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Statement of use 
This report presents the research completed as part of the UK Climate Change Risk 
Assessment (CCRA) for a selected group of risks in the Built Environment sector. 
Whilst some broader context is provided, it is not intended to be a definitive or 
comprehensive analysis of the sector. 

Before reading this report it is important to understand the process of evidence 
gathering for the CCRA. 

The CCRA methodology is novel in that it has compared over 100 risks (prioritised from 
an initial list of over 700) from a number of disparate sectors based on the magnitude 
of the consequences and confidence in the evidence base.  A key strength of the 
analysis is the use of a consistent method and set of climate projections to look at 
current and future threats and opportunities. 

The CCRA methodology has been developed through a number of stages involving 
expert peer review.  The approach developed is a tractable, repeatable methodology 
that is not dependent on changes in long term plans between the 5 year cycles of the 
CCRA.   

The results, with the exception of population growth where this is relevant, do not 
include societal change in assessing future risks, either from non-climate related 
change, for example economic growth, or developments in new technologies; or 
future responses to climate risks such as future Government policies or private 
adaptation investment plans. 

Excluding these factors from the analysis provides a more robust ‘baseline’ against 
which the effects of different plans and policies can be more easily assessed.  
However, when utilising the outputs of the CCRA, it is essential to consider that 
Government and key organisations are already taking action in many areas to minimise 
climate change risks and these interventions need to be considered when assessing 
where further action may be best directed or needed. 

Initially, eleven ‘sectors’ were chosen from which to gather evidence: Agriculture; 
Biodiversity & Ecosystem Services; Built Environment; Business, Industry & Services; 
Energy; Forestry; Floods & Coastal Erosion; Health; Marine & Fisheries; Transport; and 
Water. 

A review was undertaken to identify the range of climate risks within each sector. The 
review was followed by a selection process that included sector workshops to identify 
the most important risks (threats or opportunities) within the sector. Approximately 
10% of the total number of risks across all sectors was selected for more detailed 
consideration and analysis.   

The risk assessment used UKCP09 climate projections to assess future changes to 
sector risks. Impacts were normally analysed using single climate variables, for 
example temperature.  

A final Evidence Report draws together information from the 11 sectors (as well as 
other evidence streams) to provide an overview of risk from climate change to the UK.  

Neither this report nor the Evidence Report aims to provide an in depth, quantitative 
analysis of risk within any particular ‘sector’. Where detailed analysis is presented 
using large national or regional datasets, the objective is solely to build a consistent 
picture of risk for the UK and allow for some comparison between disparate risks and 
regional/national differences. 
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This is a UK risk assessment with some national and regional comparisons. The results 
presented here should not be used by the reader for re-analysis or interpretation at a 
local or site-specific scale.   

In addition, as most impacts were analysed using single climate variables, the analysis 
may be over-simplified in cases where the consequence of climate change is caused 
by more than one climate variable (for example, higher summer temperatures 
combined with reduced summer precipitation).   
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Sector summary 
Key findings 
Climate change poses several potential risks to the Built Environment sector, due 
primarily to higher temperatures and changed rainfall patterns. Flooding, lack of water 
availability and subsidence may become more prevalent. The interrelated risks of the 
Urban Heat Island, building overheating and a reduction in the effectiveness of green 
spaces could be particularly affected by rising summer temperatures. However, in 
winter, reduced energy demand for heating is projected with potential benefits of 
reducing energy use and costs to consumers.  

 

Overall  
Selected risks 

The predominant climate related risks to the Built Environment sector, as identified by 
stakeholders and confirmed by the CCRA analysis, are Urban Heat Island, building 
overheating, flood damage and water availability and demand. This report covers these 
and other key risks. Many other risks have been identified in the CCRA but not 
analysed; a brief discussion of the most notable issues in this category is however 
included for completeness. 

Building overheating and the Urban Heat Island effect are closely related to the 
effectiveness of green space in providing cooling capacity within urban areas. At the 
sector workshop, stakeholders were keen to develop risk metrics related to these 
impacts. Hot summers are projected to increase in frequency and bring with them 
several heat related consequences including effects on health and wellbeing, 
particularly for vulnerable members of society. High temperatures would also have 
severe consequences for economic productivity in the workplace.  

Ground stability and subsidence was also identified as a widespread risk of potential 
major economic consequence. It is difficult to predict how this risk will evolve in a 
changing climate but it is likely that claims for subsidence would increase in future.  

The reduction in demand for winter heating, which would occur as a consequence of 
warmer winters, is seen as an opportunity, both economically and for building design. 
However, there is a danger that any reduction in energy use could be offset by an 
increase in demand for energy for summer cooling, unless concerted adaptation action 
is taken to combat building overheating. 

Water availability and flooding are also substantial risks for the Built Environment 
sector. Within the context of the CCRA, these have been considered within the Water 
and Floods and Coastal Erosion sectors respectively, but information from their 
analysis is included in this report. 

The water analysis found that there are significant pressures on water availability in the 
UK, which are likely to increase in future due to changes in climate, land use and rising 
demand for water. 

The floods analysis projected significant climate change related increases in the risk of 
both tidal and river flooding. Surface water flooding affects a greater number of 
properties, but data were not available to perform a risk analysis. 
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Emerging challenges 

Whilst the analysis undertaken within this stage of the CCRA has not identified major 
impacts of climate change that informed stakeholders would not be aware of, it has 
identified what appear to be potentially the more important risks and in some cases 
quantified the impacts.  In particular, it has underlined the risk posed by higher 
temperatures in prolonged periods of hot weather within the built environment.   

There are potentially major challenges related to future adaptation of both existing and 
new buildings, particularly in relation to building overheating and the Urban Heat Island 
effect.  Different approaches may also be required for spatial planning to create 
comfortable and safe environments that are suited to potential future climate 
conditions.  

 

Risk descriptions 
BE1 – Urban Heat Island 

The existence of the Urban Heat Island (UHI) effect within cities is now well 
established; the temperature at the centre of a large city can be several degrees higher 
than in the surrounding rural areas. The magnitude of urban heat island effects is 
dependent upon a complex interplay of the urban environment, in terms of land 
coverage, built form and anthropogenic heat emissions, and the prevailing 
meteorological conditions, wind regimes, cloud coverage and relative humidity. The 
temperature uplift is typically greatest during stable anti-cyclonic conditions in summer, 
and at night. In the case of London a UHI effect on night-time temperatures of up to 
9°C has been recorded (e.g. in August 2003), in Manchester 5–10°C and in 
Birmingham 5-7°C. 

The August 2003 heatwave led to over 2000 excess deaths in England and Wales. The 
greatest proportion of deaths occurred in the southern half of England, particularly in 
London. (There was far greater loss of life in Paris and elsewhere in Europe). By the 
2050s, such hot summers are projected to be much more frequent events, occurring 
perhaps every 2 to 3 years. 

Within the CCRA, assessment of the UHI has been linked to health effects and thermal 
comfort at night via minimum night-time temperatures. UKCP09 projections for the 
mean average summer night temperature would see an increase of the order of 2–3°C 
by the 2050s (p50 Medium emissions scenario) across the UK. By the 2080s, the 
projected increase is 3–4°C under the p50 Medium emissions scenario, but could be as 
high as 7-9°C under the p90 High emissions scenario. Although Urban Heat Island 
effects are not represented within the UKCP09 projections, nevertheless these 
temperature rises indicate that present night-time temperature thresholds for heat wave 
action will be exceeded more frequently. The health impacts of high temperatures are 
discussed in more detail in the Health sector report. 

Recent research on the UHI by the LUCID and SCORCHIO projects has helped to 
disaggregate climate and non-climate factors. Initial results indicate that temperatures 
rise at the same rate in urban and rural areas. Nonetheless, external temperatures are 
higher within the Heat Island, increasing the risk of building overheating. Green and 
blue infrastructure can help cool urban areas. Thus the UHI effect is closely linked to 
both building overheating and to the availability and effectiveness of urban green 
space. Anthropogenic heat emissions, such as heat escaping from buildings and hot air 
exhausted by mechanical ventilation systems, are also a significant factor. There is a 
very real danger that the UHI could be exacerbated in the future by autonomous 
maladaptation in the form of widespread installation of air conditioning for comfort 
cooling. 
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BE2 – Subsidence 

Subsidence was selected as a risk with major economic consequences within the Built 
Environment sector. In 2009 there were 29,700 notified claims relating to subsidence 
for domestic properties in the UK, amounting to a gross value of £175 million. The risk 
of subsidence is greatest in the densely populated areas of London and the South East 
of England, where there are large areas of clay soils with high shrink-swell potential. 

Under climate change, changes to the present shrink swell pattern may occur due to 
wetter winters and hotter drier summers. Although soil moisture projections are not 
provided within UKCP09, estimates of soil dryness have been made using UKCP09 
summer rainfall projections. An increase of around 7% in the number of subsidence 
incidents is projected by the 2020s (p50 Medium emissions scenario); this is projected 
to rise to around 17% by the 2050s and 20% by the 2080s. 

An important caveat to these estimates is that they are based on the existing building 
stock. Modern buildings (post-1970) and new-build constructions have better 
foundations. However, if replacement rates remain at the current low levels, a 
substantial proportion of older buildings, particularly in the domestic sector, will remain 
at risk. 

Concerns have been raised about the potential conflict between insurers wishing to 
remove urban trees to reduce subsidence risk and the desire for green infrastructure 
(e.g. London Assembly, 2007). The ABI provides advice and guidance on the limitation 
of future tree root subsidence and many insurers have adopted compensatory 
‘replanting schemes’. Nevertheless, given the long time scales for trees to come to 
maturity and thus provide a significant shading benefit, a factor which is also 
dependent on the species chosen, replacement needs to be carefully managed. 

BE3 – Overheating of buildings 

Historically within the UK, building design has been driven by the need for indoor 
thermal comfort in winter and more recently, by a desire for winter energy efficiency. 
There is, however, evidence that some types of building, such as highly insulated 
lightweight buildings and buildings with heavily glazed facades, are already vulnerable 
to summer overheating. Hotter, drier summers will exacerbate this risk for all building 
types. Without planned adaptation to implement appropriate passive cooling measures, 
there is the further risk that the Urban Heat Island effect would be exacerbated by 
widespread autonomous maladaptation in the form of air-conditioning. 

In domestic properties the general effects on people of building overheating are likely 
to be increases in discomfort and difficulty sleeping. Elsewhere, building overheating 
will make working conditions uncomfortable, leading to a reduction in productivity. This 
would affect commercial buildings including offices and other types of buildings, for 
example schools and hospitals. This metric focuses on this second aspect of 
overheating, which is assessed in terms of temperature above an absolute external 
temperature threshold (26C), at which productivity has been observed to drop. 

Using this criteria, the number of days per year when overheating could occur in 
London is projected to rise from a baseline of 18 days to between 22 and 51 days by 
the 2020s (central estimate 33 days). This is projected to rise to between 27 and 121 
days per year by the 2080s (central estimate 69 days). Elsewhere in England and 
Wales, by the 2080s, the projections range from between 5 and 82 days per year in the 
North East (central estimate 22 days) to between 18 and 114 days in the South East 
(central estimate 57 days). 

Ideally, this risk metric would also be broken down by building type/construction/age, 
but such data are not readily available. Furthermore, there is very limited research data 
to relate specific building types to indoor thermal comfort. Hence within the CCRA, 
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external temperature has been used as a proxy for indoor thermal comfort and the 
need for further data collection and research is highlighted. 

