of future risks and opportunities for two time periods, associated with the
mid-century (2050s) and late-century (2080s), and for two scenarios, broadly consistent with 2°C and
4°C warming by the end of the century (globally, relative to pre-industrial — see Chapter 1: Slingo,
2021). It also considers ranges of uncertainty, where relevant information is available. The analysis
considers the changes from extreme events and variability, as well as average (slow-onset) change.
The relative importance of climate change as compared with other drivers of risk (i.e. socio-
economics) is reported where possible, as well as distributional effects and potential inequalities. At
the end of this task, the magnitude of future climate risks or opportunities is assessed using the
categories set out in Table 2.2, in the absence of planned adaptation (the ‘no additional adaptation’
scenario), for each of the four countries. It also assesses the quality of the evidence and level of
agreement, i.e. confidence (see Tables 2.4 and 2.5). This task also considers the evidence on low-
likelihood, high impact scenarios, which are reported but not used to assess the likely magnitude, as
well as the potential linkages with Net Zero from the risk/opportunity.

Step 1c. Lock-in and thresholds. This task identifies the potential risks of lock-in, i.e. where decisions
(or inaction) in the next five years or so could ‘lock-in” exposure or vulnerability to future climate
risks that are difficult or very costly to address later. The risk of lock-in is identified and reported in
Step 1 and then used during the consideration of the benefits of further adaptation in Step 3. This
task also considers possible thresholds associated with risks or opportunities, and if the exceedance
of these might necessitate different adaptation interventions (for either the 2°C or 4°C warming
pathways by end of century globally, and also across uncertainty ranges for each of these scenarios).
The potential for lock-in and threshold risks is reported alongside the magnitude scoring table, and
in the adaptation and the urgency analysis. It is noted that lock-in and thresholds can also be
relevant for opportunities.

Step 1d. Interacting and cross-cutting risks. This task investigates cross-cutting risk linkages and
interdependencies for each risk and opportunity. The analysis of interdependences is considered in
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the magnitude scoring and has the potential to increase the score. For opportunities, the potential
for interdependent and cross-cutting effects, as well as co-benefits or trade-offs, are also
considered.

2.5.2 Step 2: Analysis of Government and non-Government adaptation action

This step assesses the influence of adaptation in reducing current and future climate change risks, or
enhancing potential opportunities, and therefore if risks and opportunities are being managed. This
second step includes the following tasks:

Step 2a. Analysis of current adaptation policies. This step assesses the potential benefits of current
and announced adaptation policy in reducing risks or enhancing opportunities. It starts by identifying
the policy landscape, identifying organisational responsibilities, and existing adaptation policy and
plans from Government and other agencies. This is used to produce a current adaptation policy

scenario. The analysis assesses the potential impact of existing adaptation (in place) in reducing
total current risks or enhancing opportunities. It then assesses the potential impact of current and
announced planned adaptation in reducing future risks or enhancing opportunities, for the same
time periods as step 1b (medium-term and long-term) for different future scenarios (2°C and 4°C
future warming by 2100 globally) taking account of uncertainty. This analysis is undertaken for each
country as well as overall UK actions for non-devolved issues. This also assesses the quality of the
evidence associated with adaptation (see Tables 2.4 and 2.5).

Step 2b. Non-Governmental adaptation. In cases where there are still medium or high magnitude
risks in any of the likely climate/socioeconomic scenarios considered (not the low likelihood, high
impact scenario), or further opportunities, the analysis considers the potential impact of other forms
of adaptation. This includes spontaneous and reactive adaptation (e.g. in natural systems, from
acclimatisation, or in markets) in response to the changing climate, but also planned adaptation by
non-government actors, e.g. proactive, planned private adaptation. The aim is to establish whether
risks will be managed in the absence of further government intervention. The analysis also considers
if this adaptation is likely to be beneficial, defined through the lens of overall social welfare. For
opportunities, the analysis considers whether non-governmental adaptation is likely to lead to
benefits being fully realised without planned Government action, or whether additional action may
be needed, including creating the enabling environment for this to happen.

Step 2c. Analysis of Adaptation Gap and Barriers to adaptation. At the end of this task, there is a re-
analysis of the magnitude of future risks or opportunities, taking into account planned and non-
governmental adaptation. This identifies if these risks/opportunities are being managed or if there is
still an adaptation gap (an adaptation deficit, see section 2.7 for criteria). This analysis is undertaken
for each of the four countries. Where an adaptation gap exists, the analysis considers the barriers or
constraints to adaptation, i.e. what might be stopping government, private sector, households, etc.
from adapting.

2.5.3 Step 3: Analysis of the need and urgency for additional adaptation

In the case where an adaptation shortfall is identified in Step 2 (i.e. the risk has a residual high,
medium or unknown magnitude score in any of the likely climate/socioeconomic scenarios
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considered), the final step considers the potential benefits of additional adaptation, over and above
what is currently happening or planned. This includes the following tasks:

Step 3a. Identify and assess possible additional adaptation action. This identifies an additional
adaptation scenario to consider further adaptation to reduce risks or enhance opportunities. It

considers the type of adaptation that could be taken (aligned to Figure 2.3), whether individual areas
or as a portfolio or pathway. The aim is to identify where further action would be beneficial in
managing risks or opportunities, whether through direct Government intervention or by creating the
enabling environment for others, but it does not identify or suggest specific adaptation policies.
While the focus is on the additional action in the next adaptation reporting period, this task also
considers what action might be needed now in the context of longer-term pathways. For
opportunities, the task considers what additional planned adaptation might be beneficial to fully
realise potential benefits from climate change.

Step 3b. Assess the indicative costs and benefits of additional action. This task assesses the
economic rationale for, and the indicative costs and benefits of the identified further action
(including wider co-benefits or trade-offs), primarily in qualitative terms. This information helps to
identify the possible areas for action (aligned to Figure 2.3) and to provide some context on the
possible benefits of further action as compared to costs. This task also checks if there are any
synergies or trade-offs with mitigation.

Step 3c. Analysis of overall urgency scores. At the end of this step, an analysis is made of the overall
urgency score of each risk or opportunity. This categorises risks and opportunities into one of four
scores: ‘more action needed’; ‘further investigation’; ‘sustain current action’ or ‘watching brief’.
Alongside this ranking, the assessment describes what type of action might be beneficial to manage
the risks or opportunities, particularly in the context of the next National Adaptation Programme
and adaptation programmes of the DAs. The urgency scores are set out in each chapter and
summarised in the Advice Report. This step also assesses the quality of the evidence for the urgency
ranking (see Tables 2.4 and 2.5).

3d. Learning and Evaluation. The last step is to move beyond the five-year focus of the CCRA3 cycle
and ask the question of where additional information or analysis would be useful to inform CCRA4
and subsequent adaptation programmes, i.e. with respect to risks and adaptation. Teams were also
asked to explicitly consider if/where transformational adaptation might be needed.

Finally, following the publication of the CCRA3 Evidence and Government Report and the next set of
national adaptation programmes, it is recommended that a formal evaluation of CCRA3 should be
undertaken prior to the CCRA4. This would need to be undertaken in 2023, after the publication of
the CCRA3 Technical Report, Advice Report, Government Report and the National Adaptation
Programme. As yet, resource has not been allocated to this task and will need to come from the UK
Government.

2.6 Detailed Description of the Method

The detailed methodology for CCRA3 Technical Report is set out below by task and step.
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2.6.1 Step 1. Assessment of Current and Future Risks and Opportunities

The first step in the overall method is the assessment of risks and opportunities (see Figure 2.7).
This step starts with the analysis of current and potential risks and opportunities, and undertakes an

initial scoring of their magnitude, then considers how these may change in the future.

1. What is the current and future level of risk/opportunity?

] For each country

High, medium
or unknown

[ la. What is the current level of risk/opportunity?

1b. What is the future level of risk/opportunity? Low

High, medium
1d. Are there cross-cutting risks and inter-dependencies? or unknown Low
v

( 1c. Are there lock-in risks? Are there potential thresholds?

Figure 2.7 First step in the overall method and urgency analysis.

These steps are described in more detailed below.
2.6.1.1 Task 1a. Understand Present Day Risks and Opportunities

The purpose of the first task is to provide a summary of the current risks and opportunities from
climate and non-climate stressors. An understanding of how hazard, exposure and vulnerability to
the current climate (including climate change that has already taken place) allows for a better
understanding of how risks and opportunities may change in the future. It also provides inputs to
help assess the size of the current adaptation deficit.

The key terms for defining risks in CCRA3 (see Box 2.1) are based on the IPCC definition of risk, and
the components of hazard, exposure and vulnerability (IPCC core concepts, IPCC, 2014a: IPCC,
2014b). This is worth being clear about as definitions of ‘risk’ — and methodological approaches - do
vary across UK government (see Introduction Chapter: Betts and Brown, 2021). To assess current
climate-related risks, CCRA3 authors were asked to assess the following:

e The current risks of climate on economic, social and environmental systems. This includes the
consideration of year-to-year variability and extreme events, as well as from average climate.

e The key socio-economic factors that influence vulnerability, how these interact with climate and
what is their relative importance or contribution. To support this task, an additional CCC
research project was commissioned to update UK socio-economic data to use in the other
research projects and across the report.

e Given the above, what the magnitude of the risks and opportunities is at present. This uses the
magnitude table shown in Table 2.2. This scoring was undertaken separately for each UK country
(England, Northern Ireland, Scotland and Wales), including the adjustment factors in Table 2.3.

e Assesses the quality of the evidence and level of agreement, i.e. confidence (see Tables 2.4 and
2.5)
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A key focus for authors was to identify and document additional changes in the current risk or
opportunity observed since CCRA1 or CCRA2. This included any weather-related thresholds,
geographic ‘hotspots’ or types of event that pose a specific risk.

It is noted that the climate of the UK has already changed since pre-industrial times, and significant
changes have occurred since the 1961-1990 period in both mean climate and extremes (Kendon et
al., 2018), as outlined in Chapter 1 (Slingo, 2021). These changes become more important with each
successive CCRA. This includes evidence of warming in annual mean temperature, the hottest and
coldest days of the year, changes in annual precipitation, the most intense rainfall events, and the
length of warm spells, dry spells and growing season length.

An additional element that was included in CCRA3 is the evidence that even in the present day, there
is a higher probability of climate events that could happen but have not yet occurred in the
observational records (Thompson et al., 2017 and Smith et al., 2019), as an example, temperatures
exceeding 40°C. This has been considered using new methods that consider the likelihood of
extreme and unprecedented weather events under the current climate, using. a technique known as
“UNSEEN” (UNprecedented Simulation of Extremes with ENsembles), as outlined in Chapter 1
(Slingo, 2021). Information on these events were compiled, and chapter authors were encouraged to

consider the implications of these results, i.e. whether they affect their assessments of present-day
climate impacts and risk. Additional information is given in Box 2.4 in the next section below.

For opportunities, the focus was also on understanding the current influence of climate on
economic, social and environmental systems. However, the IPCC hazard-exposure-vulnerability
framework does not work well for opportunities. Instead, the focus was on the magnitude of
potential beneficial consequences (using the same categories of magnitude as for risks, but opposite
in sign). This can involve the positive existing influence of the climate (i.e. as a baseline to allow
comparison of rising future benefits under climate change) or the current negative impact of
extremes to allow analysis of future decreases from climate change, such as for cold-related
extremes.

At the end of this task, an analysis of the magnitude of current risks or opportunities was made (see
section and Table 2.2 below). It is stressed that this magnitude score is undertaken for each

individual country (England, Northern Ireland, Scotland and Wales), see also Table 2.3. The

assessment also considers the confidence of the risks or opportunity, based on the level of
agreement combined with the quality of the evidence used.

An interesting finding from the application of this approach is that adaptation is influencing current
risks and opportunities. This creates new methodological challenges. In cases where the analysis of
current risks (or opportunities) is based on observed information, these will reflect current levels of
adaptation. However, any observed changes will also be influenced by other drivers, e.g. from
changes in exposure or vulnerability, plus non-climate policy. This makes it extremely difficult to
attribute the benefits of current adaptation in reducing current risks (without more detailed
counterfactual analysis). Furthermore, to analyse the benefit of current adaptation, it is necessary
to go through the tasks in Step 2 (identify who is responsible, what current adaptation policy is, and
how effective it is). For these reasons, the analysis of the role of current and future adaptation was
included in Step 2.
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More information on the magnitude and confidence scoring, and supplementary activities on
economic valuation and distributional effects and inequalities, is given below.

2.6.1.1.1 Magnitude scoring

The final task in the first step of the method is to assign a magnitude score to each risk and
opportunity. This is undertaken for both current and future time periods.

Most risk assessments seek to assign an overall magnitude using a combination of likelihood and
impact. For example, the UK National Security Risk Assessment and the National Risk Register (NRR)
(HMG, 2020) - which consider risks (national-scale emergencies) assuming a reasonable worst case -
assesses the combination of likelihood (within the next five years) and the impact severity to provide
an overall ranking of risks. CCRA3, however, is working with a broader defined set of risks (see Box
2.1 key terms), which include long-term trends as well as probabilistic events, over a much longer-
time frame.

A magnitude scoring approach was developed in CCRA2 to capture potential impact of trends and
probabilistic events, and this has been applied again in CCRA3. The impact levels were set based on a
review of the NRA.

This magnitude table has been updated in CCRA3. This extended the table with a larger number of
categories, particularly to capture potential magnitude for the natural environment and natural
capital, see Box 2.3 below (as these are not captured in many existing risk frameworks, such as the
NRR). The new table added additional categories (rows), but also undertook a re-analysis to improve
the cross comparability between magnitude rankings (columns) and between categories (rows) using
a valuation and benchmarking exercise. This resulted in some changes in the magnitude descriptions
as compared to CCRA2. The updated categories and magnitude scores used in CCRA3 are shown in
Table 2.2.

Where possible, the evidence was matched to the relevant category and magnitude in the table.
However, in some cases such evidence does not exist, and the analysis allows for expert judgement
to be used. To make this process robust, this was based on the consensus (through consultation and
discussion) of Technical Report authors, the CCC, and the CCRA peer reviewers.

A further change in CCRA3 has been to provide different magnitude tables for each UK country
(England, Northern Ireland, Scotland and Wales). This aims to provide an equivalent relative
magnitude score of risks or opportunities for each country, i.e. to provide consistent relative scores
of what is important for each DA. This approach was used because the use of a single scoring table
led to important omissions (of magnitude) for the three DAs. This does, however, mean that risks or
opportunities in each country do not have the same absolute risk or opportunity level. For England
and the UK, Table 2.2 was used without adjustment. For other DAs, the values were adjusted using
the information in Table 2.3. Note that scoring below the level of the DAs (at a more disaggregated
level or for hotspots) has not been undertaken.

The evidence from the review was used with Table 2.2 and 2.3 to assign a low, medium or high
magnitude to each risk or opportunity - there is also an option of an ‘unknown’ score in case there is
insufficient evidence. Opportunities were assessed using the same magnitude level, but with
opposite sign.
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It is stressed that these categories are not mutually exclusive, but are a set of options from which

chapter authors could choose based on the evidence available. They were asked to choose from the
categories to score a risk in the fullest way possible with the evidence available. It is acknowledged

that in some cases, the available evidence will represent an underestimate of the total scale of risk
or opportunity, thus a logarithmic scale is used to reduce the sensitivity to gaps in the evidence.

The other main development in CCRA was the consideration of future risks across different future
time periods and scenarios, in line with the customer request. The resulting scoring table is
presented in section 2.6.2.

Box 2.3 Natural Environment and Natural Capital.

In considering the size of risks or opportunities in the natural environment, different types of
quantification are possible depending on what is being measured. This could be the size of a
natural capital asset (see below), the size of an area containing different assets, the change in the
quality or quantity of a natural asset, the services it provides to people, or the value of those
services. CCRA2 only provided magnitude categories for the area or size of habitats and species
affected, but when looking at the definition of natural capital, it is clear that these measures do
not capture the total risk. The additional categories in Table 2.2 are intended to allow for a fuller
analysis depending on the evidence available. While the terms natural environment and natural
capital are both included here to ensure comparability between this and past CCRAs, going
forward (including in CCRA4), it would be useful for these terms to be consolidated.

