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Implications of the vote to leave the European Union 

This chapter was written before the results of the EU Referendum were known. Leaving the 
European Union is unlikely to change the overall scale of current and future risks from climate 
change, but in some areas it may affect policies and programmes important to address climate-
related vulnerabilities. 

If such policies and programmes are changed, it will be necessary for UK measures to achieve 
the same or improved outcomes to avoid an increase in risk. The Adaptation Sub-Committee will 
consider the impact of the EU Referendum and the Government’s response in its next statutory 
progress report on the UK National Adaptation Programme, to be published in June 2017. 
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2.1 Summary 
The approach for this second UK Climate Change Risk Assessment Evidence Report aims to 
consider current and future climate-related risks and opportunities to the UK, and the 
extent to which current or planned policies and proposals will address them. The results of 
the analysis are summarised in terms of urgency. 

The method for the second CCRA has been produced by the Adaptation Sub-Committee (ASC) 
in partnership with the authors for this chapter. The method is designed to produce consistent 
evidence across different sectors based on three steps: 

• Step 1: Understand present-day vulnerability and assess current climate-related risks,
opportunities and levels of adaptation.

• Step 2: Understand future vulnerability and adaptation, and assess how climate and socio-
economic change may alter climate-related risks and opportunities in the 2020s, 2050s and
2080s (where these timescales are relevant).

• Step 3: Prioritise risks and opportunities for which additional action is needed in the next
five years to manage the risk or take advantage of the opportunity.

Key to steps 1 and 2 is an understanding of vulnerability, which we define as the propensity or 
predisposition to be adversely affected by climate variability and change. The role of non-
climate risk multipliers such as changes in human population or other socio-economic factors is 
important here as well as whether present actions are being taken to reduce such risks. It is also 
important to consider whether there is the potential for climate change to create opportunities. 

The urgency of additional action (step 3) is based on the expert judgement of the ASC in 
consultation with the report authors and reviewers. This judgment is based on available 
evidence about the rate of onset of consequences, the magnitude of the consequences, the 
opportunity for intervention or early adaptation, the difficulty of adaptation, the lead time for 
adaptation, existing or expected socio-economic trends, and the flexibility of the system in 
terms of the ability to change decisions in the future that are made today. The assessment takes 
into account uncertainties about the levels of future climate change and the levels of future 
exposure and vulnerability.  

When the word ‘risk’ is referred to in a general sense throughout the report, it covers both 
threats and opportunities (see Chapter 1 for a fuller definition of risk as it relates to this report). 

With this risk management approach in mind, some risks and opportunities are highlighted as 
‘more action needed’, where current adaptation is insufficient to reduce risks to a low 
magnitude, to manage the drivers of vulnerability or there is are significant barriers to realising 
an opportunity. In these cases there are benefits in the next five years of doing the one or more 
of the following:  

• Address the existing adaptation deficit in the UK by implementing ‘low-regret’ actions to
reduce risks associated with current climate variability.

• Intervene early to ensure that adaptation is considered in decisions that have long lifetimes,
such as major infrastructure developments, in order to avoid ‘lock-in’.

• Fast-track early adaptation steps for decisions that have long lead times.

Another important focus of the assessment is the degree to which there are physical, financial or 
social limits to feasible adaptation.  
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Alternatively, some risks and opportunities are categorised as priorities for needing further 
research in the next five years to understand whether further action is needed. In addition to the 
research priorities, the report authors have also developed longer lists of research gaps that 
apply across all of the risks and opportunities assessed. 

The ‘more action needed’ and ‘research priority’ risks and opportunities are categorised as more 
urgent. Other risks and opportunities are categorised as less urgent, either ‘sustain current 
action’ or ‘watching brief’. 

Weighing up the multitude of factors that influence urgency and assigning categories of 
urgency to risks and opportunities cannot be done quantitatively. Instead, the ASC has 
developed and applied an urgency scoring method to each risk or opportunity (see Annex 2.A). 

The second CCRA is underpinned by a large body of peer-reviewed scientific literature and grey 
literature about climate change, associated impacts, the degree to which humans and natural 
systems are vulnerable to these impacts under different socio-economic futures, and the level of 
adaptation that is occurring or is planned.  

This analysis is supplemented by four research projects commissioned to assess future climate 
impacts upon flood risk, water availability, the goods and benefits provided by the UK’s natural 
assets and an assessment of high-end climate change scenarios.  

The whole assessment – both process and content - has been reviewed by an independent 
group of technical peer reviewers, government stakeholders and non-government reviewers. 

2.2 Introduction 
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 priorities for the UK Government’s 
National Adaptation Programme (NAP) as well as the adaptation programmes of the devolved 
administrations.  

This chapter sets out the context and approach used for this CCRA2 Evidence Report. The 
approach has evolved from that used in the first CCRA in 2012 (CCRA1), drawing on the lessons 
that emerged from its evaluation (HR Wallingford 2012, Watkiss and Hunt 2012, of the 100-year 
flood, 2012) and the IPCC Fifth Assessment Report (IPCC, 2014, for example in Jones et al. 2014). 
The reviews of CCRA1 have led to a greater emphasis on an iterative approach to adaptation 
(adaptive management) and framing the risks or opportunities in terms of decisions that need to 
be made.  

In line with the updated approach, this report has been developed to provide consistent 
evidence across sectors and regions in ways that make it easier for the UK Government and 
devolved administrations to respond. Thus, while CCRA2 does not go so far as identifying 
specific adaptation options, it does aim to provide a sense of where action is needed most 
urgently over the next five year period of the next round of national adaptation programmes 
(2018 - 2022), including where early interventions are needed to address risks that will have 
impacts in the short, medium and long term. Critically, this includes a mix of different types of 
adaptation actions for different timescales, including the following types of measures (Ranger et 
al., 2010; Watkiss and Hunt, 2011; Fankhauser et al., 2013) (Figure 2.1): 

1. Low-regret adaptation actions to address existing climate variability, to provide early,
robust benefits and build future resilience. This includes technical interventions and
capacity-building to address the existing adaptation deficit and the near-term limits of
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coping capacity (ASC, 2011). Fast-tracking such adaptation makes sense if proposed 
measures have immediate and cost-effective benefits, such as enhanced early warning  
and response systems for extreme weather events or improved water efficiency. At this 
stage, consultation and engagement with potentially affected groups is an important  
part of the process.  

2. Early adaptation measures with long lifetimes. This includes near-term decisions or
investments with long lifetimes, where ‘business as usual’ action increases vulnerability in
the future or is costly to reverse. Effective adaptation actions in this category are those that
minimise possible ‘lock-in’ or are designed to take advantage of opportunities over the
long-term. Several decisions potentially fall into this category, including the siting and
design of long-lived infrastructure (e.g. new airports, ports, transport links and energy
assets); changing design standards of infrastructure against future climate risks; urban,
natural resource and land-use planning; or strategic management of regional development.
Such interventions need to consider the future risks from climate change, but also the
potential uncertainty, and thus include consideration of flexibility and robustness.

3. Early adaptation measures with long lead times or which start the planning process to
address long-term climate challenges. It makes sense to fast-track the early adaptation steps
for decisions that have long lead times, or to initiate early activities to provide information
to improve adaptation decisions in the future, especially for potentially large but uncertain
climate risks. Examples include research and development, enhanced monitoring networks
and forecasting systems as well as evaluation and learning processes.

Figure 2.1. Illustrative decision-making process for prioritising adaptation 
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term risk?

Is there a long-
term risk?

Urgency of 
risk

Is there 
potential 
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Source: Adapted from Fankhauser et al. (2013) An Independent National Adaptation Programme for England, 
http://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2014/02/PB-independent-national-adaptation-
programme-for-england.pdf  
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These three types of adaptation action should be seen as being complementary and all of  
them should involve consultation and engagement with stakeholders, including those affected 
by the actions.  

In identifying where these actions are needed, the CCRA considers the following types of risks 
and opportunities: 

• Current and near-term risks from climate variability and early climate change. This
includes situations where there is high existing vulnerability to current weather and climate
and/or where climate change is projected to change the risk profile in the near-term (i.e. the
next five to ten years).

• Interactions between climate, socio-economic drivers and other environmental
pressures that are likely to increase vulnerability and/or exposure to climate variability and
change. This includes, for example, increased water consumption driven by economic
growth or further development in floodplains driven by demographic change.

• Slow-onset risks and changing extremes from climate change acting individually or in
combination, directly or indirectly, in individual sectors or cross-cutting in nature, and
critically, taking account of future uncertainty. This includes the consideration of multiple
risks (e.g. various climate factors affecting agriculture, rather than studying individual
parameters in isolation), the potential for risk convergence or cross-cutting effects, and the
consideration of plausible but more extreme scenarios (e.g. rapid sea-level rise).

The remit for the second CCRA is narrower than that of the first CCRA. Reflecting this, part of the 
requirement set out for the Adaptation Sub-Committee from the Government was to focus on a 
smaller subset of the approximately 100 risks and opportunities that were considered in the first 
CCRA. The choice of risks and opportunities was determined through an initial list provided by 
the UK Government and devolved administrations, which was added to by the chapter authors, 
and then revised following the first review phase for the draft report where reviewers were 
asked to identify any major gaps. The main basis for the choice of risks and opportunities was 
those where the evidence has changed significantly from that presented in 2012 and those 
where the Government has a strong interest. The list of risk and opportunity descriptors that are 
included, as well as those that have been omitted (with justification), is set out in Annex 2.B.  

Following qualitative and (where feasible) quantitative assessment, the second CCRA suggests 
priority risks and opportunities for the next round of government-led adaptation programmes 
for England, Northern Ireland, Scotland and Wales, taking account of barriers to adaptation and 
opportunities to facilitate adaptation. It should be emphasised that the priorities are also 
designed to be of interest to a wide audience of potential adaptation actors. A subsequent 
exercise would need to be undertaken by the Government to assess the potential actions 
available and to determine the best course of action. 

The second CCRA updates the previous assessment by drawing on scientific evidence produced 
in the intervening five years. The focus of CCRA2 is on literature review and interpretation of the 
evidence collected to draw out priorities for action. Four supplementary research projects have 
carried out new analyses in some key areas (see Chapter 1).  

Key sources of evidence on climate risks include: peer-reviewed literature providing both 
qualitative and quantitative assessments; sector plans and reports (e.g. water company business 
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plans for the period 2015 to 2020; national flood risk assessments and flood hazard maps; latest 
Adaptation Reporting Power documents); research council-led programmes (e.g. Living with 
Environmental Change partnership (LWEC), EPSRC Adaptation and Resilience to a Changing 
Climate, NERC EQUIP); international research (e.g. EU 7th Framework Programme activities such 
as the ClimateCost, Drought-R&SPI, IMPACT2C, IMPRESSIONS and HELIX projects; PESETA II, and 
the Inter-Sectoral Impact Model Intercomparison Project, and the sector modelling 
intercomparisons (AgMIP and WaterMIP) as well as major syntheses (e.g. Intergovernmental 
Panel on Climate Change (IPCC) Fifth Assessment Report (AR5), LWEC Climate Change Impacts 
Report Cards and underpinning review papers. 