BE5 – Effectiveness of green space 

Green and blue infrastructure, such as parks, open spaces, rivers and water bodies, 
has a dual function in combating the Urban Heat Island effect. Firstly its inherent 
cooling and, for green infrastructure, shading capacity reduces the heat vulnerability of 
the surrounding area. Secondly, it provides valuable climate refuges, to which local 
residents can go for temporary respite from extreme heat.  There is also an important 
association between access to green spaces and better mental and physical health 
(Department of Health, 2011).  

Green infrastructure can take many forms from large open spaces such as parks to 
smaller scale features such as domestic gardens and street trees. In recent hot 
summers, drying out of green space has been observed, for example the parched 
grassland in Hyde Park in 2006. Under prolonged hot, dry conditions, evapo-
transpiration of the green space slows down, eventually shutting down if the vegetation 
becomes completely parched. Consequently, the cooling effect of the green space is 
effectively switched off. Without adaptation, this could become an ever more frequent 
occurrence as summers become hotter and drier. Clearly this also has consequences 
for the Urban Heat Island and overheating. 

In this study, the Generalised Land Use Database green space category is used for 
formulating a risk metric. This is a broad category, which includes all types of open 
space from woodland and farmland to parks and grassed verges, but excludes 
domestic gardens. An indicative risk metric relates green space effectiveness to 
relative aridity (water sector risk metric WA1). Climate change projections for England 
and Wales indicate that aridity is likely to increase for all climate change scenarios 
except the p10 (wet) scenarios. Extreme aridity is projected by the 2080s for the p90 
Medium and High emissions scenarios and the p50 High emissions scenario. 

In order to better quantify the risk, more research is needed into the response of 
individual species to increasing aridity and to identify suitable species for use in climate 
change adapted green infrastructure. Current watering and maintenance regimes may 
also need to be reviewed. 

Future adaptation proposals should encompass all scales of green infrastructure. The 
effectiveness of green space is linked to wider urban planning considerations, for 
example the creation of green corridors and the adoption of green roofs.  Particular 
consideration should also be given to vulnerable locations, such as hospitals and care 
homes and socially disadvantaged areas. The latter typically have less access to urban 
green space. 

Green space is also a key component of Sustainable Urban Drainage Systems and can 
improve flood resilience. 

BE9 – Demand for heating 

A reduction in the projected levels of energy demand to heat homes and non-domestic 
buildings across all regions is projected in future decades. Annual space heating 
demand per household is likely to fall significantly by the 2080s. This reduction in 
demand is projected to be of the order of 15% by the 2020s, rising to 25% by the 2050s 
and 40% by the 2080s for the p50 Medium emissions scenario. Cold-related mortality 
is also projected to fall. 

Currently, winter energy efficiency is the focus of both new-build design and 
retrofit/refurbishment programs, such as the “Warm Front” scheme and the Carbon 
Emissions Reduction Target (CERT) programme (to be replaced by the Energy 
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Company Obligation). However, with future warmer winters, the projected reduction in 
heating demand provides an opportunity for innovative design, for example of building 
plant. On the other hand, it does not justify a reduction in current recommended 
insulation levels. Good levels of insulation would still be required in colder spells and, if 
used appropriately, can also help to reduce overheating in summer. 

EN2 – Demand for cooling 

The demand for cooling of buildings in the summer is projected to increase.  The 
magnitude of the future cooling demand is likely to be less than the overall demand for 
heating, even taking into account the projected reduction in winter heating demand.  
The magnitude of the increase will depend on the degree of adaptation responses, but 
a study carried out for London projected an increase in cooling demand of between 
35% and 50% by 2030 based on a 2004 baseline. 

WA5 – Water supply-demand deficit 

Water availability for the built environment and other uses has been considered within 
the Water sector analysis. 

Very differing pictures emerge when looking at the public water supply-demand 
balance at the national scale, as opposed to the UKCP09 river basin region level. 
Nationally in the near term (2020s) there are projected decreases of 1300 Ml/d (-15 to -
3300 Ml/d). This includes population growth and assumes that there is not a future 
position where water companies can and will share water resources. In the longer term 
these decreases could be as much as 8300 Ml/d (-4300 to -11100 Ml/d) or four times 
the current water supply for London, across several acutely sensitive river basin 
regions.  

WA6 – Population affected by a water supply-demand deficit 

The estimate of the number of people potentially affected by a supply-demand deficit 
(when water resource zones fall into deficit and require demand or supply side 
measures) is calculated from information on security of supply for each water company. 
The scenarios suggest that the majority of the UK population (about 97%) could be 
affected by the 2080s and thus subjected to rising costs of supply and potentially 
limitations on non-essential uses if the gap between supply and demand is not closed.  
In Scotland, which is projected to have the smallest supply-demand deficit of the four 
UK countries, the population affected would be over 80% by the 2080s.  

FL6 and FL7 – Property at risk of flooding 

Analysis from the Floods and Coastal Erosion sector shows that the number of 
properties at risk of significant likelihood of flooding from rivers or the sea in England 
and Wales is projected to increase from the baseline of about 560,000 (370,000 
residential and 190,000 non-residential) to: 

 Between 800,000 and 2.1 million by the 2050s of which between 530,000 
and 1.5 million are residential properties 

 Between 1.0 million and 2.9 million by the 2080s of which between 700,000 
and 2.1 million are residential properties. 

The risk of Expected Annual Damages (EAD) to properties from river and tidal flooding 
in England and Wales is projected to increase from the baseline of about £1.2 billion 
(£640 million residential and £560 million non-residential) to: 

 Between £1.6 billion and £6.8 billion by the 2050s of which between £1.0 
billion and £3.8 billion is for residential properties 
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 Between £2.1 billion and £12 billion by the 2080s of which between £1.2 
billion and £6.5 billion is for residential properties. 

These figures do not include other sources of flooding, for example from surface water 
and groundwater. 

FL13 and BU6 – Flooding, property insurance and mortgages 

As flood risk increases, the number of properties where insurance becomes 
unaffordable or unavailable is likely to increase.  The number of properties at significant 
likelihood of flooding (with an annual probability of 1.3% or greater) provides an 
indicator of the potential magnitude of this risk.  

The mortgage fund value at risk due to insurance becoming unaffordable or 
unavailable may be of the order of £1 to 8 billion by the 2050s and £2 to 9 billion by the 
2080s.  

Insurance payout costs for flooding average between £200 million and £300 million per 
year.  This is projected to increase to between £500 million and £1 billion by the 2080s.  
However the 2007 flood resulted in payouts totalling about £3 billion, demonstrating the 
severe effect that a major flood can have on the insurance industry.   

Whilst average insurance payouts can be managed through pricing, there is a risk that 
very large future payouts could occur as the result of a very serious and widespread 
flood event. 

 

Current vulnerability 
In the short term, extreme weather events, for example flooding and storm damage, 
are likely to have more impact than underlying climate change. 

In the medium to long term, climate change impacts may become more important, for 
example:  

 Hotter summers are likely to increase the risks of overheating and the 
Urban Heat Island effect, particularly in London and other large 
conurbations 

 Hotter, drier summers are also likely to increase pressure on water 
resources, particularly in London and the South East of England 

 Sea-level rise is likely to adversely affect coastal areas. 

Buildings have lifetimes of decades or longer. Generally the service life of non-
residential buildings is often expected to be short (around 30 years) but it could be 
longer in many cases. The turnover rate is considerably lower within the residential 
sector. Within the Built Environment sector, therefore, the following issues are key: 

 For existing buildings, does their expected lifespan justify a climate change 
adaptation refurbishment/retrofit? 

 For new buildings, which are intended to have a long lifespan, their design 
must consider climate change risks and adaptation now. The alternative of 
future adaptation could be very costly. 

Adaptive capacity/awareness in sector 

Adaptive capacity can be considered under the headings of ‘structural adaptive 
capacity’ (related to structural barriers to change) and ‘organisational adaptive capacity’ 
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(related to human capacity within organisations), and work to assess adaptive capacity 
in the Built Environment is ongoing.   

 

Interdependencies 
Key links to other CCRA risks and sector reports 

The Urban Heat Island, overheating of buildings and the effectiveness of green space 
all relate to thermal comfort (both indoor and outdoor). Overheating in non-domestic 
buildings can impact upon worker productivity. This is considered under the 
overheating risk metric and developed within the Business, Industry and Services 
sector analysis under metric BU10, results of which are included here. 

Thermal comfort, or lack thereof, can have serious health implications, particularly for 
vulnerable members of the population. The August 2003 heatwave led to over 2000 
excess deaths in England and Wales. Thermal comfort and health are considered 
under the discussion of the Urban Heat Island. The interrelationship between the Urban 
Heat Island, overheating of buildings and the effectiveness of green spaces is drawn 
out in the discussion of recent results, e.g. from the LUCID project on London’s Urban 
Heat Island. Heat related mortality and morbidity are covered in further depth by the 
Health sector under metrics HE1, HE2, HE3 and HE5. The results are included in this 
sector report. 

There is also a dependency between the expected reduction in heating demand and 
the increased energy demand for cooling, considered within the Energy sector under 
metric EN2 (Cooling demand) results of which are included here.  

The potential future impacts of flooding and water availability on the built environment 
are covered in detail in the respective sector reports. Results from their analysis are 
included here. The main potential risks to cultural heritage include flooding and sea 
level rise. 

Other drivers   

Projected changes in population would have several consequences: 

 Heat-related health effects are determined by the demographic distribution, 
not absolute population. The risk is likely to increase as the population 
ages.  

 Unless sufficient new buildings are constructed, occupant density would 
increase with rising populations. In this case, buildings would be more 
susceptible to overheating.  

 A large increase in population could offset any individual or building level 
reduction in heating demand, leading to no change or even an increase in 
total energy demand for heating. 

 Projected changes in population growth and movement pose a significant 
risk for the water supply / demand balance, particularly in the already-
stressed south-east of the country.  

 Socio-political drivers are also likely to have an impact on water availability.  
For example political and societal value of the environment could change 
either way, adding or reducing pressure on water quality and the water 
supply / demand balance. 

The futures scenarios raise the prospect of further consequences: 
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 A high level of population needs/demands is likely to exacerbate all the 
risks considered. For example, a high demand for housing may lead to 
slower turnover of older housing, which is more vulnerable to subsidence. 

 An even distribution of wealth and effective decision-making at a national 
level could facilitate widespread adaptation to all risks. With uneven wealth 
distribution, lower income groups may be unable to afford to take 
appropriate adaptation measures. 

 Unsustainable consumer-driven values could allow and encourage 
widespread maladaptation to heat-related risks, for example in the form of 
widespread autonomous installation of air-conditioning, whereas 
consumers driven by more sustainable values might implement passive 
adaptation measures.  In practice, however, many consumers are likely to 
use the cheapest effective measures. 

The planning regime is also a key influence, especially for new development and 
changes of use. Planning encompasses a wide range of issues, for example 
development on subsidence-prone areas and flood plains, wider flood risk 
management, high versus low-density development, sustainable design and 
construction, overheating and cooling, energy efficiency, urban greening, protection of 
open space, and impact on Public Health. 

 

About the analysis 
Data quality and modelling issues / level of confidence 

For many of the metrics, the analysis was hampered by a lack of available data. As an 
example, for subsidence, commercially available high-resolution soil data were far too 
costly to be used within the scope of the CCRA.  