Natural capital is defined by NCC (2017) as follows: Natural capital are the elements of nature
that directly or indirectly produce value to people, including ecosystems, species, freshwater,
land, minerals, the air and oceans, as well as natural processes and functions. Natural capital is a
broad term that includes many different components of the living and non-living natural
environment, as well as the processes and functions that link these components and sustain life.
Natural capital assets include all biotic and abiotic assets (e.g. species, ecological communities,
soils, freshwaters, land, atmosphere, minerals, sub-soil assets and oceans) and include both
designated and undesignated habitats and species. The magnitude of a risk on a natural capital
asset can be measured using any of the quantitative or qualitative indicators in Table 2.2, and not
just those described using the term ‘natural capital’.
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Table 2.2 CCRA magnitude categories for UK and England.

High Magnitude

Medium Magnitude

Low Magnitude

Quantitative

Major annual damage and

Moderate annual damage

Minor annual damage

evidence disruption or foregone and disruption or foregone | and disruption or
opportunities:* opportunities: foregone opportunities:
-fhundreds of millions -ftens of millions damage -Less than £10 million
damage (economic) or (economic) or foregone damage (economic) or
foregone opportunities, opportunities, and/or foregone opportunities,
and/or and/or
-Hundreds of deaths?, -Tens of deaths, hundreds -A few deaths, tens of
thousands of major health | of major health impacts, major health impacts,
impacts, hundreds of tens of thousands of thousands of people
thousands of people people affected / minor affected / minor health
affected / minor health health impacts. and/or impacts, and/or
impacts, and/or
-Tens of thousands of -Thousands of hectares of | -Hundreds of hectares of
hectares land lost or land lost or severely land lost or severely
severely damaged?, damaged, and/or damaged, and/or tens of
and/or thousands of km of | hundreds of km of river km of river water/km? of
river water/km? of water water/km? of water water bodies affected,
bodies affected, and/or bodies affected, and/or and/or
-Major impact (~10% or -Intermediate impact (~*5% [ -Minor impact (~1% at
more at national level) to at national level) to valued | national level) to valued
valued habitat or habitat or landscape types | habitat or landscape
landscape types (e.g. BAP (e.g. BAP habitats, SSSls), types (e.g. BAP habitats,
habitats, SSSls), and/or and/or SSSls), and/or
-Major impacts on or loss -Intermediate impacts on -Minor impacts on or
of species groups, and/or or loss of species groups, loss of species groups,

and/or and/or

-Major impact (10% or - Intermediate impact (1 - Minor impact (~1% or
more at national level) to to 10% at national level) less at national level) to
an individual natural to an individual natural an individual natural
capital asset and capital asset and capital asset and
associated goods and associated goods and associated goods and
services*and/or services, and/or services, and/or
-Major loss or irreversible -Medium loss or -Low loss or irreversible
damage to single irreversible damage of damage to nationally
nationally iconic heritage nationally iconic heritage iconic heritage asset
asset (e.g. Stonehenge, asset (e.g. Stonehenge, (e.g. Stonehenge, Giants’
Giants’ Causeway) Giant’s Causeway) Causeway)

Qualitative Expert judgement of chapter authors, confirmed with agreement across authors, CCC

evidence and peer reviewers suggest there is a possibility of impacts of the magnitude

suggested above.
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1This could be an annual average or expected annual damages. Where evidence is only related to a single event, authors should make a
judgement on the magnitude and state this in their assumptions.

2The implied value of number of deaths is broadly in line with the value of prevented fatalities used by Government in the appraisal of
policies (see DfT, 2019). It should be noted that this applies to an ‘average’ prevented fatality, i.e. someone of average age and who is
otherwise healthy. The number of major injuries / major health outcomes, and minor injuries / minor health outcomes / people affected,
are also in line with values used in appraisal.

3These values are based on the average value for an agricultural hectare of land in England that is estimated to be £22k
(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/710539/Land_Values_2017.pdf) It
is noted that the average value for residential, commercial and industrial land is much higher, and thus if urban land areas are affected,
these scoring categories might be adjusted, i.e. so that a lower number of hectares would be equivalent to a low, medium or high ranking.
4The areas of natural capital assets are based on the definitions and reported values in the ONS Natural Capital Accounts and expert
analysis of equivalence, https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/uknaturalcapitalaccounts/2019.

Table 2.3 Adjustment factors for scoring magnitude for devolved administrations.

England | Northern Ireland Scotland Wales

Economics | Astable |Metrics in table above adjusted for gross value added?, thus to give relative
above importance, values in table are reduced by 1 order of magnitude, and
applied equally to Northern Ireland/Scotland/Wales.

e ftens of millions damage or foregone opportunities,

e £ millions damage or foregone opportunities

e Less than £1 million damage or foregone opportunities.

Health As table | Metrics in table above adjusted for population?, factoring down levels in

above table by 1 order of magnitude, and applied equally to all DAs.

e Tens of deaths, hundreds of major health impacts, tens of thousands of
people affected / minor health impacts, and/or

o Afew deaths, tens of major health impacts, thousands of people
affected / minor health impacts, and/or

e No deaths, a few major health impacts, hundreds of people affected /
minor health impacts, and/or

Land As table | Metrics in table above Given high land | Metrics in table above
above adjusted for land?, area of adjusted for land?,
factoring down levels in Scotland factoring down levels in
table by 1 order of (approx. one table by 1 order of
magnitude. third of UK) magnitude.

e Thousands of hectares | valuesin table e Thousands of hectares
land lost or severely above are land lost or severely
damaged, used. damaged,

e Hundreds of hectares e Hundreds of hectares
of land lost or severely of land lost or severely
damaged, damaged,

Tens of hectares of land Tens of hectares of land

lost or severely damaged. lost or severely damaged.

Habitat / As table | As table above.
Natural above
capital
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1Economics. Gross Value Added (GVA) is taken from Office for National Statistics
https://www.ons.gov.uk/economy/grossvalueaddedgva/bulletins/regionalgrossvalueaddedbalanceduk/1998t02017

GVA (2017 £M) %
England 1,562,707 86.7%
Northern Ireland 39,613 2.2%
Scotland 138,231 7.7%
Wales 62,190 3.4%
UK 1,802,741

2Population is taken from the Office for National Statistics — National population projections
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationpr
ojections/2018based#table-1408dbb6

2018 Million %
England 56.0 84%
Northern Ireland 1.9 2.9%
Scotland 5.4 8.1%
Wales 3.1 4.7%
UK 66.4

3 Land area is taken from the Office for National Statistics using latest land cover
accounts.https://www.ons.gov.uk/economy/environmentalaccounts/articles/uknaturalcapitallandcoverintheuk/2015-03-17

Thousand Hectares
England 13,043 53.4%
Northern Ireland 1,415 5.8%
Scotland 7,881 32.3%
Wales 2,078 8.5%
UK 24,417

2.6.1.1.2. Quality of Evidence and Level of Agreement (Confidence)

In the IPCC AR5 synthesis process (Mach et al., 2017), assessment findings are evaluated against (a)
evidence and agreement, (b) confidence, and (c) likelihood. For CCRA3, a formal method was used
to assess the quality of the evidence used in terms of evidence and agreement, and thus confidence.

In terms of the quality of evidence, there is a requirement that evidence be from:

e Published papers in academic and professional journals;

e Papers in press in academic and professional journals (copies of these should be made available
to the reviewers, and have been published by the time the CCRA3 Technical Report is published);

e Published (or publicly available, including at cost) reports from research institutions,
Government agencies, Government committee reports, papers and minutes (and responses to
consultations), third-sector organisations or private sector companies (including contract
research reports), as well as grey literature that has been through a review process and is
published.

These sources of evidence were recommended not to be used:

e Papers that have been ‘submitted’ or are ‘in preparation’ at the time of the publication of the
CCRA3 Technical Report:
e Reports that are not publicly available, even at cost.

To assess the confidence a simplified version of the IPCC AR5 approach is used, looking at the
combination of the quality of evidence as set out above (from high to low), along with the level of
agreement between studies and experts (high to low). These are combined to give the overall
confidence ranking. Note that the confidence is a measure of the strength of evidence and
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agreement, and is different to the likelihood that the risk or opportunity will occur. Table 2.4

provides the criteria used to assign a confidence score to each risk and opportunity in Step 1. There

is also a similar quality of evidence and agreement included for assessing the effect of adaptation in

Step 2 and if additional action would be beneficial in Step 3. Additional supplementary information

for assessing the quality of evidence is included in Table 2.5.

Table 2.3 Quality of Evidence and Level of Agreement (Confidence) — Criteria.

High

Medium

Low

Step 1:
Assessment of
current and

Multiple sources of
independent evidence
based on reliable

Several sources of high-
quality independent
evidence, with some

Varying amounts and/or
quality of evidence and/or
little agreement between

future risk analysis and methods, | degree of agreement experts, or assessment is
with widespread between studies, and/or | made using only expert
agreement between widespread agreement judgement.
studies and experts. between experts.

Step 2: High quality evidence Some evidence on the Little/no/contrasting

Assessment of
the effect of

of the effects of
future adaptation in

effects of future
adaptation in managing

evidence of the effects of
future adaptation in

planned and managing the risk and | the risk and/or high managing the risk and

non- high agreement agreement between little agreement between

Governmental between experts. experts. experts, or assessment is

adaptation made using only expert
judgement.

Step 3: High quality evidence Some evidence on Little evidence of the

Assessment if
additional action
would be
beneficial

of benefits of future
adaptation on risk and
high agreement
between experts.

benefits of future
adaptation and/or high
agreement between
experts.

benefits of future
adaptation and little
agreement between
experts, or assessment is
made using only expert
judgement.
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Table 2.4 Supplementary information for assessing Quality of Evidence.

High quality evidence Some evidence Little evidence

e Multiple sources of evidence e Some e No, or very few, sources of
that contain similar results elements of evidence

e Evidence of validation using “high quality | ¢ Based on only one dataset
different datasets evidence” e Based on weak methodologies

e Based on robust techniques and “little (e.g. anecdotal evidence)

e Data used is of a high quality evidence” e Poor quality data

e Evidence has been peer e Evidence has not been peer
reviewed reviewed

e Remains relevant e No longer relevant

e Use of relevant indigenous and e No use of relevant indigenous
local knowledge and local knowledge

2.6.2 Task 1b Assess Future Risks and Opportunities

The second task undertakes an analysis of the future risks and opportunities of climate change,

repeating the steps above but for future time periods. This step also considers risks in terms of

hazard, vulnerability and exposure. However, it involves the additional challenge of different future

climate projections, uncertainty and future socio-economic change. The task applied the IPCC Core

Concepts to assess future risks, while noting that the components of hazard, exposure and

vulnerability are dynamic and change over time. For opportunities, the focus was on the magnitude

of potential consequences. The CCRA authors were asked to consider the following issues:

How relevant climatic factors, and risks or opportunities, may change in the future, including an
assessment of the uncertainties.

How socio-economic factors could influence the risk/opportunity in the future and their
influence on magnitude.

To record evidence for the risks and opportunities in the mid-century (2050s, i.e. 2041-2060) and
late-century (2080s, 2070 — 2099), including the uncertainties associated with the climate
evidence. This also included the differences in future risks or opportunities for pathways to
warming of 2°C and 4°C by the end of the century, globally, relative to pre-industrial, where
available, including quantification of uncertainty. Authors were asked to record the reference
period used (noting UKCP18 is now using 1981-2000). They were also asked to document the
assumptions on socio-economic scenarios and to document the relative importance of climate
versus socio-economic (if available). When evidence was based on global warming levels, the
teams were asked to document the Global Warming Level (GWL) and time period (e.g. 2°C GWL
global mean temperature (GMT), relative to preindustrial, exceeded in time period centred on
2070).

To capture and report on any low-likelihood high-impact extremes or scenarios. This included
High++ runs, tail-end risks, higher warming scenarios (e.g. > 4°C by 2100) and earth system
tipping points.

To identify any potential risks of lock-in (see section 2.3), or loss of opportunities, particularly
where decisions might be taken in the next reporting period (the next 5 years). They were also
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asked to document important thresholds (whether biophysical thresholds, engineering,
performance or policy thresholds, see section 2.3) and consider if the exceedance of these
varied over scenarios or across projections (including uncertainty). Authors were also asked to
assess the potential synergies and trade-offs with Net Zero, as part of a separate set of
questions.

e To assess the magnitude of the risks and opportunities in the future and how important climate
change is in the realisation of a risk.

At the end of this task, the same magnitude scoring approach as for Task 1a (Tables 2.2 and 2.3)
were used to score future risks and opportunities. This was undertaken separately for each UK
country (England, Northern Ireland, Scotland and Wales).

For the first round of magnitude scoring (in early 2020), authors were asked to assess future
magnitude (High, Medium, Low or Unknown) as one single score, which reflected the highest score
across different time periods, scenarios or pathways, and across the uncertainty range. Note that
this approach is inherently precautionary, and followed the approach used in CCRA2.

For the second round of scoring (summer to autumn 2020), authors were asked to assess magnitude
in line with the request from Government. This included information on potential risks and
opportunities under different time periods (mid-century and late century) and different future
pathways, defined broadly in terms for 2°C and 4°C pathways by the end of the century (globally,
relative to pre-industrial levels)? as well as for each DA. Authors were asked to provide the highest
score across the uncertainty range in each cell. This is shown in Table 2.6 below.

An assessment of the quality of the evidence and level of agreement, i.e. confidence, was also
undertaken and included in brackets after the magnitude score (Tables 2.4 and 2.5).

A number of additional aspects to consider were also requested. Authors were asked to consider the
implication of different rates of climate change between the two scenarios, not just the absolute
change, as this is extremely important in determining adaptation potential. They were also asked to
consider the distributional effects and potential inequalities associated with risks and opportunities
(see section in 2.6.1.).

2 This did not include a scenario that limits warming to 1.5°C, i.e. to consider an additional scenario that was closer to the Paris Agreement
text of pursuing efforts to limit warming to 1.5°C relative to pre-industrial. This 1.5°C scenario has received more attention following the
recent IPCC Special Report on Global Warming of 1.5 °C (IPCC, 2018). CCRA3 has not considered such a 1.5°C scenario, see Chapter 1. This
is primarily due to the lack of information to inform a risk assessment at this level. However, it is noted that global emissions are still rising
and current pledges for reducing emissions, as set out in the Nationally Determined Contributions, indicate warming of above 3°C (UNEP,
2019; UNEP, 2020). This analysis has also identified limiting warming to 1.5°C would require global emissions to fall by 7.6% per year from
2020 to 2030. The progress towards such reductions will become clearer during the Global Stocktake (in 2020, now delayed to 2021),
which will review the implementation of the Paris Agreement and assess collective progress and updates towards achieving the Paris
Agreement and its long-term goals.
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Table 2.5 Magnitude Scoring summary table in CCRA3. Each cell was assigned a score of low (L),
medium (M), high (H) or unknown (U).
Present 2050s 2080s
Day

Country On a pathway to On a pathway On a pathway to On a pathway

stabilising global to 4°C global stabilising global to 4°C global

warming at 2°C warming at warming at 2°C warming at

by 2100* end of century# by 2100* end of century#

England | L/M/H/U L/M/H/U L/M/H/U L/M/H/U L/M/H/U
Northern | L/M/H/U L/M/H/U L/M/H/U. L/M/H/U L/M/H/U
Ireland
Scotland | L/M/H/U L/M/H/U L/M/H/U L/M/H/U L/M/H/U
Wales L/M/H/U L/M/H/U. L/M/H/U. L/M/H/U L/M/H/U

*This scenario is defined as the global mean temperature rise stabilising at 2°C + 0.5°C by 2100. This includes pathways that
align to the Paris Agreement and the goal of limiting global mean temperature rise to well below 2°C above pre-industrial
levels, and also pathways that slightly exceed this global warming level, including “overshoot” pathways.

# This scenario is defined around outcomes that lead to a 4°C global mean temperature rise above pre-industrial levels at
the end of the 215t century (2080 to 2100). This is considered an upper bound of global warming rates that could occur
with current policies, considering various combinations of emissions scenarios and climate system feedbacks (see
Introduction chapter: Betts and Brown, 2021.

A supplementary analysis was undertaken to investigate the indicative monetary impacts of future
risks and opportunities (see section in 2.6.1.). Alongside this magnitude score, authors were also
asked to consider possible low likelihood, high impact extremes and scenarios (including high
warming outcomes that reach 4°C before 2070, High++, tail-end risks and earth system tipping
points). However, the evidence (on low likelihood, high impact) was not used in the magnitude
scoring.