The CCRA also draws on a well-informed practitioner community and a rich legacy of previous 
climate risk assessments. It has benefited from the tools and methods developed under the 
auspices of the UK Climate Change Impacts Review assessments in the early 1990s (CCIRG, 1991: 
1996), the UK Climate Impacts Programme (UKCIP) (McKenzie-Hedger et al., 2006) (which ran as a 
government programme from the late 1990s to 2010 and is now part of the University of 
Oxford), the UK Government’s Climate Ready programme, and the Climate UK initiative (now 
closed) which included the devolved administrations and the former regional partnerships. 
Government departments (Defra, 2003), agencies (Wilby et al., 2005) and authorities (LCCP, 
2002) have likewise been active in developing early guidance and shaping multi-sector risk 
assessments for more than a decade. The Government has funded a series of UK Climate 
Projections through the Met Office, which have provided an underpinning evidence base on UK 
climate change up to 2100 for impacts studies to draw on. Some of the underpinning evidence 
used in this CCRA has also benefited from other climate model experiments such as 
ClimatePrediction.net, and the CMIP3 and CMIP5 groups of climate models (see Annex 2.C). 
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2.3 Approach to the second CCRA evidence report 
The CCRA2 methodology is designed to treat evidence consistently, irrespective of the 
sector or system that may be affected, creating a balanced assessment representative of 
the available literature. The methodology consists of three steps to assemble and analyse 
evidence (Figure 2.2). 

Figure 2.2. The CCRA three-step methodology 

• Understand current vulnerability and assess
current risks/ opportunities and adaptationStep 1

• Understand future vulnerability and assess
future risks/ opportunities and adaptationStep 2

• Assign urgency categories to
risks/opportunities to reflect the type of action
required in the next five years, based on the
outputs from steps 1 and 2.

Step 3 Co
nf

id
en

ce
 a

ss
es

sm
en

t
Risks/ opportunities assigned urgency scores

Source: Adaptation Sub-Committee. 

Step 1: Understand present-day vulnerability and assess current climate-related risks and 
opportunities, and levels of adaptation. This step is a quantitative or qualitative assessment of 
the magnitude of current climate-related risks/opportunities, using economic, environmental or 
social metrics. It includes consideration of whether adaptation is currently reducing risks or 
realising opportunities, and how socio-economic drivers are influencing vulnerability. ‘Current’ 
may refer to the present day, or to baseline historical periods frequently used in the literature, 
such as the period 1961-1990.  

Step 2: Understand future vulnerability and adaptation, and assess how climate and socio-
economic change may alter climate-related risks and opportunities in the 2020s, 2050s 
and 2080s (where these timescales are relevant). Here the relative importance of climate 
change as compared with other drivers of risk is estimated where possible. Any thresholds in the 
response to climatic change are taken into account in this step, as well as the potential role of 
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extreme weather events. Consideration is given to the level of risk under different future 
assumptions of the level of adaptation. 

Where feasible, chapter authors have benchmarked evidence to the amount of global warming 
above pre-industrial levels, and this has also been synthesised (see Warren et al. (2016) and 
figure SR.7 in the CCRA synthesis report). Given the different socio-economic assumptions, 
emissions scenarios and atmospheric concentrations applied in various studies, these details 
have also been recorded in each chapter. 

In both steps 1 and 2, where possible, the magnitude of any interactions between the risks 
and/or opportunities is assessed, with an estimation of what the net effect might be. This 
analysis is also picked up and expanded upon in Chapter 8. 

Step 3: Prioritise risks and opportunities for which additional adaptation is needed in the 
next five years to manage the risk or take advantage of the opportunity. In the final step, 
authors report what the most significant risks and opportunities are now and in the future in 
order to inform priorities in the coming five years. To do so, an urgency scoring method has 
been employed by the ASC, informed by the authors’ assessment of the magnitude and timing 
of the consequences, and where action is most urgently required in the short term. This includes 
cases where early planning is needed or actions need to start soon to address long-term risks. 
This in turn requires consideration of the opportunity for intervention and/or early adaptation, 
the difficulty of adaptation, the lead time for adaptation, whether the existing or expected socio-
economic trends increase the risk, and the flexibility of the system in terms of being able to 
change decisions made today. Barriers to adaptation are also highlighted. In the resulting 
urgency scores, information is presented about the degree of confidence in the evidence and 
assessment of urgency. Given the heterogeneity of available evidence this assessment involves 
expert judgement when attaching overall magnitude and confidence scores. The urgency scores 
are set out in each chapter and summarised in the Synthesis Report. 

The second CCRA is underpinned by a large body of peer-reviewed and grey literature 
about climate change, the associated impacts and the degree to which humans and 
natural systems are vulnerable to these impacts under different socio-economic futures. 

Practical insights are also provided through case studies about adaptation experience in the UK. 

This analysis is supplemented by four specially commissioned research projects to support 
CCRA2:  

1. Sayers and partners (2015) for the ASC –  Future projections of UK flood risk

2. H.R. Wallingford (2015) for the ASC –  Updated projections of water availability in the UK

3. AECOM et al. (2015) for the ASC –  Aggregate assessment of climate change impacts on
the goods and benefits provided by the UK’s natural assets

4. Met Office et al. (2015) for the ASC –  Developing H++ climate scenarios

Throughout the CCRA process, the Adaptation Sub-Committee has engaged with key 
stakeholders in Government, arm’s length bodies and other organisations, and the 
technical review panel for the report.  

Stakeholder engagement for this CCRA has taken several forms: 

• An initial open call for evidence in 2014 to collect papers and other information relevant
to the CCRA.
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• Large stakeholder workshops in 2014 and 2015 (approximately 100 people at each) to
discuss the CCRA method and emerging urgency scores.

• Smaller chapter-specific meetings throughout the process (approximately 10 - 20 people
per meeting) to discuss the key policy areas to which the chapter relates, understand
what policy-makers and practitioners perceive the major risks and opportunities to be,
and to check for gaps in evidence. Separate workshops have been held in each of the
four UK countries.

The approach and outputs of this CCRA have been reviewed by three separate review groups; an 
international peer review panel of 25 technical reviewers led by Professor Nigel Arnell; a large 
group of around 100 stakeholder organisations from Government and its arm’s length bodies; 
and a smaller group of around 50 other organisations who applied to be external reviewers. The 
technical peer review group has also quality assured the responses of the report authors to all of 
the peer review comments, to check that all major comments have been dealt with 
appropriately.  

The following sections discuss aspects of the approach to the second CCRA in more detail. 

2.3.1 Step 1- Understand present-day vulnerability and assess current risks, 
opportunities and levels of adaptation 

In order to assess current vulnerability to climate-related risks, the CCRA authors were asked to 
consider the following issues: 

a) The present1 impact of climate on economic, social and environmental systems. This would
include consideration of the importance of year-to-year variability and extreme events, and
also any opportunities that arise. ‘Current’ may mean present day, but it may also mean a
point in the past depending on what baselines are used in the available evidence. Any
weather-related thresholds, geographic ‘hotspots’ or types of event that pose a specific risk
are important outputs.

b) The key socio-economic factors that also influence vulnerability to climate, how these
interact with climate and what the relative importance or contribution of climate versus
other drivers of change is thought to be, if known.

c) Interactions between risks or opportunities, in order to capture cross-sectoral issues.

d) How current action to reduce risks or realise opportunities influences the current degree of
impact. Potential actions to consider include those that reduce exposure or sensitivity, or
enhance adaptive capacity.

e) Given the above, what the magnitude of the risks and opportunities is at present and how
important climate change is in the realisation of a risk.

The purpose of the first step is to provide an overall summary of the impact, urgency, and 
uncertainty of the present vulnerabilities to the combined climate and non-climate stressors. 
This first step of the analysis is important because understanding exposure and vulnerability to 
current climate allows for a better understanding of how they may change in the future as the 

1  The meaning of ‘present climate’ may vary depending on the baseline period used in each case so the analysis 
should in each case describe any adjustments made to better match conditions today. 
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climatic and socio-economic nature of the UK changes. It is also especially important to consider 
the current state in cases where the degree of uncertainty makes it too difficult to say anything 
about the future level of risk.  

Further context on the importance and nature of assessing current vulnerability is provided 
below. 

Present-day vulnerability 

Vulnerability may be defined as the propensity or predisposition to be adversely affected by 
climate variability and change. Vulnerability encompasses a variety of concepts including 
sensitivity or susceptibility to harm and lack of capacity to cope and adapt.2 Other terms used to 
characterise different aspects of vulnerability are summarised in Box 2.1. 

Box 2.1. Key concepts and terms used in relation to vulnerability 

Adaptive capacity is the ability of a system to adjust autonomously to climate variability and change, 
to contain potential damages, to exploit opportunities or to deal with consequences. 

Exposure describes 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 (by climate variability and change). 

Receptors are geographic areas, people, livelihoods, species or ecosystems, environmental functions, 
services, and resources, infrastructure, or economic, social, or cultural assets that are exposed to 
climate stressors.  

Hot spots are receptors that exhibit high vulnerability and/or exposure to climate stressors. 

Key vulnerabilities combine low adaptive capacities with climate threats to yield severe potential 
consequences for social and ecological systems. 

Sensitivity is the degree to which a system is affected either adversely or beneficially by climate-
related stimuli.  

Stressors (or drivers) of change are events (or “shocks”) and trends, which may be unrelated to 
climate, that nonetheless have an important effect on the system exposed and can increase 
vulnerability to climate-related risk.  

Risk of climate-related impacts result from the interaction of climate-related stressors (including 
hazardous events and trends) with the vulnerability and exposure of human and natural systems. 
Changes in both the climate system and the socioeconomic processes are central drivers of the risk of 
impacts. 

Source: Adapted from ASC (2010) Glossary; IPCC AR5 (2014) Working Group II Glossary. 

Vulnerability is specific to particular sectors and places, some of which are more vulnerable than 
others and conversely, some areas may see benefits or opportunities in the future. Many factors 

2  Adapted from: ASC (2010) Glossary; IPCC AR5 (2014) Working Group II Glossary 
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help to reduce UK vulnerability to climate variability and future change, including high levels of 
wealth, good governance, high educational status, availability of resources, or high adaptive 
capacity (see Chapter 8). Further to this, climate risk is reduced through strong institutional 
mechanisms, including timely hazard forecasts, planning controls and building codes, audits of 
the location and condition of critical infrastructure, civil contingency planning, monitoring and 
reporting of adaptation indicators. Key institutions involved in these processes include local 
authority planning offices, environment agencies, health authorities and the Met Office.3 These 
actors are supported by the UK’s strong research base. 

Nonetheless, there remain important risks in the UK that threaten economic development, 
health, the environment and security. Some of these risks arise from direct impacts within the UK 
but others are indirect consequences of impacts in other countries (see Chapter 7).  

