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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 new 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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Key messages 

Effective adaptation cannot be undertaken without an acknowledgement of the cross-cutting nature 
of risks, opportunities and adaptation. Without this consideration, the resulting actions can be sub-
optimal in terms of their costs and benefits, lead to unintended consequences, or fall short of the effort 
needed to manage the risk or opportunity. 

Key cross-cutting issues relating to understanding risks are: 

• Interaction among risks (Section 8.2). Most of the studies available to inform this Evidence Report
consider individual risks in isolation, while understanding how risks interact is critical for assessing
the overall costs and benefits of policy intervention. This understanding enables policy makers to
achieve desired outcomes at least cost and avoid unintended consequences. Six groups of
interacting risks and opportunities have been highlighted that are important to consider together
in developing cross-cutting adaptation strategies. These are the risks and opportunities that
impact on natural capital, water security, food security, wellbeing, economic prosperity and global
security.

• Indirect and macroeconomic impacts (Section 8.3.1). There is some evidence that the indirect
effects of climate change on the UK economy are likely to be at least of the same order of
magnitude, or greater, as direct losses. It is sensible to assume that future increases in direct
economic losses, such as those projected for flooding, are likely to be coupled with an increase in
indirect losses. Although limited, there is some recent evidence on the potential for
macroeconomic impacts (e.g. on UK GDP) from climate change.

• Distributional impacts (Section 8.3.2). There is strong evidence that climate risks will affect people
differently, depending on their social, economic and cultural environment. People and
communities facing both social vulnerability and exposure to climate hazards are likely to be the
worst affected. Low income households will be particularly affected through negative effects on
the cost of living, and because they have less resources with which to respond.

The main cross-cutting issues related to adaptation planning and response include: 

• Institutional frameworks for delivering adaptation action (Section 8.4.1). The institutional
framework for adaptation in the UK has the potential to deliver effective action. However, there are
obstacles to realise this potential. These include unclear or unmeasurable adaptation policy goals
across multiple, correlated risks; a large number of partners involved in delivering adaptation; the
limited alignment between related policy goals (e.g. flood risk management with housing and
planning policies); and capacity (including resource) gaps, particularly at the local level.

• Unintended consequences of adaptation (Section 8.4.2). Failing to take into account interacting
risks, and wider social and economic factors that affect risk can lead to unintended consequences
and maladaptation. Addressing all of these cross-cutting issues when planning new policies, as
advocated by the Treasury Green Book, is not always done in practice.

• Adaptive capacity (Section 8.4.3). Addressing risks requires the capacity to consider them
systemically. In some cases, this includes going beyond ‘incremental change at the margins’ to
suggest more fundamental (‘transformational’) changes, and understanding the long term
consequences of undertaking those changes.

The main knowledge, information and data gaps to assess and manage cross-cutting risks that have 
been identified are related to the availability of data on vulnerability and impacts from climate change; 
access to these data, including in some cases due to the commercialisation of publicly funded datasets; 
limited application of methods to assess aggregated annual risk and its geographical distribution; and 
lack of systematic collection of indicators to measure adaptation progress that are use-driven rather 
than data-driven. 
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8.1 Context 
The analysis in chapters 3 to 7 of this report highlights a number of cross-cutting issues that are 
crucial for policy-makers and practitioners to understand in order to implement robust and cost-
effective adaptation actions. ‘Cross-cutting issues’ refers to aspects of risk or adaptation that fall 
between, or across, the different sectors that should be considered within adaptation 
assessments. 

Assessments that focus on individual risks, sectors or policies can underplay or even distort the 
costs and benefits associated with adaptation actions. As a result, it can lead to negative 
outcomes and long-term maladaptation. Opportunities for tackling multiple risks together can 
also be missed. For example: 

• Chapter 3 discusses the competing demands between people, industry and the natural
environment for finite natural assets such as land, soil and water. In the absence of
coordinated adaptation policies across different sectors, meeting the needs of industry and
the growing population could result in further depletion of the country’s limited natural
capital (section 3.9.1).

• Chapter 5 highlights the fact that policies designed to help to reduce exposure to cold in
homes through increased insulation and air-tightness can exacerbate the risks of
overheating in summer and indoor air pollution, unless these risks are addressed at the same
time (section 5.3.2).

The cross-cutting issues discussed in this final chapter fall into two broad areas: assessment of 
risks and opportunities, and considering adaptation responses. 

Cross-cutting issues related to assessing risks are discussed as follows: 

• Section 8.2 considers the different ways in which risks can interact1, focusing on six groups of
interacting risks highlighted within this Evidence Report.

• Section 8.3.1 discusses the potential for indirect and macroeconomic impacts of climate
change to arise that may be overlooked by individual policy appraisals.

• Section 8.3.2 considers how risks affect people differently depending on their social,
economic, physical and cultural environment.

Cross-cutting issues related to adaptation planning and response (sections 8.4) are discussed 
as follows: 

• Section 8.4.1 considers how institutional frameworks (for example central government, local
health services and emergency response arrangements) can support and incentivise, and at
other times act as a barrier to, effective adaptation.

• Section 8.4.2 explores the potential for unintended consequences arising from adaptation
actions. Unintended consequences can be positive or negative, such as natural flood
management measures improving biodiversity, or on-farm reservoirs harbouring mosquitos.

1 Risks can interact in terms of (a) their geography (hazards such as wind and rain affecting the same area), (b) 
their consequences for dependent systems (for example electricity outages affecting road and rail networks), (c) 
changes in one risk affecting others (for example vulnerability of earthworks to failure being increased by 
changes in both soil aridity and vegetation), and (d) any combination of these factors. The overall level of risk is 
determined by the combination of these factors. In this chapter, we refer to ‘interacting risks’ as those 
interacting through multiple hazards, impacts and/or vulnerabilities. 
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• Section 8.4.3 looks at issues related to community and institutional awareness of climate
change and the resources and skills needed to support adaptation (adaptive capacity).

Finally, section 8.5 identifies knowledge and data gaps that may be limiting effective adaptation 
action in the UK. 

Box 8.1 contains a glossary of common terms used in this chapter.  

Box 8.1. Some common terminology used in this chapter 

Hazard: The potential occurrence of a natural or human-induced physical event, trend or physical 
impact that may cause loss of life, injury or other health impacts, as well as damage and loss to 
property, infrastructure, livelihoods, service provision, ecosystems, and environmental resources. In 
this report, the term hazard usually refers to climate-related physical events, trends or their physical 
impacts. 
Event: The manifestation of a hazard. For example, ‘flooding’ is a hazard, while the ‘2007 UK flood’ is an 
event. 
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. For example, houses built in the floodplain are receptors exposed to flood hazard, 
even if they have not experienced a flooding event in the past.  
Vulnerability: The degree to which someone or something (a ‘receptor’) is affected by a climate event. 
This takes account of the ability (adaptive capacity) to prepare, respond and recover from the event 
(and conversely to benefit from positive impacts). Social vulnerability specifically refers to socio-
economic or environmental characteristics, such as personal sensitivity, economic deprivation or 
housing conditions, affecting the vulnerability of people and communities (Lindley et al. 2011).  
Risk: The IPCC defines risk as “the potential for consequences where something of value is at stake and 
where the outcome is uncertain”. Risk is often represented as probability of occurrence of hazardous 
events or trends multiplied by the impacts if these events or trends occur. Risk results from the 
interaction of vulnerability, exposure, and hazard. In this report, the term risk is used primarily to refer 
to the risks of climate change impacts. See Chapter 1 for a fuller description of how we define risk in 
this assessment. 
Distributional impacts: Impacts that differ depending on a receptor’s social, economic, physical and 
cultural environment. 
Direct, indirect and macroeconomic impacts: Direct economic impacts are those that directly affect 
the receptors, for example causing destruction or damage. Indirect impacts are those that are 
secondary and arise as a result of the direct impact, for example impacts on the transport network 
affecting distribution of goods or business interruptions affecting revenue. ‘Macroeconomic impacts’ 
are the aggregate impacts of direct and indirect losses to economic variables such as economic 
growth, consumption, inflation and investment rates (Hochrainer, 2007; Kousky, 2012).  
Climate disadvantage: Combination of social vulnerability and exposure to climate change hazards, 
resulting in heightened impacts.2  
Adaptive capacity: The ability of a system to adjust to climate variability and change, to contain 
potential damages, to exploit opportunities or to deal with consequences.  

2 See the definition in www.climatejust.org.uk, based on Lindley et al (2011). 
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8.2 Interactions between climate change-related risks 
All of the risks and opportunities presented in this report interact to a greater or lesser extent, 
directly or indirectly. However, most of the studies that have informed the analysis for this CCRA 
consider individual risks in isolation. There are few studies that look at interacting risks, 
compounding factors and their wider impacts. 

Understanding how risks interact is critical for assessing the overall costs and benefits of policy 
intervention. This understanding enables policy makers to achieve desired outcomes at least 
cost and avoid unintended consequences (see Section 8.4). 

The first CCRA undertook a detailed and systematic mapping exercise to identify how particular 
risks create cascading impacts across different sectors. For example, a flood can cause direct 
damages to buildings, but also have knock-on effects on people’s mental health, on business 
continuity and on supply chains. All of these interactions were mapped for the whole CCRA1 
report. This mapping led to identifying a very large number of such combinations, which made it 
difficult to reflect them in the national adaptation programmes that followed.  

For this assessment, a smaller number of risk groupings have been identified that are important 
to consider together when developing adaptation options. Risks have been grouped under six 
social, economic and environmental themes that: 

• represent core areas of Government policy;

• are particularly sensitive to climate change; and

• are those that are judged to involve the most important interactions according to the
evidence presented throughout this Evidence Report.

The following sections summarise for each theme some key interactions between individual 
risks identified in earlier chapters. References to the risks and chapter sections are provided 
within the text, and in Figure 8.1. The groupings identified are not intended to provide a 
comprehensive assessment of the interactions, but illustrate particular areas where government 
policies need to be coordinated and aligned in order to be successful over the long-term. 

Risks that impact on natural capital 

Natural Capital encompasses “the elements of nature that directly or indirectly produce value to 
people, including ecosystems, species, freshwater, land, minerals, the air and oceans, as well as 
natural processes and functions”.3 A healthy natural environment is vital for UK food and water 
security, economic prosperity and wellbeing. Increases in soil aridity and water scarcity, changes 
in average and extreme temperatures, the timing of seasonal events and ocean acidification, are 
the most significant climate change risks to the UK’s natural capital:  

• Reduced water availability (risk Ne6, section 3.4); increased soil aridity (risk Ne4, section
3.3) and the continued loss of soil carbon (risk Ne5, section 3.3) could combine to
undermine the productivity of UK agriculture and farming (sections 3.3 and 3.4). Reduced
water availability, in combination with rising water demand by a growing population would
also make it increasingly challenging to meet long-term goals for clean and healthy rivers,
wetlands, lakes and estuaries (risk Ne6, section 3.4; risk Ne11, section 3.5).