It is stressed that the primary aim of this task was to identify the magnitude of future risk and
opportunities in the absence of planned adaptation - the analysis of adaptation in managing these
future risks is undertaken in step 2. However, for studies that undertake modelling of risks and
adaptation, including the CCRA3 research projects, it was necessary to define no adaptation
baselines. To address this, CCRA3 defined a Step 1 future ‘no additional adaptation’ scenario. This
included ‘common sense’ assumptions on what might happen in the absence of planned policy. This
is the same approach that was used in CCRA2.

One lesson from the application of the method for opportunities was that in most cases, these are
complicated by the presence of potential risks alongside benefits, e.g. where there were potential
benefits identified from a warmer average climate, there were often still potential impacts from
changing variability or extremes, or other factors such as water availability limiting the ability for
enhanced crop growth in warmer temperatures. In such cases, authors were asked to document
both aspects.

More information on key elements of this task — on climate projections, socio-economic scenarios,
the Net Zero analysis, and tail-end risks - are given below.
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2.6.2.1 Climate change projections, including uncertainty

The starting point for the assessment of future risks and opportunities are the climate projections,
set out in Chapter 1 (Slingo, 2021). There are different ways to use these projections in climate risk
assessments, and to ensure consistency of reporting for different risks and opportunities. However,
these consistency issues are a particular challenge for a synthesis exercise, such as CCRA3, because it
must draw on various evidence that uses different projections and approaches.

In previous CCRAs, and in most impact studies, analysis or evidence is assessed for future scenarios
and time periods. In CCRA1, a consistent set of projections and time slices from UKCP09 were used
and applied to every risk or opportunity. This used the UKCP09 time slices® for the 2020s
(represented by the mean climate for 2010-2039), 2050s (2040-2069), and 2080s (2070-2099)
relative to a baseline period of 1961-1990 and considered the UKCP09 low, medium and high
UKCPQ9 projections, as well as sampling the probabilistic projections®,®>. CCRA2 was a synthesis
exercise, but asked contributors to report evidence for the 2050s, and 2080s, including a discussion
on the uncertainties associated with the climate evidence used. The authors considered climate
projections on a country-by-country basis, for the subsequent risk and opportunity assessment. In
CCRA2, this was based on country averages, but with commentary around how this varied spatially.

As set out in Chapter 1 (Slingo, 2021), and earlier in this Chapter, the UK has now published a new
set of climate projections, the UK Climate Projections 2018 (UKCP18). The UKCP18 overview report
(Lowe et al., 2018) reported changes for two future time periods (of twenty years) — the 2050s
(2041-2060) and 2080s (2080 — 2099), relative to a baseline period of 1981-2000, though the
UKCP18 projections also provide a time series that runs continually from pre-present through to
2100. The UKCP18 products allow analysis of projections with the RCP2.6, RCP4.5, RCP6.0 and
RCP8.5 emissions scenarios, and also some potential to extract information specifically for 2°C and
4°C global warming levels relative to pre-industrial (Gohar et al., 2018). The latter allows for an
alternative approach to reporting results, using global warming levels (GWL), rather than for time
periods for emission / forcing scenarios. However, it is stressed that for adaptation, the time period
when risks or opportunities occur and the rate of adaptation needed are important, and therefore
approaches that use GWL need to document time, as has been done here. It is also possible to
extract subsets of the projections that follow pathways that reach these global warming at specific
times such as at the end of the 21°* Century, and this has been done in some of the CCRA3
supporting research (Sayers et al., 2021) and in other literature drawn on for the CCRA3 assessment
(e.g. Arnell et al., 2021)

3 Note that projections are generally presented as averages for twenty-year or thirty-year time periods, not as decadal or yearly averages,
because decadal periods are still subject to significant natural variability and may not give a good indication of the long-term climate.

4 CCRA1 sampled across the p10, p50 and p90 for the UKCPO9 low medium and high projection and focused on nine combinations (results)
as follows: 2020s: p10 Medium, p50 Medium, p90 Medium; 2050s: p10 Low, p50 Low, p50 Medium, p50 High, p90 High; and 2080s: p10
Low, p50 Low, p50 Medium, p50 High, p90 High.

> It is interesting to note that the CCRA3 Independent Assessment and the next national adaptation programme period (2023-2027) is at
the mid-point of the UKCP09 2020s time period.
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In gathering existing information on the evidence in CCRA3, authors were asked to understand and
assess how climate and socio-economic change may alter climate-related risks and opportunities for
the mid-century (the 2050s, often represented by the mean climate for 2040 -2060) and late-century
(2080s, or 2070 — 2100), for 2°C and 4°C warming pathways by the end of the century (globally,
relative to pre-industrial levels), where possible. Authors were asked to be explicit about the
reference (baseline) periods used for evidence.

As highlighted earlier, much of the literature on future UK climate risks assessed in CCRA3 is based
on UKCPO09. In practical terms, this raised an issue on how to use information from UKCPQ9 in
CCRA3, given the different baseline and future periods®, as well as the updated information from
UKCP18. To address this, the UK Met Office produced new information for authors, based on the
key metrics of relevance for the identified risks and opportunities (see Chapter 1: Slingo, 2021). A
summary is provided in Box 2.4.

In collecting this information, and assessing adaptation, it is important to consider uncertainty. This
involves two issues. The first is that there are alternative future emission pathways, which is
addressed by using several sets of projections sampling the emissions scenarios associated with the
Representative Concentration Pathways, RCPs, as in UKCP18. The second issue is that different
climate models do not all give the same results for UK climate for a given emissions scenario or even
at the same global warming level. This can be considered by using different models in an ensemble,
or as in UKCP18, with the derivation of a conditional probability range, with outputs of (for example)
10" 50" and 90™" percentiles. It is essential to recognise this uncertainty, not to ignore it.

Box 2.4. Supporting Climate Analysis for CCRA3.

UKCPO09 to UKCP18. As noted in Chapter 1 (Slingo, 2021), some of climate risk-related quantities
in UKCP18 are quite different to those in previous projections, while others are similar. Analysis by
the UK Met Office for CCRA3 assessed key climate metrics (of relevance to the CCRA3 risks and
opportunities) and provided information on when these differences were extensive enough to
affect the advice previously provided by the CCRA around estimates of magnitude drawn from
UKCPO09, and also to take account of similarities when assessing confidence. To do this, the
analysis in CCRA3 has used the following procedure for each Risk, (illustrated earlier in Figure 2.1).

e Produce an initial magnitude score based on the existing UKCP09-based literature where
relevant.

e Identify the key climate variables or metrics used to quantify the hazard component of the
risk or opportunity in the existing UKCP09-based literature.

e Compare the projected changes in these variables and metrics from UKCPQO9 with the
equivalent changes in UKCP18.

e Using expert judgement, assess whether the differences between the changes projected by
UKCP18 and UKCPQ9 are substantial enough to justify a different magnitude score.

e If a different magnitude Score is justified by the UKCP18 projections, critically examine the
underlying reasons for the difference in the projected climate variable / metric and form a

6 Earlier impact studies, such as those based on UKCP09, use an earlier reference period (usually 1961-1990), but this is now out of date

with respect to the current time (i.e. the year 2020). It is stressed that the magnitude does vary depending on whether risks compared with
1961-1990, 1981-2000 or the current.
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judgement on which is the most robust. Reflect this change by use of an appropriate
confidence statement. If a different magnitude Score is not justified, again critically examine
the reasons for the similarity in in the projected climate variable / metric, and assign an
appropriate confidence level.

e Ascertain if the change in magnitude warrants a change in the urgency score.

The UKCP0O9-UKCP18 comparison used the UKCPQ9 regional climate model (RCM ensemble) and
was performed most systematically with the UKCP18 12km projections, but the 2.2km projections
were also considered. Furthermore, the UKCP18 60km global simulations were also used to
provide further context. The results were examined to assess whether the changes in key metrics
—and subsequent risks and opportunities where relevant - were substantial enough to justify a
different magnitude and urgency score.

Identify

relevant
climate
metric(s)
Existing UK
climate risks Compare
& adaptation
literature

Expert
judgement

Revise / consolidate

Box 2.4 Figure 1. Comparison of old and new climate projections for assessing robustness of
existing literature in the context of new projections and revising / consolidating urgency scores
and confidence levels.

Volatility, extremes and UNSEEN. The climate of the future can be viewed as a long-term climate
trend with natural variability superimposed on to it and providing volatility, which will be
experienced as future weather. UKCP18 focuses more than UKCPO9 on capturing climate volatility,
with the conditional probability range including natural variability down to the monthly scale and
the ensembles of realisations from global and regional climate models providing a tool to examine
sub-monthly volatility (Lowe et al., 2018). Additionally, other tools are now available in the
climate literature that focus on present day volatility and the possibility of seeing unprecedented
events not captured in the relatively short observational record. These include the UNSEEN
approach (Thompson et al., 2017), which uses many historical simulations to provide additional
realisations of the events that might occur in the current climate. When assessing climate impacts,
it is important to go beyond the long-term mean changes and to take account of volatility and
extreme events, including unprecedented events. This can significantly widen the distribution of
potential climate outcomes as Lowe et al. (2018) describe when showing probability distributions
based on annual averages and multi-decade averages. From an impacts perspective it is useful for
chapter authors to consider the time over which a threshold might be exceeded, relating this to
natural climate variability where possible. There is also the potential to consider event-based

Chapter 2 — Methodology 45



Third UK Climate Change Risk Assessment Technical Report

extremes, including the analysis of preparedness, based on previous analogues, e.g. as used in the
National Flood Resilience Review for Storm Desmond.

As discussed in Chapter 1 (Slingo, 2021), the projected temperature and precipitation changes are
broadly similar until the 2040s across all the scenarios (i.e. with similar results for RCP2.6, RCP4.5
and RCP6.0 and to a slightly lesser extent in results for RCP8.5). There is also only a small difference
between the climate outcomes of these emissions scenarios even at mid-century (the 2050s).
However, there is a much larger difference in the results between or within models at this time (in
the 2050s). This means that the main uncertainty at mid-century is due to differences between (and
within) the climate models - or to put another way — projections for the mid-century are broadly
similar irrespective of the emissions scenario being assumed. This is illustrated by, for example, the
10t to 90™ percentile range from UKCP09, or the 5% to 95 percentile range from UKCP18. As
shown in Chapter 1 (Slingo, 2021), this leads to a considerable range, and for some parameters (e.g.
summer rainfall), it can even lead to a change in the sign, from an increase to a decrease in the
projected change.

As CCRAS3 has the primary goal of informing adaptation, it is just as important to sample model
uncertainty as it is to sample emission pathway uncertainty, especially for the medium term (2050s),
which is of most interest for informing early adaptation. Authors were asked to consider the
conditional probability range, specifically the 10*" to 90" percentiles in the UKCP09 or UKCP18
projections, but in practice it was extremely difficult to do this in a synthesis exercise such as CCRA3,
though authors considered ranges of uncertainty where relevant information was available.

Towards the late-century (2100) the RCPs diverge significantly, as shown in Chapter 1. At the end of
the century (2100) there are large differences between the central estimate pathways, although the
very large differences across the percentile ranges mean that there is still a large overlap between
the outcomes for the different RCPs, especially for precipitation changes at the UK scale (see
Chapter 1).

A further issue is that different sets of climate projections use different emissions scenarios and
different approaches for implementing these in climate models. For example, UKCP09 used the SRES
emissions scenarios. The 5™ Coupled Model Intercomparison Project (CMIP5) projections for IPCC
AR5 used the Representative Concentration Pathways (RCPs) which were defined in terms of
concentrations of CO; and the resulting radiative forcing, as opposed to emissions. UKCP18 used yet
another approach — it used emissions scenarios that were designed to align with the RCP
concentration pathways based on a specific assumption of the strength of climate-carbon cycle
feedbacks, but then made its own calculations of the future concentrations accounting for
uncertainties in the feedbacks. The evidence base available to CCRA3 included studies using all these
different approaches.

To account for these uncertainties in both future emissions and the responses of the climate to
these emissions, whilst avoiding reliance on specific methods and hence excluding important bodies
of evidence in the literature, CCRA3 characterises future climate change in terms of two pathways.
These are defined as broad pathways to approximately 2°C and 4°C global warming at the end of the
21°t Century (Box 2.5). This allows the use of more evidence, as it can include scenarios or emissions
(or radiative forcing) and time slices, as well as warming levels. The assessment considers risks and
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opportunities on the basis of studies using climate projections consistent with these 2°C and 4°C
pathways. The uncertainty range across each pathway is considered as far as possible, and the Step
1 assessment uses the highest resulting magnitude score for across each scenario (across the
uncertainty range) and time period. The analysis of whether the risks and opportunities are being
managed across both the 2°C and 4°C pathways is considered in the subsequent Step 2.

Box 2.5. Characterising future climate change: pathways to 2°C and 4°C global warming at the end
of the 21° Century.

In the mitigation domain, the characterisation of 2°C and 4°C warming pathways is a useful proxy
for considering the costs of inaction, and the possible benefits of global emissions reductions e.g.
in line with the Paris Agreement goals. However, the aim of the CCRA3 is to inform adaptation
and a different framing is used. This centres on the urgency of short-term action that is needed in
the next five-year period to help adapt to uncertain futures. It is therefore wrong to frame
adaptation as two different alternative levels of effort that might be needed for 2°C vs 4°C global
warming, but rather to identify what is needed today, given a wide range of outcomes are
possible that span this range. Furthermore, there is an additional level of uncertainty associated
with the climate models, quantified with percentile ranges such as the 5% or 95" or 10*" to 90t
percentiles from UKCP18 for each RCP or pathway. In the 2050s, the uncertainty from this
uncertainty range is generally larger than between different emissions scenarios. Finally, it is
stressed that for adaptation, time matters, i.e. it makes a big difference if 2°C warming is
exceeded in 2050 or towards late century. For this reason, two time periods are considered, the
2050s and 2080s.

In the adaptation literature, this uncertainty is usually comprehensively sampled using decision
making under uncertainty approaches. However, this approach is challenging for a synthesis
exercise like CCRA3. Instead CCRA3 characterises the future in terms of pathways to approximate
levels of global mean warming by the end of the century (2°C vs 4°C) and considers the
uncertainty in the climate projections for each of these pathways. This allows sampling of
scenario and model uncertainty. This broad approach is important because the evidence base for
CCRA3 consists of studies that have used a number of different approaches, including different
emissions scenarios and based on different climate models or projections. In order to make
maximum use of the available evidence, an approach is used that allows evidence from a wide
range of relevant sources irrespective of the details of specific scientific approaches. It is also
stressed that any particular UK climate state could arise from a range of different emissions
scenarios, depending on feedbacks in the climate system and the responses of regional climate
processes within global-scale changes. For simplicity and clarity, CCRA3 uses two broad pathways
to help sample the evidence. The lower pathway represents, approximately, the level of climate
change if the goals of the Paris Agreement are met. The higher pathway represents the upper end
of climate outcomes consistent with current worldwide policies.

The pathway to 2°C global warming by 2100. This is representative of stabilisation of global
warming at approximately 1.5°C to 2.5°C above pre-industrial by the end of the 21 Century. This
aligns to the goal of the Paris Agreement to limit warming to “well below” 2°C and “pursue
efforts” to limit warming to 1.5°C. However, given the large uncertainties in regional climate
outcomes related to any specific level of global warming, and the large overlap in the ranges of
possible UK climate states consistent with 1.5°C to 2°C warming, a single Paris-compliant scenario
is used in CCRA3, labelled the “2°C warming by 2100 pathway”. This deliberately imprecise
definition of the 2°C pathway has the advantage of allowing the use of a large body of literature
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on climate change impacts and risks under the RCP2.6 emissions scenario, which stabilises global
warming in the range of approximately 1°C to 3°C at the 5" and 95™ percentiles in the UKCP18
probabilistic projections (Box 2.5 Figure 1). The CMIP5 projections with the RCP2.6 concentration
pathway stabilise at slightly lower temperatures (Murphy et al., 2018).

The pathway to 4°C global warming at the end of the century. The higher pathway reaches global
warming of 4°C at the end of the 21° Century (2080 - 2100). This represents the upper end of
climate projections consistent with current worldwide policies, with the upper bound being the
95% percentile of the UKCP18 global probabilistic projections driven with the RCP6.0 emissions
scenario (Box 2.5 Figure 1). RCP6.0 emissions are within the range of 21 Century emissions
pathways consistent with current worldwide policies (Hausfather and Peters, 2020; also see
discussion in the Introduction Chapter: Betts and Brown, 2021). NB “current policies” are distinct
from the pledged Nationally Determined Contributions (NDCs) under the Paris Agreement, which
would give lower emissions but which are not yet enacted in practice. When the RCP6.0 emissions
scenario is used with the UKCP18 global probabilistic projections, 4°C is reached in 2080 at the
95% percentile of the projections, and in 2100 at around the 70™" percentile.