The number of properties at risk from surface water flooding is estimated to be greater 
than the number at risk from river and tidal flooding.  However it has not been possible 
to provide projections related to future surface water flooding owing to a lack of suitable 
data.  The projected increases in precipitation indicate however that this problem is 
likely to get worse if risk reduction and adaptation measures are not implemented.  

In some areas, the available research is limited or still ongoing. For building 
overheating, the performance of certain typical case study buildings has been 
simulated theoretically (for example in CIBSE TM36). Yet post-occupancy studies often 
reveal that the performance of a building is quite different from that envisaged in the 
design. DCLG has identified overheating as a priority research area in its Departmental 
Adaptation Plan. 

Recent research for Defra and DCLG identified several knowledge gaps in the field of 
green space and its potentially beneficial role in climate change adaptation. 

The Urban Heat Island is also an area of ongoing research. Results from the EPSRC-
funded funded LUCID and SCORCHIO projects have been made available since the 
analysis here was carried out and provide tools to evaluate the risk of overheating and 
health impacts within urban areas. With the aid of the urban climate models they have 
developed, climate change can be disaggregated from other factors in the UHI, for 
example local green space cooling and anthropogenic heat emissions. These results 
and those from related ongoing research projects should be more fully exploited in the 
next CCRA. 

Of necessity, only a limited number of impacts and consequences were considered in 
the Tier 2 analysis. A brief discussion of selected other issues, for example pest 
infestations, is included for completeness.  
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Despite these limitations, the analysis presented here should help the sector to better 
understand the nature and magnitude of the potential risks due to climate change and 
provide ample motivation for adaptation. 
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Key Term Glossary 
A number of key terms are defined below.   

Adaptation (IPCC AR4, 2007) 

 Autonomous adaptation – Adaptation that does not constitute a 
conscious1 response to climatic stimuli but is triggered by ecological 
changes in natural systems and by market or welfare changes in human 
systems. Also referred to as spontaneous adaptation. 

 Planned adaptation – Adaptation that is the result of a deliberate policy 
decision, based on an awareness that conditions have changed or are 
about to change and that action is required to return to, maintain, or 
achieve a desired state. 

Adaptive Capacity -The ability of a system to design or implement effective adaptation 
strategies to adjust to information about potential climate change (including climate 
variability and extremes), to moderate potential damages, to take advantage of 
opportunities, or to cope with the consequences (modified from the IPCC to support 
project focus on management of future risks).  As such this does not include the 
adaptive capacity of biophysical systems.  

Adaptation costs and benefits  

 The costs of planning, preparing for, facilitating, and implementing 
adaptation measures, including transition costs 

 The avoided damage costs or the accrued benefits following the adoption 
and implementation of adaptation measures. 

Consequence - The end result or effect on society, the economy or environment 
caused by some event or action (e.g. economic losses, loss of life). Consequences 
may be beneficial or detrimental. This may be expressed descriptively and/or semi-
quantitatively (high, medium, low) or quantitatively (monetary value, number of people 
affected etc). 

Impact - An effect of climate change on the socio-bio-physical system (e.g. flooding, 
rails buckling). 

Response function - Defines how climate impacts or consequences vary with key 
climate variables; can be based on observations, sensitivity analysis, impacts 
modelling and/or expert elicitation.  

Risk – Combines the likelihood an event will occur with the magnitude of its outcome. 

Sensitivity - The degree to which a system is affected, either adversely or beneficially, 
by climate variability or change. 

Uncertainty - A characteristic of a system or decision where the probabilities that 
certain states or outcomes have occurred or may occur is not precisely known. 

Vulnerability - Climate vulnerability defines the extent to which a system is susceptible 
to, or unable to cope with, adverse effects of climate change including climate 
variability and extremes. It depends not only on a system’s sensitivity but also on its 
adaptive capacity. 
                                                           
1 The inclusion of the word ‘conscious’ in this IPCC definition is a problem for the CCRA and we treat this as anticipated 
adaptation that is not part of a planned adaptation programme. It may include behavioural changes by people who are 
fully aware of climate change issues.   
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1 Introduction 

1.1 Background 

It is widely accepted that the world’s climate is being affected by the increasing 
anthropogenic emissions of greenhouse gases into the atmosphere.  Even if efforts to 
mitigate these emissions are successful, the Earth is already committed to significant 
climatic change (IPCC, 2007). 

Over the past century, the Earth has warmed by approximately 0.7°C2. Since the mid-
1970s, global average temperature increased at an average of around 0.17°C per 
decade3. UK average temperature increased by 1°C since the mid-1970s (Jenkins et 
al., 2009), however recent years have been below the long-term trend highlighting the 
significant year-to-year variability.  Due to the time lag between emissions and 
temperature rise, past emissions are expected to contribute an estimated further 0.2°C 
increase per decade in global temperatures for the next 2-3 decades (IPCC, 2007), 
irrespective of mitigation efforts during that time period. 

The types of impacts expected later in the Century are already being felt in some 
cases, for example: 

 Global sea levels rose by 3.3 mm per year (± 0.4 mm) between 1993 and 
2007; approximately 30% was due to ocean thermal expansion due to 
ocean warming and 55% due to melting of land ice.   The rise in sea level is 
slightly faster since the early 1990s than previous decades (Cazenave and 
Llovel, 2010). 

 Acidification of the oceans caused by increasing atmospheric carbon 
dioxide (CO2) concentrations is likely to have a negative impact on the 
many marine organisms and there are already signs that this is occurring, 
e.g. reported loss of shell weight of Antarctic plankton, and a decrease in 
growth of Great Barrier coral reefs (ISCCC, 2009). 

 Sea ice is already reducing in extent and coverage. Annual average Arctic 
sea ice extent has decreased by 3.7% per decade since 1978 (Comiso et 
al., 2008). 

 There is evidence that human activity has doubled the risk of a very hot 
summer occurring in Europe, akin to the 2003 heatwave (Stott et al., 2004). 

The main greenhouse gas responsible for recent climate change is CO2 and CO2 
emissions from burning fossil fuels have increased by 41% between 1990 and 2008.  
The rate of increase in emissions has increased between 2000 and 2007 (3.4% per 
year) compared to the 1990s (1.0% per year) (Le Quéré et al., 2009).  At the end of 
2009 the global atmospheric concentration of CO2 was 387.2 ppm (Friedlingstein et al., 
2010); this high level has not been experienced on earth for at least 650,000 years 
(IPCC, 2007). 

The UK government is committed to action to both mitigate and adapt to climate 
change4 and the Climate Change Act 20085 makes the UK the first country in the world 
                                                           
2 Global temperature trends 1911-2010 were: HadCRUT3 0.8°C/century, NCDC 0.7°C/century, GISS 0.7°C/century. 
Similar values are obtained if we difference the decadal averages 2000-2009 and 1910-1919, or 2000-2009 and 1920-
1929. 

3 Global temperature trends 1975-2010 were: HadCRUT3 0.16°C/decade, NCDC 0.17°C/decade, GISS 0.18°C/decade.              

4 http://www.defra.gov.uk/environment/climate/government/ 
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to have a legally binding long-term framework to cut carbon emissions, as well as 
setting a framework for building the nation’s adaptive capacity.  

The Act sets a clear and credible long-term framework for the UK to reduce its 
greenhouse gas (GHG) emissions including: 

 A legal requirement to reduce emissions by at least 80% below 1990 levels 
by 2050 and by at least 34% by 2020. 

 Compliance with a system of five-year carbon budgets, set up to 15 years 
in advance, to deliver the emissions reductions required to achieve the 
2020 and 2050 targets. 

In addition it requires the Government to create a framework for building the UK's 
ability to adapt to climate change and requires Government to: 

 Carry out a UK wide Climate Change Risk Assessment (CCRA) every five 
years. 

 Put in place a National Adaptation Programme for England and reserved 
matters to address the most pressing climate change risks as soon as 
possible after every CCRA.   

The purpose of this first CCRA is to provide underpinning evidence, assessing the key 
risks and opportunities to the UK from climate change, and so enable Government to 
prioritise climate adaptation policies for current and future policy development as part 
of the statutory National Adaptation Programme for England and reserved matters.  
The CCRA will also inform devolved Governments’ policy on climate change mitigation 
and adaptation. 

Climate Change Act: First 5 year Cycle 

The Scope of the CCRA covers an assessment of the risks and opportunities to those 
things which have social, environmental and economic value in the UK, from the 
current climate and future climate change, in order to help the UK and devolved 
Governments identify priorities for action and implement necessary adaptation 
measures. The Government requires the CCRA to identify, assess, and where possible 
estimate economic costs of the key climate change risks and opportunities at UK and 
national (England, Wales, Scotland, Northern Ireland) level. The outputs from the 
CCRA will also be of value to other public and private sector organisations that have a 
stake in the sectors covered by the assessment. 

The CCRA will be accompanied (in 2012) with a study on the Economics of Climate 
Resilience6 (ECR) that will identify options for addressing some of the priority risks 
identified by the CCRA, and will analyse their costs and benefits. This analysis will 
provide an overall indication of the scale of the challenge and potential benefits from 
acting; and, given the wide-ranging nature of possible interventions, will help to identify 
priority areas for action by Government on a consistent basis.  

This will be followed by the first National Adaptation Programme (NAP) for England and 
reserved matters. The NAP will set out: 

 Objectives in relation to adaptation 

 Proposals and policies for meeting those objectives 

 Timescales 

                                                                                                                                                                          
5 http://www.legislation.gov.uk/ukpga/2008/27/contents 

6 http://www.defra.gov.uk/environment/climate/government/ 
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 An explanation about how those proposals and policies contribute to 
sustainable development. 

The CCRA analysis has been split into eleven sectors to mirror the general sectoral 
split of climate impacts research; agriculture, biodiversity & ecosystem services, 
business/industry/services, built environment, energy, floods and coastal erosion, 
forestry, health, marine & fisheries, transport and water.  

1.2 Scope of the Built Environment sector report  

This Built Environment sector report is one of the eleven sector reports, which together 
form a key step in the process of developing the evidence base required to deliver the 
UK CCRA to Parliament by January 2012, as required by the Climate Change Act. 

A list of climate change impacts in the Built Environment sector was developed in 
consultation with sector specialists (the ‘Tier 1’ list of impacts). There were too many 
impacts to be analysed within the time and resources available for the CCRA. Hence a 
selection of impacts for analysis was made (the ‘Tier 2’ list). 

This report covers the Tier 1 and Tier 2 lists, and the analysis undertaken to provide 
projections of the consequences of climate change.   

The analysis, based on the CCRA methodology, included identification of risk metrics, 
systematic mapping, development of response functions, a high level adaptive capacity 
assessment, policy landscape mapping and assessment of the magnitude of the risks. 
It required consultation with government departments, experts and practitioners in the 
Built Environment sector to collect data and support the analysis. 

The scope of the analysis carried out for the built environment includes the nature of 
buildings and their surroundings as well as their construction. As such, it considers 
damage to buildings resulting from adverse weather events, such as increased 
temperatures and drier conditions, storms and flooding, as well as the impact upon 
internal building comfort. The wider scope of impacts relating to the built environment 
such as demand for water and energy, as well as the potential impact of flood events 
are captured within the analyses of the respective CCRA sectors and included here for 
completeness. 