3 http://www.naturalcapitalinitiative.org.uk/wp-content/uploads/2014/06/1f06ffa9eaf0af134d7022af36fe17cf.pdf 
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• Changes in seasonal average and extreme temperatures, water availability and the
timing of seasonal events are likely to have significant implications (both positive and
negative) for the UK’s native wildlife and the make-up of the UK’s woodlands, heathlands,
peatlands and grasslands (risk Ne1, section 3.2; risk Ne10, section 3.3). In most cases, changes
in climate will be a further stress on species that are already under pressure from pollution,
adverse land-use practices and habitat fragmentation (sections 3.2, 3.3 and 3.4).

• Ocean acidification and increased water temperatures may result in profound long-term
changes to marine ecosystems and food chains, with implications for the viability of many
types of commercial fisheries and aquaculture (fish-farming, risk Ne13, section 3.6). As on
land, these changes in climatic conditions will be add further stress to existing problems
from pollution and from over-fishing (section 3.6.2).

• The combination of climate and non-climate risks are likely to affect the goods and services
provided by natural capital including food security, through negative impacts on
agriculture, fisheries and pollination (risks Ne6, Ne9, Ne10, Ne13); water security, through
negative impacts on the provision of clean water and natural flood alleviation (risks Ne6,
Ne7, Ne8, Ne12); economic prosperity, by adversely affecting some types of farming, fishing
businesses and water-intensive industries (risks Ne3, Ne6, Ne9, Ne10, Ne 11, Ne12, Ne13); and
wellbeing, through adverse impacts on landscapes, countryside and wildlife that have
significant cultural, intrinsic and economic value, or where people's lives and livelihoods
depend on ecosystem services (risks Ne1, Ne5, Ne6, Ne7, Ne9, Ne10, Ne12, Ne13, Ne14).

• From the evidence in this report, risks to natural capital have the highest number of
interactions with other risks.

Risks that impact on water security 

Water security encompasses inland and marine water quality, freshwater availability and the 
management of flood risk.4 Water security risks interact strongly with those affecting the natural 
environment (mainly through soil condition and biodiversity). How water is managed in the 
future will have implications for agricultural production, public health and wellbeing, natural 
capital and infrastructure service provision: 

• Climate risks to the water cycle arise from changes in rainfall patterns, river flows, and
increasing temperatures. Water quantity and quality are strongly interrelated as low flows
lead to less dilution of pollutants (risks risk Ne6, section 3.4; risk Ne11, section 3.5), leading to
water quality issues (risk In9, section 4.5; risk PB13, section 5.5.6). Flooding can cause
pollutants to run off land into rivers , also impacting on water quality (risk Ne6, section 3.4).

• Poor management of soils can affect water quality and quantity, and exacerbate flooding
(risk Ne4, section 3.3). The drainage and intensive burning of upland peat soils can affect
drinking water quality through dissolved organic carbon leaching into water courses (risk
Ne5, sections 3.5 and 3.7), with implications for water treatment costs (risk In2, section 4.5).
Poor soil management can also increase flood risks for downstream communities (risk Ne8,
sections 3.3 and 3.4) and infrastructure (risk In2 sections 4.4 to 4.9). Some agricultural
practices, including use of high-risk crops in sensitive areas, ploughing across contours and

4 http://www.unwater.org/topics/water-security/en 
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near watercourses, and over-grazing by livestock, can cause soil erosion that silts up rivers 
affecting both water quality and flood risk (risks Ne8, In2, PB5, Bu1). 

• Sea level rise threatens UK coastal habitats, such as saltmarsh and sand dunes, as they
become increasingly squeezed against sea defences. The loss of these habitats has
implications for wildlife and biodiversity (Ne1), and can have implications for flood risks, due
to the vital role they play in buffering sea defences from wave energy (risk Ne12, section
3.5). Sea level rise could make it increasingly costly to maintain current coastal flood defence
lines, with implications for the communities, agriculture and infrastructure they protect (risks
In3, sections 4.4. to 4.9; risk PB6, section 5.2.6; risk Bu2, section 6.2.2 and 6.2.3).

• Water demand from a range of competing interests might increasingly conflict with the
need to meet minimum environmental flows in order for rivers and lakes to remain in good
ecological condition (risk Ne6, section 3.4; risk In7, section 4.8; risk In9, section 4.5; risk PB14,
section 5.2.4; risk Bu3, sections 6.2.4 and 6.2.5).

Risks and opportunities that impact on food security 

Food security encompasses food availability, affordability, safety and nutrition, and it is strongly 
dependant on environmental conditions.5 UK food security depends on stable international 
markets and global trade as well as domestic production. Climate change impacts overseas can 
disrupt international trade and in turn increase pressure on UK agriculture to meet overall 
demand. These changes would present opportunities for domestic agriculture as well as risks. 
Food production in the UK is dependent on natural capital, particularly soils and water, but 
current pressures might act as a barrier to increase domestic production in the future: 

• Climate change can disrupt domestic and international food production (risks Ne3, Ne6,
Ne9, Ne10, Ne11, Ne13, It1, It3) and supply chains (Risks In2, In3, In5, In6, In13, In14, Bu7, It1).
These disruptions influence markets, trade and domestic prices (section 7.2). These, in turn,
have direct impacts on UK businesses, especially farmers, and households, especially lower
income groups (ibid). Reductions in imports due to reduced production overseas could
increase pressure on UK agriculture to meet overall demand (section 7.2 and 3.3).

• At the same time, UK agriculture is likely to face increasing constraints from a combination of
reduced water availability (risk Ne6); increased soil aridity and erosion (risk Ne4); the
continued loss of soil carbon from intensive agricultural practices (risk Ne5); and sea level
rise (risk Ne12). Parts of eastern and central England could become unviable for some
current farming activities (section 3.3). Increased flooding and waterlogging, particularly in
the north and west, may also be limiting factors to agricultural production (risks Ne2, Ne4,
Ne5, Ne10, section 3.3). Water quality and increased water temperature in freshwater
environments, estuaries and the sea could impact on the incidence of pests, pathogens and
diseases affecting terrestrial and marine species (Ne9 section 3.7) and people (PB11, section
5.5.2) including through the food chain (PB12, section 5.5.6).

• Any increase in the intensification of domestic food production could heighten adverse
impacts on water availability and quality (risk Ne6), as well as potentially resulting in the
loss of habitats, thereby compounding climate change risks to biodiversity (risk Ne1, section
3.2). 

5 http://www.who.int/trade/glossary/story028/en/ 
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• Changes in domestic and international food production create risks and opportunities to
UK businesses (risk Bu6, section 6.6) alongside other climate change-related risks.

Risks and opportunities that impact on health and wellbeing 

Wellbeing encompasses people’s quality of life, material living conditions, and the sustainability 
of socio-economic and natural environments.6 Wellbeing will be impacted by climate change 
mainly through flooding, heat risks, and vector-, food- and water-borne diseases. These risks can 
affect health, life expectancy, costs of living, properties and livelihoods, habitats and landscapes, 
historic places and green spaces. Loss of green space, in turn, exacerbates health risks through 
its effect on urban temperature and air quality, and by limiting opportunities for recreation and 
physical exercise: 

• Risks from flooding and heat affect quality of life through, for example, impacts on
physical and mental health and life expectancy (risk PB1, section 5.2.2, 5.3.2, 5..53; risk Pb5,
sections 5.2.5 and 5.5.1).

• Floods, storms, snow and heatwaves also influence the delivery of and access to health care
services, through direct impacts on staff and facilities (risk PB9, section 5.4) and indirect
impacts on infrastructure networks (risks In1-In14). Infrastructure risks also impact the
delivery of services important for people’s health and wellbeing, such as water, electricity,
communications and domestic heat (risks In1-14, except In5 and In6).

• Flooding also impacts on living conditions and disposable income, through direct
economic damages to properties (risk PB5, section 5.2.5). It also impacts on jobs and income
through, for example, temporary business closures (Bu1, section 6.2.2), altered employment
conditions, or businesses leaving an area due to unacceptable flood risks (risk Bu1, section
6.2.3; risk Bu2, sections 6.2.2 and 6.2.3). Other climate change impacts on people’s disposable
income are discussed in section 8.3.2.

• Flood, heat and water risks impact on the social environment, for example through the
potential loss of social cohesion and historic places (risk PB8, section 5.3.9), and on the
natural environment, for example through loss of habitats, landscapes and green spaces
(risks Ne10, section 3.3, and Ne14, section 3.7). Loss of green spaces, in turn, exacerbates heat
risks as it increases the urban heat island effect (risk Pb1, also section 5.6.2), and has a
negative effect on air quality (risk PB10, section 5.2.2, 5.3.5 and 5.5.5). A healthy natural
environment in contrast promotes outdoor recreation and active travel (section 5.6.1).

Risks and opportunities that impact on economic prosperity 

Economic prosperity (encompassing resources, growth, productivity and a skilled and flexible 
labour market) will be influenced by how businesses adapt to a changing climate. Businesses in 
the UK face risks from climate impacts in the UK and abroad. The level of risk will be to at least 
some degree outside the control of individual businesses, such as the resilience of key 
infrastructure. However, businesses may gain advantage by investing in the resilience of their 
supply base and managing supply chain risks. Successful management of risks by businesses will 
help safeguard public health and wellbeing, including of their employees, and the health of the 
natural assets they rely on: 

6 http://www.oecd.org/statistics/OECD-ICW-Framework-Chapter2.pdf 
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• Nearly all of the CCRA risks considered in this report could create opportunities for new
products and services that help society to adapt to the impacts of climate change, and that
could also support a transition to a low carbon economy (risk Bu6, section 6.6). Products and
services include water engineering, climate risk insurance, precision farming technologies
and low carbon energy and transport technologies (ibid).

• Risks to natural resources can affect business and industry, for example agriculture (risks
Ne3, Ne6, Ne9, Ne11), fisheries (Ne13), electricity generation (In7, In10), or tourism (Bu2, Bu6).

• The pursuit of business opportunities might in turn exacerbate other risks by placing
additional pressures on natural resources, for example on soils (agriculture, section 3.3) or
water (agriculture, section 3.3, 3.4, 3.7, industry) or development in flood risk areas (for
example, demand for new housing and business locations in areas at risk of coastal, river or
surface water flooding, sections 6.2.2 and 6.2.3).

• Businesses can be impacted by the vulnerability of supporting infrastructure systems and
networks (risks In1-In14), through for example power and ICT failures, and their reliance on
transportation for staff and goods (risk Bu7, section 6.5). In turn, risk management practices
to protect national infrastructure can create opportunities for businesses from adaptation
goods and services (section 6.6).