Projected changes in global mean annual surface
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g 5 1 — HadCRUTS

c RCP 6.0

] —— RCP2.6

— 4 -

-

m©

>

[(+]

g 3 T g5

c 90"

Mo H

v 75 2°C £ 0.5°C
2 2 1 50 global warming
o — 25 in 2100
Q b

g / %9(

€ 14

Q

+—

=

m©

c

S 0

Q

=

1980 2000 2020 2040 2060 2080
Year

Box 2.5 Figure 1 Definition of 2°C and 4°C global warming pathways, compared with
probabilistic projections of global warming with the RCP2.6 and RCP6.0 emissions scenarios
from UKCP18 global projections (Murphy et al., 2018), showing the 5th, 10th, 50th, 75th, 90th
and 95th percentile changes. Source for projections data: Met Office

2.6.2.2 Socio-economic scenarios

Future risks and opportunities are not just influenced by climate change, they are also influenced
significantly in the future by socio-economic change (see Box 2.6). In theory, therefore, both should
be considered in a national climate change risk assessment. These considerations are not trivial.
Studies (e.g. Rojas et al., 2013; Brown et al., 2011) typically find that socio-economic change such as
population or economic growth is at least as important as climate change in determining the overall
magnitude of climate impacts in future periods. While the influence of socio-economics is often
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dominant at mid-century, it is still very large in the late century, as shown by studies that compare
Shared Socio-economic Pathways (SSPs) (e.g. see Hinkel et al., 2014).

Box 2.6. Climate and Socio-economic Change.

CCRA3 should ideally take account of socio-economic change, as well as climate change, in the
assessment of future risks and magnitude. A failure to do so implies that future climate change
will take place in a world similar to today. The primary drivers of modelled socio-economic change
include economic growth, demographic change (population) and land-use change, but there are
also a wide range of other potential factors, including policy, societal and behavioural change, that
are relevant, but more difficult to consider in quantitative terms. Future socio-economic change
makes a very large difference to future risks, because climate and socio-economic factors can act
together as risk multipliers (although it is also possible that socio-economic change can dampen
impacts). There is also another dimension when considering adaptation interventions, because
socio-economic change affects adaptive capacity, and therefore adaptation can be targeted to
socio-economic aspects, in addition to or as well as climate risks. However, the consideration of
these issues considerably complicates analysis.

Some studies look at the effect of future climate change alone, assessing the risks on the current
stock (and exposure and vulnerability). This is shown using a simplified illustration (Box 2.6,
Figure 1), starting with panel 1 (far left). However, in practice, even in the absence of climate
change, there will be changes in exposure and vulnerability in the future, for example with the
growing population projected in the UK, as well as the projected increase in economic growth.
Panel 2 shows that even in the absence of climate change, future impacts could rise due to a
greater stock at risk (all else being equal). However, it is not sufficient to add climate change and
socio-economic together (Panel 3) because the two acting together can lead to larger cumulative
risks (Panel 4, far right), e.g. climate change acts on a larger number of people or a greater value
at risk (e.g. see Rojas et al, 2013). Ideally, therefore, studies should look at the future impacts of
climate and socio-economic change individually as well as together, in order to separate out the
relative importance of each, though in practice this is rarely considered in national risk
assessments due to the difficulty of conducting this analysis across a wide range of risks.

It is also highlighted that there is considerable uncertainty around the socio-economic scenarios
themselves, which adds another uncertainty dimension to risks, especially when combined with
climate drivers. This can lead to a cascade of uncertainty (see Wilby and Dessai, 2010).

1) Climate change (CC) only 2) Socio-economic (SE) 3) Sum of CC and SE 4) Combined CC and SE
change only

Total (£)
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Box 2.6 Figure 1 Conceptual illustration of the impact of climate and socio-economic change,
individually and in combination.
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When undertaking new risk or impact assessment, it is possible to include consistent socio-economic
scenarios. This approach was used in CCRA1, and it was also included in the CCRA3 research
projects. However, such an analysis is impossible for a synthesis exercise such as CCRA3.
Furthermore, there is very little consistency on socio-economics in the underlying literature that
CCRA3 synthesises, with studies using very different approaches. Some impact studies only analyse
climate change effects, i.e. they assume static socio-economic conditions. Others consider both
climate and socio-economic change together, but they do this differently, e.g. some consider
population growth only while others also include economic growth. Only a handful of studies split
out the relative contribution of climate and socio-economic change, to allow analysis of the relative
contribution of each. In theory it might be possible to use UK socio-economic projections to
retrospectively adjust risk and opportunity scores, but in practice, this would be extremely
challenging.

For CCRA3, authors were asked to report risks and opportunities transparently and consistently from
different sources used in the evidence analysis, and to document the assumptions on socio-
economic change (e.g. whether UKCP09 and UK socio-economic scenarios are used, or SSP scenarios,
and which parameters were considered). However, this does not address the challenge of
consistently scoring risks and opportunities in the magnitude tables. Ideally, all risks and
opportunities should either consistently include or exclude socio-economic factors.

For CCRA3, the recommendation was to initially identify and score the total risk (the combination of
climate and socio-economic change) where possible, on the basis that it is the total risk that the UK
has to adapt to, provided climate change is a major factor’, for example, the combined total effect of
increased population and increased flood hazard. The exception to this is when a risk is dominated
by other factors and not climate, e.g. as is the case for air pollution. In this case, authors were asked
to score the incremental risk from climate change (and in the subsequent adaptation step, to only
consider if the risks of additional climate-related risks were not being managed).

However, it was also recommended to split out (where possible) the contribution from climate
change versus socio-economic change. In cases where risk information is only given in terms of the
climate change signal alone, authors were asked to give some consideration (for future periods) of
the potential change in risks (or opportunities) that might arise from the combination of socio-
economic change. Most importantly, authors were asked to be transparent and document exactly
what had been used, i.e. whether climate change only, or climate change and socio-economic
change, and if the latter which metrics.

To help inform CCRA3, the CCC commissioned a new set of UK socioeconomic dimensions from
Cambridge Econometrics (CE) (2019) as one of the CCRA3 research projects. These provided
consistent projections out to 2100 for the following priority indicators: Population; Gross Domestic
Product (GDP), Gross Value Added (GVA); Employment; Labour productivity (calculated from GVA

7 A different issue arises if the CCRA3 Evidence Report was to be used to provide detailed information on the benefits of domestic mitigation
policy, as part of global policy commitments towards the Paris Agreement. In this case, the focus is on the difference in the total risk between
alternative climate and socio-economic outcomes, e.g. between 2 and 4°C, which provides the net benefit of mitigation. However, when
reporting the marginal risk of climate change impacts for an individual scenario, this should - strictly speaking - only include the marginal
increase over and above the socio-economic counterfactual, as only that marginal increase is directly attributable to climate change.
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and employment projections); Land use; and Households occupancy rate. It is noted that this set of
data is not a set of UK socioeconomic scenarios and is not aligned to the IPCC Shared Socio-
economic Pathways (SSPs). Instead, the CE projections provide a central estimate along with an
upper and a lower bound estimate for each of the indicators, to use across the CCRA analysis where
appropriate. The low and high socio-economic data presented are based on the ranges from the
national data sets, e.g. around UK population projections. This mirrors the approach used in
previous CCRAs, which have focused on stand-alone national projections, in order to make sure that
these are compatible with official Government projections. The CE projections do consider some
mitigation elements for energy use, where the central scenario is based on the National Grid FES
‘Two Degrees’ scenario, and for land-use, where the high scenario includes an ambitious mitigation
policy. It is noted that socioeconomic dimensions related to the adoption of the Net Zero emissions
target was not factored into the CE report as quantified scenario data was not available, and does
have some major implications, see section below. The CE socio-economic data sets were used in the
CCC commissioned CCRA3 research projects on floods and water availability. However, they could
not be used to adjust existing studies in the literature for the Technical Report chapters, because this
would have required the primary studies to have presented future impacts for socio-economic
change alone.

A final issue on the socio-economic scenarios is the linkages with the international climate change
literature. In earlier studies (circa the time of the IPCC 4th Assessment Report), there was a set of
self-consistent and harmonised scenarios for both socio-economic and climate change (the SRES
scenarios). Future socio-economic pathways and associated Greenhouse Gas (GHG) emissions were
first assessed, then fed into global and regional climate models.

For the IPCC 5th AR, a new family of scenarios was defined, the Representative Concentration
Pathways (the RCPs) (van Vuuren et al., 2011). These include a set of four climate (forcing) pathways
(now extended to five), which cover futures that are broadly consistent with the 2°C goal through to
high-end (>4°C) scenarios. However, these were originally not aligned to specific socio-economic
scenarios (as in the SRES). The RCPs were designed to be combined with a set of global Shared
Socio-economic Pathways (SSPs) (O'Neill et al., 2014). The SSPs provide a set of socio-economic data
for alternative future pathways. Five alternative SSPs are currently provided (SSP1 to SSP5), each
with a unique set of socio-economic data and assumptions (available for each country). The SSPs are
presented along the dimensions of challenges to mitigation and adaptation. This provides the
flexibility to combine alternative combinations of future climate and socio-economic futures.
Combining RCPS and SSPs gives a large matrix of combinations (though not all RCP-SSP combinations
are considered possible, Riahi et al., 2017). This amplifies the uncertainty envelope, and there is a
need to sample possible future combinations to make analysis manageable. The RCP-SSP approach
has been used in much of the International climate literature when undertaking new impacts
analysis (e.g. see IPCC 2018a; IPCC, 2019). The SSPs have not been used in CCRA3, as this is not
possible in a synthesis exercise, and were not considered in the CE study. However, there has been
recent work that has developed Shared Socio-economic Pathways for the UK (UK-SCAPE: SPEED
project) (Pedde et al, 2020). These provide downscaled and enriched versions of the SSPs for the UK
as narratives and tables of trends and provide additional relevant information, which could be used
as an underpinning dataset for CCRA4. These are summarised in Box 2.7 below: these descriptions
are from the SPEED project itself and are presented as an illustration of this type of approach: they
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were not used in CCRA3. There are also similar SSPs that have been developed specifically for
Scotland (Kok et al., 2016).

Box 2.7. Example of Shared Socio-economic Pathways for the UK.

The UK-SCAPE project has developed UK SSPs. The summaries of these are presented below
(Pedde et al, 2020) as an example of the development of UK specific SSPs. We stress the
descriptions given below are taken from the study itself.

UK SSP1-Sustainability. A shift towards sustainability is triggered by natural disasters, the
vulnerability of many job sectors, and worsening standards of living that are perceived to be
connected to environmental degradation. Local green political networks and initiatives for change
emerge, leading to strong support for regionalisation. New legislation integrates green
development in lifestyle changes and in the technology, economic and energy sectors. Sustainable
agricultural intensification, facilitated by effective “polluter pays” legislation, and international
cooperation enable the UK to reduce its impacts from the externalities of agro-food systems. A
UK-wide “green race” delivers the policies and technologies that maximise sustainability and is
established across countries. Collaboration domestically and internationally plays a key role in the
green race, ensuring technologies, ideas and projects are shared to gain mutual benefits. By 2100,
the UK becomes a fully functional circular economy.

SSP2-Middle of the Road. Key public services, such as the health and pension sectors, reach a
critical point prompting reform through public-private partnerships. Public-private partnerships
also push forward technological development and investments in other sectors, such as transport,
energy, IT and infrastructure. While the UK continues to enjoy overall economic growth, social
inequalities increase and are countered by the introduction of a basic income and new working
rights. A series of shocks, such as crop epidemics and severe water shortages, leads to strong
policy responses that introduce Payment for Ecosystem Services schemes to address
unsustainable food systems, pollution and biodiversity loss. Both urban and rural planning
becomes highly regulated.

UK-SSP3-Regional Rivalry. With job losses and barriers to trade, the government lifts EU and UK
environmental regulations to allow access to a wider supply of domestic natural resources. The
UK increasingly closes its borders and invests in defence. Immigration from European and non-
European countries decreases, but internal migration increases because people move around the
UK in search of job opportunities which become concentrated in the major cities. The high
competition for jobs leads to an exploited workforce with low salaries. With a reduction in
personal income and the redistribution of public spending towards the defence sector, health
prevention and treatments decrease and death rates from ill health increase. Around 2040,
Scotland becomes independent from the UK, with the other nations following quickly afterwards.
With increasing socio-economic barriers, conflicts arise, markets shrink and informal economies
increase. With high levels of corruption, criminality is widespread across society and criminal
bands substitute themselves for former institutions. Across the (former) UK, a return to self-
subsistence lifestyles is widespread.

UK- SSP4-Inequality. In order to boost economic growth public support for radical action towards
novel development strategies increases. A National Strategy Development Plan is created to
foster business and economic opportunities in green energy and technological development
through opening up access to land resources. As businesses and technology flourish, peer-to-peer
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networks for storing and distributing digital information become popular means for businesses to
bypass centralised financial regulations and accumulate wealth. Society becomes increasingly
polarised and the North South divide widens. The divide is accentuated by the lack of government
intervention: the welfare state has been slowly eroded until its end in the 2060s. Lack of a stable
income and poor living conditions means that the vast majority live through committing minor
crimes, while a small proportion of rich elite control economic and natural resources.

UK-SSP5-Fossil-fuelled Development. Reduced public support for carbon taxation and taxes to
finance green transformation of infrastructure, lead to continued demand for cheaper and more
readily available fossil fuels. Strong development in domestic manufacturing is supported by the
discovery of shale gas, which leads to reduced energy costs. Increasing public investments in shale
gas production in northern England heavily contributes to the removal of the North-South divide.
The economy increases exponentially and welfare increases. Large increases in population lead to
rapidly expanding “city states” and massive urban sprawl. Large-scale environmental degradation
is initially masked using technological solutions. However, environmental tipping points are
reached by the end of the century ultimately leading to food shortages.

The scenarios present trends for a number of key socio-economic drivers, for various categories
(e.g. demography and society) and elements (e.g. population, urbanisation) for each SSP above.
These scenarios are being further developed under the UKRI-funded UK Climate Resilience
Research Programme, also being led by Cambridge Econometrics.

2.6.2.3 Net Zero

During the period that the CCRA3 was undertaken, the UK Government adopted a Net Zero
greenhouse gas emissions target for 2050. The 2008 Climate Change Act was amended from ‘it is the
duty of the Secretary of State to ensure that the net UK carbon account for the year 2050 is at least
80% lower than the 1990 baseline’ (net emission of CO; and net emissions of other targeted GHG), to
‘at least 100% lower’. The Scottish Government also set a net-zero target date of 2045 through the
Climate Change (Emissions Reduction Targets) (Scotland) Act 2019 (SP, 2019). The Welsh
Government has announced a 95% reduction in greenhouse gas emissions by 2050 with an ambition
to reach Net Zero (WG, 2019). At the time of writing, Northern Ireland had not yet adopted a target
but this was under consideration.

This had important implications for the future baseline socio-economic scenarios in England and all
DAs as well as mitigation-adaptation linkages. However, at the time of the CCRA3 analysis, there was
no published Government studies or policy announcements on how this Net Zero target will be
achieved. To consider this change, an additional step was included in the second round of the CCRA3
risk and opportunity scoring. This added two questions at the end of Step 1, for consideration at the
level of each individual risk and opportunity. These were: 1) Is the Net Zero target likely to increase
or decrease the magnitude of the CCRAS3 risk/opportunity, e.g. due to the implementation of
measures to achieve the target, and associated changes in the receptor the hazard is acting on? 2)
Could the climate change risk or opportunity make the net zero target easier or harder to achieve?
Given the current state of evidence (on Net Zero), these questions were addressed qualitatively. To
inform these answers, CCRA authors were asked to draw on the techno-economic scenarios of the
Net Zero report published by the CCC (CCC, 2019b). These scenarios illustrate ways in which
extensive decarbonisation of the UK economy could occur by 2050 (to demonstrate that a Net Zero
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emissions target by 2050 is plausible). However, these scenarios are not prescriptive on which
scenario is favoured, or which policies would need to be developed to achieve the goal.

It is stressed that the CCC scenarios are technical in nature and the Net Zero target does not mean
that the UK is on a SSP1 sustainability trajectory (see Box 2.7), not least because the SSPs relate to
both mitigation and adaptation challenges and need to be seen in the context of global scenarios.