1.3 Overview of the Built Environment sector 

The built environment refers to the human-made surroundings that provide the setting 
for human activity, including buildings, neighbourhoods and cities together with their 
supporting infrastructure. It is often considered at individual building level, although it 
also covers the urban environment including streets and other open spaces. 

The energy demands of the Built Environment sector and thus its contribution to the 
UK’s carbon emissions are significant. Space heating alone comprises approximately 
40% of all non-transport energy consumption (DECC, 2010a). There is huge potential 
to reduce this, but without concerted action there is a risk of rising carbon emissions 
from buildings, especially if the use of air-conditioning as an adaptation response to 
increasing temperatures becomes more widespread. 

Within the built environment, both new-build and existing stock must be considered. 
Existing buildings were typically designed and built with the climate at the time of 
construction in mind. Hence, they are not necessarily equipped to cope with the 
impacts of climate change. However, the rate of replacement of building stock is low. It 
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has been estimated that around 70% of the buildings which will be in use in the 2050s 
already exist (UK Green Building Council, 2007). It is vital to understand the 
consequences of climate change impacts for existing building stocks before 
appropriate adaptation of these buildings, through refurbishment and retrofit, can be 
undertaken. 

For new-build projects, the challenge is to understand climate impacts, consequences 
and risks sufficiently to allow climate change adaptation to be incorporated into the 
design from the outset.   

There are also specific issues with respect to heritage buildings and sites, which are by 
nature cross-cutting with the tourism sector.  

The built environment encompasses a vast range of stakeholders, and consequences 
for the built environment cut across many other sectors being considered within the 
CCRA, such as health, water and business (including tourism). 

1.3.1 Sector scoping report 

A preliminary overview of the potential impacts and consequences of climate change 
on the built environment was provided in the sector scoping report (Capon, 2010). The 
report primarily concentrated on buildings and their surroundings but also considered 
construction. For buildings, the consequences of climate change impacts can affect 
both their structure and fabric, and their performance, i.e. their function as places to live 
and work. 

Key climate-related impacts that affect the structure and fabric of buildings include 
increased flooding, increased storminess (including high wind speeds), and changes in 
ground conditions (either wetting or drying). Increased storminess includes wind-driven 
rain penetration caused by intense precipitation. 

Further potential causes of increased damage to heritage buildings, in particular, are 
mould and pests caused by milder, wetter winters and damage caused by changes in 
the freeze/thaw cycle.  Increased temperatures are also likely to increase the risk of 
fire. 

Key climate-related consequences that affect the performance of buildings include 
internal overheating and the availability of adequate water resources. 

Thus the impacts and consequences for the Built Environment sector can generally be 
classified as: 

 Damage to buildings caused by extreme storm events - extreme rainfall, 
flood and wind. 

 Damage to buildings caused by increased temperatures and drier 
summers. This includes damage to foundations caused by changes in soil 
stability, damage to underground services and heat effects on building 
fabric. 

 Stress to urban environments, particularly green spaces, where 
temperature increases may be combined with potential water availability 
constraints. 

 Increase in temperature in buildings and the urban environment, including 
the effect of extreme heat waves and the urban heat island.  Vulnerable 
people would be particularly affected. 
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1.3.2 Spatial planning 

There is a direct link between spatial planning and climate change impacts, such as 
temperatures in urban areas and flood risk. Buildings generally have a design life of 40 
to 100 years. However the urban form has even greater longevity; hence in planning 
terms climate change should be regarded as a current rather than a future issue (Shaw 
et al., 2007). 

Recent work by the Town and Country Planning Association together with the Royal 
Town Planning Institute has emphasised that, in shaping new and existing 
developments, spatial planning can make a major contribution to tackling climate 
change, both in terms of mitigation, by reducing carbon dioxide emissions, and 
adaptation, by positively building community resilience to climate impacts such as 
extreme heat or flood risk (TCPA, 2010). Many adaptation strategies offer multiple 
benefits, for example, managed realignment of hard flood defences can improve 
biodiversity as well as managing flood risks (Shaw et al., 2007). The crucial role of 
green infrastructure in creating environments in which people will want to live and work 
in the future is also highlighted (Shaw et al., 2007and TCPA, 2010). 

1.3.3 Building statistics7 

The majority of buildings within the UK, in terms of both number and floor area, are 
residential. However, other building types also form a significant part of the total 
building stock. 

There are approximately 27 million dwellings in the UK, with a floor area of 3 billion m2. 
22.7 million of these are in England. Northern Ireland, Scotland and Wales have 0.7 
million, 2.5 million and 1.3 million dwellings respectively. In England and Scotland 
around 80% of dwellings are in urban areas, but only 65% in Wales and 60% in 
Northern Ireland. The number of households is projected to increase in all four 
administrations, driven by a combination of population growth and population ageing. 
The number of households in England8 is projected to grow to 27.5 million by 2033, an 
increase of 5.8 million (27%) over 2008. 

21% of the English housing stock was built before 1919, 37% between 1919 and 1964 
and 42% post-1964. In Wales, the housing stock is older: 29% was built before 1919, 
32% between 1919 and 1964, and 39% post 1964. In comparison, the housing stock in 
Northern Ireland is newer, with only 13% pre-1919, 28% built between 1919 and 1964 
and 59% post-1964. The majority of properties (66%) are owner-occupied; the 
remainder are let by social or private landlords. The highest proportion of flats is in 
Scotland, where they accommodate 33% of households. In England and Northern 
Ireland, a greater proportion of the population live in houses (of all types including 
bungalows); flat-dwellers comprise only 13% and 8% of households respectively. 

In 2008, there were 1,794,592 commercial and industrial properties in England and 
Wales, including retail premises, offices, factories and warehouses, with a total floor 
area of just over 600 million m2. The replacement rate for commercial stock is typically 
higher than for domestic buildings. For example, approximately 40% of office buildings 
in the City of London area were built during the 1980-90s (London Climate Change 
Partnership, 2009). 

Other building types (for which statistics are not so readily available) include 
institutional buildings such as hospitals and schools. 
                                                           
7 Data for this section is taken from the sources cited under Building Statistics in the References (Chapter 11) 

8 N.B. The total number of dwellings includes vacant dwellings and second homes and is therefore slightly larger than 
the total number of households. A household is the only or main residence of a single person or group of persons. 
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1.4 Policy context 

Climate change adaptation in the Built Environment sector is a cross-government 
responsibility.  The departments with core responsibilities are: 

 The Department for Communities and Local Government (DCLG) has 
overall responsibility for planning and building regulations; housing and 
homelessness policy; and supporting local government; 

 The Department for Business Innovation and Skills (BIS) has responsibility 
for policy relating to the construction industry; 

 The Department of Energy and Climate Change (DECC) oversees policy 
relating to energy in buildings and energy efficiency policies including the 
Green Deal; 

 The Department for Environment, Food and Rural Affairs (Defra) is 
responsible for policy covering flood and coastal erosion risk management; 
and water availability and quality; 

 The Department of Health and Department for Education are responsible 
for design standards in hospitals and schools respectively. 

The Welsh Government leads on policy development for devolved matters in the built 
environment.  Areas of the Welsh Government’s work that are relevant to this sector 
include planning, business and economy, housing and community, environment and 
countryside and sustainable development. 

The Scottish Government provides a framework for development, infrastructure and the 
built environment for devolved matters through planning and architectural policy and 
building regulations for domestic and non-domestic buildings.  Its agencies, primarily 
Scottish Enterprise, Highlands and Islands Enterprise and the Scottish Environment 
Protection Agency (SEPA), work together in areas such as renewable energy, 
sustainable construction, transport infrastructure and environmental monitoring and 
management. 

In Northern Ireland, the Department of the Environment (DOE) provides leadership on 
climate change matters. They work closely with DECC and Defra and with the devolved 
administrations of Scotland and Wales. DOE leads on climate change adaptation policy 
and are supported by other Northern Ireland Executive departments.  For the Built 
Environment sector, the following departments in Northern Ireland are particularly 
relevant: 

 The Department of Enterprise Trade and Investment has responsibilities for 
energy policy including renewables. 

 The Department of Finance and Personnel is responsible for energy 
efficiency improvements through building regulations. 

 The Department of Agriculture and Rural Development plays a role in land 
use policy and practices. 

 The Department for Social Development plays a role in energy efficiency in 
domestic residences. 

England 

Planning policy and planning legislation aim to support the provision of infrastructure 
and development to promote sustainable growth which safeguards the environment 
and addresses climate change through adaptation and mitigation actions.  DCLG 
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published the draft National Planning Policy Framework for consultation in July 2011, 
which sets out principles that local councils and communities must follow to ensure that 
local decision making is consistent with nationally important issues, including climate 
change.  The draft National Planning Policy Framework promotes sustainable 
economic growth through the planning system and sets out principles for protection 
and enhancement of the natural, built and historic environment.  These principles 
promote climate change adaptation and mitigation and moving to a low carbon 
economy. 

Building regulations set standards for design and construction, which apply to most 
new buildings and many alterations to existing buildings in England and Wales.  DCLG 
is responsible for building regulations and ensures adequate consideration of health, 
safety, welfare and sustainability for both domestic and non-domestic buildings, 
working closely with Defra and DECC on energy and water efficiency policy.   

Building regulations set standards for energy and water, complying with the EU Energy 
Performance of Buildings Directive, which supports improved energy efficiency within 
existing buildings.  The Code for Sustainable Homes provides a single national 
voluntary standard to guide industry in the design and construction of sustainable new 
homes.  Additional work is ongoing to consider how future regulatory changes may 
take account of future climate risks under the 2013 Building Regulations Review. 

Specific guidance for hospital buildings is provided by the Department of Health in the 
form of Health Technical Memoranda. For schools, the Department for Education 
issues Building Bulletins, although the recent James Review (2011) has recommended 
revision of the current guidance. 

The Coalition Government has made a commitment to preventing unnecessary building 
in areas of high flood risk and balancing the risk of new development in areas 
vulnerable to coastal change with the need to sustain local communities.   

The National Strategy for Flood and Coastal Erosion Risk Management for England 
was laid before Parliament in May 2011.  The strategy encourages more effective risk 
management by enabling people, communities, business, infrastructure operators and 
the public sector to work together to:  

 ensure a clear understanding of the risks of flooding and coastal erosion, 
nationally and locally, so that investment in risk management can be 
prioritised more  effectively; 

 set out clear and consistent plans for risk management so that communities 
and businesses can make informed decisions about the management of 
the remaining  risk; 

 manage flood and coastal erosion risks in an appropriate way, taking 
account of the needs of communities and the environment; 

 ensure that emergency plans and responses to flood incidents are effective 
and  that communities are able to respond effectively to flood forecasts, 
warnings and advice; 

 help communities to recover more quickly and effectively after incidents. 

 
Water efficiency measures within buildings are important in ensuring the sustainable 
use of water.  The Code for Sustainable Homes sets out standards for water efficiency 
in domestic buildings.  The implementation of the Flood and Water Management Act 
2010 will widen the list of uses of water that water companies can control during 
drought periods and enable Government to add and remove uses from the list. 
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Both Defra and DCLG are committed to protecting and providing green infrastructure to 
reduce heat island effects, for example by commissioning research and engaging with 
charities such as Green Space and Green LINK.  The Green Infrastructure Partnership 
was launched by Government in October 2011. 

Each UK Government department has prepared a Departmental Adaptation Plan 
(DAP), which sets out priorities and plans for climate change adaptation.  The DAPs 
that are most relevant to the built environment are discussed briefly in the boxed text 
below.  