• The performance of the UK economy also depends on international markets. Climate
change can affect markets through supply shocks, particularly for food and other goods
which will be demanded even if prices increase significantly and which cannot be (easily)
substituted (risk It1, section 7.2 and Bu7, section 6.5). Climate change can also result in long
term changes in comparative advantage (risk It3, section 7.2), and affect the value of
investments made abroad (risk Bu4, section 6.3 and section 7.2.4).

Risks that impact on global security 

Global security encompasses international laws, institutions and values of societies7 and is the 
basis for successful international cooperation. Global security is needed to preserve UK 
economic interests abroad. Climate change compounds economic, environmental and 
geopolitical pressures, with impacts on populations, economies, livelihoods and natural 
resources around the world. It will challenge water security, agriculture and transport networks, 
affecting countries’ economies and could exacerbate state fragility in some cases: 

• Increases in the incidence of extreme weather events (e.g. floods and drought) and long-
term changes in climate (e.g. sea level rise and changes in average temperature and
precipitation) can compound risks of international food shocks (It1, section 7.2), migration
(It4, section 7.3), humanitarian crises (section 7.4), water insecurity (section 7.1) and
conflict (risk It5, section 7.4).

• International weather-related shocks and long-term climate change overseas could affect
resources, including water and food, which could then disrupt livelihoods (sections 7.1 and
7.2). This might trigger migrations (section 7.3), humanitarian crises (section 7.4) or
exacerbate state fragility and conflict risks (ibid).

7 http://unchronicle.un.org/article/national-security-versus-global-security/ 
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• An increase in the frequency of extreme weather events is likely to shift development funds
towards responding to humanitarian emergencies (section 7.4). This could undermine the
UK’s focus on contributing towards long term sustainable development and state stability
(ibid). In turn, other international risks could be exacerbated, such as conflict, migration and
disruption to food production (sections 7.2 and 7.3).
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Figure 8.1. Full list of risks explored in the chapters of the Evidence Report 

Source: Chapters of the Evidence Report. 
Note: Figure shows the full list of risks and opportunities discussed in the Evidence Report chapters, indicated 
with different colours. All these risks could potentially interact with each other, depending on the particular area, 
scale, and receptors that they affect. Specific linkages are more meaningful if assessed on a case-by-case basis. 
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8.3 Wider social and economic factors that compound risks 
The Treasury Green Book (Appraisal and Evaluation in Central Government) (2011) identifies 
indirect or macroeconomic impacts and distributional effects as critical aspects of policy 
appraisal. The first CCRA did not systematically assess how these non-climate factors alter the 
understanding of climate risks. Reviews of the first CCRA highlighted these as areas where 
further evidence was needed (HR Wallingford, 2012; Wilby, 2012). This section sets out the latest 
evidence on these wider impacts and how they compound climate risks. 

8.3.1 Indirect and macroeconomic impacts 

There is no UK-wide assessment quantifying indirect or macroeconomic effects of climate 
risks. The evidence that exists suggests that indirect economic losses from climate risks 
are likely to be at least of the same order of magnitude as direct losses. It is sensible to 
assume that future increases in direct economic losses, such as those projected for 
flooding, are likely to be coupled with an increase in indirect losses. 

The economic impacts from a climate event are usually classed as direct, indirect or 
macroeconomic (Hochrainer, 2006). Direct economic impacts are those that directly affect the 
‘stock’ in question, implying direct destruction or damage to goods or assets. Direct impacts are 
often the only economic metric used to quantify climate risks (see Sections 3.1, 4.4 and 5.2). 

Indirect impacts are those that affect the ‘flow’ of good and services, for example, impacts on the 
transport network affecting distribution, or business interruptions affecting revenue. These are 
also called ‘output losses’. Extreme weather will have significant indirect economic 
consequences, potentially affecting the UK economy as a whole as well as the economies of 
individual cities and regions. Reductions in a sector’s economic activity can occur even if the 
sector has received no direct climate-related damage. Increases in a sector’s economic activity 
can also take place, such as in the construction sector after damage has occurred to buildings 
and infrastructure (Baade et al., 2007). No assessment exists that quantifies the aggregate effects 
of these impacts at a UK-wide scale. 

Direct, indirect and other impacts from climate risks can have macroeconomic effects, for 
example, on economic growth, consumption, inflation and investment rates (Hochrainer, 2007; 
Kousky, 2012). Gross Domestic Product (GDP) is an indicator that can be used to capture these 
effects. For example, for the 2011/12 drought, direct and indirect impacts on agriculture and 
other sectors were observed, including a £737million (14%) fall in farm profits (GFS, 2014). 
However, there is no corresponding evidence of macroeconomic impacts on GDP from that 
drought (Defra, 2012). How indirect losses translate to macroeconomic effects on the UK 
economy is still uncertain, as in many cases economic activity is transferred to other businesses 
elsewhere in the country, or postponed for a short period, rather than lost altogether. Various 
studies, notably the Stern Review (Stern, 2006), have assessed macroeconomic impacts of 
climate change globally. 

Evidence of indirect impacts 

Although there are few empirical studies of indirect climate-related damages in the UK, evidence 
from Hurricane Katrina in the US (Baade et al 2007; Hallegatte 2008) and from earthquakes 
(Brookshire et al., 1997) demonstrate that indirect economic effects can be a significant part of 
the total impact of a weather event. 
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A modelling study for London indicates that indirect losses can be larger than direct damages, in 
particular for severe events (Crawford-Brown et al., 2013). Figure 8.2 shows that indirect costs 
increase more than the direct costs, for direct costs larger than about £60 billion. 

Figure 8.2. Ratio of indirect/direct economic losses estimated for flood events in London 

Source: Crawford-Brown et al. (2013). 
Notes: The blue dotted line shows the relationship between direct and indirect costs under a range of different 
levels of impact from flooding. For direct costs higher than £60 billion, indirect costs outweigh the direct costs. The 
x-axis shows the direct costs and the y-axis the ratio of direct to indirect costs. 

Another example (Pant et al., 2014; Figure 8.3) shows that indirect damages from infrastructure 
failures can equal or exceed the direct losses. 
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Figure 8.3. Direct and indirect economic losses from infrastructure failures 

Source: Pant et al. (2014). 

The analysis in Figure 8.3 uses real infrastructure data but synthetic hazard and vulnerability 
information, thus the results do not quantify real losses. However, similar conclusions were 
drawn by another study (Kelly, 2015) that examined the vulnerability of the UK economy to 
cascading infrastructure losses. These studies suggest that lower probability events have 
proportionally higher indirect losses. 

From the examples above, it is clear that the current focus on direct damages is likely to provide 
a partial assessment of climate change risks to the UK. 

Evidence of macroeconomic effects 

There is a general paucity of evidence on the macroeconomic effects to the UK arising from 
climate change-related impacts. However, some studies using modelled data are available. For 
example, Burke et al. (2015) explores the potential loss of annual GDP growth for the 2050-2100 
period. Another modelled study (Figure 8.4) shows the results from a study that compares total 
modelled GDP losses for London under different adaptation options (see the note underneath 
the figure). The total loss in 2100 is approximately 33 billion euros for a 1-in-100-year flooding 
event with no adaptation measures, and 15 billion euros for a 1-in-100-year flooding event with 
adaptation (‘Option 3’). The same model indicates that expenditures up to 18 (33 – 15) billion 
euros to protect against 1-in-100-year flood events might be cost-beneficial for London when 
total macroeconomic losses are considered. 
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Figure 8.4. Total GDP loss from a1-in-100 flood event in London 

Source: ToPDAd interactive tool; see http://topdad.services.geodesk.nl and 
http://topdad.services.geodesk.nl/flooding. 
Notes: In this analysis, the frequency of events was adjusted over time under the different emission (RCP) 
scenarios. The event selected here has an annual probability of occurrence of 1:100 under current climate 
conditions 
Option 0 shows GDP losses for a 1:100 year event corresponding to no adaptation. 
Option 1 assesses GDP losses assuming that financial measures are in place. These measures include investment of 
capital to replace damaged assets in key production sectors in advance of the full return of demand for the 
products and services of those sectors. 
Option 2 assesses GDP losses assuming that flood defences measures (structural measures) are in place to reduce 
the exposure of critical economic sectors by half. 
Option 3 shows the GDP losses from the same event assuming that both financial and structural measures are in 
place. 

Other non-UK-specific studies do not detect macroeconomic effects from extreme events in 
strong economies, with the justification that these economies rely on service industries, possess 
significant stocks of goods and/or can shift production after an event (Hallegatte, 2008; 
Hochrainer, 2007; Benson et al., 2012; Kousky, 2012). These papers suggest that the UK might be 
more resilient to such effects than other economies. The UK finance sector for example is a less 
climate-sensitive sector compared to manufacturing (Hochrainer, 2007; Mercer, 2015). Other 
non-UK specific studies (e.g. the US Risky Business project8) conclude that for a given set of 
impacts, the adjustment in the overall economy could reduce the overall direct impacts.  

Most of the above studies are based on GDP, which is not the only (and possibly not the most 
meaningful) macroeconomic indicator. In general, macroeconomic indicators represent the 
nation-wide economy and do not represent societal wealth or welfare. They are not good 
indicators of localised economic impacts. Total impact from an event is often distributional, 
meaning that it affects different areas, social groups, and environments differently (Hochrainer, 

8 http://climateprospectus.org/ 
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2007; Kousky, 2012). The next section evaluates these distributional impacts from climate 
change risks. 

8.3.2 Distributional impacts 

Climate risks will affect people differently, depending on their social, economic and cultural 
environment. Factors such age, health, social or physical isolation can affect vulnerability to risks 
such as flooding and heat.9 Risks can also vary due to the extent that individual people and 
communities are exposed to each hazard, such as river or coastal flooding, surface water 
flooding or extreme heat. 

Spatial distribution of risks in the UK 

Understanding the spatial distribution of climate change risks is important to develop 
appropriate and effective local adaptation strategies (Climate Change Commission Wales, 2016). 
The CCRA2 Evidence Report has not structured its analysis by location, but each chapter includes 
some indication of which regions are affected by different risks. For example: 

• In England, risks from flooding, water availability and heat will affect most regions. South-
east England and East Anglia are geographically exposed to a number of climate hazards and
have a wide range of vulnerable receptors such as peatlands (section 3.3 and 3.7), water-
stressed catchments (section 3.4), agricultural land (ibid) and densely populated areas
(sections 5.2 and 5.3). The lowlands in the East of England are also exposed to risks affecting
trees and woodlands (section 3.7). North-eastern England is particularly exposed to flood
risk, including to infrastructure (sections 4.4-4.9) and buildings (section 5.3), and reduced
water availability for agriculture (section 3.4). The southern coast is particularly exposed to
sea level rise that might affect ports and other coastal infrastructure (sections 4.4-4.9).