For example, it is estimated that flood and storm damage in 2007 and 2012 led to UK insurance 
payments totalling £3 billion and £1.2 billion respectively.4 The August 2003 heatwave caused 
over 2,000 excess deaths in England and Wales (16% higher than the 1998 – 2002 average 
mortality rate for the same period). Those aged over 75 in London were particularly impacted; 
this vulnerable group experienced excess mortality rates as high as 59% (Johnson et al., 2005). 
Very heavy rainfall on Christmas Eve 2013 and associated flooding led to the outage of the three 
airport-operated electrical substations at Gatwick Airport, as well as flood ingress to the North 
Terminal basement and loss of some key systems. Subsequent flight cancellations affected over 
13,000 passengers (McMillan, 2014). While none of these individual events can be attributed to 
climate change, some observed trends in extreme events are consistent with the expected 
patterns of change (e.g. increased frequency of heavy rain events in some seasons and parts of 
the UK, Simpson and Jones, 2014). 

The first CCRA provided a valuable starting point for the second CCRA. However, two 
independent reviews (Watkiss and Hunt, 2012; Wilby, 2012) noted that the 2012 assessment 
largely neglected the cross-sectoral and international dimensions of UK climate vulnerability. 
National-scale vulnerabilities could be exacerbated by concurrent extreme events, cascading 
interdependent risks, indirect cross-sectoral or multi-sectoral risks, or by major climate 
discontinuities and supply chain disruptions beyond the UK (Figure 2.3). Most importantly, the 
first CCRA did not focus on current risks, but centred all the attention on future risks, hence 
present vulnerability to those risks was not considered in any detail. 

3  For example, the business case for the new Met Office supercomputer states that the anticipated socio-
economic benefits of improved preparation and contingency planning for climate change could be worth £2 
billion to the UK economy. Source: http://www.metoffice.gov.uk/news/releases/archive/2014/new-hpc 

4  Association of British Insurers (see: http://www.bbc.co.uk/news/business-21472311) 
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Figure 2.3. The first and second CCRAs in the context of examples of direct, indirect and global risks 
from climate variability and change  
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Source: updated from Watkiss and Hunt (2012). 

Notes: Direct impacts involve simple impact pathways, e.g. higher temperatures on cooling demand. Indirect 
impacts involve complex pathways, e.g. increases in flooding leading to subsequent disease or ill health. They 
also include wider economic impacts, e.g. where reductions in agricultural production change market prices. 
Major discontinuities are associated with high warming scenarios and climate tipping points, and involve large 
systemic impacts. 

The second CCRA considers indirect and direct international effects that impact on the UK. It also 
considers some wider international issues including global tipping points (Chapter 1) and 
security and conflict (Chapter 7). The framework presented in Figure 2.3 provides a useful 
template for structuring evidence. When assessing current risks, it should be noted that this 
includes risks arising from climate change which has already been experienced in the UK (see 
Chapter 1, Section 1.2). 

2.3.2 Step 2 - Understand future vulnerability and assess future risks, opportunities 
and adaptation 

In order to assess future vulnerability and future risks/opportunities from climate change, the 
CCRA authors were asked to consider the following issues: 

a) How relevant climatic factors, and therefore impacts, may change in the future, including an
assessment of the uncertainties.

b) Which socio-economic factors could influence the risk/opportunity in future and then
consider how changes in these could affect the magnitude of the risk.
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c) When considering changes in a particular event or threshold, discuss what the evidence
suggests about the likelihood of that change occurring.

d) Record evidence for the 2020s (2010-2039), 2050s (2040-2069), and 2080s (2070-2099)
where this is applicable (e.g. where planning horizons for these risks relate particularly to
the 2020s or 2080s). In some cases, projections of climate change for the 2020s might be
inappropriate due to the strong effects of natural variability in the short term, and in these
cases a discussion of this variability should be included instead of a projection of change.
The assessment should include discussion on the uncertainties associated with the climate
evidence used.

e) As well as producing a baseline assessment assuming no additional action, consider how
currently planned adaptation (“current objectives” scenario) or further potential adaptation
would affect the overall scale of risk for the future.

f) Describe, and where possible quantify potential interactions between risks or opportunities
and what the net effects might be of risks or opportunities acting together for both
incremental change and extreme events.

When assessing future vulnerability and risks, it is important to consider to what extent the 
magnitude and rate of future climate change is uncertain. Where available in the evidence base, 
alternative future pathways of climate change are therefore considered in this report, often 
based upon time series of emissions or concentrations of greenhouse gases (GHGs) in the 
atmosphere, prominent examples being the Representative Concentration Pathways (RCPs) and 
Special Report on Emissions Scenarios (SRES) scenarios (See Chapter 1). Risks are also affected by 
future socio-economic change, which is also uncertain. Hence, a scenario approach is commonly 
used in the literature to explore how risks depend on projected population growth, for example. 
Both types of scenarios are commonly expressed as 21st century time series.  

Alongside scenarios of changing average climate trends, there is clearly a need for more 
knowledge about changing extremes in the UK. Examples include UK summer heat waves, 
intense convective storms, droughts and air quality; winter gales, storm tracks, heavy 
precipitation, tidal surges, significant wave heights; sea level change, temperature and salinity. 

Vulnerability is a function of sensitivity and adaptive capacity. The propensity to be adversely 
affected by climate also depends on exposure – a property cannot be physically vulnerable to 
coastal erosion unless located near the sea. Underlying trends in non-climatic factors may 
increase long-term sensitivity to climate variability and future change. Demographic shifts such 
as an ageing population profile may, for example, increase sensitivity (and hence vulnerability) 
to heatwaves and air-pollution episodes under more persistent high-pressure weather systems 
(Murphy et al., 2009). Likewise, in the absence of adaptation, further economic growth and 
housing development in south-east England could increase exposure (and hence vulnerability) 
to drought (Folland et al., 2015). Woodlands are already being affected by a range of pests and 
diseases such as ash dieback; climate change could exacerbate these stresses, increasing 
sensitivity and reducing adaptive capacity, and thereby amplify impacts on forest productivity 
and biodiversity (Scottish Wildlife Trust, 2013; Woodward, 2006). 

The natural environment is directly affected by climate change and in many cases mediates its 
effect on people. The direct effects of rises in temperature and extreme events affecting wildlife 
and habitats have long been recognised. For example, some species are increasing in the north 
of their range but are increasingly at risk in southern areas of the UK. However, these patterns of 
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change need to be seen within a wider ecosystem context with the potential for complex 
interactions. Shifts in species distributions pose a direct challenge for nature conservation, but 
also affect fisheries and the pollination of crops. This presents both opportunities and threats 
across different sectors. For example, coastal habitats such as salt marsh can reduce flood risk 
but are vulnerable to greater rates of erosion. Managed realignment of the coast may allow for 
the creation of new habitat to support species and reduce flood risk for people, but potentially 
at the expense of productive arable land. 

Each of the climate vulnerabilities mentioned above (e.g. to heatwaves or water scarcity) should 
be measured differently. Ideally, the choice of metrics matches the information needs of policy-
makers and planners. Hence, the vulnerability of structures to overheating may be assessed 
through metrics of the building stock’s risk of overheating, taking into account potential 
adaptations such as shading, ventilation and energy-efficiency programmes (Tillson et al., 2013).
At the same time, the vulnerability of the elderly to heat stress would be related to issues such as 
existing health status, health and social care provision, in addition to the physical environment. 
Indicators such as water abstraction volume (by sector and number of employees), together 
with Catchment Abstraction Management Strategy (CAMS) resource availability and Water 
Framework Directive water quality status show where climate change may threaten water 
intensive industries (e.g. chemicals, paper, mining and quarrying) (Snowdon et al., 2014) and 
potential impacts on freshwater and wetland ecosystems. Vulnerability of commercial tree 
species to drought may be assessed from site classifications of expected growth and 
productivity linked to moisture deficit indices (Petr et al., 2014). 

With such divergent vulnerability metrics (in terms of receptors, scale and geographic location) 
it is important to apply consistent approaches to sensitivity testing. Sensitivity testing, so-called 
‘stress tests’ and ‘scenario-neutral’ analyses, is increasingly being recommended (Nazemi and 
Wheater, 2014; Prudhomme et al., 2010). This involves evaluating receptor responses to 
plausible ranges of climate stresses. The receptor may be a piece of infrastructure, a community 
or natural system; the stressors may be temperature and precipitation scenarios obtained from a 
climate model ensemble. The resultant response surfaces can reveal thresholds of vulnerability 
beyond which climate consequences grow significantly. For example, one such assessment of 
the 100-year flood in Ireland revealed that a 20% climate change allowance offers protection 
against the majority of winter rainfall scenarios in the CMIP3 climate model ensemble (Wilby et 
al., 2014). In this case, it might be inferred that the adaptation measure (i.e. 20% safety factor for 
infrastructure design) counters most of the envisaged threat (Wilby et al., 2014).  

Finally, at the global scale, there is need for equivalent information about the spatial and 
temporal evolution of similar (and additional context and location specific) phenomena as they 
impact on key supply chains, geopolitical context and security, and services provided to and 
from the UK. There are also credible high-end (High++) scenarios that assume rapid climate 
change and/or strong feedbacks, resulting from high rates of greenhouse gas emissions and 
responses in earth systems that are in line with current scientific knowledge (Lenton et al., 2008; 
Murphy et al., 2009; Kriegler et al., 2009; Levermann et al., 2012) but nevertheless are towards 
the upper end of the expected sensitivity in these responses and may be symptomatic of global 
tipping points (Kriegler et al., 2009).5  

5  A tipping point is a level of change in system properties beyond which a system reorganizes, often abruptly, and 
does not return to the initial state even if the drivers of the change are abated (taken from IPCC AR5 glossary). 
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Climate change scenarios 

Future risk occurs in the context of projected climate change and variability. Chapter 1 provides 
a summary of our latest understanding of observed UK climate and how the climate may change 
in the future.  

CCRA1 used a consistent set of climate change assumptions for each risk and opportunity. It 
employed a response function approach whereby impacts were varied according to changes in 
single (or some cases two) climate variables, based on the range for different emissions 
scenarios set out in the UK Climate Projections 2009. This approach allowed all risks and 
opportunities to be analysed consistently, but had several limitations: 

• It did not allow for consideration of risks caused by changes in climate that would fall
outside the UKCP09 range, for example, high++ type scenarios or results based on other
climate model ensembles.

• It did not allow for risks occurring due to a change in multiple climate variables occurring
together or sequentially (e.g. effects of drought followed by flooding on agricultural
productivity).

• It did not allow for physical processes that are not captured well in current climate models
to be considered, such as changes in blocking frequency.

• It was difficult to consider evidence from the wider literature that did not fit with an
approach based on UKCP09 data.