Department for Communities and Local Government’s Departmental Adaptation 
Plan - One of the aims of DCLG is to build adaptation into policy development and 
assessment.   

The DAP identifies the following adaptation priorities: 

 Ensure that the findings from the Climate Change Risk Assessment inform 
key areas of central and local government policy and delivery. 

 Investigate the evidence related to overheating in the built environment. 

 Continue to identify opportunities to consider climate risk in policy 
development. 

 Aim to embed adaptation into policy appraisal. 

 Develop a policy framework which will incentivise designers, developers 
and building owners to address adaptation risks.  

 Support local delivery of flood resilience and resistance in new buildings 
through planning. 

 Planning that ensures new development is designed and located in a way 
which reduces its vulnerability to flood risk, coastal change and heat island 
effects.  

 Support the management of supply and demand for water by effective 
spatial planning and water efficiency standards for new homes. 

 
Department of Health’s Departmental Adaptation Plan identifies the built 
environment as one of its priorities; the Department aims to provide leadership in 
health and social care by providing information on the potential health impacts that may 
result from climate change and putting in place plans for adaptation to those impacts.   

 
The value of the historic environment and the contribution it makes to cultural, social 
and economic life is set out in the Government’s Statement on the Historic 
Environment for England 2010.  The Department for Culture, Media and Sport (DCMS) 
is responsible for ensuring that the historic environment of England is properly 
protected and conserved for the benefit of present and future generations.  DCMS 
works closely with DCLG and Defra regarding the conservation of the historic 
environment.  Policies consider the impacts of climate change on heritage assets both 
regarding adaptation and mitigation.  The sustainable use of water, energy and 
improving resilience to climate change are key. 

Department for Education’s Departmental Adaptation Plan specifically identifies 
the importance of overheating in school buildings and the consequences that has for 
pupils as a key risk.  Reduction of poverty in children, which exacerbates their 
vulnerability to overheating, is highlighted as a priority.  Flooding is highlighted as an 
issue to be dealt with at the local scale. 
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Department for Business Innovation and Skills Departmental Adaptation Plan 
identifies low-carbon construction as a priority for government action with a focus on 
adaptation as well as mitigation and sustainability in the construction industry. 

 

Construction policy is focused on the opportunities that a low carbon economy may 
bring and promotion of sustainable construction techniques, including techniques 
related to water and flood management.  The Low Carbon Construction Innovation and 
Growth Team published its report for Government in 20109, setting out approaches for 
the construction industry to meet low carbon objectives.  The report highlights that for 
the construction industry to reduce carbon emissions, the businesses must look to de-
carbonise, they must provide more energy efficient buildings and they must provide the 
infrastructure which enables the supply of clean energy and sustainable practices in 
other areas of the economy.  In collaboration with other organisations such as Defra 
and the Research Councils, BIS is looking to increase the resilience of the built 
environment through technological advances and design of urban systems that can be 
carried out through the construction industry. 

Defra’s Departmental Adaptation Plan (DAP) identifies the following adaptation 
priorities, working with DCLG and other Government Departments: 

 To enhance the evidence base in relation to planning and the condition of 
England’s “green infrastructure”. 

 Embedding adaptation into local government and community groups, 
including adaptation to flood and coastal erosion risk management. 

 

Wales 

The majority of executive functions and secondary legislative powers contained in the 
Acts relevant to land-use planning are devolved and the Welsh Government has 
competence to pass Acts in the general area of Town and Country Planning.  Various 
Technical Advice Notes (TAN) aid in embedding adaptation into the planning process, 
including TAN 12 Design, TAN 15 Flood Risk and TAN 22 Sustainable Buildings. A 
precautionary framework for dealing with development in the floodplain has also been 
established.  

With the full devolution of Building Regulations from January 2012, the Welsh 
Government will be able to set improved standards for new buildings. A programme 
aimed at developing proposals to increase energy performance in new buildings is in 
train. This will be informed by industry stakeholder activities of the Wales Low/Zero 
Carbon Hub and experience gained through social housing developments built to 
higher code levels. Proposals, on which the Welsh Government intends to consult in 
early 2012, will apply to both domestic and non-domestic buildings. 

The Welsh Government’s historic environment service, Cadw, works to provide an 
accessible and well-protected historic environment for Wales. The Royal Commission 
on the Ancient and Historic Monuments of Wales (RCAHMW) and other organisations 
such as the National Trust Wales play a vital role in achieving this aim.  The Historic 
Environment Group (including Cadw, RCAHMW and other organisations with an 
interest in the historic environment) are already making good progress in delivering an 
action contained in The Welsh Historic Environment Strategic Statement: Action Plan 
(2010) to ‘aid understanding of the impacts of climate change on the historic 

                                                           
9 http://www.bis.gov.uk/assets/biscore/business-sectors/docs/l/10-1266-low-carbon-construction-igt-final-report.pdf 
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environment and produce priorities for action to mitigate the consequences of climate 
change’. 

Scotland 

Adaptation to climate change through spatial planning is an integral part of the long 
term development strategy set out in the second National Planning Framework (NPF2).  
Scottish Planning Policy sets the need to tackle climate change as a principal 
challenge of sustainable economic growth.  Flooding and sustainable urban drainage 
are also key aspects of planning policy in Scotland under which the aim is to carry out 
development sustainably for the benefit of the environment, cultural heritage and 
economy and the protection of critical national infrastructure and emergency services. 
Wider references on climate change adaptation which play into the planning system 
can be found at 
http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-
action/adaptation 

Scottish ministers are responsible for Building Standards in Scotland with the key 
purpose of protecting the public interest, creating Building Regulations and preparing 
technical guidance to ensure buildings are safe, efficient and sustainable for both 
domestic and non-domestic buildings.  Energy performance and reduction of carbon in 
the construction supply chain are key aspects of built environment policy for non-
domestic buildings in Scotland. Climate change mitigation objectives are explicit under 
the Building (Scotland) Act 2005 with reduction in carbon footprints and achievement of 
sustainable development being a key aspect in new developments and current building 
stock. The risks and opportunities that climate change may present are considered 
regarding business continuity and how resilience may be built into delivery of products 
and services. 

The Scottish Government is supported by Historic Scotland, Scottish Natural Heritage, 
the Scottish Environment Protection Agency and the Forestry Commission in promoting 
and highlighting actions to help prepare Scotland to adapt to climate change in the built 
historic environment as well as the associated natural environment. The key agencies 
and Scottish Government have prepared a resources and guidance pack, Planning and 
Climate Change: Key Agency & Scottish Government Resources and Guidance 
(Scottish Government 2010) to assist in delivering a response to climate change 
through development plans and other means. The National Trust for Scotland (NTS) 
has identified a range of climate change impacts on both natural and built heritage, and 
recognises that Historic Scotland should be supported to carry out research on 
introducing acceptable adaptation measures for historic buildings, appropriate 
management and maintenance techniques and craft skills. 

The Flood Risk Management (Scotland) Act 2009 will lead to improved information on 
flood risk in the form of flood risk and hazard maps (by 2013) and flood risk 
management plans (by 2015). These will inform planning authorities when they prepare 
development plans and determine specific planning applications. Frameworks have 
been developed including Secure and Resilient: A Strategic Framework for Critical 
National Infrastructure In Scotland and Choosing our future: Scotland’s sustainable 
development strategy.  A number of initiatives that focus on making the construction 
industry in Scotland “greener”, more sustainable and resilient to extreme weather 
events are ongoing. 

Northern Ireland 

Responsibility for planning control belongs to the Department of the Environment, 
which is now responsible under the Planning (Northern Ireland) Order 1991 for 
planning matters.  The Department is under statutory obligation to formulate and co-
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ordinate policy for securing the orderly and consistent development of land and the 
planning of development. The Department is required to ensure that such policy is in 
general conformity with the Regional Development Strategy.  This strategy specifically 
identifies the need to adapt to climate change and to develop sustainably, particularly 
with regard to waste management, air and soil quality and energy efficiency in order to 
tackle regional disparities and create equality across Northern Ireland.  Avoidance of 
building on flood plains is also a key aspect of planning policy considerations in 
Northern Ireland.   

The Department of Finance and Personnel is responsible for building regulations, both 
domestic and non-domestic. Conservation of fuel, insulation and ventilation are 
particularly important as energy efficiency and energy performance of buildings is a key 
aspect of modern Northern Irish building regulation.  The Northern Ireland Building 
Regulations Advisory Committee (NIBRAC) is a statutory body that advises the 
department.  The Northern Ireland housing executive is responsible for social housing, 
urban and rural regeneration issues.  The Department for the Social Environment is 
responsible for fuel poverty issues, providing advice for the public in line with the 
Energy Savings Trust code of practice; energy efficiency is extremely important for the 
work that these departments undertake for homes. 

Planning Policy Statement (PPS) 6 Planning, Archaeology and the Built Heritage sets 
out the Department of the Environment’s planning policies for the protection and 
conservation of archaeological remains and features of the built heritage and advises 
on the treatment of these issues in development plans. It embodies the Government’s 
commitment to sustainable development and environmental stewardship. 

Regarding construction in the public sector and government contracts, the Department 
of Finance and Personnel, and an internal group called the Sustainable Construction 
Group ensure that construction is environmentally friendly; using methods that do not 
rely heavily on diminishing resources and that conserve virgin material whilst 
minimising waste, pollution, noise, and traffic, mitigating and adapting to climate 
change and providing a safer working environment. 

The building regulations’ supporting documentation is currently being replaced, to 
provide better guidance as to how to follow the regulations.  The old strategic policies 
remain in force whilst a new planning policy statement has not been published to 
replace them. The Planning Bill will also create changes within the Northern Ireland 
Planning System, transferring the majority of planning functions from central 
government to district councils and bringing forward a number of other reforms to the 
planning system. 

1.5 Structure of this report  

This report describes the methodological steps taken in the Built Environment sector 
analysis. These steps include: 

 An overview of the methods used for impact selection and analysis in the 
CCRA (Chapter 2). 

 A list of impacts, referred to as the ‘Tier 1’ list (Section 3.1 and Appendix 
1). 

 Identification of the most important impacts (the ‘Tier 2’ impacts).  These 
are the impacts selected for analysis (Sections 3.2 and 3.3). 

 Identification of ‘risk metrics’, which are measures for the impacts of climate 
change (Section 3.6).    
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 Development of response functions, which show how the metric values are 
affected by climate change variables (Chapter 4). 

 Calculation of the impacts of climate change for selected climate change 
scenarios (Chapter 5). 

 Calculation of the impacts of climate change taking account of future socio-
economic change (Chapter 6). 

 Estimation of the economic costs of climate change (Chapter 7). 

 Initial consideration of adaptive capacity within the sector (Chapter 8). 

 Discussion of the findings (Chapter 9). 

 Conclusions (Chapter 10). 

The report structure broadly follows the risk assessment steps as described in detail in 
the CCRA Method Report (Defra, 2010b)10 and summarised in Chapter 2.  

Each section provides a summary of the work undertaken for each step and signposts 
additional information that includes stand-alone reports (for example, the Tier 1 scoping 
report) and the additional information contained in Appendices to this report. 