• In Northern Ireland, the eastern districts are more densely populated (section 5.2), have
exposed major infrastructure nodes (for example, the port in Belfast, section 4.7) and high
flood risks for populations (sections 5.2 and 5.3). The whole country is exposed to risks to
terrestrial species and soils (sections 3.2 and 3.3).

• In Scotland, flood risk is widespread around the country, impacting different sectors and
receptors depending on the area involved. The Highlands and central Scotland are exposed
to flood risks to people (section 5.2) infrastructure (sections 4.4-4.9), peatlands and
agricultural land (sections 3.3 and 3.4). There are pockets of water availability risk across the
country, notably around Stirling. Biodiversity in the Highlands is also exposed to risks from
losses in climate space (section 3.2).

• Wales is mainly exposed to flooding, heat and water availability risks. Flooding and water
availability risks are more prominent in Glamorgan, while catchments in Pembrokeshire,
Carmarthenshire (sections 3.4 and 5.2) and the northern regions are exposed to water
availability risks (section 3.4). The uplands are exposed to risks for biodiversity, including a
potential for high turnover of species due to changes in climate space (section 3.2), farmland
intensification (sections 3.3 and 3.4), and water- and wind-driven erosion (ibid).

9 Links between socio-economic, culture and climate change are discussed by Berkes (2007), Coulthard (2008), 
Hess et al. (2008), Crate (2008), Brace & Geoghegan (2011), Adger et al (2009, 2011, 2012), Nielsen and Reenberg 
(2010), Kuruppu and Liverman (2011), Rudiak-Gould (2011) and Barnett and O’Neill (2012), among others. 
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This qualitative spatial analysis of risks does not capture the aggregate magnitude of impacts 
from multiple risks. It also misses the granularity of the risks in places that face particular issues; 
for example, the urban heat island effect for cities, and other distributional impacts caused by 
social and economic characteristics, discussed in the section below. 

Social vulnerability 

Some of the social factors that make people and communities more vulnerable are listed in 
Table 8.1 (Lindley et al., 2011; Preston et al., 2014). 

Table 8.1. Key factors affecting vulnerability to hazards 

Hazard 
Personal 
characteristics 

Social factors 
Environmental 
factors 

Flooding only • Tenure (ability to modify the
living environment)

Heat only • Housing type (high
rise)

Both flooding 
and heat 

• Age (elderly and
young)

• Pre-existing
health problems
or disabilities

• Physical or social isolation
• Income (low income)

• Other physical or social isolation
(people living alone, ethnic
minorities, homeless, substance
misusers and people living in
rural areas)

• Information use language and
local knowledge

• Housing types
(single dwelling,
basements,lightwe
ight buildings)

• Urban location
• Lack of green

spaces

Source: Taken from Lindley et al. (2011); Preston et al. (2014). 
Notes: These are the factors for which evidence was found. Other factors not listed here might also affect 
vulnerability. 

Many climate change impacts affect low-income households to a greater extent than other 
household types. This is because the prices of basic commodities, such as food and household 
energy, are sensitive to climate impacts. Low-income households spend a greater proportion of 
their available income on basic goods, thus reducing their spending capability to respond or 
prepare for climate risks (Watkiss et al., 2016), or to prepare, including through purchasing 
household insurance (Ipsos MORI for Defra, 2015). Low income households also spend a greater 
proportion of their income on mitigating the impact of climate change, for example, through 
household adaptation (Preston et al., 2014). This section summarises existing evidence on where 
the ‘hot spots’ of social vulnerability are within the UK. 

Flooding 

There is evidence that more deprived populations are more likely than less deprived populations 
to be living within zones at risk from flooding (Walker et al., 2008). Different studies have 
assessed the locations where social vulnerability or deprivation coincides with exposure to 
current climate hazards: 
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• JRF10 found that communities in the North of England are currently the most prone to
river/coastal flood disadvantage; with Yorkshire and the Humberside the most affected
regions in England (Figure 8.5).

• Houston et al. (2011) suggest that the combination of surface water flooding and social
vulnerability can be observed in a wider and less predictable set of localities. There are,
however, particular ‘hot spots’ in London, where 12% of neighbourhoods are socially
vulnerable and located in areas at high surface water flood risk (Lindley et al., 2011). This is
almost twice the proportion of any other region and one-third of England’s total number of
flood disadvantaged neighbourhoods.

• Lindley et al. (2011) also looked at where socially vulnerable communities are exposed to
more than one hazard. For example, two-thirds of neighbourhoods in London are socially
vulnerable and exposed to both overheating and flood risks.

• Sayers et al. (2015) found that over 30% of properties exposed to the risk of flooding are
listed as deprived (according to the multiple deprivation index classification) in: Great
Manchester, Merseyside and Cheshire; Northumberland, Durham and Tees;
Staffordshire, Warwickshire and West Midlands; North Eastern and the north of
Northern Ireland; South East Wales; North, South and East Ayrshire, Clyde and Loch
Lomond (which includes Glasgow city and West Dunbartonshire); the Highlands and Argyll
(Figure 8.6). At the national level, Northern Ireland has the highest total proportion of
properties in flood risk areas that are also classed as deprived (27%) compared to 15% in
England, 21% in Scotland and 18% in Wales.

• Kazmierczak et al. (2016) found that the most flood disadvantaged areas in Wales are located
in Powys, Carmarthenshire and Rhondda Cynon Taff, considering flooding from river and
the sea. When surface water flooding is considered, Rhondda Cynon Taf and Cardiff
contain the largest number of areas with very high or high disadvantage, followed by
Swansea and Carmarthenshire.

10 http://climatejust.org.uk/map. This study does not include recent and planned flood defences, and only takes 
into account the exposure from flooding not the impacts. 
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Figure 8.5. National overview of socio-spatial vulnerability for 1:30 year surface water flooding 

Source: www.climatejust.org.uk. 
The three maps show:  
(a) social vulnerability to flooding (drawing on socio economic data including from the Census 2011) 
(b) exposure to flood risk (drawing on data from the Environment Agency on surface water exposure) 
(c) areas where social vulnerability and exposure coincide to create flood disadvantage.  
Red areas denote those facing most acute disadvantage. 
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Figure 8.6. Properties in deprived areas at risk of flooding as a proportion of the total at risk 
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The proportion or distribution of neighbourhoods facing climate disadvantage may grow in the 
future due to changes in climate risks as well as socio-economic changes. The distribution of 
neighbourhoods at risk may also change. The impacts of future climate risks on different socio-
economic groups have not been systematically quantified to date. The studies that include 
changes in hazards do not consider future changes in social vulnerability. For example, the 
IPCC’s ‘Shared Socio-economic Pathways’11 provide narratives and quantifications of how 
vulnerability could evolve, but do not include specific projections of future social deprivation. 
The UK population is ageing and there is a greater number of people living with chronic medical 
conditions, including a growth in age-related chronic illnesses such as dementia12 (see Chapter 
5). The proportion of people aged over 85 is expected to more than double between 2010 and 
2035, and the proportion of people aged over 65 is projected to form nearly a quarter of the UK 
population by 2035 (ONS, 2012; see Chapter 5). 

Studies that assess how social vulnerability or disadvantage coincide with future climate hazards 
include: 

• Sayers et al. (2015) assume that the number of deprived people in particular areas increases
in line with overall population growth in those areas. Under this assumption, the areas where
deprivation coincides with future changes in flood hazard are the same as those coinciding
with current flood hazard. The highest increases in properties at risk that are also in deprived
areas would occur in Great Manchester, Merseyside and Cheshire, Herefordshire and
North London. (Figure 8.6).

• Kazmierczak et al. (2015) found that in Scotland, Falkirk, Edinburgh, Aberdeen and the
Highlands are the most prone to future flooding disadvantage from at least two of the three
sources of flooding considered (river, coastal and surface water flooding). Dumfries and
Galloway, West Dunbartonshire and Glasgow are prone to future flood disadvantage from
at least one source of flooding (Figure 8.7).

11 https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=about 
12 https://www.alzheimers.org.uk/site/scripts/documents_info.php?documentID=412 
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Figure 8.7. Flood disadvantage index for Scotland 

Source: Kazmierczak et al. (2015). 
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Coastal flooding 

Coastal areas are particularly susceptible to combined climate change risks and socio-economic 
vulnerability. Some of the literature has found a correlation between social deprivation and the 
likelihood of exposure to coastal flooding (Walker et al., 2003; Zsamboky et al., 2011). Eight times 
more people living in tidal floodplains are in the most deprived 10% of the population than 
those from the least deprived 10% (Walker et al., 2003). The coasts of South Wales, Argyll, 
Bute, the Highlands, Yorkshire, Lincolnshire, East Anglia and the Thames Estuary are areas 
where future sea level rise is projected to be particularly rapid or have greatest impact because it 
will be combined with increased storminess and erosion (Zsamboky et al., 2011). These areas 
already face existing socio-economic challenges from high proportions of retirees (including 
from inward migration of older people and outward migration of young people), transitory 
populations, poor quality housing, seasonal and low wage employment and a high proportion 
of people on benefits (Zsamboky et al., 2011). They are projected to have higher concentrations 
of older people in the future (ONS, 2012). 

Heat 

For heat, the spatial map of disadvantage is different. Data are only available for Wales and 
England (Figure 8.8 and 8.9): 

• Kazmierczak et al. (2016) found that the highest concentrations of heat disadvantaged
neighbourhoods in Wales are in Cardiff, Swansea, Newport, as well as in Rhondda Cynon
Taf, Blaenau Gwent and Merthyr Tydfil. This was calculated considering UKCP09 climate
projections for 2050s (high emissions scenario; 10%, 50% and 90% probabilities, Figure 8.9).

• Potential hot spots of social vulnerability and heat-related risk are in densely populated
urban locations (particularly London, Birmingham and Manchester) and to a lesser degree
the East, South East and South West England (Lindley et al. 2011; Figure 8.9). The future
pattern of heat disadvantage is uncertain, due to the lack of future projections of social and
economic factors, such as urban land use and housing types.