The method for this CCRA has therefore expanded on the response function approach through 
using a wider range of evidence from a literature review. Some sources of evidence use response 
functions, while others take a different approach. This means that assumptions about potential 
future levels of climate change will already be built into much of the evidence. In general this 
takes the form of scenario analysis where a wide range of scenarios has been used. Common 
sets of scenarios are UKCP09, RCP and SRES scenarios (see below), and direct CMIP5 modelling 
output. Annex 2.C lists the climate variables relevant to assessment of future climate change 
risks in the second CCRA, together with a list of the typical climate change scenarios analysed in 
the literature and sources assessed.  

Socio-economic dimensions 

Understanding non-climate socio-economic trends, such as economic growth and demographic 
(population) change, are a key part of CCRA2. Since the exact future socio-economic pathway 
cannot be known, it is necessary to imagine ‘scenarios’ or ‘dimensions’ of futures. The socio-
economic variables typically considered in the literature when future climate change risks are 
assessed are population, GDP, and land use. Annex 2.C also shows the socio-economic scenarios 
that are included in the evidence base that supports each chapter. 

Previous work has shown that these socio-economic drivers can be as important in determining 
the size of future climate change impacts and associated economic costs as the change in 
frequency or intensity of extreme events from climate change (Evans et al., 2004; Warren et al., 
2015). Their consideration is particularly important in considering vulnerability in the medium- 
to long-term (the 2050s and beyond), otherwise this implies that future climate change will take 
place in a world similar to that of today. For example, higher GDP tends to correlate with 
reduced vulnerability, whilst increases in GDP can also increase the amount of stock at risk from 
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climate change. At the same time, it is important to recognise that socio-economic change could 
also, even in the absence of climate change, increase or decrease levels of risk to, for example, 
flooding. In step 2 a key part of the methodology comprises consideration of how strong a driver 
of impact climate change is when compared with these socio-economic drivers. For example, a 
large increased population living in floodplains and increased drainage of wetland ecosystems 
will increase flood risk independently of climate change.  

More generally, in projecting climate change and its impacts into the future, economists, climate 
scientists, climate change impact analysts, and integrated assessment modellers need to know 
something about how the world might evolve socio-economically in the future. This is because 
socio-economic factors influence (among other things); (i) greenhouse gas emissions; (ii) the size 
and location of the human population at risk to various climate change impacts; (iii) the 
vulnerability of that population to climate change impacts; (iv) the ease with which emissions 
can be reduced; (v) land-use patterns, and so on. Hence, the relationship between climate 
change, its impacts, mitigation and adaptation varies depending on socio-economic context.  

International socio-economic context 

The UK obviously does not exist in isolation, and whilst global and local socio-economic trends 
may diverge and contrast, they do interact strongly through, for example, world markets. Hence, 
a context is provided here describing commonly used global socio-economic scenarios. 
International assessments, such as the IPCC Special Report on Emissions Scenarios (SRES) 
(Nakicenovic et al., 2000) used self-consistent global socio-economic scenarios (characterised by 
population, GDP, land use and energy use) and emission pathways over time. The first CCRA 
considered climate projections under different SRES scenarios for the UK framed as low, medium 
and high pathways of future climate change. However, rather than using self-consistent socio-
economic data sets (e.g. population, GDP) for each of the low, medium and high projections, 
CCRA1 used UK-specific data, and explored scenario-independent sensitivity around these UK 
datasets, thus breaking the link to the SRES scenarios. SRES scenarios were based upon 
narratives describing how demographic, social, economic, environmental and technological 
aspects of our society might evolve globally. These narrative scenarios were then later quantified 
by a large number of research institutions. Four main types of scenarios were produced to which 
no probability of occurrence was attached. In these scenarios, there were two main axes of 
change that were considered based on the priorities placed in policy and governance: (i) 
environmental versus economic and (ii) global versus regional. Hence the four scenarios may be 
briefly summarised as A1 (global, economic); A2 (regional, economic); B1 (global, 
environmental); B2 (regional, environmental). 

A new process for deriving global-scale scenarios, independent of the original SRES scenarios, 
has been set up (Moss et al., 2008; Moss et al., 2010, Ebi et al., 2014) that recognises that several 
different socio-economic pathways might have the same climatic change outcome. SRES 
scenarios have now been superseded by the Representative Concentration Pathways (RCPs) 
which were used in the IPCC 5th Assessment Report and new Shared Socio-economic Pathways 
(SSPs) (Van Vuuren et al., 2012; O’Neill et al., 2015). The RCPs and the SSPs offer the potential to 
mix and match alternative combinations in a framework (a matrix) that combines climate forcing 
on one axis (as represented by the Representative Forcing Pathways) and socio-economic 
conditions (represented by the Socio-Economic Pathways) on the other. Together, the two axes 
describe situations in which mitigation, adaptation and residual climate damage can be 
evaluated. The intersections of these represent combinations which can be explored by analysts. 
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Like the original SRES scenarios, SSPs are narrative descriptions of how the world might evolve. 
They include assumptions about how socio-economic change may help or hinder the ability to 
mitigate or adapt to climate change. For example, SSP1 describes a more sustainable path of 
inclusive development, respecting environmental boundaries, with improved management of 
resources, effective cooperation at all levels and low population. This means that the challenges 
to both mitigation and adaptation are greatly reduced. Research groups are currently in the 
process of quantifying the SSPs to associate particular values of population, GDP, globalisation 
and so on with each scenario.  

Clearly, these global scenarios may or may not be reflected by changes in the UK. Thus, whilst a 
particular global socioeconomic pathway might be considered to be very similar to the go-with-
the-flow National Ecosystem Assessment (NEA) scenario, for example, it might well be that the 
UK economy proceeds along a ‘local stewardship’ pathway, yet global trends might be different. 
Hence, although the SSPs are now the set of scenarios of choice for global climate change 
studies, they have not been applied in the second CCRA. 

Because of the limited resources available in the second CCRA, it is not feasible to create 
harmonized projections of risks across UK sectors and regions based on a common set of socio-
economic scenarios. Rather, the report draws on evidence from the literature that utilises a 
range of socio-economic assumptions. In addition, the second CCRA research projects that 
address flooding and water availability focus on the Office for National Statistics (ONS) 
population scenarios described above. The project that addresses the UK’s natural assets 
includes an assessment of carbon storage provision, and that incorporates the land-use change 
scenarios developed by the NEA, namely ‘green and pleasant land’, ‘national security’, ‘nature at 
work’, ‘world markets’, ‘local stewardship’ and ‘go-with-the-flow’.  

This lack of a common set of UK socio-economic scenarios creates some problems of 
consistency. First, the socio-economic data used in various studies for the UK will differ 
according to the method used in the original study, that is, whether it uses international or UK-
specific data, whether a SRES-based or RCP/SSP-based approach is used and so on. Second, 
some studies include future socio-economic change (i.e. future population levels) but not all do. 
Some studies assume static socio-economic trends (either because of omission in study design 
or because detailed future socio-economic data are not available), and thus assume that future 
climate change impacts on the society and socio-economic conditions of today. This is a 
particular problem in comparing sectors where quantitative socio-economic data are available 
(e.g. driven by population change) versus sectors that are more influenced by factors or drivers 
which are more difficult to project (e.g. influenced by behavioural change). Finally, studies often 
report different combinations of climate and socio-economic factors in their results. Some 
studies give the aggregated sum of future climate change and future socio-economic change 
(e.g. the sum of the impacts of future climate change acting on a future higher population in the 
2050s), while others isolate the effects of climate change, e.g. by reporting the marginal increase 
due to climate change over and above the changes that would have occurred anyway due to the 
higher future population. To account for these differences, details of exactly what is included 
have been carefully recorded by each chapter as far as possible and are summarised in Annex 
2.C. The urgency score table (Appendix to the CCRA Synthesis Report) also attempt to be
transparent about the socio-economic assumptions underpinning the risks being considered, as 
much as possible. 
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Climate and socio-economic shocks 

Several mechanisms have the potential to shock the UK economy, perhaps on very short 
timescales. For example, increasing prices of food or non-availability of technological 
commodities on the global market due to local climate impacts, particularly in the wake of 
extreme weather events, can create shocks to the UK economy (see Chapter 7). Climate change 
could have significant consequences for human migration flows at particular times and places, 
creating risks as well as benefits for migrants and for sending and receiving regions and states. 
Significant drying and warming in southern Europe might encourage migration across the EU to 
cooler regions. Warm seasons encourage the spread of diseases prevalent in continental Europe 
that affect people and ecosystems. Rapid spread could affect crop yields, natural woodlands, 
commercial forestry and human health. Dynamic economic models can simulate the effects of 
such shocks to a national economy (e.g. Hallegatte et al., 2007), whilst other, newer literature 
explores the vulnerability of UK supply chains to climate change (see Chapters 6 and 7 and 
recent AVOID2 report). These ‘socio-economic shocks’ are discussed in the relevant parts of the 
individual CCRA chapters. 

Treatment of adaptation 

The framing of adaptation has evolved over recent years, and the recommended methods for 
adaptation assessment have changed significantly from the first CCRA.  

In CCRA1, the definitions of adaptation were based on the IPCC’s Fourth Assessment Report 
(IPCC, 2007). Adaptation was defined as actions that moderate harm or exploit beneficial 
opportunities from actual or expected climate stimuli. This was further differentiated into 
autonomous adaptation, which does not involve a conscious response (also known as 
spontaneous adaptation), and planned adaptation, which involved a deliberate policy decision. 
The first CCRA also adopted a science-first approach to the analysis of risk (Ranger et al., 2010; 
Wilby, 2012). Such an approach starts with climate projections then applies damage functions to 
estimate the future impacts of climate change (impact assessment). Adaptation is considered as 
the final step in the chain of analysis, in this case within the subsequent NAP process.  

While this approach provides key inputs, it does not, on its own, provide the necessary 
information for early adaptation planning and implementation. This issue has long been 
recognised in the academic literature (Füssel and Klein, 2006; UNFCCC, 2009; Ranger et al.,  
2010; Watkiss and Hunt, 2011; Downing, 2012), and it was a key finding of the evaluation of  
the first CCRA itself (Wilby, 2012). This is because science-based assessments do not provide  
information on the immediate and short-term timescales of relevance for adaptation (i.e. on 
what to do in the next five-year NAP period); they do not adequately consider non-climatic 
drivers and existing policy (i.e. what are the existing objectives and policies in place); they 
frequently ignore existing adaptation measures already in situ (e.g. ignoring existing heat-alert 
systems when considering future impacts of heat on health); and they largely ignore the factors 
determining the adaptation process itself, including responsibility, actors and governance. 
These omissions became very evident during the early NAP analysis, especially within the 
Economics of Climate Resilience study, which had to undertake additional analysis to fill major 
gaps after the first CCRA. 

As a result of these problems, and in line with the recommendations from the evaluation of the 
first CCRA, the second CCRA starts with a completely different objective to the previous risk 
assessment. The entire analysis has been reframed, so as to inform priorities for the next cycle of 
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NAPs. This policy-first approach (Ranger et al., 2010) aims to support adaptation decision-
making in the near-term rather than only providing long-term risk information.  