2.6.2.4 Low likelihood, high impact scenarios

Although 4°C global warming in the 2080s is currently assessed as the fastest rate of warming
consistent with current worldwide policies and a reasonably likely range of responses of the climate
system, application of the Precautionary Principle motives consideration of more extreme scenarios.
The possibility of emissions growing at higher rates cannot be ruled out, and neither can the
possibility of strong feedbacks in the climate system, even if these are considered unlikely.

Moreover, there may be critical thresholds at which large-scale components of the Earth’s climate
system, at least sub-continental in scale, switch to a qualitatively different state due to a small
perturbation, and which may be irreversible (Lenton et al., 2008; Lenton et al., 2019). A number of
these are particular important for Europe (Levermann et al., 2012). Examples include Greenland and
Antarctic ice sheet deglaciation, which could become irreversible even if warming is stabilised,
accelerated loss of ice from the Antarctic ice sheet, collapse of the Atlantic Meridional Overturning
Circulation (AMOC), and accelerated carbon release from forest dieback or thawing permafrost. The
latter would affect the rate of global warming. Several of these are discussed in Chapter 1, and Good
et al. (2018) provides a review of recent literature since the IPCC 5th assessment report.

In previous CCRAs, there was some consideration of extreme or high-end risks associated with a
High++ scenario, and this was included again in CCRA3. However, in CCRA3, there is also more
attention placed on additional low-likelihood, high impact scenarios and events. These include more
extreme national to local high-end risks (sometimes called tail-end), higher warming scenarios (that
lead to more than 4°C global warming by the 2080s), and global Earth System tipping points or
tipping elements. These have not been included in the urgency scores analysis, due to the different
nature of these outcomes, but they have been considered separately.

For individual risks and opportunities, authors were asked to capture and report any information on
impacts of low likelihood, high impact risks in the evidence base. This could be new assessments of
High++ scenarios, or evidence of impacts from projections that warm so rapidly that they reach 4°C
earlier than the 2080s. The latter includes a large proportion of the UKCP18 projections with RCP8.5
emissions, and approximately the fastest-warming half of CMIP5 projections using RCP8.5
concentrations. The categorisation of different projections into the main analysis for the urgency
scores versus Low Likelihood High Impacts scenarios is shown in Box 2.8. To help this, the question
from the US 4th National Climate Assessment (USGCRP, 2018) was considered, i.e. ‘how bad could
things plausibly get?’ This information was not used in the magnitude score and was reported
separately.
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Box 2.8. Categorising climate projections as “Main Analysis” or “Low Likelihood High Impact”.

The upper boundary of the “main” projections for CCRA3 is defined by the earliest time of
reaching 4°C global warming with emissions consistent with current policies (see Box 2.5). Impacts
and risks studies that use projections that reach 4°C global warming between 2080 and 2100 are
therefore within the “main” analysis as part of the higher warming pathway and are used for the
magnitude scoring. Impacts and risks studies that use projections that reach 4°C global warming
before 2080 are in the “low probability high impact” category. However, in some cases,
information from the latter can still be used to inform assessments in the main analysis, e.g. by
comparing results at a particular Global Warming Level (e.g. 4°C) to assess whether climate
hazards or dynamical processes at a particular warming level are different in new projections such
as UKCP18 compared to older projections such as UKCP09. This method works for some hazards
(e.g. extreme precipitation) but not others (e.g. sea level rise).

The following projections were considered eligible for direct inclusion in the main analysis:

-UKCP18 projections driven by RCP6.0 emissions;

-CMIP5-based impacts studies using the RCP6.0 concentration pathway;

-Many of the UKCP09 “medium” (A1B) scenario — up to approximately the 75" percentile of the
probabilistic projections (see Box 2.8 Figure 1) and the majority of the 11-member RCM Perturbed
Parameter Ensemble;

Results from the lower percentiles of probabilistic projections with the UKCP09 “high” (A1FI)
scenario (see Box 2.8 Figure 1 below)

-Some CMIP5-based impacts studies using the RCP8.5 concentration pathway, including those
using central estimates of the ensemble, and individual models which reach 4°C in 2080 or later
(see Box 2.8 Figure 2);

-Subsets of the UKCP18 probabilistic projections driven by RCP4.5, RCP6.0 or RCP8.5 emissions
that reach 4°C close to 2100 (see Sayers et al., 2020; Arnell et al., 2021);

- Subsets of the UKCP18 projections driven by RCP6.0 or RCP8.5 emissions that reach 4°C between
2080 and 2100, i.e in the upper percentiles of the RCP6.0 probabilistic projections or lower
percentiles of the RCP8.5 probabilistic projections.
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Box 2.8 Figure 1 Comparison of global mean temperature projections (5" to 95" percentile
ranges) from the UKCP18 probabilistic projections driven by RCP6.0 emissions with the UKCP0Q9
probabilistic projections driven by SRES B1 (“low”), A1B (“medium”) and A1FI (“high”) emissions.
Source for projections: Met Office

Projected changes in global mean annual surface temperature
compared to 1850-1900

RCP 6.0, Probabilistic
—— RCP 8.5, CMIP5-13

——t

Mean air temperature anomaly at 1.5m (°C)
h ]

1980 2000 2020 2040 2060 2080

Box 2.8 Figure 2 Comparison of projected global mean temperature changes (5" to 95
percentile ranges) from the UKCP18 global probabilistic projections driven by RCP6.0 emissions
with the CMIP5 multi-model ensemble driven by RCP8.5 concentrations. Sources for
projections: Met Office, KNMI Climate Explorer https://climexp.knmi.nl/start.cgi

The following were considered part of the low likelihood, high impact (LLHI) analysis:

-CMIP5-based impacts studies using the RCP8.5 concentration pathway with some of the CMIP5
global models (those that reach 4°C before 2080 — roughly half of the models);

-A subset of the UKCP18 projections driven by RCP8.5 emissions that reach 4°C before 2080, i.e. in
the middle and upper lower percentiles of the RCP8.5 probabilistic projections.

Use of projections that reach 4°C before 2080

In some cases, information from projections that reach 4°C global warming earlier than 2080 were
used to inform the main analysis by applying the results to a later time (e.g. HRW, 2020). A change
in climate hazard at, say, 4°C global warming in 2070 could still be representative of a change in
climate hazard at 4°C global warming in 2090, if the associated regional changes in climate
quantities are known to depend primarily on the instantaneous magnitude of global warming and
are not strongly dependent on the rate at which this magnitude is reached (Wartenberger et al.,
2017; Barring and Strandberg, 2018). This allows a wider range of evidence to be included, but
needs to be used with care, as it is not always scientifically appropriate — for example, this
approach would not be appropriate for impacts of sea level rise, which responds to rising global
temperatures over very long timescales.
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Alongside this, a cross-chapter approach was taken to characterise low likelihood, high impact risks.
These were discussed in Chapter 1 (Slingo, 2021). This included new information from the UK Met
Office.

This information was included in an overall narrative for each chapter. It was also translated into a
separate watching brief for Government for low-likelihood, high impact events and scenarios.

Finally, it is noted that the low-likelihood, high impact scenarios above relate to the earth system.
There is a new emerging literature on socio-economic tipping points (van Ginkel et al., 2020), i.e.
where the tipping point arises in the socio-economic system. The evidence on these extremes is
more limited, which limits a more formal analysis, but some consideration of other large-scale,
potentially catastrophic risks was considered in the watching brief for Government.

2.6.2.5 Distributional effects and inequalities

As identified in CCRA2 (Street et al., 2016), there is strong evidence that climate risks and adaptation
measures will affect people differently, depending on their social, economic and cultural
environment. People and communities facing both social vulnerability and exposure to climate
hazards are likely to be the worst affected, and low-income households will be particularly affected
through negative effects on the cost of living, and because they have fewer resources with which to
respond (JRF, 2016).

There are many different approaches for considering these issues, with elements that consider
hazard, exposure and vulnerability (including adaptive capacity). In CCRA3, they are considered in
terms of environmental health inequalities, recognising that socioeconomic and demographic
inequalities can be expressed in relation to factors such as income, education, employment, age, sex,
race/ethnicity and specific locations or settings. The report is primarily focused on how these factors
affect the risk of being exposed, but also that inequalities are also caused by social or demographic
differences in vulnerability/susceptibility towards certain risks.

Many environmental health inequalities, particularly where they are linked to socioeconomic
variables or gender, also represent “inequities” because they are unfair and unjust. The root causes
of these inequalities are complex, but involve issues of distributive justice and procedural justice
(see also the definition of environmental justice, USEPA, 2020), i.e. risks are not evenly distributed
within societies and populations, and different population groups may have different opportunities
to influence decisions affecting their environment.

In CCRA3, chapters were asked to discuss risks or opportunities across affected populations, by type
of individual, and regional dimension, and assess inequalities in relation to the impact of climate
change (climate risks) (Step 1) and those generated by any relevant adaptation responses (Steps 2
and 3).

2.6.2.6 Monetary valuation

The requirement statement for CCRA3 from Defra and the DAs included a request for an analysis of
current and future risks and opportunities in monetary terms. This type of valuation (monetisation)
is a standard part of government economic appraisal, as set out in the HM Treasury Green Book
(HMT, 2018). It is based on the principles of welfare economics — that is, how the government can
improve social welfare or wellbeing.
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The aim of this sub-task was therefore to monetise current and future risks and opportunities (the
results of Step 1a and also Step 1b below) as far as possible, expressing these in terms of the effects
on social welfare or wellbeing (HMT, 2018), i.e. for society overall, as measured by individuals’
preferences using a monetary metric. This values market and non-market impacts, and includes
consideration of environmental, economic and social costs and benefits, not just financial costs. It is
recognised, however, that it is much more challenging to value some risks, such as those in the
natural environment theme. The valuation was undertaken for individual risks and opportunities.

In CCRA1, an indicative monetary valuation was undertaken. This used a consistent approach,
drawing on the underlying quantitative and semi-quantitative assessment of individual risks and
opportunities from the study (HRW, 2012a). It used a standardised approach for valuation, based on
the guidance from HMT Green Book and from individual Government Department appraisal, and
estimated the annual average damage for future time periods for the alternative UKCP09 projections
for each individual risk and opportunity. Values were presented without discounting®, in order to
facilitate direct comparison over time and between sectors. The monetary valuation of risks and
opportunities was not undertaken in CCRA2.

For CCRA3, the method used for monetary valuation mirrors the approach used in CCRA1, and aligns
to existing Government appraisal. The valuation was undertaken by a cross cutting team, working
with the chapter authors, looking at risks and opportunities individually in terms of annual average
effects. These estimates are presented in a separate report, but were fed back into the current and
future magnitude scores for each risk or opportunity.

As CCRA3 is a synthesis of existing research, quantification of monetary values is much more
challenging than in CCRA1, due to a lack of quantified future impacts for different scenarios in many
cases. In CCRA1, a consistent (semi-) quantitative analysis was undertaken for each individual risk as
part of a detailed impact assessment, using harmonised climate model projections and socio-
economic scenarios. In contrast, CCRA3 relies on existing studies (evidence) for each risk and
opportunity, but this means there is little consistency due to differences in primary studies in the
choice of climate and socio-economic scenarios, methods used, granularity (national/local), etc. This
makes it much more difficult to produce directly comparable results. As a result, in CCRA3 the
monetary valuation was primarily indicative, providing information on the order of magnitude of
potential impacts or benefits, in line with the magnitude scoring set out in Table 2.2. Where
possible, the valuation analysis imposed consistent practice through use of a common base year for
prices, without discounting (as for CCRA1, see above) in order to facilitate direct comparison over
time and between sectors. For some risks, direct economic cost estimates were already available
(primarily floods). For some quantified risks, unit monetary values from existing Governmental
appraisal guidance were applied. Where no quantitative information was available, estimates of the
order of magnitude of the economic costs was made based on available information and expert
judgement. As well as the estimated values, a consideration was made of any important
distributional costs or benefits, in line with HMT Green book guidance (HMT, 2018). It is stressed

8 It is noted that the economic costs of climate change, and the use of these estimates in subsequent policy analysis, such as the social cost
of carbon or adaptation policy cost-benefit, should discount. While the choice of discount rates has been a source of considerable
disagreement in the literature, there is guidance set out in the Treasury Green Book (HMT, 2018), and supplementary guidance on
intergenerational discount rates (HMT, 2008).
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that due to the use of a synthesis approach and evidence gaps for many of the risks, it was not
possible to provide an aggregate impact (of climate change) in the UK (i.e. the total costs of climate
change, from all risks and opportunities, expressed as an equivalent % of GDP).

The potential to consider the economic costs on natural capital from climate change in CCRA3 was
considered, but was not possible to undertake comprehensively as it was limited by the availability
of evidence on the quantitative impact (or benefit) of climate change on natural capital — as well as
the valuation of changes in natural capital.

2.6.3 Task 1c Assessing Possible Thresholds and Lock-in

As highlighted earlier (see section 2.3), CCRA3 has made more attempt to introduce adaptive
management thinking. This included consideration of thresholds and lock-in risks.

Authors were asked to identify potential major thresholds and if changes might arise under different
climate futures, notably with respect to the pathways to 2°C and 4°C global warming by the end of
the century, including consideration of uncertainties in regional changes. This analysis was
supported by a CCC commissioned CCRA3 research project on quantifying known threshold effects in
the natural environment (Jones et al, 2020). The identification of thresholds was used to consider a
possible change in the magnitude score, for example when it involved a major step-change in the
risk (or opportunity), although the primary use was to consider whether current adaptation plans
are sufficient and whether there would be benefits from additional adaptation (i.e. Steps 2 and 3).

For lock-in, CCRA authors were asked to identify any potential for lock-in (see section 2.3) over the
next five years when considering risks and opportunities. This was focused on identifying actions or
decisions that could potentially increase future risk or vulnerability that are also difficult or costly to
reverse later (quasi-irreversibility / path dependency). This can be from an i) action or decision
taken that is ‘business-as-usual’, ii) from a lack of an action or decision, or iii) from a maladaptive
action or decision. This introduces the concept of path dependency. Ideally, the identification of
lock-in risks would involve a quantified analysis of the impacts (and costs) of inaction, though is
difficult to do in a synthesis exercise such as CCRA3. Similarly, authors were asked to identify
decisions or actions in the next five years that needed to be taken to enable opportunities to be
realised. The temporal focus of lock-in is on the short-term, particularly the next five years
(consistent with the adaptation programme period), while noting these risks or opportunities from
the lock-in emerge in the longer-term. While the analysis of lock-in was identified and reported in
Step 1, it was used when considering the urgency scoring in Step 3.

2.6.4 Task 1d Investigate Cross-Cutting and Interdependencies

CCRA2 included a dedicated chapter on cross-cutting issues (Street et al., 2016). This considered two
types of cross-cutting issues: first, cross-cutting issues related to risks which include interacting risks
(hazards with multiple impacts), the consequences of interacting risks (knock-on effects) and
distributional risks (how risk affects people differently); and second, cross-cutting issues related to
adaptation.
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For CCRA3, interdependencies, cascading risks and cross-cutting risks were considered and
documented for each risk and opportunity. This analysis was supported by a CCC commissioned
CCRA3 research project on Interacting risks in infrastructure, the built and natural environments
(WSP, 2020). The project created 12 interlinked systems maps showing principal interactions within
and between the three sectors. The analysis of interacting and cascading risks, as well as the
possibility of combinations of hazards (Hillier et al., 2020) was subsequently considered in the
magnitude score for each individual risk and opportunity, with authors given the option to increase
the magnitude score based on evidence (using the magnitude in Tables 2.2 and 2.3).

2.7. Step 2 Assess Current and Planned Government and non-
Governmental Adaptation

The second step in the CCRA3 Technical Report method (Figure 2.8) assesses the influence of current
or planned adaptation in reducing current and future climate change risks, or responding to
potential opportunities. This provides an analysis of whether the medium, high or unknown risks
and opportunities identified in Step 1 are already being managed. The objective is to identify the
benefit of current and announced adaptation policy in reducing risks or enabling opportunities. It
also considers what might happen in the absence of further Government action, and thus whether

there is a justification for additional action.

2. Is the risk/opportunity being managed, taking account of government action and other adaptation?

2a. What are the effects of current adaptation policy and ’ For each country
commitments on current and future risks?
- Low = no shortfall
2b. What are the effects of non-government adaptation? 1— OR no shortfall
p 4 identified
2c¢. is the risk/opportunity being managed? ] High, medium, unknown >
| What are the barriers preventing adaptation to the risk / opportunity? l = adaptation shortfall

Figure 2.8. Step 2 in the overall method and urgency analysis.