• However, it is likely that some of the areas projected to have the greatest likelihood of future
heatwaves (Southern and South West England), and an increase of heatwave events
compared to the current conditions (East and North West England, and Yorkshire and
Humberside) coincide with areas where the number of older people is likely to grow more
rapidly in future (BIOPICCC, 2011).
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Figure 8.8. Social vulnerability to high temperatures in future in Wales 

Source: Kazmierczak et al. (2016). Base map is Ordnance Survey data © Crown Copyright and database right 
2015. 
Note: The hazard is based on the UKCP09 climate projections for 2050s (high emissions scenario; 10%, 50% and 
90% probabilities). The climate variables considered included the change in the temperature in the warmest day 
and night, and the projected mean maximum daily summer temperatures. No socio-economic projections have 
been considered. 
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Figure 8.9. Heat disadvantage - social vulnerability and heat exposure in England 

Source: Lindley et al. (2011). 
Notes: (a) By neighbourhood; (b) as a population-weighted total; (c) heat hazard-exposure measured for the 
medium emissions scenario 50% percentile mean summer maximum temperatures in the 2050s and (d) heat 
disadvantage relative to (c). 
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Economic vulnerability 

Recent work (Watkiss et al., 2016) has explored how climate change could affect the future costs 
of living in the UK, for average and low-income households (Table 8.2). The study finds that there 
are large and disproportionate impacts on low-income households. This is because of the 
reduction in the buying power of their disposable income (e.g. from rising food prices), the 
reduction in their quality of life (e.g. from relative higher negative health impacts) or because of 
differentiated patterns of risks (e.g. higher flood exposure). For some impacts, there are very 
large individual costs, which are more likely to affect low-income households, notably from the 
risks of uninsured flood losses (ibid; also Ipsos MORI for Defra, 2015). 

Such impacts have the potential to increase the number of people living in poverty, and fall 
disproportionately on the most vulnerable groups in society (Watkiss et al., 2016). The same 
study also found that low-income households are also likely to benefit the most from reduced 
winter heating bills (increasing the real value of disposable income) even though the rebound 
effect may reduce some of the expected savings (see Chapter 5). 

The overall negative effects of these projected changes will have important impacts for low-
income households, and could be substantial under higher warming scenarios later in the 
century (although noting that the future socio-economic situation is likely to be very different to 
that today). Given these findings, a key issue is whether the distributional impacts of climate 
change are considered in national, regional and local assessments, and reflected in the design of 
adaptation policies (Section 8.4.2). 
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Table 8.2. Potential impacts of climate change on households (2050): for a selection of impacts 

Expenditure item 
Impact on average 
household costs* 

Potential impact on 
individuals 

Distributional issues 
for low-income 
households 

Food 
Modest to substantial 
negative impact Average impact 

High negative impact, 
as higher % of 
expenditure on food 

Energy 

Minor to modest benefit 
(heating) 

Minor negative impact 
(cooling) 

Average positive 
impact 

Average negative 
impact 

High effects (both 
positive and negative) 
as higher % of 
expenditure on energy 

Housing Costs 
(Flooding, Insurance) Minor negative impact Very high negative 

impact 

Very high negative 
impact (higher risk for 
deprived areas with 
lower insurance levels) 

Water Negligible negative 
impact 

Average negative 
impact 

Moderate negative 
impact (as higher % of 
expenditure) 

Health expenditures 
Negligible negative 
impact (direct 
expenditure) 

Average negative 
impact Low negative impact 

Indirect effects Not quantified Not known Not known 

Other effects Not quantified Not known Not known 

Wider welfare costs# 

Health 

Negligible to minor 
positive impact (reduced 
cold temperatures) 

Negligible to moderate 
negative impact 
(increased heatwave) 

Very high positive 
impact 

Very high negative 
impact 

Very high positive 
impact 

Very high negative 
impact 

Other (including 
biodiversity) Not quantified Not known Not known 

Source: Watkiss et al. (2016).  
Notes: Negative and positive (benefits) impacts on household costs 
*The ranking (minor, modest, negligible) is expressed in relation to minimum household needs: specifically, the
budgets that households must spend for a minimum acceptable living standard. This is relative to current 
household expenditures, rather than values in 2050 - see JRF's Minimum Income Standards, cited in Watkiss et al. 
(2016). 
#These costs do not fall directly onto households, but reflect wider quality of life (economic welfare).  

Characteristics of businesses can also make local economies more vulnerable: small and 
medium-sized enterprises (SMEs) are less likely to recover from an event and have a lower 
adaptive capacity (see Chapter 6), including as a result of low awareness and available resources. 
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For example, many SMEs in Northern Ireland have extremely low levels of awareness of climate 
risk and are poorly resourced to respond (Climate NI, 2015). This can be an issue for the local 
economy in Northern Ireland as the country has the highest concentration of SMEs (99.9%of all 
businesses) of all UK regions, 95% of which employ fewer than 10 people. 

Cultural aspects affecting vulnerability 

Social values, ethics, knowledge and culture also influence the way that people perceive and are 
impacted by climate risks (Adger et al., 2009; Hulme et al., 2009). 

For example, social capital, including attachment to places and access to heritage sites, is 
thought to have a direct impact on wellbeing (Graham et al., 2009). Loss of heritage sites can 
also have economic impacts on the communities affected, for example through the influence on 
tourism and economic attractiveness of the area, which can ultimately impact on house prices 
(Heritage Lottery Fund, 2015). 

Changes to ecosystems and culturally valued landscapes also impact on our wellbeing (see 
section 8.2 and Chapters 3 and 5). The Landscape Character Assessments in England have been 
applied to the 159 ‘national character areas’ to identify the combination of elements that make 
landscapes distinctive. These can be used to monitor changes and record possible impacts 
(Chapter 3). 

In general, there are no quantitative or qualitative assessments of cultural impacts on UK 
communities due to climate change or climate-related hazards. 

8.4 Cross-cutting adaptation 
The sections above present the limited available evidence on cross-cutting risks to the UK, 
considering interactions among different risks as well as social, economic and cultural aspects 
that have implications for understanding climate change risks. 

This section discusses cross-cutting issues related to how these risks are managed, to identify 
whether and where there are significant adaptation gaps: 

• Institutional frameworks. Addressing cross-cutting risks requires cross-cutting institutional
frameworks such as multi-departmental and multi-scale collaborations (from national
government to local authorities).

• Unintended consequences of adaptation. Adaptation to a climate change risk can have
unintended impacts on other risks. These unintended consequences occur, for example,
when adaptation measures are developed without fully considering the interactions among
risks; interactions with other policies; indirect consequences; or distributional impacts.

• Awareness and capacity. Adaptation and resilience require personal, community and
institutional awareness, capacity and collaboration (Twigger-Ross et al., 2015).

8.4.1 Institutional factors affecting the delivery of adaptation 

To deliver adaptation, the UK Government and devolved administrations are responsible for 
setting policy and regulation (see Chapter 1). The UK Climate Change Act (2008) dictates that 
objectives, and the policies and proposals to meet them, to deliver adaptation should be set by 
the National Adaptation Programme (NAP) for England and reserved UK-wide matters. There are 
separate adaptation programmes for the devolved administrations. In Scotland, the Climate 
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Change (Scotland) Act requires adaptation to be delivered through the Scotland Climate Change 
Adaptation Programme (SCCAP). There is currently no evidence on how the differences between 
these implementation mechanisms, such as the statutory requirement for the public sector to 
adapt to climate change in Scotland, impact on the delivery of adaptation. 

The UK’s national-level adaptation programmes provide a framework to deliver coordinated and 
cross-cutting adaptation in the UK (Boyd et al., 2010). While the adaptation programmes bring 
together a large set of adaptation proposals and actions, there is evidence that the current 
institutional frameworks also exhibit four common barriers to effective adaptation: 

• The programmes do not set quantified objectives, or clear adaptation policy goals (e.g.
what successful adaptation or a well-adapted community entails) and targets at a national or
local level. This includes considering differentiated and spatially specific risks, priorities and
policy requirements in different parts of the UK (ASC, 2015; EAC, 2015, Climate Change
Commission for Wales, 2016). For example, there is no overarching goal for flood risk
management in England (see Chapter 5). The exception for this is the Welsh Wellbeing
Future Generation Act (2015) that requires progress on wellbeing objectives to be recorded
over time through indicators that are quantitatively or qualitatively measured.

• The complex governance arrangements, involving multiple partners, can lead to a lack of
coordination and unclear goals (Boyd et al., 2010). Risk ownership is often not defined,
thus adaptation actions can be fragmented, limited or non-existent (ibid). For example, a lack
of multi-department strategic planning is a key adaptation shortfall for the international risks
considered in this Evidence Report (see Chapter 7). Risks related to flooding and water
management also arise in part due to conflicting goals across different government
departments (see Sections 4.5 and 5.2.4). There is no statutory framework to mandate action
around climate-induced health impacts in England (Button and Coote, 2016 ), and the
responsibility for developing adaptation options is held across five different government
departments (Watkiss et al., 2016). The lack of clear regulatory requirements around
overheating acts as a barrier to tackling this risk in care settings (Gupta et al, 2016). Another
example is Scottish coastal policy, which lacks a systematic, multi-agency approach to
flooding and coastal erosion risk management. Therefore the management of these risks is
fragmented (CREW, 2014).

• A network of organisations supports UK Government and the devolved administrations in
delivering adaptation, including at the local level. Climate UK is a network of climate change
partnership organisations, including organisations in England, Climate Northern Ireland, and
Adaptation Scotland. In all cases, however, these delivery mechanisms are highly
vulnerable. For example, some of the regional climate change partnerships in England have
been discontinued or downsized due to recent budget reductions.13 The core funds
supporting these organisations or programmes are not ring fenced (HM Treasury, 2015).
Although there are support mechanisms at the European level (e.g. through the Climate-
ADAPT programme), the diminishing capacity of those within the UK and of other similar
organisations will limit the delivery of adaptation actions within the UK.

• Resources and capacity needed to deliver adaptation at the local level are not assessed.
Responsibility for delivering adaptation is increasingly devolved to the local level (e.g. HM
Government, 2011; LGA, 2013). The shift in responsibility for managing some climate risks

13 http://www.climateuk.net/ 
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and associated adaptation to councils, individuals or businesses, rather than higher levels of 
government, empowers individuals or communities to decide their own appetite for 
particular risks, and also to consider if and how to invest in adaptation among other 
budgetary pressures (Dobson, 2012). However, various studies have found that local 
decision-makers are not well equipped in many cases to fulfil all of their responsibilities and, 
in any case, local capability is not systematically assessed (ASC, 2015). UK Government often 
provides support and funding for pilot schemes early on in the adaptation process (see Box 
8.2). After these projects conclude, it is difficult to sustain the momentum, partly because of 
the limited resources to support continuity (Twigger-Ross et al., 2015). Community and 
voluntary organisations have a potentially important role in local action on climate change.14 
However, they are not able to respond effectively without training and resources for the 
sector (e.g. Twigger-Ross et al. 2015). Compared with other issues, there is a significantly 
lower level of community action in relation to flooding; while no community actions are 
observed in relation to heat (ibid). 

There are some initiatives under way that are attempting to address these barriers: 

• The Flood Resilience Community Pathfinder scheme (launched by Defra in December 2012)
piloted approaches to assess the contribution of local communities in delivering and
planning adaptation. There is also flexibility within the local levy fund to support
engagement and community activities within Regional Flood and Coastal Committee
areas.15

• Catchment-based approaches are effective in jointly managing water resources, flood risk
and environmental quality, working at different scales and taking into account local issues.
Organisations working at catchment scale can also build their own adaptive capacity and
mutual partnerships (Defra, 2013).