Following from this, there is a greater focus on integrating (mainstreaming) adaptation into 
current policy and development, rather than implementing it as a standalone activity. This 
requires an understanding of current policy and existing measures from the very start of the 
process (ECONADAPT, 2015). As a consequence, CCRA2 considers existing policies in place at the 
same time that it assesses current and future risks.  

There is also an increasing recognition of the problem of uncertainty (Hallegatte, 2009; Wilby 
and Dessai, 2010). This arises because it is not clear what future emission pathway the world is 
on; that is, whether we are heading towards a future 2°C, 3°C or a 4°C world for example. Even if 
this future emission pathway were known, climate model uncertainty would remain. Taking 
account of this uncertainty has a number of consequences. It makes it harder to estimate the 
impacts of climate change and the benefits (and costs) of adaptation. More importantly, it 
changes the types of adaptation responses that can be sensibly implemented, especially when 
compared to a situation where people assume they can predict (and optimise) the future. As a 
result, the framing of adaptation has moved away from the linear impact methods used in the 
first CCRA to the use of decision-making under uncertainty and iterative climate risk 
management, as reported in the introduction of this chapter. Early thinking in this direction was 
included in the first NAP, but it has become central within the process from the start of the 
second CCRA. This explains the early framing of risks into current climate variability and then 
future climate change under uncertainty and the identification of early adaptation interventions 
(the three types of low-regret, early adaptations with long lifetimes, and early adaptation 
measures with long lead times, as outlined in section 2.2 above).  

Finally, there is a greater focus on understanding the potential barriers to adaptation (Cimato 
and Mullan, 2010; Moser and Ekstrom, 2010; HM Government, 2013; Klein et al., 2014), as these 
make it harder to plan and implement adaptation actions. These barriers include market failures, 
policy failures, governance failures and behavioural barriers. In this second cycle of the CCRA 
these potential issues are considered much earlier in the process, within the CCRA itself rather 
than afterwards.  

Adaptation costs are likely to increase with impact or risk magnitude, potentially 
disproportionately so. This increase leads to a trade-off between the costs of impacts, the costs 
and benefits of adaptation and the costs after adaptation (the residual damages, noting 
adaptation will rarely completely reduce risks to zero). This choice involves important financial, 
economic and ethical issues, on which there are likely to be differing viewpoints. This leads on to 
the emerging issue of the limits of adaptation (Klein et al., 2014), noting these include physical 
and ecological limits, technological limits, information and cognitive barriers and social and 
cultural barriers, as well as financial (i.e. the availability to pay) and economic barriers. 
Addressing these barriers will involve planned responses, for example, societal barriers to 
adaptation may be reduced through consultation and engagement with affected groups 
particularly at early stages of adaptation planning. It is critical to recognise that in some cases, 
barriers (individual or combined) will be beyond the limits of adaptation. Understanding these 
limits is critical to understanding risks in the UK context, and where incremental adaptation, 
which helps to maintain the essence and integrity of a system or process at a given scale, might 
be insufficient. In such cases, transformational adaptation, which changes the fundamental 
attributes of the system, is likely to be required (IPCC, 2014). 
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As a consequence of these issues in the first CCRA, we attempt to assess the effects of current 
and planned policies as well as their potential influence on risk reduction and adaptation needs 
according to three distinct categories of action, where it is possible to do so: 

• Current level of adaptation. This assumption applies where no additional action is
undertaken to reduce risks or to take advantage of opportunities compared to today and
where there is no additional autonomous action. In some cases, this would mean that no
action is taken at all, while in some areas such as water resources planning and flood
defence maintenance it may mean that levels of action would continue at a defined level in
line with the level of effort taking place today. Much of the published literature that
provides future estimates of risks assumes no adaptation, either autonomous or planned.
This scenario is applied in step 1 of the urgency scoring framework (see Annex 2.A and step
3 below).

• Current objectives. This assumption applies where specific actions or targets that are
currently planned or announced in Government policies and programmes are implemented,
and/or that in the future, some autonomous adaptation occurs, for example, the
Government’s six-year spending plan on flood defences in England. High-level government
aspirations (rather than specific actions) are not included in this scenario. This scenario is
applied in step 2 of the urgency scoring framework (see Annex 2.A and step 3 below).

• Current objectives+. This assumption is applied in some of the supporting research (Sayers
and partners for the ASC, 2015; HR Wallingford et al. for the ASC, 2015). It goes beyond
current policy objectives and assesses how much action could feasibly be taken. This could
include all cost-beneficial adaptation or go further and consider transformational change.

2.3.3 Step 3 - Prioritising risks and opportunities according to their urgency 

The final stage of the analysis is to prioritise the risks and opportunities identified. In theory, the 
appropriate ranking of risks depends on the criteria of individual stakeholders and will therefore 
often vary. In the second CCRA, the primary user is the UK Government and devolved 
administrations and, as discussed earlier, the primary goal is to provide an assessment of risks  
to inform an analysis of the priorities for adaptation at the national level. To do this, the analysis 
needs to identify not only the magnitude and timing of risks as far as possible, but also where 
action is most urgently required in the short term for risks that may not otherwise be managed 
to an acceptable level in the future. In relation to the discussion above, it also needs to consider 
the existing measures and socio-institutional process in place, as well as the possible barriers  
to adaptation. The urgency framework must also be extremely simple and transparent so that 
the end results of the analysis can be understood and considered with ease and speed by  
policy-makers. 

To achieve this, the analysis in the second CCRA goes a step further than the ranking of 
magnitude of impacts of climate change that was undertaken in the first CCRA. The second 
CCRA still considers magnitude (similar to the first CCRA) but also suggests an urgency rating as 
the final output. For example, even if the future magnitude of a risk is classed as medium, the 
urgency might be high if plans do not exist to manage the relevant drivers of vulnerability, and it 
is necessary to put those plans in place in the next 5 years to start a process that ultimately 
manages the risk in the 2050s. There is, therefore, a potential opportunity, or a window of 
intervention (Ballard et al., 2013), that should be explored urgently in relation to whether to 
change the course of action today. It is stressed that such changes can be extremely 
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complicated. For example, it is relatively easy to design a building for a defined future climate, 
but it is much more difficult to design it for a highly uncertain future (Hallegatte et al., 2007) or 
indeed a transient climate regime. Nonetheless, the result is that an adaptation opportunity 
exists, and this therefore deserves a higher urgency rating.  

The urgency of decisions in the second CCRA is considered greater where the following two 
aspects are true:  

a) Under a current objectives adaptation scenario there is likely to be a significant
adaptation shortfall in the future.

A ‘significant shortfall’ is deemed to occur in one or more of the following cases: 

− After consideration of Government commitments and autonomous adaptation action, 
the risk, across the equivalent of the UKCP09 10 - 90% uncertainty, will have a medium or 
higher magnitude of impact by 2100.6 

− The available evidence suggests that the key drivers of vulnerability and/or exposure to 
the risk are not expected to be managed in the future (up to 2100). 

− There is no evidence but there is widespread agreement between the CCRA authors, ASC 
and peer reviewers that the key drivers of vulnerability or exposure to the risk would not 
be managed in the future to an acceptable level (up to 2100), either because it is thought 
that the market will not incentivise appropriate action or because there are no 
Government levers to do so. Any assessments based solely on author agreement have 
low confidence associated with them. 

b) Additional action has one or more of the following benefits in the next five years:

− Retains flexibility, avoiding lock-in to a particular pathway over the next few decades.

− Helps to create the right conditions to adapt later (e.g. putting in place measures for
changes that have long lead times, or that create the right institutional conditions to 
adapt later). 

− Provides the early steps, for example, capacity-building, research, or monitoring that 
will enable better decisions in the near future (next five years), especially in relation to 
longer-term major risks. That is, to build early interventions within an iterative adaptive 
management framework. 

− Has benefits for managing a wide range of climate and non-climate related risks. 

− Is cost-effective to implement now. 

− Reduces vulnerability now. 

There is also a case for action where Government commitments and autonomous adaptation in 
relation to the risk in question, or as a result of dealing with other risks, would lead to 
maladaptation. 

6  This consideration will necessarily be limited by the degree to which the available evidence explores the full 
uncertainty range. 
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A similar approach is taken for opportunities, except in these cases it is the potential to seize an 
opportunity rather than avoid a negative impact that is at stake.  

The second CCRA, therefore, develops an urgency framework based on assessing the 
characteristics of the current and future level of risk or opportunity, the effects of current and 
planned adaptation, and the resulting opportunities for further beneficial action in the next five 
years (Figure 2.4; see Annex 2.A for a full description of the urgency framework). 

The assignment of different risks and opportunities to the urgency categories is based on the 
expert judgement of the ASC, in consultation with the Evidence Report authors and the CCRA 
peer reviewers. Each chapter is accompanied by a set of urgency scores and rationale, that are 
designed to be transparent to the reader so that they can also judge the urgency scores for 
themselves (see also Synthesis Report appendix). 

Figure 2.4. Overview of approach to urgency scoring 

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

2.To what extent is the risk/ opportunity going to be managed, taking 
into account government commitments and autonomous adaptation?

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

More action 
needed

Research 
priority

Sustain 
current action

Watching 
brief

High, medium or 
unknown

Low

Significant 
adaptation shortfall

Less significant 
adaptation shortfall

Yes No

More urgent Less urgent

Supported by capacity building

Source: ASC (2016) Urgency Scoring Method. 
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2.3.4 Cross-cutting issues 

Cross-cutting issues refers to aspects of risk or adaptation that fall between or across the 
different sectors traditionally used in adaptation assessments. Reviews of the first CCRA 
suggested that the cross-cutting nature of risk and adaptation across sectors should be 
considered in more detail in the second CCRA (e.g. Wilby, 2012) and this is also a key 
requirement from the Government for the second CCRA. 

Consideration of the cross-cutting nature of risk and adaptation is important to define the true 
nature of the risk (see Chapter 8). Thinking about risk in sector-based silos can both distort the 
understanding of the risk and lead to maladaptive solutions if those actions have negative 
consequences for other systems that have not been considered in the appraisal of policies.  

The cross-cutting issues being assessed in the second CCRA relate both to how we understand 
risk and how we undertake adaptation. There are two types of cross-cutting issue being 
considered: 

• Cross-cutting issues related to risks which include:

− Interacting risks; this includes hazards that have multiple impacts across different
receptors, risks that have knock-on effects on other risks and risks that increase 
vulnerability to other risks.  

− Economic consequences of interacting risks; this includes indirect or knock-on economic 
consequences and macroeconomic effects of one or more risks. 

− Distributional risks; this considers how risks affect people differently depending on their 
social, economic and cultural environment. 

• Cross-cutting issues related to adaptation, which include:

− How institutional frameworks both incentivise and act as a barrier to effective adaptation. 

− The potential for unintended consequences of adaptation. 

− How certain adaptation actions have multiple benefits across numerous risks. 