These steps are described in more detailed below.

2.7.1 Task 2a Analysis of Current, Planned Government Adaptation

The first task is focused on assessing how current and planned adaptation might manage the risks

identified (in Step 1). The tasks involved a mix of qualitative and/or quantitative assessment
methods. Authors were asked:

e To assess the policy landscape for adaptation and identify existing policies and commitments
(including current as well as announced policies).
e To review and assess how far current planned adaptation action is reducing current risks or fully

realising current opportunities. For risks, this included consideration of how adaptation is
reducing exposure, decreasing sensitivity or enhancing adaptive capacity.
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e Authors were also asked to consider and document what effect adaptation actions have had
since the last CCRA, i.e. between 2012 and 2019.

e To review and assess how planned adaptation, and announced plans, could reduce future risks
or realise opportunities, as well as the potential for maladaptation from these plans.

This analysis was undertaken for each country. Additional information is given below.

The starting point was to understand the organisational responsibility and governance arrangements
for climate risks and adaptation (noting the two may differ), as well as to identify the current and
announced organisational objectives and policies/strategies of relevance for climate risk and
opportunities (non-climate and climate). This considered Government strategies and policies
(overall, and in the relevant sub-programmatic areas) both in relation to specific existing and
announced climate or resilience policy (National Adaptation Programme (NAP1 and NAP2) and the
adaptation programmes of the DAs) but also broader policy interventions that could reduce climate
risk or vulnerability. It also considered existing standards and guidance (mandatory and voluntary).

This task then considered how far existing policies and interventions are managing current risks, or
fully realising opportunities. CCRA3 authors were asked to consider what effect adaptation actions
have had on the level of current risks since the CCRA2 assessment (and indeed since CCRA1).
Following from Step 1, it was also important to consider if current government action is addressing
lock-in risks.

The analysis then looked forward, and considered how far existing policies and interventions,
including announced planned adaptation policies and strategies, are managing future risks or
opportunities. This effectively considered a current 'adaptation policy scenario’, which included a
consideration of adaptation policy objectives (and targets), the planned activities and outcomes, and
the possible effect on reducing risks (or realising opportunities). This is a key part of the analysis, but
it is challenging because Government targets on adaptation are often quite generic (i.e. they may
not be quantitative, or defined in SMART terms [Specific, Measurable, Achievable, Realistic and
Timebound, see National Audit Office, 2019]). Furthermore, there is often no quantified analysis (in
published adaptation policies and strategies) on the anticipated level of risk reduction and thus the
benefits of adaptation policies and strategies (Watkiss et al., 2019). In short, there is often not the
guantitative evidence presented in adaptation polices to know the extent to which future risks are
being reduced or opportunities realised. Further, there are important differences in how adaptation
objectives can be set, as well as the framing used in policy, that have a major influence, involving the
absolute or relative level of risk reduction, as well as the trade-off between adaptation costs and
benefits, as well as residual risks. Further information is presented in Box 2.9.

For adaptation to future risks, the analysis considered the degree to which existing and announced
policies would help adapt across all scenarios (2°C and 4°C future warming scenarios by 2100
globally) including uncertainty. Initially, authors were asked to consider whether adaptation was
sufficient to manage risks across the probability range, specifically the 10t to 90™" percentiles in the
UKCPO9 or UKCP18 projections. However, there was rarely the evidence to undertake such an
analysis in practice, and authors were asked to consider the ranges of uncertainty, as far as possible.

In the case of water availability and flood risk, a current adaptation policy scenario was calculated in
the accompanying CCRA3 research projects and was used directly in the relevant chapters in the
Technical Report to help to consider the level of risk reduction.
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Authors were also asked to discuss whether the proposed adaptation (in policies and strategies)
involves potential trade-offs or maladaptation. They were also asked to consider the distributional
consequences or inequalities inherent in existing or planned adaptation.

Chapter 2 — Methodology 62



Third UK Climate Change Risk Assessment Technical Report

Box 2.9 Adaptation Objectives.

There are many existing adaptation policies in place, as reported in the NAP2 (Defra, 2018) and
the 25 Year Environment Plan (25 YEP; HMG, 2018) and the Adaptation Plans of the DAs. These
form the basis for generating a current adaptation policy scenario, but it is often challenging in
practice to assess the actual benefits of these policies because many of them are not specific in
terms of objectives (Watkiss et al., 2019). Many of the targets in the 25 YEP and NAP2 are quite
general, e.g. they set a general goal for reducing risks or enhancing resilience, but do not include a
specific stated objective and outcome, which makes it is difficult to understand what level of
adaptation benefit the policy is meant to achieve. This is important because there are different
policy approaches and objectives for managing climate risks, and there is not a consistent
approach used across Government for managing current risks, let alone for the future. To
illustrate this by way of an example. In a hypothetical scenario of coastal protection, there are a
number of potential choices for setting an adaptation objective:

e Maintain existing adaptation infrastructure. This involves additional maintenance costs in the
future, but involves no additional enhancement of existing infrastructure or any additional
adaptation infrastructure.

e Maintain current (policy) objectives. This aims to maintain a constant relative risk. For
example, where a clear standard is set, e.g. an acceptable level of risk protection suchasa1in
100 year level, this can be maintained over time. However, this involves cost implications,
because additional infrastructure (increased costs) are projected to be needed in the future,
to maintain the same (1 in 100) level of protection under a changing climate with higher risks.
Importantly, maintaining the status quo will require additional action. Related to this, it
cannot be assumed that Government will maintain existing objectives, unless there is an
explicit policy commitment to also increase expenditure (on flood infrastructure).

e Maintain current levels of protection based on damage levels. This aims to maintain a
constant absolute risk. While this looks similar to above, it involves much higher levels of
protection, because of rising socio-economic change and increased value at risk, as well as
increasing climate change. It therefore involves higher costs (though it also provides higher
benefits).

¢ Maintain the (economic) optimal level of adaptation, where the costs and benefits of further
protection are considered and the optimal response introduced. This usually involves lower
levels of adaptation, because it avoids high-cost adaptation investments with lower benefits,
but has higher residual damages when compared to risk-based approaches above (although
these higher risks could, for example, be addressed through insurance). In practice, it is
almost impossible to know the optimal level of adaptation because of uncertainty (though it is
possible to consider dynamic optimality (Eijgenraam et al., 2013) or optimal-like responses
under uncertainty.

Critically, each of these choices involve very large differences in the way that risks are managed,
as well as the benefits of further action (and thus adaptation costs and benefits). These objectives
would normally be compared to a counter-factual option to do nothing (to live with the risk), and
would lead to the subsequent consideration of different types of interventions, e.g. whether to
protect or retreat. It is highlighted that further consideration of objectives would be useful,
including consideration of public risk preferences on these issues.

In theory, the analysis of planned adaptation should also take account of alternative socioeconomic
futures, because these will affect exposure, residual impacts, etc. and thus the effectiveness of
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adaptation. They might also bound the national and regional availability of resources for adaptation.
In practice it is very difficult to assess this except where there is very detailed quantified information
available. Adaptation can also —itself — lead to lock-in, linking back to the lock-in issues identified in
Step 1.

A similar approach is used to assess opportunities, although there are some important differences.
For opportunities, there is a need to consider spontaneous and non-government planned adaptation
first (Task 2b, below) and assess how far these realise the potential benefits or whether there is a
potential shortfall. In the case of the latter, the analysis has to then consider if Government action is
in place to help realise opportunities, e.g. to create the enabling environment to enhance potential
benefits (of climate change). If not, then the opportunity is considered not to be fully managed. In
theory, this could mean that the magnitude score of a potential opportunity could be high, but
current actions are only likely to deliver a low or medium score. This is different to the scoring of
risks (where a low magnitude assumes no additional action is needed). The analysis of whether
opportunities are being managed was primarily qualitative, based on the evidence, expert
judgement and discussion with Government and stakeholders.

The analysis of planned adaptation also considered the potential synergies and trade-offs with
mitigation. This has an important linkage to the Net Zero target. As highlighted above, it was not
possible to use Net Zero as a new business as usual scenario, because at the time the evidence
review was undertaken there were no announced plans or policies on how this would be achieved.
For this reason, CCRA authors were asked to consider the synergies and trade-offs between
adaptation and mitigation in Step 3, as part of Net Zero considerations (see later discussion).

2.7.1.1 Adaptive capacity

Previous studies, including CCRA1, have highlighted the importance of adaptive capacity in
adaptation. However, there are different definitions of adaptive capacity. From one perspective, it is
a part of the IPCC Core Concepts and linked with vulnerability (see Step 1). However, there is a
separate aspect of adaptive capacity that relates to the goal of CCRA3 and the capacity of planned
Government action to respond to the risks identified. This emphasises socio-institutional and
organisational aspects, i.e. associated with the ‘process of adaptation’ at organisational and/or
structural (sector) level (see Box 2.10). This element sits within Step 2 of the method.

In CCRA1, Ballard, Black, and Lonsdale (2013) defined this form of adaptive capacity as the ability of
a system to design or implement effective adaptation strategies to adjust to information about
potential climate change (including climate variability and extremes), to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences. In this definition,
‘adaptive capacity’ is the capacity to take effective adaptation actions, i.e. the extent to which
organisations and individuals are able to identify climate risks and make well-informed, long-term
decisions that could make them more resilient to the impacts of climate change. A survey was
undertaken of the level of organisational and structural capacity in different sectors. This survey was
not repeated in CCRA2, and was not included in CCRA3: this represents a missed opportunity to
capture progress over time. It is noted that there would be benefits from a more explicit
consideration of adaptive capacity in CCRA4.
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Box 2.10 Adaptive Capacity.

Previous work on adaptive capacity (Ballard, Black, and Lonsdale, 2013) in CCRA1 differentiated
adaptive capacity into two distinct components:

e Organisational adaptive capacity (OAC): a measure of the current ability of organisations
within the sector to undertake effective adaptation actions in response to climate change.
This considers the level of capacity of the organisation, i.e. does it have a climate risk
management or adaptation plan through to whether it is planning strategically and has
implemented adaptation.

e Structural adaptive capacity (SAC): a measure of the systemic factors currently at work within
the sector that affect its ability to adapt to climate change. These consider the sector’s
complexity, typical decision lifetimes (short or long), and the extent of activity providing
potential opportunities for undertaking adaptation actions.

In sectors where SAC is low (e.g. because the sector is highly complex or decision lifetimes are
typically very long), a correspondingly higher level of OAC will be needed to compensate and so
enable the sector to adapt successfully to the impacts of climate change. Underlying this is the
assumption that capacity develops progressively, i.e. that organisations start off less effective, but
grow capacity through learning, thus barriers that apply at early stages are different to those that
apply when organisations improve. There are also some studies that have reported on success
factors for building capacity for adaptation (Ballard, Black, and Lonsdale, 2013; Ballard, Bond, et
al., 2013; Frontier Economics, 2013).

There is also a much wider literature on adaptive capacity that includes many more components
and aspects. These are contingent on the wider enabling environment, such as access to data,
scientific and technical knowledge, institutions, as well as learning. A good discussion of these was
included in the CCRA2 Cross Cutting Chapter (Street et al., 2016).

2.7.2 Task 2b Assess Non-Governmental Adaptation

The next task was to consider additional forms of adaptation that might reduce current and future
risks in the absence of further planned Government or other organisational action. It assessed what
additional adaptation could happen, including spontaneous and non-Governmental planned
adaptation, to help manage risks (or take advantage of opportunities), but also if these non-
Governmental responses had the potential for maladaptation.

For some risks or opportunities, there is a strong rationale for non-government action to lead on
adaptation, i.e. where an increase in government expenditure would result in a matching decrease in
private expenditure, (known as ‘crowding out’) (HMT, 2018).

In the previous CCRAs, the consideration of this type of non-governmental adaptation (e.g. by the
private sector or households) was called autonomous adaptation®. However, the focus of CCRA3 in
step 2 of the method is to establish what could happen in addition to Government planned
adaptation. This could include some spontaneous adaptation (i.e. reactive adaptation in response to

9 The IPCC AR5 glossary (2014b) defined autonomous adaptation as a response to experienced climate and its effects, without planning
explicitly or consciously focused on addressing climate change. This is also sometimes called spontaneous adaptation.
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the changing climate), which might be termed autonomous. However, it could also include planned
non-governmental action, such as planned adaptation by the private sector (including in privatised
sectors). By definition, planned pro-active responses cannot be autonomous, irrespective of the
actor, because they involve conscious plans and strategies for future climate change. For this
reason, the term autonomous adaptation was not used in CCRA3.

Authors were asked instead to assess the potential for reactive, spontaneous adaptation which

could arise from direct experience of a changing climate and whether these might manage risks in
the absence of, or in addition to government policies and plans. This considered reactive or
spontaneous adaptation as for example:

e A natural response, for example, natural species shifts to changing agroclimatic zones, or
acclimatisation, for example, the physiological and behavioural acclimatisation of people to
experienced higher temperatures.

e Anautonomic (unplanned) response in a system, e.g. reduced winter temperatures, leading to
reduced winter heating demand in households due to automatic temperature systems, reducing
energy demand for heating (noting these can be defined as impact or an adaptation).

e The reactive response of households or the private sector to experienced climate change,
including behavioural change (focused on the response to changes experienced, not planned,
such as changing behaviour to reduce heat related risks, or fitting household level protection
measures), without any Government intervention.

e The reactive market response e.g. changes in demand, etc. as a result of changing prices from
experienced climate change.

It also considered planned, proactive adaptation by non-government actors, e.g. planned adaptation

to future climate risks by the private sector. There is some information on private sector activities
reported under the Climate Change Adaptation Reporting Power (ARP, currently going into its third
round, although to note this also includes some governmental organisations as well), though this
was not available at the time of CCRA3. The Climate Change Act 2008 allows the Government to ask
certain organisations to produce reports on the current and future projected effects of climate
change on their organisation and their proposals for adapting to climate change (though the
reporting powers were changed from mandatory reporting in the first round to voluntary reporting
for the second and current round). At the time of CCRA3, such reports were being prepared by a
number of government agencies, authorities and regulators, as well as companies in key privatised
sectors (water, energy). As highlighted earlier, this task is also important for opportunities, and the
key issue in these cases is to assess whether benefits will be realised without Government action.

The consideration of additional non-Government adaptation (reactive and planned) was used to
establish whether risks might be managed - and opportunities realised - even without government
intervention. However, there is generally a low evidence base on non-governmental adaptation, and
thus this task was primarily qualitative.

When non-Governmental adaptation is present, it is important to consider if it is beneficial, defined
through the lens of social welfare, as if not this could be a form of maladaptation. Action by
individual actors could, for example, shift vulnerability to others, or could lead to other impacts or
disbenefits. As an example, the increase of air conditioning as a response to building overheating is a
non-Governmental adaptation response, but it would increase energy use and carbon emissions,
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and possibly exacerbate social inequalities (as some can afford to pay for this and some cannot),
thus could be a form of maladaptation. Likewise, some farm-level responses (e.g. increased irrigation
and fertiliser use) may involve wider cross-sectoral trade-offs that necessitate a role for planned
intervention. This assessment also considered cases in which adaptation could have unintended
consequences, e.g. creating lock-in, or increasing risks in other sectors or associated with other
development or social objectives.

2.7.3 Task 2c Analysis of Need for Further Adaptation and Barriers to Adaptation

The final task in Step 2 was:

e To re-assess the magnitude of future risks (or opportunities), with the current and planned
adaptation in place, i.e. to identify future residual risk. In general, the output of this task was to
identify if risks or opportunities are being managed down to a low magnitude level, though with
some exceptions listed below.

e When residual risks remained (magnitude is high, medium or unknown), to assess why action to
address these risks (or take advantage of opportunities) was not being taken, i.e. to identify the
barriers (constraints) to adaptation.

At the end of this task, there was a re-analysis of the magnitude of future risks or opportunities
(from Step 1), taking into account planned adaptation (from 2a) and non-governmental adaptation
(from 2b) identified above. This analysis was evidence based and drew on a range of independent
sources, including but not limited to the CCC's progress reports, as well as emerging information on
the CCC's forthcoming independent assessment of the second Scottish Climate Change Adaptation
Programme.

However, in many cases, the assessment of whether current and announced policies or strategies
are managing risks often involved a level of expert judgement, especially as there is little academic
literature or independent analysis that evaluates the potential effectiveness of Government
adaptation policy. To address this, a set of criteria were used to assess whether the risk or
opportunity was being managed sufficiently. These are set out in Table 2.7 below.