Further examples are listed in Box 8.2. 

Box 8.2. Examples of schemes and initiatives supporting the delivery of local adaptation 

Coastal Communities 2150 
• EC-funded pilot project to engage coastal communities located on the south coast of England in

planning for potentially high rates of sea level rise.
• Demonstrates that communities can engage in complex and uncertain climate projections and

make informed choices about their future.16

Climate Ready 
• Climate UK is a network of organisations and individuals throughout England, Scotland, Wales and

Northern Ireland that worked to support local action on climate change, aiming to facilitate the
delivery of tools to tackle adaptation at local level.

• The Environment Agency’s Climate Ready Support Service was a key part of the network in
England, through its support of the Local Government Association’s (LGA) Climate Local
programme. The programme supported 96 councils in England to take action on climate change

14 https://www.ncvo.org.uk/practical-support/outcomes-and-impact/climate-change 
15 https://www.gov.uk/government/publications/regional-flood-and-coastal-committees-map 
16  See for example http://kentcoastalcommunities2150.org.uk/ 
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Box 8.2. Examples of schemes and initiatives supporting the delivery of local adaptation 

through formal commitments and to report on their progress. 
• Climate Ready also provided tailored sector support and advice to help organisations adapt to the

changing climate.17

• Climate Ready was shut down in April 2016 following the 2015 spending review.18 Climate Local is
now a self-financing network.19

Infrastructure Operators’ Adaptation Forum 
• The Environment Agency provides support to the Infrastructure Operators Adaptation Forum

which helps share best practice between organisations and discusses interdependencies between
the different infrastructure sectors in England (energy, water, transport and ICT).

• This forum supports the delivery of adaptation at a local level whilst fostering partnership among
organisations that manage interacting risks.

Adaptation Scotland 
• Adaptation Scotland20 is a Scottish Government funded programme to support adaptation across

the Scottish economy. One important strand is Adaptation Scotland’s work with local authorities
and communities. Over the past five years, Adaptation Scotland has worked with urban and rural
communities and local authorities to support risk assessments and risk management. Pilot projects
have been used to demonstrate approaches to partnership working and adaptation action
planning, with dissemination and learning networks used to ensure that knowledge is shared
widely across the public and communities sectors. Examples include:

• The Carse of Gowrie project, in which the local community was enabled to map their biodiversity,
drainage, historic orchards and many other assets in the context of climate change risk. The project
report and maps allowed Perth and Kinross local authority and public agencies to engage with the
community ‘on its own terms’ and provide an evidence base that can feed into higher-level
decision making. The Carse of Gowrie Sustainability Group is now taking the work forward.

• Adaptation Scotland’s “Are You Ready?” resource for communities, which supports them to
identify and manage their climate risks.

• Climate Ready Clyde: a multi-stakeholder partnership to deliver a regional climate change
adaptation strategy and action plan for Glasgow and the Clyde Valley (which crosses several local
authority boundaries). The Adaptation Scotland programme was able to enhance the capacity of
project partners and add expertise on climate impacts and adaptation tools. The partnership
retains significant buy-in from its members and from elected officers, and is an example of
partnership building for taking autonomous action at a regional level and for making the links
between national policy, local capacity and existing local strategies and planning mechanisms.

Environment (Welsh) Act 2016 
• The Act recognises that action at a national scale such as climate change adaptation and mitigation

cannot be achieved without local delivery.
• It also recognises that purely local delivery does not ensure that a strategic approach is taken that

17 https://environmentagency.blog.gov.uk/2014/06/23/becoming-climate-ready-business-resilience-in-a-
changing-climate/ 

18 http://www.theguardian.com/environment/2016/apr/14/environment-agency-closes-climate-change-advice-
service 

19 http://www.ukcip.org.uk/climate-local-survey-of-adaptation-in-local-authorities/ 
20  http://www.adaptationscotland.org.uk 
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Box 8.2. Examples of schemes and initiatives supporting the delivery of local adaptation 

delivers on issues wider than local boundaries. 
• In order to address these two perspectives the Act lays out an area-based delivery approach

coordinated by NRW that is informed by national policy.
• Similarly, delivery outcomes inform national policy and the State of the Natural Environment

report.The draft report is under preparation, as is the National Natural Resources Policy Statement.
Catchment-based trials are underway in three catchments to explore the most effective ways of
aligning local delivery to national policy.

• These pilots focus on delivering the ecosystem approach at a catchment scale (Dyfi, Rhondda,
Tawe) and are demonstrating the importance of community engagement around adaptation
issues, while ensuring that bigger issues are also reflected in local delivery, as required by the
National Natural Resources Policy Statement.21

The STEM Project22 
• EC funded project to work with small businesses across the border regions between Northern

Ireland and the Republic of Ireland to prepare for future climate risks by reducing resource and
energy use.

• The project found that the promotion of benefits and cost savings was particularly important in
engaging communities and encouraging appropriate actions.

Cushendall Community Resilience Group23 
• A community organisation in an isolated rural village in Northern Ireland has created a co-

ordinated emergency plan for climate hazards.
• The initiative stemmed from the community’s recent experience of extreme weather, including

lengthy power cuts and blocked access to main transport routes.
• It received kick-off funding from the Big Lottery Fund, but otherwise draws exclusively on

voluntary expertise.

Source: CCRA authors. 

8.4.2 Unintended consequences of adaptation 

Failing to take into account interacting risks and adaptation responses, wider socio-
economic factors that affect risk, and institutional barriers, can lead to unintended 
consequences. The Treasury Green Book24 advocates addressing all of these cross-cutting 
issues when planning new policies, but this is not always done in practice. 

The Treasury Green Book guidance requires that proposals for new policies include an assessment 
of whether government intervention is needed. Policy objectives are set, and options are 
reviewed, by analysing their costs and benefits. Supplementary techniques are used to weigh up 
non-financial and unquantifiable costs and benefits. The guidance suggests that options 
analyses include ancillary and indirect effects, and that costs and benefits should incorporate 
risk and uncertainty. 

21 http://gov.wales/docs/desh/publications/150914-natural-resources-policy-statement-en.pdf 
22  http://www.stemproject.com/ 
23    https://www.biglotteryfund.org.uk/funding/big-stories/cushendall-community-resilience-group 
24 https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent 
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Despite this guidance, there are examples in this report where adaptation policies or actions 
have exacerbated other risks, and where these impacts have not been considered in the original 
policy design. In the examples analysed here, problems have arisen by the interactions among 
risks, or distributional impacts, being overlooked in developing the adaptation policy or action. 

Interacting risks 

Examples of policies to tackle a climate risk that had unintended, negative consequences 
include: 

• Practices designed to maximise food production, such as farming on peat-rich soils (see
Section 3.3 and Section 7.2) have led to degradation of soil quality and quantity, and water
resources in areas such as East Anglia (Section 3.4).

• Combined sewers deal with both rainwater and sewage. Whilst convenient for developers
this can lead to combined sewer overflows (CSOs) when systems are overwhelmed by heavy
rainfall events. Where CSOs lead to foul water being discharged to rivers, this impacts
negatively on river water quality. Newly installed drainage networks generally separate
rainfall and sewage. Old combined systems are slowly being replaced or upgraded with
separate systems and the impact of CSO discharge is being monitored and managed
(CIWEM, 2014a). However, CSOs continue to occur and the slow pace of upgrading sewer
systems means that impacts on water quality will remain for some time (Section 4.5).

• Policies to increase energy efficiency in homes through high levels of insulation and
airtightness can exacerbate indoor air quality and overheating risks (Section 5.3).

• Engineered coastal flood defences to protect properties can lead to loss of intertidal and
coastal habitats, including through the process of ‘coastal squeeze’ due to sea level rise
(section 3.5). Such structures will also require increasing investment in order to maintain the
same standard of protection in the long term (EA Long Term Investment Scenarios (LTIS)).

• Dredging of rivers to speed up flows can reduce flood risk in the locality in question, but can
increase flood risk further downstream, destabilise river banks, and lead to the loss of wildlife
and habitats (CIWEM, 2014b).

• Building physical flood defences reduces but does not altogether remove the chance of
flooding. The presence of defences can reduce public perceptions of the true scale of the risk
(Schubert et al., 2010; Bradford et al., 2012).

There are also many examples where cross-cutting policies have been successfully developed or 
put forward. For example, Scotland’s Land-Use Strategy contains a proposal to encourage the 
development of regional land-use frameworks, and a policy related to regional partnerships. 
These partnerships will assess a range of land-use changes and their impact on ecosystem 
services.25  

Distributional impacts 

The consideration of social vulnerability in national policy frameworks is inconsistent, but 
improving in some areas (Brisley et al., 2012; Preston et al., 2014). For example: 

25 http://www.gov.scot/Publications/2016/03/5773 
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• While all taxpayers contribute to flood defence spending, not all end up being protected as
many schemes that are lower down on the cost-effectiveness scale are not funded (Johnson
et al., 2007, cited in Ricardo-AEA, 2014).

• The Partnership Funding approach to investment in flood and coastal defences in England
provides additional weight to protecting deprived areas (Ricardo-AEA, 2014). However, there
is still no direct relationship between levels of planned expenditure and the extent of flood
disadvantage (England and Knox, 2015).

• Social tariffs within the water sector provide financial support to lower income households
(Ricardo-AEA, 2014).

• The Civil Contingencies Act26 includes a provision for additional social welfare to those who
need it most, implemented through the Severe Weather Emergency Protocols and Extended
Extreme Weather Provision (Ricardo-AEA, 2014).

• Policies and practice to adapt to climate risks also often do not consider cultural aspects.
There are examples in which communities did not support river restoration because previous
restoration projects did not consider the cultural and social perception of the area
(Westerling et al. 2014). There is evidence that policies to address heat risk developed
without consideration of these differing cultural aspects can have a lower impact on ethnic
minority groups (Ricardo-AEA, 2014).

• Compensation policies to resolve the conflicting pressures of sacrificing agricultural land for
flood defence could be an issue affecting tenants that are already financially vulnerable, as
observed in the Welsh Marches (Evans, 2009).

8.4.3 Awareness and capacity 

Adaptive capacity is particularly critical in the context of addressing cross-cutting risks. 
Addressing these risks requires the capacity to look at them systemically. In some cases, 
this includes going beyond ‘incremental change at the margins’ to suggest more 
fundamental (‘transformational’) changes, and understanding the long-term 
consequences of undertaking those changes. 

Many of the CCRA risks are partly driven by an inadequate perception of the risk and its 
consequences (i.e. there is not enough awareness of the consequence of an action or inaction); 
or the lack of capacity to take steps to reduce the risk. When such factors are not considered the 
planned response is likely to be ineffective or maladaptive. 