− How awareness and capacity affects the ability to adapt. 

− Knowledge, information and data gaps. 

Each chapter in this Evidence Report should consider how different risks and receptors within 
that chapter interact. In trying to bring out cross-cutting issues more fully in the second CCRA, 
the Evidence Report is grouped into chapters based around systems of receptors, rather than 
policy- or evidence-driven sectors. This grouping may make the report harder for some policy-
makers to read as their sector of interest will be spread across the report, but organising the 
assessment in this way conveys a better appreciation of the interconnectedness of risks and 
opportunities from climate change. Although there is never an ideal way to split chapters in a 
report, this configuration should provide some new information on how different risks may 
interact and what impact they have on a receptor as a whole, and it is important for decision-
makers to understand this. Figure 2.5 below shows how the sector groupings from the first CCRA 
translate into the system groupings for the second CCRA chapters. 

There is also a dedicated chapter in this report (Chapter 8) that looks at the two types of cross-
cutting issues listed above and discusses how these issues alter our perception of the 
importance or otherwise of different risks or groups of risks. 
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Figure 2.5. Mapping of the first CCRA sectors on to the second CCRA chapters 
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Water

Notes: Red boxes show the overlap in coverage between the CCRA1 and CCRA2 chapters. 

Finally, as mentioned above, the results from the second CCRA go beyond characterising the 
magnitude and confidence of individual projected impacts, as was the case for the first CCRA. 
Instead, it will bring together findings from across the chapters to make recommendations on 
the most important risks and opportunities for consideration in the ongoing adaptation 
programmes for England, Northern Ireland, Scotland and Wales. Some of these priorities cut 
across sectors.  

2.4 Using the CCRA 
The purpose of the CCRA is to provide evidence to inform the UK Government’s development of 
its national adaptation programme, and the programmes of the devolved administrations. The 
method and outputs of the CCRA have been constructed with this aim in mind, including 
through the use of urgency categories to present the results. 

The CCRA is not designed to act as a basis for making decisions on specific policies or practices 
to manage the risks or opportunities described here, or for decision making at a sub-national  
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level. The assessment has not included an options appraisal exercise, which is essential in 
considering which types of action are the most cost-effective in any particular scenario. 

Table 2.1 below outlines the various CCRA products and the information available in them. 

Table 2.1. The different CCRA products 

CCRA product Information available 

Synthesis report 
- Key messages from the report. 

- Key diagrams and charts.  

Appendix to Synthesis Report - 
Urgency Score Tables 

- Look-up summarises of the rationale for the urgency scores. 

- Cross-references the CCRA results back to specific chapter 
sections. 

Chapters 

- Detailed assessment of each risk/opportunity, expands on the 
narrative used for the urgency scores. 

- Shows all of the evidence used to create the urgency scores for 
each risk/opportunity. 

National summaries 
- Presents the urgency scores for each UK country. 

- Provides additional context for each UK country. 

CCRA research projects on flooding, 
water availability, natural capital 
and high++ scenarios 

- Detailed reports giving the methodology, results, and data for 
the four research projects. 

2.5 Conclusions 
Building on the experience of the first CCRA, this assessment uses a revised approach as outlined 
in section 2.3. In applying the method, the report authors have found a number of benefits and 
some limitations that are summarised below. 

Benefits of the CCRA method 

• The three-step methodology used in this CCRA – assess current risks/opportunities, assess
future risks/opportunities, prioritise according to urgency – has allowed the report authors to
present the risks and opportunities in a consistent way despite the heterogeneity of the
evidence base.

• Undertaking a literature review rather than an approach based on creating new response
functions for each risk/opportunity has expanded the available evidence that can be used.
The previous CCRA was forced to use a standard set of climate, socio-economic and
adaptation assumptions to create consistent results. This allowed for more direct
comparisons of the size of impact associated with different risks/opportunities, but meant
that some important evidence was left out of the analysis. This approach taken for CCRA2
has been more inclusive.
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• Focussing on the urgency of potential adaptation actions as the ultimate output of the
assessment, rather than magnitude of the risk as in the first CCRA, has had the following
advantages:

• It embraces uncertainty. The outputs of the first CCRA were defined by the magnitude of
a projected climate change impact under a specified scenario. Focussing on magnitude
meant that assumptions about future climate, socio-economic change and adaptation
had to be standardised and constrained across all of the analysis, meaning some parts of
the probability range for specific changes was ignored. Defining risks and opportunities
by their urgency is less sensitive to these assumptions as the urgency method considers
the full known range of future climate and socio-economic scenarios, and adaptation.
Judgements have been made based on the full range of likelihood and impact of specific
risks and opportunities that are presented in the available evidence.

• It provides a more direct recommendation on actions needed in forthcoming national
adaptation programmes. The first CCRA gave readers a sense of the comparative size of
different risks and opportunities in order to highlight which were likely to have the
largest impact in the future in the absence of any adaptation. This CCRA has directed the
reader to those risks and opportunities where further action is likely to be needed the
most in the next five years, given the action already underway.

• This CCRA was about one fifth of the cost of the first assessment (£650K compared to £3.2
million, both over three years), for three reasons:

• The report authors provided their services for free, or for a small cost only.

• The cost of the Adaptation Sub-Committee is already covered under the Government’s
core adaptation budget.

• The literature review approach is a much cheaper option than undertaking new analysis.

Limitations of the CCRA method 

• Although less expensive, this approach for undertaking a national assessment has relied
strongly on the goodwill of adaptation experts across the country to give their time for
free or for much less than their normal day rates. This model may not be sustainable in
the future.

• The urgency scores for this CCRA are based on the expert judgement of the ASC, which in
turn has been informed by the evidence presented in the chapters. There is always a risk
that expert judgement can hide certain value judgements or biases. The authors of the
report and ASC have attempted to make this assessment as transparent as possible to
ensure that the reader can judge the results for themselves. To correct for any
unintentional biases, the urgency scores have also been widely reviewed and critiqued
by the report’s authors, peer reviewers, stakeholders and external reviewers, so this does
not necessarily represent a limitation.

• The literature review approach does not allow for a direct comparison of magnitude
between the risks. Some standardisation of magnitude for selected risks by degree of
global temperature increase has been undertaken and is presented in the Synthesis
Report.
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• Following a literature review approach has also not allowed new analysis to be
undertaken where there are evidence gaps, apart from a few exceptions.

• Following a process with many authors required considerable resource to ensure that the
approach and outputs were consistently presented and interpreted.

• Time constraints did not allow for a systematic literature review. Instead, the process
relied on a call for evidence, author and reviewer knowledge to ensure that the main
sources of evidence were incorporated.
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Annex 2.A CCRA2 Urgency Scoring Method 
Authors: Manuela Di Mauro, Kathryn Humphrey, Daniel Johns, David Style, David Thompson, 
Alex Townsend, Lola Vallejo (Adaptation Sub-Committee Secretariat) 

Overview of approach 

The flow chart below provides an overview of the proposed urgency scoring approach, which is 
in keeping with the overall iterative risk management approach used in CCRA2. This breaks the 
assessment of urgency into three parts (Figure 2.A1): 

1. An assessment of the current and future (up to 2100) nature of the risk or opportunity
(which would include an assessment of the uncertainty range and magnitude), assuming
a ‘current level of adaptation’ scenario.

2. The effect of planned and autonomous adaptation on the size of the risk or opportunity
in the future (up to 2100 and beyond where there is evidence), assuming a ‘current
objectives’ scenario.

3. An assessment of the benefits of further action in the next five years to manage the risk
or opportunity.

This annex describes the approach for each of the three parts of the urgency assessment. 

Figure 2.A1. Overview of approach for urgency scoring 

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

2.To what extent is the risk/ opportunity going to be managed, taking 
into account government commitments and autonomous adaptation?

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

More action 
needed

Research 
priority

Sustain 
current action

Watching 
brief

High, medium or 
unknown

Low

Significant 
adaptation shortfall

Less significant 
adaptation shortfall

Yes No

More urgent Less urgent

Supported by capacity building
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The definitions of the urgency categories are as follows: 

• More action needed. New, stronger or different government policies or implementation
activities– over and above those already planned – are needed in the next five years to
reduce long-term vulnerability to climate change.

• Research priority. Research is needed in the next five years to fill significant evidence gaps
or reduce the uncertainty in the current level of understanding in order to assess the need
for additional action.

• Sustain current action. Current or planned levels of activity are appropriate, but continued
implementation of these policies or plans is needed to ensure that the risk continues to be
managed in the future. This includes any existing plans to increase or change the current
level of activity.

• Watching brief. The evidence in these areas should be kept under review, with long-term
monitoring of risk levels and adaptation activity so that further action can be taken if
necessary.

Across all of these four areas, capacity building is important to equip decision-makers and 
practitioners to make timely, well-evidenced and well-resourced decisions. 

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

The purpose of this step is to describe the risk or opportunity today, and provide a summary of 
the evidence on the potential magnitude in the ‘2020s’ (2010-2039), ‘2050s’ (2040-2069) and 
‘2080s’ (2070-2099) (steps 1 and 2 of the overall methodology). The assessment of current risk 
will include an assessment of the current level of hazard, vulnerability and exposure, and any 
action being taken to manage the risk. The assessment of future (up to 2100) risk will include, 
where possible, the effects of different climate scenarios, socio-economic change, a ‘current 
level of adaptation’ scenario, and the uncertainty range. The assessment of opportunities should 
include any evidence on the size of the opportunity under different scenarios. The range of 
risk/opportunity should be quantified as far as possible and broken down by each UK country. 

Step 2: To what extent is the risk/ opportunity going to be managed, taking into account 
Government commitments and autonomous adaptation? 

The purpose of this step is to understand to what extent we can assume autonomous 
adaptation, or adaptation according to Government commitments will take place (see Box 2.A1), 
and to what extent this will manage the risks or seize the opportunities to a degree described 
below. Again, this step should be taken separately for each UK country where the evidence 
allows. 

For the purpose of this assessment, it is judged that there is a less significant adaptation shortfall 
if the following are true for risks:  

1. The risk is projected to be low magnitude under any future climate scenario, OR

2. After consideration of Government commitments and autonomous adaptation action,
the risk, across the equivalent of the UKCP09 10 - 90% uncertainty range, would be
reduced to a low magnitude category by 2100 if these actions take place (see Table 2.A1
below for a description of magnitude, which follows from CCRA1), OR

Chapter 2   –   Approach and context           30 



UK Climate Change Risk Assessment 2017: Evidence Report 

3. The available evidence suggests that the key drivers of vulnerability/exposure to the risk
are expected to be managed in the future (up to 2100) (with reasons why), OR

4. Where there is no evidence, there is widespread agreement between the CCRA authors,
ASC and peer reviewers that the key drivers of vulnerability/exposure to the risk would
be managed in the future (up to 2100), either because the market will incentivise
appropriate action or because Government has commitments in place to do so (with
reasons why), AND

5. Government commitments and autonomous adaptation in relation to the risk in
question, or as a result of dealing with other risks, do not lead to maladaptation (see Box
2.A1).