A risk was only considered to be ‘fully managed’ if clear plans and objectives were in place, and one
of the following is true:

e The planned interventions reduce the magnitude to ‘low’ across both scenarios of 2°C and 4°C
global warming at the end of the century, as defined in Box 2.5, and across the range of
uncertainty. The latter was defined in the method as sufficient to manage risks across the
probability range, specifically the 10™ to 90" percentiles in the UKCP09 or UKCP18 projections.
However, there was rarely the evidence to undertake such an analysis in practice, and authors
were asked to consider management of risk across the range of uncertainty as far as possible.

e When a current risk is medium or high magnitude now, and increases further in the future due
to climate change, but planned adaptation action will manage this risk (across scenarios of both
2°C and 4°C warming at the end of the century, as defined in Box 2.5, and across the range of
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uncertainty) back down to the same absolute levels of risk as today®. In this case the risk is
considered to be managed provided the future strategies include clear goals and objectives for
adaptation, and that the drivers of vulnerability and exposure are being well managed (today
and for the future), and there is evidence that this will be delivered with appropriate
implementation plans. Furthermore, to be considered fully managed, current risks (and thus
residual risks in the future) also needed to demonstrate they had considered recent climate
trends including potential unobserved risks today, such as captured through the UNSEEN
analysis.

e When a current and future risk is dominated significantly by other factors over and above
climate, e.g. as is the case for air pollution, authors were only asked to score the incremental risk
from climate change in Step 1. They were then only asked to consider if the risks of additional
future climate-related risks were being managed in Step 2.

For opportunities, the analysis considered whether the enabling environment (to take advantage of
benefits) was in place, noting at this stage, a low score for an opportunity is a trigger for the
consideration of additional action.

In all cases, the justification for this scoring was set out. This assessment (of this adaptation gap) was
undertaken for each of the four countries (England, Northern Ireland, Scotland and Wales).

In cases where there was insufficient evidence, but there was widespread agreement between the
CCRA authors, CCC and peer reviewers that the risk might not be managed in the future (i.e. an
adaptation shortfall), then this triggered further investigation in Step 3. Conversely, if these groups
considered that the lack of evidence was not an issue, e.g. because the market was considered to
incentivise appropriate action or because Government has commitments in place (with reasons
why), then these were not recommended for further consideration and given a “sustain current
action” or “watching brief” urgency score.

10 The literature (Burton et al., 2004) identifies that adaptation to future climate will be less effective if adaptation deficits are not first
addressed. If there is a medium or high current risk, this could mean there is an adaptation deficit, which could make future adaptation
harder. Managing future risks only back down to this current medium or high level will also mean the adaptation deficit continues. However,
it is also possible that a trade-off has been made over managing medium or high current risks based on the costs and benefits of further
action versus the levels of residual risk, or based on societal risk preferences (see Box 2.7). It is difficult to judge if there is an adaptation
deficit today without making a judgement on the risk appetite for addressing risks. The customer requirement from Government excluded
the consideration of risk appetite in CCRA3, and thus possible issues around current adaptation deficits have not been considered.
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Table 2.6 Criteria to assess whether risks or opportunities are being managed (in the future).

Yes (fully) Partially No
Risks Policy, strategy or plan in place, with Policy, strategy or No policy, strategy
clear objective (SMART) AND Actions planin place, but no | or planin place to
will reduce risk to a low magnitude, clear objective. reduce risk, OR
across .the rz:nge of future warming Orin place, but only | Government action
scenarios (2°C and 4°C at end of the .
. . commits to or non-
century, as defined in Box 2.5, and . .
) managing risk for Governmental
across the uncertainty range [see o . L
2°C warming adaptation is
text]), OR . .
pathway, or no managing risks as
For risks that already have a medium uncertainty set out, but there is
or high magnitude today, actions are consideration. a risk of
reducing the future risk (in the maladaptation, OR
scenarios of 2°C and 4°C warming at Lack of evidence of
end of the century, and across the .
) R adaptation, but
uncertainty range) to maintain it at .
, ) widespread
today’s level, the drivers of
| bilit q bei agreement between
vu IrI\era ili y(::lmt prosu(;e. a;E eing the CCRA authors,
well managed (to ay.an in the CCC and peer
future), and recent climate trends are .
I d for in th licy. OR reviewers that the
well accounted for in the policy, risk might not be
For risks that are dominated now and managed in the
in the future by other factors over future.
and above climate (e.g. air pollution)
the incremental risk is being
managed down to a low magnitude.
Opport- Opportunity will be fully realised in Opportunity will Opportunity will
unities absence of government intervention NOT be fully NOT be fully
OR realised in absence realised in absence
The enabling environment is in place ?f govern'ment _Of govern.ment
. . intervention and intervention and no
to fully realise the opportunity.
only some elements | elements of the
of the enabling enabling
environment are in environment are in
place. place.
Confidence High: High quality evidence of the Medium: Some Low: Little/no/
in the effects of future adaptation in evidence on the effects|contrasting evidence of
assessment | managing the risk and high of future adaptation in jthe effects of future
of agreement between experts. managing the risk adaptation in
adaptation and/or high agreement|{managing the risk and

(also shown
in table2.4)

between experts.

little agreement
between experts.
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2.7.3.1 Barriers

In cases where an adaptation shortfall was identified, the final task was to understand why
adaptation is not taking place, i.e. what are the reasons for the adaptation gap. This builds on
existing literature that identifies that there are often barriers (constraints) that make it difficult for
individuals, businesses and Governments to plan and implement adaptation actions (Cimato and
Mullan, 2010; Frontier et al, 2013; Klein et al., 2014). There were two considerations in this barrier
analysis:

e To identify the barriers that might be stopping or hindering adaptation, e.g. market, information,
policy and governance failures, behavioural barriers, etc.

e To assess how these barriers might be overcome, and thus help identify the appropriate type of
planned adaptation (linked to Step 3).

These barriers and constraints are also important when considering opportunities. In many cases,
the opportunities of climate change may not happen without Government providing the enabling
environment, addressing the barriers that allow others to take advantage of the possible benefits.

2.8. Step 3 Assess the Benefits of Additional Adaptation Action

In the case where an adaptation shortfall is still identified after Step 2, i.e. the risk is not being fully
managed or opportunities are not being fully realised, the final step considers the potential benefits
of additional adaptation (see Figure 2.9). The aim is to identify if additional action would be
beneficial, over the next five-year period, to manage the residual risks. As outlined above, CCRA3
aims to identify whether future action might be beneficial, but also what type of adaptation might
be beneficial, categorised using the three building blocks set out earlier (see Figure 2.3). CCRA3 also
has a new focus on understanding the scale, at least at an indicative level, of the potential costs and
benefits of further action.

The findings of this analysis — along with other findings from Steps 1 and 2 — are then used to inform
the overall urgency score for each risk or opportunity. CCRA3 also included a stronger linkage
through to the next CCRA cycle — to CCRA4 — to identify research or information gaps that would
help future adaptation (as part of adaptive management).
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3. Are there benefits from further action in the next five years, over and above what is already planned?

w

Yesl No

[Sa. What type of additional (planned) action would address the adaptation shortfall? }

Would immediate Are there near-term Would initial action Is there a lack of
action generate decisions with a help prepare for evidence on risks,
early benefits long life-time / risk long-term change / opportunities or
now? of lock-in? long lead times? adaptation?
[ 3b. What are the indicative costs and benefits of additional adaptation? }
1 1 1 1
[ 3c. What is the overall urgency score? _ J

More urgent More urgent More urgent Less urgent |

No and low regret ‘Climate-smart’ Early activities to
adaptation, design, considering support future

c) d)
Sustain Watch-

b) Further
invest-

including capacity uncertainty adaptation current ing

action brief

igation

a) More action needed

3d. What information (risks, opportunities, adaptation) would be useful to inform CCRA4/NAP4?
Where might transformational adaptation be needed?

¥
[CCRA3 Evaluation ]

Figure 2.9 Step 3 in the overall method and urgency analysis.

Chapter authors were asked to undertake the following activities for risks:

e |dentify possible areas of additional adaptation - noting this could be building capacity or
creating the enabling environment for adaptation, as well as delivering adaptation.

e Where possible, to suggest the type of additional adaptation that might be relevant, i.e. aligned
to the three building blocks (noting that at the national level, it is likely to involve a mix of all
three types of intervention). This involves linkages to lock-in risks and thresholds, and also to
how adaptation might need to evolve over time considering 2°C and 4°C warming pathways.

e Assess the indicative costs and benefits of further action, as well as possible co-benefits,
including synergies (or trade-offs) with mitigation (and Net Zero).

e From the steps above, to identify if further adaptation action would be beneficial.

e For all risks and opportunities (including those identified as low magnitude or being managed):
Assign an overall urgency score.

e |dentify additional information that would be useful to inform CCRA4/NAP4, both with respect
to risks and adaptation.

e For Government/CCC, to start the process for the formal evaluation of CCRA3.

These steps are described in more detail below.
2.8.1 Task 3a Analysis of Possible Early Adaptation Options

The first task of Step 3 was to identify potential additional adaptation that could be undertaken to
reduce risks or enhance opportunities. This was framed as the additional adaptation scenario. It
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considered the broad type of adaptation that could be taken, focusing on the early adaptation
priorities set out in Figure 2.3 (i.e. no and low regret options, climate-smart decisions to address
lock-in, and early action to inform long-term risks or opportunities), noting that for many risks and
opportunities, this may involve a portfolio across all three. In line with the mandate of the CCRA, and
the advice from the Government and the DAs (in the Customer Requirement), this did not aim to
define the risk appetite, or specifically on how to adapt, since those are policy or operational
decisions (and thus fall to the NAP and Adaptation Programmes of the DAs). Instead, the aim was to
identify potential additional adaptation interventions that were identified in the evidence and
literature, as well as from inputs from chapter experts, stakeholder consultation and the peer review
process. This might include direct Government intervention or by creating an enabling environment
or building capacity to help others to act.

The focus was to identify additional possible action in the next adaptation reporting period (i.e. the
next five years), to address risks in the current, medium or even long-term. A similar approach was
taken for opportunities, except for these, it is the potential to seize an opportunity rather than avoid
a negative impact that was considered. Authors were asked to consider if there were particular
adaptation priorities associated with the risks of lock-in (see section 2.6.3), which would necessitate
more urgent action in the next adaptation programme period. Authors were also asked where
possible to consider the potential differences in adaptation that would be needed under pathways
to 2°C and 4°C global warming, including uncertainty in regional impacts. These can be indicatively
identified as part of a pathways approach, especially if there are potential thresholds involved (see
section 2.6.3). In some cases, the difference between 2°C and 4°C warming scenarios could be a
case of doing more (i.e. with higher sea level rise, there is an incremental increase in coastal
protection) but in other cases, it could also mean doing something different (i.e. with higher heat
thresholds, a heat alert system may not deliver the necessary adaptation to address health risks and
building design may also be needed). Related to this, an important issue here was the rate of
change, i.e. as well as how much adaptation action, how quickly this might it be needed. These
various elements were introduced to try and encourage a more adaptive management approach,
but it is stressed such considerations could only be indicative, given CCRA3 is a synthesis: much
greater resources and new analysis are needed to implement adaptive management for each risk
and opportunity (as found in the Economics of Climate Resilience study, HMG, 2013; Frontier et al.,
2013).

Authors were also asked to consider alternative socioeconomic futures, as these will affect
adaptation needs and opportunities, and also allows consideration of different adaptation options,
e.g. that tackle vulnerability or adaptive capacity, rather than climate hazards directly.

This task also included a linkage to the Net Zero target, which has important implications for
adaptation. CCRA3 authors were asked to consider the synergies and trade-offs between adaptation
and mitigation in this task, as part of Net Zero considerations. This followed on from the questions
asked in Step 1 (see earlier section) on Net Zero alignment. Authors were asked to consider if
additional adaptation action might increase emissions, and thus act to make the Net Zero targets
more challenging. This involves a consideration of the changes that will happen along the pathway
to Net Zero, i.e. low-carbon electricity generation could reach 75-85% by 2030 (CCC, 2019b) and will
be zero carbon by 2050. Conversely, additional adaptation action that had neutral or positive
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synergies with mitigation — and especially Net Zero — were considered more relevant (while noting
synergistic emissions reductions were not a pre-requisite for further adaptation action).

2.8.2 Task 3b Costs and benefits of further action (Indicative)

A new task included in CCRA3, at the request of the Customer Group, was to consider the possible
costs and benefits of the further action identified in Task 3a above. As set out earlier, valuation
(monetisation) is a standard part of UK government policy development and economic appraisal, as
set out in the HM Treasury Green Book (HMT, 2018). It is based on the principles of welfare
economics — that is, how the government can improve social welfare or wellbeing. These same
concepts are applicable to the identification of possible further adaptation interventions, and the
analysis of the benefits of further action. This task involved two economic elements from the
Government appraisal process (HMT, 2018).

The first task in the appraisal process is to provide the rationale for intervention. HMT (2018) sets
out that a clear rationale for intervention should be identified and then used to develop the
objectives or outcomes the government wishes to meet through intervention. The same issues apply
when considering further Government action on adaptation (Cimato and Mullan, 2010; HMG, 2013).
In CCRAS3, the justification for intervention was linked to the barriers identified in Step 2, i.e. the
economic, policy and governance barriers that arise from market failures, or information, policy and
governance failures. The rationale for intervention considered the relevant barrier or constraints
involved with each risk or opportunity, and why adaptation was not already happening. This was
then used to provide the economic rationale for early adaptation and some early information on
what types of interventions might be appropriate.

The second task in the appraisal process is the consideration of options, starting with a long-list and
then undertaking filtering this down to a short-list for detailed economic analysis. (HMT, 2018). The
latter involves analysis of the costs or benefits of policies or projects (and options), where possible
valued and monetised, in order to provide a common metric. In CCRA3, following from the
monetary valuation of risks outlined in Step 1, this task investigated the indicative costs and benefits
of the further adaptation action. This information was used to help identify the possible priority
areas for action (from Figure 2.3), to assess the possible benefits of further action as compared to
costs, and to help inform the urgency score. Given the synthesis nature of CCRA3, this was primarily
based on a review of existing evidence and qualitative analysis.

It is stressed that the analysis of the costs and benefits of adaptation is challenging, much more so
than for mitigation, and this makes it difficult to gather comparable information on further action
across risks and opportunities. For mitigation, benefits are measured using a common burden
(tonnes of GHG reduced), irrespective of location and sector, and many studies prioritise options
using a cost-effectiveness analysis (£/tCO,), which is a relative measure and provides direct
comparability across interventions. This also makes it easier to use a synthesis exercise to gather
information on benefits of further action. In contrast adaptation benefits require quantification of
the reductions in climate impacts (not burdens), and these are time-, sector-, location- and context-
specific. Adaptation is also generally introduced as part of a mainstreaming approach in the UK,
which requires consideration of multiple metrics, not a single metric, and this means that a cost-
effectiveness approach is insufficient. The economic prioritisation of adaptation is therefore better
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suited to cost-benefit analysis (CBA). However, because of uncertainty, as well as valuation in non-
market sectors and of non-technical options, this normally requires extended cost-benefit analysis or
multi-metric appraisal (see Chambwera et al., 2014).

There is also a very low evidence base on the costs and benefits of adaptation and many estimates in
the literature are based on technical (engineering) adaptation options for long-term climate change
(OECD, 2015). For CCRA3, however, the focus is on the costs and benefits of short-term adaptation
priorities (implemented over the next five years), which might have short, medium or long-term
benefits. Given the synthesis approach of CCRA3, it was not possible to undertake new analysis, and
thus the task drew on previous evidence reviews (ECONADAPT, 2017) and available literature.

It is noted that the consideration of the costs and benefits of adaptation, as part of economic
appraisal, does require the use of discount rates, in order to estimate the net present value or
benefit to cost ratio. As highlighted earlier, the use of discount rates when calculating the social cost
of carbon, or the costs and benefits of mitigation policy, has been very contentious. However, CCRA3
is not looking at mitigation policy: it is focused on domestic adaptation, particularly near-term
actions that align within the existing policy decision landscape and thus existing Government
recommended discounting approaches. For longer-term adaptation investments, it is stressed that
the UK guidance (HMT, 2018) already uses declining discount rates. It is also noted that CCRA3 still
prioritises long-term adaptation considerations, see Figure 2.3, with early action to plan for longer-
term risks. However, it is highlighted that in future CCRAs, if transformational adaptation is
identified, this may necessitate consideration of intergenerational issues when considering the costs
and benefits of further action (and accordingly, the HMT intergenerational discount rate scheme,
HMT, 2008).