 

 

                                                           
10 http://randd.defra.gov.uk/Document.aspx?Document=GA0204_9587_TRP.pdf 
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2 Methods 

2.1 Introduction: CCRA Framework 

The overall aim of the CCRA is to inform UK adaptation policy, by assessing the main 
current and future risks (threats and opportunities) posed by the current climate and 
future climate change for the UK to the year 2100.  The overall approach to the risk 
assessment and subsequent adaptation plan is based on the UK Climate Impacts 
Programme (UKCIP) Risk and Uncertainty Framework (UKCIP, 2003).  The framework 
comprises eight stages as shown in Figure 2.1.  The CCRA has undertaken Stages 1, 
2 and 3 as outlined below.  Stages 4 and 5 will be addressed as part of a separate 
economic assessment, entitled the ‘Economics of Climate Resilience’, and the 
remaining stages will be implemented by the UK Government and Devolved 
Administrations. The framework presents a continual process that can adapt as new 
evidence and policy emerges; in the case of the CCRA the process will be revisited 
every five years. 

Figure 2.1 Stages of the CCRA (yellow) and other actions for Government (grey)  
Adapted from UKCIP (2003) 

 

 Stage 1 is defined by the aim of the CCRA project, to undertake an 
assessment of the main risks (including both threats and opportunities) 
posed by climate change that will have social, environmental and economic 
consequences for the UK. 

 Stage 2 established decision-making criteria for the study, which were used 
to inform the selection of impacts for analysis in Stage 3.  These criteria are 
the social, environmental and economic magnitude of consequences and 
the urgency of taking adaptation action for UK society as a whole. 

 Stage 3 covers the risk assessment process. This involved a tiered 
assessment of risks with Tier 1 (broad level) identifying a broad range of 
potential impacts and Tier 2 (detailed level) providing a more detailed 
analysis including quantification and monetisation of some impacts. A list of 
climate change impacts was developed based on eleven sectors with 
further impacts added to cover cross-cutting issues and impacts which fell 
between sectors.  This list of climate change impacts is referred to as the 
‘Tier 1’ list of impacts.  This list contained over 700 impacts – too many to 
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analyse in detail as part of this first CCRA.  A consolidated list of the 
highest priority climate change impacts for analysis was developed and 
referred to as the ‘Tier 2 list of impacts’.  This report presents the risk 
assessment for Tier 2 impacts. 

The background to the framework and the approach used for each of the first three 
stages is set out in more detail in the CCRA Method Report (Defra, 2010a).  This 
chapter aims to summarise the CCRA method for the risk assessment stage (Stage 3 
in the framework above) because this includes the specific steps for which results are 
presented in this report. 

2.2 Outline of the method used to assess impacts, 
consequences and risks 

The risk assessment presented in this report is the focus of Stage 3 in the CCRA 
Framework (see Figure 2.1).  This was done through a series of steps as set out in 
Figure 2.2.  These steps are explained in Sections 2.3 - 2.7 below and are discussed in 
more detail in the CCRA Method report (Defra, 2010b). 

The components of the assessment sought to: 

 Identify and characterise the impacts of climate change 

This was achieved by developing the Tier 1 list of impacts, which included 
impacts across eleven sectors as well as impacts not covered by the 
sectors and arising from cross sector links (see Chapter 3 of this report). 

 Identify the main risks for closer analysis 

This involved the selection of Tier 2 impacts for detailed analysis from the 
long list of impacts in Tier 1.  Higher priority impacts were selected by 
stakeholder groups based on the social, environmental and economic 
magnitude of impacts and the urgency of taking action (see Chapter 3 of 
this report and Section 2.5 below). 

 Assess current and future risk, using climate projections and considering 
socio-economic factors 

The risk assessment was done by developing ‘response functions’ that 
provide a relationship between changes in climate with specific 
consequences based on analysis of historic data, the use of models or 
expert elicitation.  In some cases this was not possible, and a narrative 
approach was taken instead.  The UKCP09 climate projections and other 
climate models were then applied to assess future risks.  The potential 
impact of changes in future society and the economy was also considered 
to understand the combined effects for future scenarios.  (See Chapters 4 
to 7 of this report and Section 2.6 below.) 

 Assess vulnerability of the UK as a whole 

This involved: 

i. a high level review of Government policy on climate change in the 
eleven sectors (see Chapter 1 of this report). 

ii. a high level assessment of the social vulnerability to the climate 
change impacts (see Appendix 2 of this report: Social Vulnerability 
Checklist).  
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iii. Defra is undertaking an assessment of the adaptive capacity of the 
sectors and will report on this later in 2012. 

 Report on risks to inform action 

This report presents the results of the risk assessment for the Built 
Environment sector.  The results for the other ten sectors are presented in 
similar reports and the CCRA Evidence Report (CCRA, 2012) draws 
together the main findings from the whole project, including consideration of 
cross-linkages, and outlines the risks to the UK as a whole. 

Figure 2.2 Steps of the CCRA Method (that cover Stage 3 of the CCRA 
Framework: Assess risks) 
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2.3 Identify and characterise the impacts 

Step 1 – Literature review and Tier 1 analysis 

This step scoped the potential impacts of climate change on the UK based on existing 
evidence and collating the findings from literature reviews, stakeholder participation 
through workshops, correspondence with wider stakeholders and soliciting expert 
opinion.  This work developed the Tier 1 list of impacts (see Appendix 1).  The Tier 1 
impacts have not been analysed in detail; high level discussion of these impacts is 
provided in Chapter 3 of this report. 

Step 2 – Cross sectoral and indirect impacts 

The Tier 1 lists for the eleven sectors in CCRA were compared and developed further 
to include cross-sectoral and indirect impacts.  This was done by ‘Systematic Mapping’, 
which sets out a flow chart to link causes and effects in a logical process.  The impacts 
that were identified in this step were added to the Tier 1 list of impacts. 

2.4 Assess vulnerability 

Step 3 – Review of Policy 

Government policy on climate change develops and changes rapidly to keep pace with 
emerging science and understanding of how to respond through mitigation and 
adaptation.  This report includes an overview of selected relevant policy in Chapter 1 
as this provides important context for understanding how risks that are influenced by 
climate relate to existing policies.  This information will be expanded in the Economics 
of Climate Resilience project and the National Adaptation Programme. 

Step 4 – Social Vulnerability 

The vulnerability of different groups in society to the climate change risks for each 
sector was considered at a high level through a check list.  The completed check list for 
the Built Environment sector is provided in Appendix 2.  This information is provided for 
context; it is not a detailed assessment of social vulnerability to specific risks.  Note that 
this step is different from Step 10, which considers how future changes in society may 
affect the risks. 

Step 5 – Adaptive Capacity 

The adaptive capacity of a sector is the ability of the sector as a whole, including the 
organisations involved in working in the sector, to devise and implement effective 
adaptation strategies in response to information about potential future climate impacts.  
An assessment of the adaptive capacity of the Built Environment sector is ongoing but 
an initial review based on literature review and stakeholder consultation is presented in 
Chapter 8.  This information is provided for context. 

2.5 Identify the main risks 

Step 6 – Selection of Tier 2 impacts 

The Tier 1 list of impacts for each sector that resulted from Step 2 (see above) was 
consolidated to select the higher priority impacts for analysis in Tier 2.  Firstly, similar 
or overlapping impacts were grouped where possible in a simple cluster analysis, 
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which is provided in Chapter 3.  Secondly, the Tier 2 impacts were selected using a 
simple multi-criteria assessment based on the following criteria: 

 the social, economic and environmental magnitude of impacts 

 overall confidence in the available evidence 

 the urgency with which adaptation decisions need to be taken. 

Each of these criteria were allocated a score of 1 (low), 2 (medium) or 3 (high) and the 
impacts with highest scores over all criteria were selected for Tier 2 analysis.  The 
scoring for each sector was carried out based on expert judgement and feedback from 
expert consultation workshops (or telephone interviews).  Checks were carried out to 
ensure that a consistent approach was taken across all the sectors.  The results of the 
scoring process are provided in Appendix 3. 

Step 7 – Identifying risk metrics 

For each impact in the Tier 2 list, one or more risk metrics were identified.  Risk metrics 
provide a measure of the consequences of climate change, related to specific climate 
variables or biophysical impacts.  For example, in the Built Environment sector report, 
one of the impacts identified is ‘subsidence’ due to increased temperatures and 
seasonal changes in rainfall patterns.  The risk metric identified to measure the 
consequences of this impact is the number of domestic subsidence claims versus 
change in summer rainfall. The risk metrics were developed to provide a spread of 
information about economic, environmental and social consequences.  The metrics 
have been referenced using the sector acronym and a number; the Built Environment 
sector metrics are referenced as BE1 to BE9. 

2.6 Assess current and future risk 

Step 8 – Response functions 

This step established how each risk metric varied with one or more climate variables 
using available data or previous modelling work.  This step was only possible where 
evidence existed to relate metrics to specific climate drivers, and has not been possible 
for all of the tier 2 impacts.  This step was carried out by developing a ‘response 
function’, which is a relationship to show how the risk metric varies with change in 
climate variables.  Some of the response functions were qualitative, based on expert 
elicitation, whereas others were quantitative. 

Step 9 – Estimates of changes in selected climate change scenarios 

The response functions were used to assess the magnitude of consequences the UK 
could face due to climate change by making use of the UKCP09 climate projections. 
This step used the response functions to provide estimates of future risk under three 
different emissions scenarios (high carbon emissions, A1FI; medium emissions, A1B; 
low emissions, B1; see http://ukclimateprojections.defra.gov.uk/content/view/1367/687/ 
for further details) and for three probability levels (10, 50 and 90 percent, see 
http://ukclimateprojections.defra.gov.uk/content/view/1277/500/ for further details). 

All of the changes given in the UKCP09 projections are from a 1961-1990 baseline.   

The purpose of this step is to provide the estimates for the level of future risk (threat or 
opportunity), as measured by each risk metric. 

http://ukclimateprojections.defra.gov.uk/content/view/1367/687/�
http://ukclimateprojections.defra.gov.uk/content/view/1277/500/�
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Step 10 – Socio-economic change 

It is recognised that many of the risk metrics in CCRA are influenced by a wide range 
of drivers, not just by climate change.  The way in which the social and economic future 
of the UK develops will influence the risk metrics.  Growth in population is one of the 
major drivers in influencing risk metrics and may result in much larger changes than if 
the present day population is assumed.  For some of the sectors where this driver is 
particularly important, future projections for change in population have been considered 
to adjust the magnitude of the predicted risks derived in Step 9.   

For all of the sectors, a broad consideration has been made of how different changes in 
our society and economy may influence future risks and opportunities.  The dimensions 
of socio-economic change that were considered are: 

 Population needs/demands (high/low) 

 Global stability (high/low) 

 Distribution of wealth (even/uneven) 

 Consumer driven values and wealth (sustainable/unsustainable). 

The full details of these dimensions and the assessment of the influence they have on 
the Built Environment sector is provided in Chapter 6.  Note that this step is different 
from Step 4, which considers how the risks may affect society; whereas this step 
considers how changes in society may affect the risks. 

Step 11 – Economic impacts 

Based on standard investment appraisal approaches (HM Treasury, 2003) and existing 
evidence, some of the risks were expressed as monetary values.  This provides a 
broad estimate of the costs associated with the risks and is presented in Chapter 7 of 
this report.  A more detailed analysis of the costs of climate change will be carried out 
in a study on the Economics of Climate Resilience11. 

2.7 Report on risks 

Step 12 – Report outputs 

The main report outputs from the work carried out for the CCRA are: 

 The eleven sector reports (this is the sector report for the Built Environment 
sector), which present the overview of impacts developed from Tier 1 and 
the detailed risk analysis carried out in Tier 2. 