For opportunities, there is deemed to be a less significant adaptation shortfall if there is 
evidence that the opportunity will be seized without the need for government intervention. The 
rationale for the assessment would need to be discussed and agreed as part of the review 
process for the report.  

If the adaptation shortfall is agreed to be less significant, the risk would be given a ‘watching 
brief’ or ‘sustain current action’ category. 

Where any of the criteria above do not apply, or where there is a lack of evidence or agreement, 
we conservatively assume that there would be a significant adaptation shortfall, and the risk/ 
opportunity will be taken to step 3.  

Chapter 2   –   Approach and context           31 



UK Climate Change Risk Assessment 2017: Evidence Report 

Box 2.A1. Autonomous adaptation and government commitments 

Autonomous adaptation 

The assessment of autonomous adaptation will need to consider the potential reductions in 
risk through the action of individual actors, the private sector, and at the aggregate level, e.g. 
from market adjustments.  

A key issue is to identify whether the autonomous adaptation that may occur is appropriate, 
i.e. from an economic perspective, it is socially optimal. As an example, the increase of air 
conditioning as a response to building overheating is a potential autonomous adaptation 
response, but it would increase energy and carbon emissions, and possibly exacerbate social 
inequalities, and thus would be a form of maladaptation. Likewise, many farm-level responses 
(increased irrigation and fertiliser use) may involve wider cross-sectoral trade-offs that 
necessitate a role for planned intervention. This assessment needs to also consider cases in 
which adaptation has unintended consequences, e.g. creating lock-in, or increasing risks in 
other sectors or associated with other development or social objectives. 

Government commitments 

The assessment of Government commitments should consider firm policy goals and 
aspirations, both in relation to specific existing and announced climate or resilience policy but 
also broader policy interventions that will reduce climate vulnerability. These commitments 
should follow the ‘current objectives’ adaptation scenario outlined in the CCRA method. 
Authors should report on the potential effects of delivery/non-delivery of the policy goal in 
the chapter narratives where there is evidence to support such a narrative. 

Similarly to autonomous adaptation, the assessment of Government commitments should 
consider whether these commitments have unintended consequences, e.g. create lock-ins, or 
increasing risks in other sectors or associated with other development or social objectives. 
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Table 2.A1. Magnitude Categories 

High Magnitude Medium Magnitude Low Magnitude 

Quantitative 
evidence 

Major annual damage 
and disruption or 
foregone 
opportunities:7 

£hundreds of millions 
damage or foregone 
opportunities, and/or 

Thousands of 
hectares/km of land lost 
or irreversibly 
damaged,8 and/or 

Millions affected, 
hundreds of deaths9 or 
hundreds of people 
irreversibly harmed 

Changes to majority of 
UK’s natural assets and 
their associated goods 
and services. 

Moderate annual damage 
and disruption or 
foregone opportunities: 

£tens of millions damage, 
and/or 

Hundreds of hectares/km 
land lost or irreversibly 
damaged, and/or 

Hundreds of thousands 
affected, tens of deaths, 
or tens of people 
irreversibly harmed 

Changes to around half of 
UK’s natural assets and 
their associated goods 
and services. 

Minor damage and 
disruption or foregone 
opportunities: 

‒ Less than £10 million 
damage, and/or 

‒ Tens of hectares/km lost 
or irreversibly damaged, 
other 
reversible/localised 
damage occurs, and/or 

‒ Thousands affected, a 
few deaths, or a few 
people irreversibly 
harmed 

Changes to a minority of 
UK’s natural assets and their 
associated goods and 
services. 

Qualitative 
evidence 

Expert judgement and 
widespread agreement 
across authors, ASC and 
peer reviewers suggest 
there is a possibility of 
impacts of the 
magnitude suggested 
above. 

Expert judgement and 
widespread agreement 
across authors, ASC and 
peer reviewers suggest 
there is a possibility of 
impacts of the magnitude 
suggested above. 

Expert judgement and 
widespread agreement 
across authors, ASC and peer 
reviewers suggest there is a 
possibility of impacts of the 
magnitude suggested 
above. 

7  This could be an annual average or expected annual damages. Where there is evidence on a single event but not 
an annual average, authors should make a judgement on the magnitude of an annual event and state this in 
their assumptions. 

8  These values are based on the average value for a hectare of land in England that is estimated to be £21k 
(www.gov.uk/government/uploads/system/uploads/attachment_data/file/407155/February_2015_Land_value_
publication_FINAL.pdf) 

9  The implied value of number of deaths is broadly in line with the value of prevented fatalities and life years lost 
used by Government in the appraisal of policies. It should be noted that this applies to an ‘average’ prevented 
fatality, i.e. someone of average age and who is otherwise healthy. Where possible, the authors should consider 
the life years lost associated with each individual risk. The estimated life years can be multiplied by the 
recommended value in the Department for Health Guidance (£60k in 2009 prices) to arrive at a monetary value 
of the health impacts. This monetary value can then be used to attribute a magnitude score to the risk. 
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Step 3: Are there benefits of further action – over and above what is planned - in the next five 
years? 

The purpose of this step is to understand, for risks or opportunities where there is a more 
significant adaptation shortfall, whether additional actions to address the risk over the next five 
years would be beneficial, and in what way.  

There may be benefits of different kinds of actions within the next five years as follows: 

• Retain flexibility, avoiding lock-in to a particular pathway over the next few decades, or

• Help to create the right conditions to adapt later (e.g. put in place measures for changes
that have long lead times, or create the right institutional conditions to adapt later), or

• Provide the early steps, e.g. capacity building, research, monitoring, that will enable better
decisions in the near future (next five years), especially in relation to longer-term major risks,
i.e. to build early interventions within an iterative adaptive management framework, or

• Have benefits for managing a wide range of climate and non-climate related risks, or

• Are cost-effective to implement now, or

• Reduce vulnerability now.

In order to undertake this step, authors will need to make some high level assessment of the 
types of actions that could be employed to manage the risk, but they do not have to describe 
the benefits of a particular set of actions over another set of actions or recommend a particular 
set of actions to take. 

If action is beneficial over the next five years to manage the risk, the risk or opportunity would 
be identified as more urgent.  

If action in the next five years is not deemed to be beneficial, the risk or opportunity would be 
assigned a less urgent category.  

No risk ‘falls out’ of the framework. For example, risks and opportunities identified as ‘watching 
brief’ require ongoing monitoring to see if the actions that should be happening, are happening. 
This means that risks falling in the ‘watch list’ are not necessarily considered to be acceptable 
and will still need to re-evaluated in the next CCRA. The Government might still decide to act 
upon these risks now. 

Confidence 

The confidence scores outlined in each urgency table represent the overall quality of the 
evidence base that has been used to arrive at the decision on urgency. The table below provides 
criteria to be used to assign a confidence score to each risk and opportunity assessed. 
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Table 2.A2. Confidence categories 

High confidence Medium confidence Low confidence 

Step 1: 
Assessment 
of current 
and future 
risk 

Multiple sources of 
independent evidence 
based on reliable analysis 
and methods, with 
widespread agreement 
between studies and 
experts.  

Several sources of high 
quality independent 
evidence, with some 
degree of agreement 
between studies, and/or 
widespread agreement 
between experts. 

Varying amounts and/or 
quality of evidence and/or 
little agreement between 
experts, or assessment is 
made using only expert 
judgement. 

Step 2: 
Assessment 
of the effect 
of planned 
and 
autonomous 
adaptation 

High quality evidence of 
the effects of future 
adaptation in managing 
the risk and high 
agreement between 
experts. 

Some evidence on the 
effects of future 
adaptation in managing 
the risk and/or high 
agreement between 
experts. 

Little/no/contrasting 
evidence of the effects of 
future adaptation in 
managing the risk and 
little agreement between 
experts, or assessment is 
made using only expert 
judgement. 

Step 3: 
Assessment 
of whether 
additional 
action would 
be beneficial 

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

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

Little/no/contrasting 
evidence of the benefits of 
future adaptation and little 
agreement between 
experts, or assessment is 
made using only expert 
judgement. 

For the purpose of this assessment the following criteria should be considered in the assessment 
of the quality of evidence. 

Table 2.A3. Quality of evidence 

High quality evidence Some evidence Little evidence 

• Multiple sources of
evidence that contain
similar results

• Based on robust
techniques

• Data used is of a high
quality

• Evidence has been peer
reviewed

• Published relatively
recently

• Some elements of ‘high
quality evidence’ and ‘little
evidence’

• No, or very few, sources of
evidence (e.g. anecdotal
evidence)

• Based on weak methodologies

• Poor quality data

• Evidence has not been peer
reviewed

• Published a long time ago
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Annex 2.B List of risk descriptors covered in CCRA2 

Table 2.B1. List of risk descriptors (including opportunities) that are covered in the second CCRA 
Evidence Report 

Chapter Risk descriptor (with relevant chapter sections in brackets) 

3 Ne1: Risks to species and habitats due to inability to respond to changing climatic 
conditions (Section 3.2) 

3 Ne2. Opportunities from new species colonisations (3.2) 

3 Ne3: Risks and opportunities from changes in agricultural and forestry productivity and 
land suitability (3.3) 

3 Ne4: Risks to soils from increased seasonal aridity and wetness (3.3) 

3 Ne5: Risks to natural carbon stores and carbon sequestration (3.3, 3.7) 

3 Ne6: Risks to agriculture and wildlife from water scarcity and flooding (3.4) 

3 Ne7: Risks to freshwater species from higher water temperatures (3.4) 

3 Ne8: Risks of land management practices exacerbating flood risk (3.3, 3.4) 

3 Ne9: Risks to agriculture, forestry, landscapes and wildlife from pests, pathogens and 
invasive species (3.7) 

3 Ne10: Risks to agriculture, forestry, wildlife and heritage from changes in frequency 
and/or magnitude of extreme weather and wildfire events (3.3) 

3 Ne11: Risks to aquifers, agricultural land and habitats from saltwater intrusion (3.5) 

3 Ne12: Risks to habitats and heritage in the coastal zone from sea-level rise; and loss of 
natural flood protection (3.5) 

3 Ne13: Risks to, and opportunities for, marine species, fisheries and marine heritage from 
ocean acidification and higher water temperatures (3.6) 

3 Ne14: Risks and opportunities from changes in landscape character (3.7) 

4 In1: Risks of cascading failures from interdependent infrastructure networks (Sections 
4.4 to 4.9) 

4 In2: Risks to infrastructure services from river, surface water and groundwater flooding 
(4.4 to 4.9) 

4 In3: Risks to infrastructure services from coastal flooding and erosion (4.4 to 4.9) 

4 In4: Risks of sewer flooding due to heavy rainfall (4.5) 

4 In5: Risks to bridges and pipelines from high river flows and bank erosion (4.5, 4.7, 4.8) 

4 In6: Risks to transport networks from slope and embankment failure (4.7) 

4 In7: Risks to hydroelectric generation from low or high river flows (4.8) 

4 In8: Risks to subterranean and surface infrastructure from subsidence (4.5, 4.6, 4.7, 4.8) 
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Table 2.B1. List of risk descriptors (including opportunities) that are covered in the second CCRA 
Evidence Report 