There are multiple potential causes for a lack of adaptive capacity. Chapter 6 has identified 
factors that influence adaptive capacity for businesses, including a lack of information, 
institutional arrangements, communication, and technology (see Ricardo-AEA, 2013 and Section 
6.7.1). However, other socio-economic factors can also influence adaptive capacity, such as low 
individual wellbeing, as this can cause a conflict in the use of personal resources (Kolm-Murray et 
al., 2013). Other factors influencing adaptive capacity include availability and access to 
technology, information and skills; and availability, access to and equitable distribution of 
supportive social infrastructure and institutions. Lack of a long-term perspective, community 
cohesion, and education, are also barriers to adaptive capacity, as they can trigger short-termism 

26 http://www.legislation.gov.uk/ukpga/2004/36/contents 
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(Lindley et al., 2011). Attributes of organisations with high adaptive capacity are illustrated in 
Box 8.3. 

Box 8.3. Attributes of organisations that adapt well 

Specific attributes to assess the adaptive capacity of UK organisations include: 

• Awareness of climate change. Awareness of the relevance of climate change and its implications
for the organisation and its people as well as for the broader community.

• Learning culture. A learning organisation responds intelligently, flexibly, and in a manner that is
open to change. This includes the testing of ideas and approaches.

• Leadership. Leadership can occur at all levels. It is particularly important that senior leadership is
engaged and endorses climate change adaptation as a necessary component of the continued
health and viability of the organisation.

• Organisational processes and practices. An adaptive organisation has strategies, business plans
and their associated decision-making processes that recognise the importance of adaptation. This
includes a shared understanding of what successful adaptation looks like.

• Corporate memory. Knowledge and experience gained during earlier iterations are used to
inform subsequent iterations, reflecting adaptation as an iterative, learning process.

• Access to research, data/information and monitoring. This includes the ability to conduct and
extract value (knowledge and evidence) from research, expertise, data collection and monitoring
activities from internal and external sources.

• Working with others. Engaging internal actors from across the full scope of the organisation, and
external actors such as constituents, partners, suppliers, customers, clients, regulators, competitors,
to gain a better understanding of risks and response options and to enhance the effectiveness and
efficiency of those options and their implementation.

• Regulations, standards, codes and associated bodies. This includes adhering to, and also being
aware of, and engaging in, the processes of updating and testing regulations, standards and codes.

Source: http://www.ukcip.org.uk/wp-content/PDFs/UKCIP_Well_adapting_organisations.pdf 

Awareness is heavily influenced by past experience. For example, people affected by the 
2013/14 flooding across the UK showed a higher perception of climate change risks (Capstick et 
al., 2015). Awareness can also be influenced by social factors. For example, older people do not 
always perceive themselves to be at risk and their families and social networks can reinforce this 
perception (Adger et al., 2009).  

Decision-makers require both high awareness and capacity to assess the need for 
transformational adaptation. Transformational adaptation is adaptation that changes the 
fundamental attributes of a system in response to climate change and its effects (IPCC, 2014). 
For example, the Thames Estuary 2100 project adopts a ‘pathway approach’. Instead of relying 
on incremental increases in the height of flood defences along the Thames, the pathway 
identifies decision points where other options might need to be pursued, such as the 
construction of a new barrage downstream of the existing Thames Barrier (section 5.2.6). Other 
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examples include land-use changes in relation to what is designated as forestry and agricultural 
land for Scotland27; widening the portfolio of coastal management options across the UK, 
including identifying areas in which managed coastal realignment is preferred with implications 
for land-use and development with the involvement of the interested communities (Chapter 5); 
and shifts toward decision-making under uncertainty (e.g. Booth and Choudhary, 2013). 

Even with high capacity and organisational awareness, it can be very difficult to undertake 
fundamental change as it requires large and sustained effort over time before the benefits begin 
to materialise (Kates et al., 2012). Transformation can be triggered by specific events that have 
exposed the inadequateness of the system (e.g. the 2015/16 winter flooding that led to various 
reviews). A starting point is to identify issues for which transformational adaptation is needed. 
This includes looking at systems (rather than sectors) and identifying ‘futures’ in which 
continuing with current plans is not physically possible, or in which the costs and implications of 
incremental strategies are unacceptable (Park et al. 2012). For example, issues that might need 
transformational actions are those (i) for which the impacts of climate change are particularly 
extreme or rapid, and (ii) where populations are particularly exposed or vulnerable to these 
impacts (Lonsdale et al., 2015). 

8.5 Knowledge, data and information gaps 
The following sections summarise the knowledge, data and information gaps that have 
emerged across this assessment.

8.5.1 Data gaps 

The main data gaps identified in this assessment are mostly linked to climate change 
impacts and changes in future vulnerability. Where data are available, there are issues 
relating to incompleteness and incompatibility between data formats. Data collection is 
not strategically planned at a multi-organisation level. Data access, including in some 
cases the commercialisation of publicly funded data, constitutes a significant obstacle to 
research and innovation in the UK. 

The UK Climate Projections, Living With Environmental Change Report Cards, and the Annual 
Report Card produced by the Marine Climate Change Impacts Partnership (MCCIP), are examples 
of ways in which climate information has been centrally gathered and disseminated in the UK 
(Watts et al., 2015). Similarly, Defra and the Natural Environment Research Council maintain the 
UK Environmental Change Network.28 In the case of marine data and information, MCCIP works 
with industries and the scientific community to collate the available evidence, whereas MEDIN 
(the Marine Environmental Data and Information Network) acts as a marine data hub, and 
provides a large amount of data in the public domain to support marine conservation, 
management and planning. Despite these data hubs, both the first CCRA and this Evidence 
Report encountered barriers to achieving a consistent national-level risk assessment due to 
differences in data availability across the UK. 

27 http://www.gov.scot/Topics/Environment/Countryside/Landusestrategy 
28 http://www.ecn.ac.uk/ 
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Table 8.3 provides examples of data gaps identified within previous chapters of this Evidence 
Report, including data quality and quantity, as well as data availability. From these, the following 
lessons can be drawn: 

• Data are often not available or records are fragmented (e.g. condition of farmland drainage
systems; tree growth rates; long-term records of extreme sea levels and wave heights).

• Data are available but insufficient to establish baseline conditions (e.g. high-resolution data to
track emerging distributions of non-native species; reference data on groundwater
temperature and quality; flood defence asset condition and performance).

• Data are available but not in the most useful formats (e.g. raw temperature data are available
but not human-relevant metrics of overheating in the home; annual loss of productive
farmland to development as an index of vulnerability of food supplies; species dynamics at
the trailing edge of range shifts).

• Data are yet to be harmonised or brought together, including the issue of interoperability (e.g.
information on international development, migration and food production collected by
different government departments; socio-economic drivers of urbanisation extent and
changing land-use to interpret patterns of pluvial flooding).

• Data are available but not in the public domain (e.g. commercial or security concerns prevent
access to data on weather-related disruption of electricity networks or water supply or
insurance claims; confidentiality or security issues prohibit release of sensitive personal
information held in heatwave risk registers).

• Data are available but fall outside UK jurisdiction (e.g. habitat and climate impacts on migrant
birds; range shifts and community composition of marine ecosystems in international
waters; food production and trends in key source countries).
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Table 8.3. Examples of data and information gaps identified by CCRA2 

Risk and vulnerability assessment (Chapter 2) 

• Decision-relevant metrics of climate vulnerability.
• Indicators of socio-economic change that interact with climate risks (e.g. amount of urban green

space).
• Indicators of global threats to the UK (e.g. security of supply chains, geopolitical context).

Natural environment and natural assets (Chapter 3) 

• Information on co-stressors that multiply climate risks (e.g. air pollution, habitat loss, soil erosion).
• Surveillance systems for early detection of non-native species, pests and diseases.
• Quantitative information on tree growth rates and drought sensitivity of species.
• Indicators of farmland practices and impacts (e.g. drainage systems, water harvesting, crop losses).
• Data gaps in particular in the marine sector: the ‘blue’ economy is significant (also in social and

cultural terms). Fisheries, offshore oil, gas and renewables, biodiversity, shipping, aquaculture,
recreation and tourism, are all important to our coastal economies. Monitoring and understanding
change, and the interactions between changes, is a key need.

Infrastructure (Chapter 4) 

• Information on asset adaptation measures (e.g. raising heights of sub-stations to resist floods).
• Information about asset condition, materials, design specification and current performance.
• Data on long-term implications of weather and climate for infrastructure performance.
• Data about infrastructure resilience, capacity to absorb shocks and connectedness and probability

of failures triggered in cascade when networks, and networks of networks, are operating under
stress.

People and the built environment (Chapter 5) 

• Indicators of urbanisation trends (e.g. patterns of migration, growth areas, new towns).
• Data on the extent of new developments on floodplains in Wales and Northern Ireland.
• Data on impacts from heatwaves on people and properties (e.g. indoor temperatures, information

on morbidity).
• Data on flood impacts related to health and social care delivery.
• Data on health and wellbeing impacts on people and communities.
• Data on future socio demographic trends to better support considerations of future social

vulnerability.

Business and industry (Chapter 6) 

• Data to support joint risk management plans for businesses with shared assets (e.g. power
supplies).

• Publicly available data on climate risks to businesses.

International dimensions (Chapter 7) 

• Strategic assessment of food production drivers and trends in key source areas outside of the UK.
• Improved quality and access to data on public and private commodity holdings.
• Data on long-term changes in overseas climate, agricultural systems, land use and water

availability.
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Current barriers around data access and availability are significant obstacles to research and 
innovation in the UK (e.g. BIS, 2014) as well as an obstacle to consistent and coherent 
assessment of risks and responses. These include the commercialisation of some publicly funded 
data, such as those produced by the Centre for Ecology and Hydrology (CEH), and the Met 
Office. For example, the Met Office portal hosted by the British Atmospheric Data Centre or the 
CEH Future Flows and Groundwater Levels project29 charge for the commercial use of data. This 
policy is not in line with the UK Research Councils,30 Department of Energy and Climate 
Change31 and EU 2020 Horizon32 target to implement open data strategies. 

There is also a gap in understanding the potential for, and limitations of, the current trend 
towards ‘crowd-sourced’ data. Examples of crowd-sourced data include the eBird program of 
the Cornell Laboratory of Ornithology and the National Audubon Society in North America 
(Hurlbert and Liang, 2012); and the Old Weather project33 involving volunteers in transcribing 
millions of weather observations. Crowd-sourced data could, for example, help in validating near 
real-time simulations (e.g. Silvestro et al., 2012). However, this type of data collection can result 
in inconsistent data quality (Goodchild et al., 2012). 