 The Evidence Report, which draws together the main findings from all the 
sectors into a smaller number of overarching themes. 

 Reports for the Devolved Administrations for Scotland, Wales and Northern 
Ireland to provide conclusions that are relevant to their respective 
countries. 

 

                                                           
11 http://www.defra.gov.uk/environment/climate/government/ 
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3 Impacts and Risk Metrics 
Scoping of Impacts 

3.1 Identification of Tier 1 impacts and 
consequences  

A wide range of impacts and consequences were identified for the Built Environment 
sector as a whole based on the sector scoping report (Capon, 2010), the CCRA 
scoping study (Watkiss et al., 2009) and consultation with sector specialists.  This is 
referred to as the ‘Tier 1’ list of impacts. 

Consultation was undertaken with a range of organisations in the preparation of the 
sector scoping report including representatives of national and regional government, 
research and consultancy organisations, the National Trust and the ABI. 

Subsequent analysis involved a review of current research literature as well as further 
discussions with a number of individuals and organisations. This has included 
representatives from DCLG, Defra, CABE and the Met Office. 

There was also a Built Environment sector workshop held 28th May 2010, which was 
attended by 23 people drawn from across the sector. The participants reviewed the list 
of sector impacts identified in the ‘Tier 1’ risk assessment and made additions/ 
amendments as necessary. Names of attendees are included in the 
Acknowledgements section12. 

While many potentially adverse impacts and consequences were identified, there are 
also a number of opportunities.  A total of 48 impacts and consequences for the Built 
Environment sector were identified during this scoping process.  These are listed in the 
Tier 1 list in Appendix 1.  These were clustered into 5 main overlapping areas or 
themes (Figure 3.1), namely: 

 Construction 

 Cultural Heritage 

 Homes 

 Places of Work 

 Spatial Planning. 

Impacts and consequences are grouped with others that they are strongly linked to and 
placed with biophysical impacts on the left and the more socio-economic 
consequences for the sector on the right. The interactions between impacts and 
consequences are explored in more detail in the systematic mapping (Step 2 of the 
CCRA method). The numbers in brackets refer to the individual impact number in the 
Tier 1 list. 

 

                                                           
12 The following web-link provides access, upon registering, to the Built Environment Sector workshop record: 
http://ccra.defra.gov.uk 
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Figure 3.1 Impact clusters for the Built Environment sector 

 

3.2 Scoring of Tier 1 impacts and selection of Tier 2 
consequences 

There are over 700 impacts identified in the Tier 1 assessment for all eleven sectors 
and more than forty in the Built Environment sector (including omissions identified 
during or subsequent to the workshop).  With the time and resources available for the 
CCRA, it simply would not have been possible to undertake a detailed analysis of all of 
the Tier 1 risks, and so a selection process was carried out.  

The CCRA pilot study involved work with Defra experts and consultation with the 
CCRA Forum and Project Steering Group on a simple selection process to identify 
impacts for further assessment in the Tier 2 risk assessment.  The criteria agreed by 
the technical advisory group to the CCRA (the In House Experts Group) to be used to 
prioritise the consequences were: 

 Magnitude of consequences  

- Economic 

- Social 

- Environmental 

 Likelihood of the consequence occurring 

 Urgency with which a decision needs to be made. 
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The criteria were equally weighted and the scores were derived according to the 
narratives in Tables 5.1 to 5.3 of the methodology report (Defra, 2010b).   

The scoring is primarily based on qualitative information and attempts to record ‘orders 
of magnitude’ rather than offering precision at this early stage of the study.  The scoring 
is similar to the Cabinet Office’s National Risk Assessment, although at a higher level, 
given the wide ranging uncertainties in climate change impacts assessment, and with 
an equal emphasis on environmental impacts.  

The built environment impacts were scored according to the guidelines above using the 
following formula:  
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Different scoring methods were considered but application of more complex 
approaches would indicate an overly high level of precision in the evidence and in most 
cases would lead to bias in the selection of impacts towards particular criteria.  For 
example a logarithmic scale (1, 10, 100,..) could be used for the magnitude of impacts 
but this would lead to only high magnitude impacts being selected and make urgency 
and likelihood scores irrelevant.  

From a risk perspective considering logical rules related to risk AND urgency is more 
appropriate but analytically this makes little difference in terms of what risks are 
selected for Tier 2.   

The scores are included in Appendix 3.  These scores were also informed by 
consideration of social vulnerability (see Appendix 3). The overall outcomes of the 
scoring are shown in Table 3.1 with Table 3.1(a) showing the impacts which scored 
above the threshold for inclusion in Tier 2 and Table 3.1(b) showing how the same 
impacts relate to levels of urgency and risk. 

Table 3.1(a) Outcomes of the scoring  

Selected (threshold >30) Marginal (threshold = 20) Excluded (below score of 
20) 

Urban Heat Islands (25,39) 

Water Availability (13,14) 

Overheating of Buildings 
(24) 

Flood Damage 
(1,2,3,4,10,21,22,23) 

Demand for Water (27) 

Effectiveness of Green 
Spaces (20,46) 

Damage from Heat/Drying 
(28,30) 

Pest Infestations (31,34,44) 

Demand for Heating (26) 

Soil Drying, Heave & 
Subsidence (15,40) 

Seasonal Interruptions (36, 
38) 

Biodiversity/species 
balance (29, 41) 

Rainwater Penetration (7,8)

Condensation, Damp, 
Mould, etc. (17,44) 

Soil Erosion (5) & 
Landslips (6) 

Waste Management 
(34,37) 

Fires (43) 

Water Availability for 
construction (16) 

Sulphates in Soils (45) 

Dust Generation (48) 

Cold Weather Damage 
(32,33) 

Urban Creep (18) 

Use of Outdoor Spaces 
(35) 

Water Logging (47) 

Damage from Tree Roots 
(19,42) 

Wind Damage (9,11,12) 
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Table 3.1(b) Alternative scoring rule based on risk AND urgency  
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Fires (43) 

Water availability for 
construction (16) 

Use of Outdoor Spaces (35) 

Flood Damage (1, 2, 3, 4, 10, 
21, 22, 23) 

Demand for Water (27) 

Effectiveness of green spaces 
(20, 46) 

Damage from heat/drying (28, 
30) 

Pest infestations (31, 34, 44) 

Demand for Heating (26) 

Soil Drying, Heave & 
Subsidence (15, 40) 

Waste Management (34, 37) 

Biodiversity/Species balance 
(29, 41) 

Seasonal Interruptions (36, 38) 

Urban Heat Islands (25, 39) 

Water Availability (13, 14) 

Overheating of Buildings (24) 
M
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Dust generation (48) 

Sulphates in soils (45) 

Water Logging (47) 

Cold weather damage (32, 33) 

Damage from tree roots (19, 42) 

Wind Damage (9, 11, 12) 

Rainwater penetration (7, 8) 

Condensation, Damp, Mould 
etc. (17,44) 

Soil Erosion (5) & Landslips (6) 
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Urban Creep (18)   

Low Medium High   

Urgency of decisions 

3.3 Selected Tier 2 risks  

On the basis of the scoring undertaken and the comments made during the sector 
workshop, the following Tier 2 impacts were selected for analysis:  

 Urban Heat Island – Consideration of the significant uplift in urban 
temperature in comparison to neighbouring rural locations given projected 
increases in average temperatures. 

 Subsidence – Risk of subsidence increased by drying out of vulnerable soil 
areas. 

 Overheating of buildings – Risk of overheating in buildings including homes 
and within the working environment, arising due to inadequate design or 
lack of cooling capacity in a local environment. 
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 Effectiveness of green space – Risk of exacerbation of urban heat island 
effects arising from the reduction in the capacity of urban green space to 
provide cooling. 

 Demand for heating (opportunity) – Warmer winters potentially reduce 
demand for space heating with consequences for both household demand 
and new build design. 

While the first four of these are risks to the Built Environment sector, the fifth impact, 
reduced demand for heating, is taken forward as a positive benefit arising from climate 
change, in accordance with the CCRA methodology. 

In addition, the following significant built environment impacts exceeded the threshold 
for inclusion in Tier 2 and are included in this report, although they were analysed 
within other sectors of the CCRA: 

 Water availability and demand for water, from the Water sector analysis 
(Rance et al., 2012). 

 Flood damage, from the Floods and Coastal Erosion sector analysis 
(Ramsbottom et al., 2012). 

3.4 Discussion of other risks 

Further consideration is given in this section to some of the risks that are not covered 
by the analysis including (a) risks with scores in the marginal category, (b) risks in the 
high score category but where no data were available for analysis and (c) risks 
specifically requested to be covered by consultees.  These risks were: 

 Damage from Heat/Drying (28, 30), which had a high score but limited data. 

 Pest Infestations (31, 34, 44), which had a high score but limited data.  
Specific issues were raised in terms of the increase in levels of moulds and 
pest infestations resulting from milder, wetter winters. This was identified as 
an issue for cultural heritage buildings in particular, with little additional 
evidence available in the case of wider domestic or non-domestic 
properties. Given the limited availability of robust evidence linking changing 
climate with specific pests or mould growth this was not taken forward for 
further analysis. 

 Seasonal Interruptions in the Construction Industry (36, 38), which had a 
marginal score. 

 Rainwater Penetration (7, 8), which had a marginal score. 

 Condensation, Damp and Mould (17, 44), which had a marginal score. 

 Indoor Air Quality, which was raised as a specific issue by consultees. 

 The built historic environment, which was raised as a specific issue by 
consultees. 
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3.4.1 Seasonal interruptions in the construction industry 

Although the market share of off-site construction is increasing13, most construction 
processes are still carried out on-site and are therefore vulnerable to extreme weather, 
which can slow or stop progress (Graves & Phillipson 2000). Health and safety 
considerations can also lead to suspension of some construction activity under certain 
climatic conditions. The consequences of such disruption are increased construction 
times and late delivery of finished buildings. Weather-damage may also cause excess 
wastage of construction materials. In his recent report for the Technology Strategy 
Board, Gething (2010) identified several issues, all of which need to be considered on 
a short-term time-scale, i.e. within the next 10 years. 

Hotter, drier summers will lead to temperature limitations for some building processes, 
e.g. laying concrete. Working conditions will also be affected; site accommodation huts 
currently in use are likely to become intolerable in future summers, as are internal 
conditions in incomplete/unserviced buildings. Water-intensive construction processes 
will also be affected by reduced summer rainfall and more frequent summer droughts. 

Stability during construction could also be vulnerable to climate change impacts such 
as hotter drier summers, warmer wetter winters and more frequent extreme weather 
events. An increase in inclement winter weather, e.g. more extreme rain, could result in 
more working days being lost on-site. On the other hand, a reduction in the number of 
frosts will increase the number of days available to use concrete and cements, for 
example. 

3.4.2 Rainwater penetration 

Rain penetration occurs most frequently through walls exposed to the prevailing wet 
winds, which are usually south-westerly or southerly (Trotman et al., 2004). The risk of 
wind-driven rain and rainwater penetration of buildings in the current climate is 
assessed using a wind-driven rain index derived by BRE (British Standards Institution 
1992). As would be expected, the areas at greatest risk include Scotland (The Scottish 
Government 2009), parts of Cumbria, the west of Wales and Southwest England. 
Historically, local design in Scotland has taken this risk into account through detailing, 
such as recessed window and door reveals, and render finishes (Gething, 2010). 