Chapter Risk descriptor (with relevant chapter sections in brackets) 

4 In9: Risks to public water supplies from drought and low river flows (4.5) 

4 In10: Risks to electricity generation from drought and low river flows (4.8) 

4 In11: Risks to energy, transport and digital infrastructure from high winds and lightning 
(4.6, 4.7, 4.8) 

4 In12: Risks to offshore infrastructure from storms and high waves (4.7, 4.8) 

4 In13: Risks to transport, digital and energy infrastructure from extreme heat (4.6, 4.7, 
4.8) 

4 In14: Potential benefits to water, transport, digital and energy infrastructure from 
reduced extreme cold events (4.5, 4.6, 4.7, 4.8) 

5 PB1: Risks to health and wellbeing from high temperatures (Sections 5.2.2, 5.3.2, 5.5.3) 

5 PB2: Risks to passengers from high temperatures on public transport (5.3.9) 

5 PB3: Opportunities for increased outdoor activities from higher temperatures (5.2.3) 

5 PB4: Potential benefits to health and wellbeing from reduced cold (5.3.3, 5.5.4) 

5 PB5: Risks to people, communities and buildings from flooding (5.2.5, 5.3.4, 5.5.1) 

5 PB6: Risks to the viability of coastal communities from sea level rise (5.2.6, 5.2.7) 

5 PB7: Risks to building fabric from moisture, wind and driving rain (5.3.4, 5.3.6, 5.3.7) 

5 PB8: Risks to culturally valued structures and the wider historic environment (5.3.8) 

5 PB9: Risks to health and social care delivery from extreme weather (5.4) 

5 PB10: Risks to health from changes in air quality (5.2.2, 5.3.5, 5.5.5) 

5 PB11: Risks to health from vector-borne pathogens (5.5.2) 

5 PB12: Risk of food borne disease cases and outbreaks (5.5.6) 

5 PB13: Risks to health from poor water quality (5.5.6) 

5 PB14: Risk of household water supply interruptions (5.2.4) 

6 Bu1: Risks to business sites from flooding (6.2.2, 6.2.3) 

6 Bu2: Risks to business from loss of coastal locations and infrastructure (6.2.2, 6.2.3) 

6 Bu3: Risks to business operations from water scarcity (6.2.4, 6.2.5) 

NB: Also see related infrastructure risk In9. 

6 Bu4: Risks to business from reduced access to capital (6.3) 

6 Bu5: Risks to business from reduced employee productivity, due to infrastructure 
disruption and higher temperatures in working environments (6.4.2, 6.4.3, 6.4.4, 6.4.5) 
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Table 2.B1. List of risk descriptors (including opportunities) that are covered in the second CCRA 
Evidence Report 

Chapter Risk descriptor (with relevant chapter sections in brackets) 

6 Bu6: Risks to business from disruption to supply chains and distribution networks (6.5) 

NB: Also see related international risks It1 and It3. 

6 Bu7: Risks and opportunities for business from changes in demand for goods and 
services (6.6) 

7 It1: Risks from weather-related shocks to international food production and trade 
(Section 7.2) 

7 It2: Imported food safety risks (7.2) 

7 It3: Risks and opportunities from long-term, climate-related changes in global food 
production (7.2) 

7 It4: Risks to the UK from climate-related international human displacements (7.3) 

7 It5: Risks to the UK from international violent conflict (7.4) 

7 It6: Risks to international law and governance (7.4) 

7 It7: Opportunities from changes in international trade routes (7.4) 

Table 2.B2. List of risks and opportunities that are not considered in detail in the second CCRA 

Relevant 
chapter Risk descriptor 

Rationale for omission from the second 
CCRA Evidence Report 

4 and 5 Energy demand for cooling 
Excluded in Government requirement – 
evidence thought to be similar to that 
presented in 2012. 

4 Risks to ships at sea from rough weather Excluded in Government requirement– not 
thought to be a major issue for shipping. 

3 
Impacts on generalist versus specialist 
species 

Excluded in Government requirement – 
evidence well set out in first CCRA, not 
thought to be significant new evidence.  
Chapter 3 of this report does contain 
analysis that is relative to generalist and 
specialist species. 

5 Deaths and injuries from flooding and 
storms 

Excluded in Government requirement – risk 
is well understood and numbers affected 
are much lower than morbidity risks.  
Chapter 5 does contain some material for 
this risk. 
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does not go into detail about the associated 
health effects.   

5 Impacts of climate change on crime 
levels 

Excluded in Government requirement.  

5 Risks to skin cancer incidence from 
increased UV radiation. 

Excluded in Government requirement – 
covered in detail in first CCRA; risks are 
highly influenced by behaviour. 
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buildings affecting respiratory health 

Excluded in Government requirement.  
Chapter 5 contains a section on risks to 
buildings including mould and damp, but 
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Annex 2.C Climate and socio-economic scenarios 

Table 2.C1. Climate scenarios used in second CCRA Evidence Report 

Relevant climate 
variables 

Climate models or 
scenarios used 

Relevant report sections 

Annual and seasonal 
mean temperature 

UKCP09 

Met Office HadRM3 
model 

AGMIP crop model 

3.3.1 Soils 

3.3.2 Land suitability/capability 

4.8 Energy infrastructure 

5.1.5: Current and future trends 

6.4 Climate risks and opportunities for workers 
and labour productivity 

8.3.2 Distributional impacts 

5.5.3: Health effects from hot weather and 
heatwaves 

5.5.4: Health effects from cold 

3.3.3 Crop production 

Heatwave frequency 
(high++ scenario) 

UKCP09, CMIP5 
ensemble 

CCRA project D: Met Office (2015) for the ASC 

5.1.5: Current and future trends 

Urban heat island effect UKCP09, selected 
atmospheric general 
circulation models 
(AGCMs), CMIP5 
ensemble 

5.2.2: urban heat islands and urban air quality 

Cold spell frequency 
(high++ scenario) 

UKCP09 CCRA project D: Met Office (2015) for the ASC 

Snow cover and amount UKCIP02 3.2.1: Terrestrial species/habitats 

Seasonal rainfall UKCP09 

UKCP09, Met Office 
HadRM3 model 

3.3.1 Soils 

3.3.2 Land suitability and capability 

Extreme rainfall UKCP09, Met Office 
high resolution model 

UKCP09 

5.2.5: Flood risk to communities 

CCRA project A: Sayers and Associates (2015) for 
the ASC 

High or low river flows UKCP09, HadRM3 
model 

3.4: Freshwater ecosystems and water services 

5.2.5: Flood risk to communities 
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Table 2.C1. Climate scenarios used in second CCRA Evidence Report 

UKCP09 

4.4 Flood and coastal erosion risk management 
infrastructure 

4.5 Water infrastructure 

4.7 Transport infrastructure 

4.8 Energy infrastructure 

4.9 Solid waste infrastructure 

6.2.2 Current and future risks and opportunities 
for site locations from flooding and coastal 
erosion 

6.2.4 Water availability for industry 

8.3.2 Distributional impacts 

CCRA project A: Sayers and Associates (2015) for 
the ASC 

CCRA project B: HR Wallingford et al. (2015) for 
the ASC 

CCRA project D: Met Office (2015) for the ASC 

Relative humidity UKCP09 5.3.4: Risks to buildings from flooding and 
moisture 

Wind storms (high++ 
scenario) 

UKCP09 CCRA project D: Met Office (2015) for the ASC 

Lightning UKCP09 4.8 Energy infrastructure 

Drought frequency 
(including high++ 
scenario) 

CMIP5 ensemble 3.3.2 Land suitability/capability 

CCRA project D: Met Office (2015) for the ASC 

Wind storms (high++ 
scenario) 

CMIP5 ensemble, 
UKCP09 

CCRA project D: Met Office (2015) for the ASC 

Arctic sea ice – 
atmospheric impacts 

Selected atmospheric 
general circulation 
models (AGCM) 

5.1.5: Current and future trends 

Sea-level rise UKCP09 CCRA project A: Sayers and Associates (2015) for 
the ASC 

Sea surface temperature UKCP09, HadRM3 3.6.1 Marine species and habitats 

Ocean salinity UKCP09, HadRM3 3.6.1 Marine species and habitats 

Ocean pH Met Office HadGEM 
model series 

3.6.1 Marine species and habitats 
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Table 2.C1. Climate scenarios used in second CCRA Evidence Report 

Wave height Multi-model 
ensemble 

3.6.1 Marine species and habitats 

Multi-variable species 
climate envelopes 

ENSEMBLES outputs, 
UKCP09  

UKCIP02, UKCP09, 
CMIP2 ensemble 

UKCP09 

5.5.2: Emerging infections 

3.2.1 Terrestrial species/ habitats 

3.3.1 Soils 

3.3.2 Land suitability/capability 

3.2.1 Terrestrial species/ habitats 

3.2.2 Pollinators 

3.3.3 Crop production 

3.3.5 Trees, wood production and forestry 
services 

7.2.3 Future risks and opportunities in food 
systems 

Notes: This list is not exhaustive as it only summarises those sections of the report that have explicitly stated the 
name of the climate model or set of projections used in particular studies. There are many more examples in the 
chapters of studies that have used different climate scenarios but not stated these outright. 

Definitions of different model types are as follows: 

UKCP09 – UK climate projections 2009 

UKCIP02 – UK climate projections 2002 

CMIP5 – Coupled model intercomparison project phase 5 (CMIP2 was the second phase used to support the 
IPCC’s Third Assessment Report in 2001) 

ENSEMBLES – an EU Framework Programme 6 funded project to bring together different European climate 
models. 
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Table 2.C2. Future socio-economic scenarios used in second CCRA Evidence Report 

Socio-economic metric Scenarios used Relevant report sections 

Population (size and 
demographics) 

Office of National 
Statistics future 
population scenarios 

3.4 Freshwater ecosystems and water services 

4.4 Flood and coastal erosion risk management 
infrastructure 

4.5 Water infrastructure 

5.1.5:Current and future trends 

5.2.5:Flood risk to communities 

6.2.2 Current and future risks and opportunities 
for site locations from flooding and coastal 
erosion 

6.2.4 Water availability for industry 

7.3.4 Future risks and opportunities relating to 
migration 

8.3.2 Distributional impacts 

CCRA project A: Sayers and Associates (2015) for 
the ASC 

CCRA project B: HR Wallingford (2015) for the 
ASC 

Land use change National Ecosystem 
Assessment land use 
scenarios 

3.5 Coastal ecosystems and buffering of hazards 

3.7.1 Carbon storage and GHG emissions 

Notes: This list is not exhaustive as it only summarises those sections of the report that have explicitly stated the 
socioeconomic assumptions used in particular studies.  
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