The attention now being paid to so-called ‘Big Data’, and open access data portals, may allow 
new and innovative ways to derive the sorts of data needed for future risk assessments. For 
example: 

• CEH is leading an initiative (Environmental Information Platform34) to provide enhanced
access to its key data holdings via web-based tools, programming interfaces and a data
catalogue.

• Data and information tools for catchment management are increasingly being made
available in knowledge exchange hubs such as the Catchment Based Approach (CaBa).35

• A large amount of data for Scotland is made available publicly through the Scotland’s
Environment Web.36

29 http://www.ceh.ac.uk/sci_programmes/water/futureflowsandgroundwaterlevels.html 
30 http://www.rcuk.ac.uk/Publications/policy/OpenData/ 
31 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/47910/5421-decc-business-

plan-201215-.pdf 
32 http://www.2020-horizon.com/Exploiting-the-European-Open-Data-Strategy-to-mobilise-the-use-of-

environmental-data-and-information-i899.html 
33 http://www.oldweather.org/#/ 
34 CEH Environmental Information Platform https://eip.ceh.ac.uk/ 
35 Catchment Base Approach (CaBa) http://www.catchmentbasedapproach.org/ 
36 http://www.environment.scotland.gov.uk/ 
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8.5.2 Gaps in risk assessments 

Although there have been some advances in assessing risk since the first CCRA, there are gaps 
that need further attention, particularly in the context of understanding cross-cutting risks and 
adaptation: 

• The aggregate annual risk from multiple hazards and to multiple receptors is largely
unknown. Even in areas extensively studied, such as flood risk in England, assessments (e.g.
LTIS 2014) only include some and not all sources of flood risk, and direct damage caused to
residential and non-residential properties but not to other receptors (and with no robust
assessment of indirect impacts). Including other key climate hazards (such heat and water
scarcity) and other impacts (such as those to agricultural land and infrastructure) can result in
different ‘optimal’ policy options and investment choices for example when it comes to
urban design. Such approaches are routinely used in other fields (for example, insurance37),
other countries (for example, New Zealand38, United States39) and at global scale (e.g. Di
Mauro, 2014; Air Worldwide, 2015).

• Research is ongoing around ‘hazard’ modelling, for example the update of climate change
projections (UKCP1840). However, as discussed in Section 8.5.1, there is a gap in the
availability of data describing or modelling impacts from climate events. In particular, there is
a need to better model the implications of direct and indirect effects which do not have clear
monetary values.

• There are methodological and evidence gaps with respect to input–output and larger
macroeconomic models that can be applied at city or regional level. In the large majority of
assessments, researchers simply downscale UK-level impacts based on a proxy such as local
population. This might be inadequate for detailed decisions since the structure of the
economy can differ dramatically between cities and regions depending on the industrial
base.

• There is no systematic application of tools that are available to understand community
resilience, for example the Rapid Evidence Assessment methodology produced for the
Community Resilience Pathfinders projects41. A national-level understanding of the resilience
of communities is not available.

8.5.3 Gaps in tools to assess adaptation options 

There are a growing number of decision-making tools, although many of them are 
research-driven rather than user driven, and access is very fragmented. 

There has been a proliferation of decision-support tools and analytical methods in recent years 
that support the assessment of risks and other aspects of adaptation planning (e.g. UNFCCC 

37 See, for example, http://www.air-worldwide.com/Models/About-Catastrophe-Modeling/ but also 
http://forms2.rms.com/rs/729-DJX-565/images/rms_guide_catastrophe_modeling_2008.pdf 

38 riskscape.niwa.co.nz 
39 http://www.fema.gov/multi-hazard-models 
40 http://www.metoffice.gov.uk/services/climate-services/uk/ukcp 
41 http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0& 

ProjectID=18744#RelatedDocuments 
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website42; PROVIA 43; Bowyer et al., 2014; Climate Just44; also Climate UK, 2012; Hinkel and Bisaro, 
2014; and Webb and Beh, 2013). There are also a number of climate and socio-economic 
scenarios or projections available (e.g. UKCP09, Climateprediction.net, ENSEMBLES, CMIP5, IPCC 
socio-economic pathways). 

However, there are barriers to the use of these tools. In some cases there is a lack of awareness of 
their existence, as well as some confusion due to the large number of tools available (Climate 
UK, 2012). The growing number of web-based adaptation platforms requires better coordination 
and guidance (EEA, 2015). 

Examples of decision-making tools that include different sectors and risks (for example, 
infrastructure together with the built environment) are still rare. Examples of these include the 
RegIS studies, and the CLIMSAVE Integrated Assessment Platform (Harrison et al., 2015). Other 
examples focus on the infrastructure sector, such as ITRC45, iBuild46 and ICIF.47 

Cost–benefit tools generally consider a limited range of sectors and hazards. One of the few 
examples of multi-sector and multi-hazard decision-making tools is the Environment Agency’s 
Long-term Investment Scenarios (LTIS). Though even this largely ignores surface and ground 
water flooding and focuses on preventing flood damage to properties. Existing cost–benefit 
analyses also might not consider the whole range of options, and thus the most appropriate risk 
management measures (corrective, prospective and compensatory48). For example, LTIS also 
only identifies the investment strategy for flood defence structures, thus it only considers the 
cost–benefit of policy options of ‘corrective’ risk management measures. Work is ongoing to 
introduce other factors such as natural capital in cost–benefit tools (Natural Capital Committee, 
2014). 

Cost–benefit analyses also tend to be static in time and scope. When different scenarios are 
modelled, often feedbacks cannot be accounted for, for example unintended consequences that 
adaptation responses can create. However, the new generation of adaptation decision-making 
tools is starting to consider such aspects (e.g. the ECONADAPT research project49). These include: 

• policy-first adaptation assessments;

• iterative climate risk management, in which climate change is considered as a dynamic and
evolving risk with adaptation seen as a set of different actions to cover different problems;
and

• decision making under uncertainty, in which adaptation is considered to act iteratively as
risks evolve, including the increasing interest in adaptation pathways as a decision-making
approach (e.g. Haasnoot et al., 2013 and Wise, 2014).

42 Methods and Tools to Assess Climate Change Impacts and Adaptation Options 
https://unfccc.int/methods/other_methodological_issues/items/2310.php 

43 http://www.mediation-project.eu/platform/tbox/organisational_adaptive_capacity.html 
44 www.climatejust.org.uk 
45 http://www.itrc.org.uk/ 
46 research.ncl.ac.uk/ibuild/ 
47 http://www.icif.ac.uk/ 
48 http://www.preventionweb.net/english/hyogo/gar/2011/en/why/financing.html 
49 http://www. http://econadapt.eu/ 
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However, despite the availability of a variety of different approaches, their complexity and 
resource intensity make their application challenging for many, including their practicality given 
the time and resources available (Watkiss et al., 2016). 

There is a need for tools or resources that support the assessment of adaptation shortfalls; where 
and when thresholds of risks may be crossed; and associated limits of current adaptive actions. 
Tools assessing different real options or adaptation pathways are particularly useful to identify 
actions that address cross-cutting risks. Applying these tools might be perceived as challenging, 
and light-touch approaches might be preferred.  

To develop adaptation responses it is also important to understand adaptive capacity in the 
spatial, social and economic context, including the willingness to adapt. For example, different 
perceptions of risk and organisational capacity also influence individual adaptive capacity. There 
are a number of frameworks that can be used to systematically assess adaptive capacity (e.g. 
Attributes of Well-Adapting Organisations (2011)50 and the PROVIA/MEDIATION Toolbox). 
However, there is no standardised framework.  

8.5.4 Gaps in adaptation monitoring and evaluation tools 

This section shows that many of the available indicators to measure adaptation progress 
are data-driven rather than use-driven; and there is no routine collection of data and other 
evidence to assess whether policies are successful in achieving their objectives. 

Although monitoring and evaluation frameworks exist for adaptation in the UK, there are gaps in 
the available data on adaptation progress, especially at national level.  

The work of ASC and ClimateXChange indicates that there is potential for using quantitative and 
time-varying indicators to assess adaptation. Indicators developed by the ASC and 
ClimateXChange are mostly based on readily available data. There is no systematic assessment 
and collection of data that would be needed to assess whether policies are effective in achieving 
their objectives (ASC, 2015). Many of the available indicators are data-driven rather than use-
driven. There are some efforts to record and capture levels of adaptation activity over time (e.g. 
investment in flood defences), but data are not always recorded on a consistent basis, and thus 
cannot be used to assess trends with high levels of confidence (ASC, 2015, NEF, 2016). The 
objectives set in the UK National Adaptation Programme are written in such a way that renders 
progress against them immeasurable (ASC, 2015). A different approach was taken in the Welsh 
Wellbeing of Future Generations Act, which provides for quantified, time-bound indicators to be 
established and trends regularly assessed. The Environment Wales Bill also provides for a State of 
Natural Resources Report to be produced, highlighting the condition and extent of Wales’s 
natural resources, their ability to respond to pressures, and their capacity to adapt to climate 
change (Welsh Assembly Government, 2015). 

The presence of the Adaptation Reporting Power (ARP) reports under the Climate Change Act 
offers an opportunity to capture information on adaptation. However, ARP reports rarely include 
quantitative information and focus instead of principles and case studies (ASC, 2015).  

50 http://www.ukcip.org.uk/wp-content/PDFs/UKCIP_Well_adapting_organisations.pdf 
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8.6 Conclusions 
Effective adaptation cannot be undertaken without an acknowledgement of the cross-
cutting nature of risk and adaptation. Otherwise actions can fail to meet their objectives, 
be sub-optimal in terms of their costs and benefits, and potentially lead to adverse 
unintended consequences. There is limited evidence of cross-cutting issues being 
considered when climate change risks are assessed and adaptation policies developed. 

This chapter has highlighted areas where there continues to be a lack of evidence in the 
literature on how risks operate, that should be addressed across sectors, systems and locations. 

From analysis conducted in this CCRA, six groups of interacting risks have been highlighted that 
should be considered together when determining the most effective adaptation strategies. The 
next round of national adaptation programmes could consider organising plans and actions 
around such groupings of risks, rather than on a sector-by-sector basis. 

Little is still known about the distributional impacts of climate change and how these are being 
managed in the UK. There are also gaps relating to the scale of indirect and macroeconomic 
impacts. There are also major gaps in data, information and tools that need to be addressed. 

Finally, institutional frameworks and policy processes within government can both facilitate and 
act as a barrier to effective adaptation. The key barriers that are highlighted here relate to silo-
based decision making across government, problems caused by divisions in responsibility, 
resources and capacities, especially at the local level, and barriers to awareness and capacity at 
all levels of decision making. Future adaptation plans need to include measures that seek to 
address these adaptation-related gaps and barriers alongside measures that directly address 
and reduce current and future vulnerabilities to climate change impacts. 
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