Towards the end of the CCRA3 process, in late 2020, new HMT supplementary Green Book guidance
was published on accounting for the effects of climate change (adaptation) (Defra, 2020). While this
was too late to inform this task (3b) in CCRA3, the approach the guidance recommends broadly
aligns with the description above.

The consideration of further adaptation also considered if there were additional co-benefits. This
included potential synergies (or trade-offs) with mitigation and Net Zero. Previous studies (e.g.
Watkiss et al., 2015) have identified that adaptation and mitigation options can lead to synergies and
potentially increase the attractiveness of adaptation, though in other cases there is also the
potential for conflicts. Finally, as with Task 1a, the potential distribution of costs and benefits
associated with adaptation measures was considered, i.e. to consider in broad terms who bears the
costs or gains the benefits.

This information was used to assess if further action would be beneficial in managing risks or
opportunities. If not, then it was categorised as a ‘sustain further action’ or ‘watching brief’.

2.8.3 Task 3c overall urgency score

This task brings together the information above. It addresses the primary goal of the CCRA, which is
to provide an assessment of risks and opportunities to inform the priorities for adaptation at the
national level, and thus primarily seeks to provide information for the UK Government and devolved
administrations.
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To do this, an overall urgency score is given to each risk or opportunity. This is undertaken
separately for each country. It is stressed that the urgency score provides different information to
the magnitude score. For example, even if the future magnitude of a risk is classed as medium in the
2050s, the urgency might be high if plans do not exist to manage this as yet, and might be
compounded if there are the risks of lock-in in the short-term. Indeed, for many future risks, there is
often a window for intervention (Ballard, Black, and Lonsdale, 2013) today to change the course of
action for the future.

In the CCRA context, urgency is defined as a measure of ‘the degree to which action is needed to
reduce a risk or realise an opportunity from climate change’. It identifies where the need for
adaptation is likely to be most ‘urgent’ between 2023 and 2027 (the next adaptation programme
period) and similar periods for the devolved administrations (e.g. for Scotland, the next adaptation
programme is due in 2024).

The CCRA3 urgency score follows from the previous three steps, i.e. from the assessment of 1) the
current and future level of risk or opportunity, 2) the effects of current and planned adaptation, and
3) the benefits for further beneficial action in the next five years. It assigns a single urgency score for
each risk and opportunity for each UK country, along with a summary of what additional adaptation
could be beneficial (where relevant) and what this might look like. This simple urgency scoring
approach is used because it is transparent and can be understood and considered with ease and
speed by policy-makers with responsibility for large and diverse policy areas.

This urgency scoring was used in CCRA2, but some minor changes were made to the approach in
CCRAS3. It assigns each risk and opportunity one of four urgency scores (see Table 2.8). It is
important to note that no risk or opportunity ‘falls out’ of the framework. Risks and opportunities
identified as more urgent (‘more action needed’) have a specific and immediate action, but even
those identified as less urgent (‘watching brief’ and ‘sustain current action’) require ongoing action
and/or monitoring to see if the actions that should be happening, are happening.

Based on the urgency score, the UK Government and devolved administrations then need to decide
what specific action to take to address each risk and opportunity. The effectiveness of the National
Adaptation Programme for England in reducing these risks and realising opportunities is
subsequently evaluated within the CCC'’s statutory evaluation role. The CCC has also evaluated the
effectiveness of the Scottish Climate Change Adaptation Programme in response to requests from
Scottish Government.
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Table 2.7 CCRA3 Urgency Score descriptions.

Urgency score Description
‘More action New, stronger or different Government action, whether policies,

needed’* implementation activities, capacity building or enabling environment for

adaptation — over and above those already planned — are beneficial in the next

five years to reduce climate risks or take advantage of opportunities. This will

include different responses according to the nature of the risks and the type of

adaptation:

e Addressing current and near-term risks or opportunities with low and no-
regret options (implementing activities or building capacity).

e Integrating climate change in near-term decisions with a long life-time or
lock-in.

e Early adaptation for decisions with long lead-times or where early planning
is needed as part of adaptive management.

‘Further On the basis of available information, it is not known if more action is needed
investigation’* | or not. More evidence is urgently needed to fill significant gaps or reduce the
uncertainty in the current level of understanding in order to assess the need
for additional action.

‘Sustain current | Current or planned levels of activity are appropriate, but continued

action’* implementation of these policies or plans is needed to ensure that the risk or
opportunity continues to be managed in the future.

‘Watching The evidence in these areas should be kept under review, with continuous

brief’* monitoring of risk levels and adaptation activity (or the potential for

opportunities and adaptation) so that further action can be taken if necessary.

* Note that all risks and opportunities require further research and evidence - not just those listed under
further investigation - and all the risks and opportunities in this CCRA require ongoing monitoring (some form
of watching brief) on risk / opportunity levels and adaptation activity. The urgency categories assigned are
thus the most important priorities.

The four urgency scores have been slightly revised from those used in CCRA2. The category of
‘Research Priority’ in CCRA2 has been replaced with ‘Further investigation” in CCRA3. This is because
of some confusion following CCRA2 that ‘Research Priority’ only denoted that more research was
needed, when in fact the urgency is to establish the extent to which further adaptation is required.
All risks and opportunities require further research, and given the state of current knowledge,
continued research is essential across all the priority risks and opportunities in this CCRA. Similarly,
the greater focus on adaptive management recommended in CCRA3 means that all of the priority
risks and opportunities should be monitored and measured: it is not just risks or opportunities
identified as a watching brief where periodic review and updates are needed. The four urgency
scores should therefore be seen as the most important element, but all should be seen as being
within a package of ongoing research, monitoring, piloting, evaluation and learning.

It is highlighted that for some risks and opportunities, the lack of quantitative evidence means that
expert judgement is needed to assign different risks and opportunities to the urgency categories. To
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make this process robust, this was based on the consensus (through consultation and discussion) of
Technical Report authors, the CCC, and the CCRA peer reviewers. The information on each risk and
opportunity is set out in detail, which accompanies the urgency scores and rationale for those
scores, so the reader can see transparently how these were made and can judge the urgency scores
for themselves.

CCRAS3 does include one additional extension on the urgency score, compared to CCRA2. When the
category ‘more action needed’ is identified, then further information is presented on what form that
action might take, using the three early adaptation building blocks set out in Figure 2.3, i.e. drawing
on information from Task 3a and 3b above. In summary, urgent action is likely to be greater when:

o There is a high short-term adaptation shortfall (i.e. a large current adaptation gap) that provides
opportunities for no and low-regret adaptation, and/or

e There is a risk of lock-in from action/inaction in the next five years, and/or

e There are benefits from early action to address major future risks.

2.8.4 Task 3d Learning and Evaluation — linking to CCRA4

The final task in CCRA3 is an addition to the CCRA2 method. It seeks to link the successive five-year
cycles and encourage adaptive management thinking. Authors were asked where additional
information or analysis would be useful to inform CCRA4 and subsequent adaptation programmes.
This could be in the form of clearer research priorities, for both risks and adaptation, noting authors
were encouraged to prioritise practice orientated research. It could also be in terms of other
adaptive management activities, whether monitoring, piloting, learning, building capacity, etc.

Authors were also asked to summarise in a ‘looking forward’ section for each risk or opportunity
some key reflections. They were also asked to address the question ‘where might transformational
adaptation be needed?’. The rationale for this section was to try and encourage authors to look
beyond CCRA3 — to CCRA4 and even later cycles — and identify if adaptation might need to move
beyond current incremental activities. In such cases, this may involve a shift from the present-day
situation where the aim of adaptation is to maintain the essence and integrity of a current system -
to changing the fundamental attributes of a system itself (IPCC, 2014). It is often characterised as
moving from ‘doing things differently’ to ‘doing different things’ (see Lonsdale et al., 2015; CRC,
2020). The early consideration of transformational adaptation is important, because by the time of
the CCRA4, the UK will be considering actions for the period 2028-2032. If insufficient progress is
made globally towards the Paris Agreement during the 2020s, it is likely that the next round of
adaptation programmes (NAP4 and the AP of the DAs) will have to significantly scale-up.

Finally, following the publication of the CCRA Evidence and Government Report and the next set of
national adaptation programmes, a formal evaluation of CCRA3 should be undertaken prior to
CCRAA4. This would provide an opportunity to review CCRA3 and introduce a stronger learning
element. The results of this evaluation, along with other consultation and stakeholder feedback,
should be used in the design of CCRA4. This evaluation would need to be undertaken in 2023, after
the CCRA3 Technical Report, Government Report and the National Adaptation Programme.
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Annex 1: Risk/Opportunity template (Round 1)

Templates were used for the first round of the CCRA3 methodology by authors. They were
completed for each individual risk and opportunity. For the second round of the methodology, these
templates were updated (and are shown below), but rather than using these, authors converted into
report sections, as set out in the following chapters.

Step 1: What is the current and future level of risk/opportunity?

Current risks or opportunities
Describe current risks or opportunities.

In addition, identify and document additional changes in the current risk or opportunity observed
since CCRA1 or CCRA2.

Discuss any observed inequality of the current risks in relation to individual, place and regional
dimensions (see note on inequalities description).

Future risks or opportunities
Describe future risks or opportunities.

Please report evidence that captures low and high scenarios for the mid-century and late century.

Ideally this would be for time slices of the 2050s (2040-2070) and 2080s (2070-2100) for

scenarios that project global warming to stabilise at 2°C + 0.5°C by 2100, or project global

warming to reach 4°C £ 0.5°C in 2081 — 2100. If information is not available for these time slices in
projections of those rates of global warming, it may be appropriate to examine projected climate
changes at global warming levels of 2°C and 4°C reached at other times, and apply these to the
required dates. The validity of this will depend on whether the specific climate variables being
assessed have a strong dependency on the rate of warming rather than its instantaneous
magnitude, and needs to be judged on a case-by-case basis. In addition:

e Report the scenario and the time period for the evidence cited. When evidence relates to
standard time slices, please document scenario and time period (e.g. RCP2.6, 2071-2100,
relative to baseline period 1971-2000). When evidence is for global warming levels please
document the GWL and time period (e.g. 2°C GWL, relative to preindustrial, exceeded in time
period centred on 2070).

e Document the uncertainty. This should report the scenario uncertainty associated with the
evidence (e.g. RCP2.6, SRES A1B, etc) and the climate model uncertainty for each scenario
(e.g. 10t to 90™ percentile range from UKCP0Q9).

¢ Document the relative importance (where evidence exists) of the climate change versus the
socio-economic drivers in the evidence reported.

Please capture and report on any tail-end risks, including low-probability high-consequence
extremes (events). This could be High++ studies, or projected changes with rates of warming
above the 50" percentile of probabilistic projections with the RCP8.5 emissions scenario. It may
help to consider the question ‘how bad could things plausibly get?’

Discuss projected changes in risks or opportunities across affected populations, across the
individual, place and regional dimensions (see note on inequalities description).

Use this information to score the magnitude (see final section).

Chapter 2 — Methodology 90



Third UK Climate Change Risk Assessment Technical Report

and evidence

Lock-in Identification of potential lock-in risks, or loss of opportunities, focused on next
reporting period (current, 2022 — 2027).

Could these affect the urgency score (link to Step 3)?

Thresholds Document thresholds, whether biophysical thresholds, engineering,
performance or policy thresholds. Does exceedance of these vary over scenarios
or across projections (uncertainty)?

Please consider results of the CCRA3 Thresholds research project.
Could these alter the magnitude score (expert judgement and agreement across
authors)?

Interacting Document interacting risks and potential size.

risks Please consider results of the CCRA3 Interacting Risks research project.

Could these potentially increase the magnitude score?

Net Zero 1) Is the net zero target likely to increase or decrease the magnitude of the
risk/opportunity?

2) Could the climate change risk or opportunity make the net zero target easier
or harder to achieve?
(See net zero supplementary note)

Overall Score the magnitude using the magnitude tables, with the differentiated scoring

magnitude matrix for each country.

Report on the quality of evidence (see magnitude tables and quality of evidence
table supplementary note).

Score Current Magnitude

England NI Scotland Wales

Magnitude H/M /L H/M /L H/M /L H/M /L
/Unknown | /Unknown | /Unknown | /Unknown

Quality of H/M /L H/M /L H/M /L H/M /L
evidence /Unknown | /Unknown | /Unknown | /Unknown

Score Future Magnitude

Note that the future magnitude score is based on the highest risk or opportunity
score across all scenarios and time periods, including consideration of available
information on uncertainty ranges (but not including tail end risks).

England NI Scotland Wales
Magnitude H/M/L/ H/M/L/ H/M/L/ H/M/L/
Unknown Unknown Unknown Unknown
Quality of
evidence H/M/L H/M/L H/M/L H/M/L

If the risk or opportunity scores as a medium, high or unknown for current or
future, progress to Step 2.
If it scores low in both current and future, go to Step 3.
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Step 2: Is the risk/opportunity going to be being managed, taking into account government
commitments and other adaptation?

Is there an adaptation
shortfall in planned
adaptation?

Evidence

Quality of evidence

Will this shortfall be
addressed by non-
governmental adaptation?

Evidence

What are the barriers to
adaptation?

Is the risk being managed
or is there an adaptation
shortfall?

Describe current and announced planned adaptation (including adaptive capacity).
Who is responsible for adaptation (institutional landscape)?
What plans are in place or published?

Document the changes in adaptation, and potential benefits from current adaptation, that have
occurred since CCRA1/CCRA2.
What effect adaptation actions have had on the level of current risks between 2012 and now?

Document the potential reduction in future risks / realisation of future opportunity from the
planned adaptation in place. This should also consider if government action involves potential
maladaptation, or involves lock-in.

For opportunities, the steps are slightly different. There is a need to consider spontaneous and
non-government planned adaptation first, and then to assess whether these actions are likely to
be sufficient to fully realise potential benefits or whether there is an additional need for
Government action, and if so, whether this is in place.

Based on the analysis above, assess if there is a shortfall.
Yes/No/Unknown

To score yes, risks should be managed across the uncertainty range
(but not including tail end risks).

Document the evidence.

Rate the quality of Evidence — high, medium, low.

(see magnitude tables and quality of evidence table supplementary
note — quality of evidence row 2).

Will other forms of adaptation, including action by the private
sector or households, reduce the risks / realise opportunities, in the
absence of planned government action? Yes/No

Document the evidence on non-governmental adaptation.

If there is an adaptation shortfall, discuss the barriers or constraints
that stop adaptation being managed .

Re-score the magnitude from Step 1 with information above.

Future Magnitude with existing adaptation action

England NI Scotland Wales
Magnitude H/M/L/ H/M/L/ H/M/L/ H/M/L/
Unknown | Unknown Unknown Unknown

If there is still a medium or high or unknown magnitude, progress to
Step 3. If there is a low risk (no adaptation shortfall) with planned
and other action, then go to urgency score (Sustain current action /
Watching brief).
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Step 3: Are there benefits to further action in the next five years, over and above what is
already planned?

Describe potential additional adaptation that could be taken.
Document the evidence on possible additional actions.

This can describe possible additional adaptation, but should not be prescriptive on new policy.

Ideally, please try and capture the type of early adaptation (that could be introduced in the next

five-year period) and how it aligns to the 3 building blocks and linkages, i.e.:

i) Low or no-regret adaptation (including capacity building).

i) Climate-smart’ design or mainstreaming in early decisions.

iiii) Early adaptation activities to support future decisions and action or a combination
(portfolio) of all of these.

For opportunities, this should consider additional adaptation to fully realise potential benefits
(including creating the enabling environment).

What might be the additional costs and benefits of further adaptation?

Describe any observed and projected implications for distribution of adaptation (i.e. will the
strategy benefit some groups/areas more than others, and/or leave others at a disadvantage?)

Are there synergies or trade-offs with mitigation and the net zero target? Does this affect the
attractiveness of different types of further action?

Are there benefits of Based on the analysis above, are there benefits of further action?
action in next 5 years? Yes/No

Urgency ranking Score urgency (into one of four scores):

More action needed.
Further investigation.
Sustain current action.
Watching brief.

England NI Scotland Wales

Urgency
score

Document the rationale for urgency ranking.

Confidence Rate the quality of Evidence — high, medium, low.

(see magnitude tables and quality of evidence table supplementary
note — quality of evidence row 3).

CCRA4 and What information (risks, opportunities, adaptation) would be useful to
transformational inform CCRA4/NAP4?
adaptation

Where might transformational adaptation be needed?
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