The UKCP09 projections show an increase in mean winter precipitation but not in 
mean winter wind speed. Thus wind-driven rain may increase under climate change. 
This could raise the severity of expected rain penetration (e.g. from moderate to 
severe) to a level where a building’s external elements, materials or joints, no longer 
provide the precipitation resistance needed. This increased affect of wind driven rain 
will be particularly relevant where external walls do not have a suitable cavity or rain 
screen (The Scottish Government, 2009). For example, driving rain will affect 
properties with rendered walls to a greater extent than those with cladding. Cavity wall 
insulation - which is often recommended to increase the thermal efficiency of buildings 
- may actually render buildings more vulnerable to rain penetration in conditions of 
driving rain (Stirling, 2002 and Austin et al., 2008). 

                                                           
13 The off site construction of buildings, building elements and structures is currently worth around £2-3 Billion per year 
and accounts for around 2% of the total construction market – a market share increasing by 25% per year (Offsite 
Production in the UK Construction Industry – prepared by HSE and published by Buildoffsite, June 2009 
www.buildoffsite.com). 
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3.4.3 Condensation, damp, mould 

Dampness within a building is most commonly caused by condensation, rain 
penetration (see above) or rising damp and can lead to a variety of problems with the 
building fabric; blistering paint, bulging plaster, timber rot, reduced effectiveness of 
thermal insulation, sulphate attack on brickwork and corrosion of metal elements 
leading to brickwork cracking. The risk of condensation is greatest in areas which are 
colder, moister and/or poorly ventilated. Mould growth is likely where surfaces or air are 
continuously or frequently damp (Trotman et al., 2004). Mould can have significant 
consequences for human health, most commonly allergic reactions to the spores, 
especially asthma. However other health effects associated with toxic and 
psychological reactions and fungal infections have been noted (Sanders et al., 2004). 

The main climate driver for condensation, damp and mould is increased winter 
precipitation and consequent higher humidity levels. More research is needed to 
determine whether the risks of mould growth are greater in highly energy-efficient 
buildings, which have increased insulation but reduced air infiltration (Crump et al., 
2009). 

3.4.4 Damage from heat/drying 

The performance of building materials may be affected by climate change impacts such 
as higher temperatures and increased UV radiation levels (Gething, 2010). This may 
cause greater thermal expansion and movement in metallic building components such 
as cladding. The rate of corrosion reactions may also increase, although this is likely to 
be a relatively small change. Plastics, e.g. uPVC windows, doors, gutters, 
weatherboards and downpipes, are expected to degrade more quickly under climate 
change, but the extent of such decay has yet to be quantified. There is also an 
increased risk of failure for poor quality glazing, e.g. due to thermal shock (Graves and 
Phillipson, 2000). 

3.4.5 Pest infestations 

Some types of pest, house dust mites and cockroaches for example, cause a risk to 
health. Due to the buffering effects of the carpets and soft-furnishings in which mites 
live, it is unlikely that climate change will have any effect of the level of mites in UK 
properties. The spread of cockroaches between buildings is dependent upon the 
external environment. With a progression to warmer summers there is an increased 
likelihood of infestations occurring in properties unconnected to the source (Sanders et 
al., 2004).  

Timber structures, both modern and historic, can also be damaged by infestations of 
pests such as wood-boring beetles (e.g. house longhorn beetle) and termites. The risk 
of existing colonies of pests spreading may increase as temperatures rise. Changes in 
humidity will also impact the breeding cycle (Graves and Phillipson, 2000). A significant 
risk is through the importation of infested timber, particularly if future climate conditions 
are more favourable to imported species. 

3.4.6 Indoor air quality 

People spend approximately 90% of their lives indoors on average. Therefore, indoor 
air quality is a fundamental determinant of the health, comfort and performance of 
people in buildings. It depends, however, on a combination of factors, any of which 
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can cause discomfort and/or health problems for occupants. In addition to 
condensation, damp and mould and pests, which have already been discussed, a key 
issue is the presence of pollutants in indoor air. Volatile Organic Compounds (VOCs) 
and formaldehyde may be generated internally from natural metabolic processes, 
household consumables (particularly cleaning products), the building fabric 
(particularly adhesives, solvents and treatments), furniture and finishes (for example 
carpets, paints, etc) (Sanders et al., 2004). Activities such as cooking, heating and 
smoking may generate other pollutants, such as nitrous oxides and particulates 
(Crump et al., 2009). Externally generated pollutants and ground contaminants, such 
as radon gas, may also enter buildings through windows or other means of ventilation 
(Sanders et al., 2004). 

This is particularly an area of concern for new energy-efficient buildings, which are 
constructed to have much greater air-tightness than traditional stock (Davis and 
Harvey, 2008). The resulting lack of air infiltration could potentially lead to build-up of 
pollutants, high humidity and condensation (leading to mould growth), damage to 
structures and proliferation of house dust mites (Crump et al., 2009). In the housing 
sector, for example, Crump et al concluded that there is an urgent need for research 
into the performance of highly energy efficient homes with respect to the quality of the 
internal environment ventilation systems used, and the impact on the health and 
wellbeing of occupants. 

3.4.7 The built historic environment 

Many of the climate change impacts and consequences affecting the built historic 
environment are the same as elsewhere in the Built Environment sector. Nevertheless, 
the built historic environment is unique in terms of its non-renewable character and the 
potential for damage and loss. Many historic buildings, sites and landscapes have 
already experienced and survived significant climatic changes in the past and may 
demonstrate considerable resilience in the face of future climate change. However, 
many more historic assets are potentially at risk from the direct impacts of future 
climate change (English Heritage, 2008). These include the following. 

 Rising sea levels and a possible increase in storminess endangers historic 
landscapes, structures, buildings and archaeology in the coastal zone, for 
example, the Heart of Neolithic Orkney World Heritage Site including Skara 
Brae in Scotland (Scottish Government, 2009). 

 Increased extremes of wetting and drying heighten the risk of ground 
subsidence and accelerated decay of stonework. 

 More frequent intense rainfall can cause increased erosion of 
archaeological sites and also overload roofing and gutters, penetrate 
traditional materials (e.g. thatch, cob, wattle-and-daub, etc) or deliver 
pollutants to building surfaces, while flooding brings catastrophic loss 
(Sabbioni et al., 2008), making historic buildings difficult to insure. 

 Changes in humidity affect the growth of microorganisms on stone and 
wood, and the formation of salts that degrade surfaces and influence 
corrosion, as well as increasing mould outbreaks within buildings. 

 Changes in the distribution of pests (see above) threaten the integrity of 
historic buildings, collections and designed landscapes. 

 Freeze/thaw events can cause fractured stonework and burst pipes, 
rainwater goods and radiators (National Trust). 
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 Historic thatched properties are at greater risk of fire damage (which may or 
may not be linked to climate change). 

 Subsidence is a greater risk for some historic buildings. 

Work ongoing in this area includes the interdisciplinary PARNASSUS programme and 
other projects under the Science and Heritage Programme, funded by the Arts & 
Humanities Research Council and Engineering and Physical Sciences Research 
Council. 

3.5 Cross-sectoral and indirect consequences 

Many of the risks examined for this sector are linked or interact with risks in other 
sectors. This section (i) explores the cross-sectoral links in more detail based on the 
systematic mapping of causes, processes and consequences; and (ii) identifies the 
risks in other sector reports that are pertinent to the sector. 

3.5.1 Systematic mapping 

For the Built Environment sector, most of the cross-sectoral links were already 
identified in the Tier 1 report, although the systematic mapping has emphasised them. 

 Heat-related issues such as the Urban Heat Island, overheating and the 
effectiveness of green space particularly affect health and energy demand.  
There is an association between green space and better mental and 
physical health. 

 Indoor air quality also affects health. 

 Water resources and quality are related to water availability and 
management issues for the built environment. 

 Transport is necessary for sustaining the urban system. Climate impacts 
such as flooding and subsidence can affect transport as much as the built 
environment. Transport failure modifies use of the Built Environment sector 
and reduces business productivity. 

 Tourism can be negatively impacted by extreme weather events, which 
damage the built environment, e.g. 2004 Boscastle flood. 

 Hotter drier summers may have a positive impact upon tourism. 

 Heritage and tourism are closely interrelated. 

 Biodiversity changes, e.g. in population and productivity of species, may 
have implications for planning and land-use. 

3.5.2 Risks addressed in other sector reports 

The following cross-sectoral risks are included in the analysis carried out in other 
sector reports: 

 Water availability and demand for water (Water sector) 

 Flood damage to properties (Floods and Coastal Erosion sector) 
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 Heat-related mortality and morbidity – both in summer and winter (Health 
sector) 

 Flood impacts on mortgages (Business sector) 

 Loss of staff hours due to high building temperatures (Business sector) 

 Energy demand (Energy sector) 

 Wildfires (Biodiversity & Ecosystem Services sector) 

 Transport infrastructure (Transport sector). 

In addition, cultural heritage is included to a limited degree in the consequences for 
tourism assets (Business sector). 

The wildfire and transport infrastructure risks are discussed at an overview level below.  
The analysis for the other risks in this list is covered in more detail in Chapters 4 to 7 of 
this report.  The content has been taken from the other sector reports and these should 
be referred to for full context of the analysis of these risks. 

Wildfires – Increased risk of wildfire (Risk metric BD12) 

An increased prevalence of hotter, drier conditions implies a greater risk of fire.  Some 
ecosystems, such as woodlands, semi-natural grasslands, heathlands, and those on 
peat soils (e.g. bogs) are particularly sensitive to fire. Wildfires can also impact upon 
other sectors, including human health, forestry, agriculture, and the built environment 
and cause disruption to business activities and transport (McMorrow et al., 2005). 
Where wildfire prone sites (gorse, heath, grass) are located in close proximity to highly 
populated areas and transport infrastructure both the frequency and impact of even 
relatively small wildfires can be significant (South East of England Regional Wildfire 
Group and Home Counties Operational Wildfire Group, April 2010). 

Analysis of recent data held by the Department for Communities and Local 
Government (DCLG) shows a strong correlation between the frequency of fire and the 
‘heatwave’ years of 1995, 2003 and 2006 (Gazzard, 2010). Within the biodiversity 
sector analysis, the 11-member Regional Climate Model (HadRM3) ensemble 
associated with UKCP09 has been used and model results (% difference) extracted for 
national parks across England, Scotland and Wales. These show a 30-50% increase in 
the McArthur Forest Fire Danger Index between the 1980s and the 2080s (ensemble 
mean; medium emissions scenario), with the largest changes in the south. For 
Northern Ireland, the change in risk is lower at 10-30% (CCRA, 2012a).  Note that 
these figures relate to annual average change only; they give no indication of the 
possible impact of changing interannual variability or extreme events such as heat 
waves. 

Transport Infrastructure 

Transport is necessary for sustaining the urban system. Climate impacts such as 
flooding and subsidence can affect transport as much as the built environment. 
Transport failure affects the use of the built environment and reduces business 
productivity, particularly failure due to flooding and inundation and failure due to land 
movements, i.e. subsidence and landslides. These impacts were analysed within the 
Transport sector. 

Flood disruption/delay to road traffic (Risk metric TR1): Within the context of the CCRA, 
analysis focused on one aspect of flooding and inundation disruption, namely the delay 
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to road traffic. The widespread flooding of major and minor roads in 2007 gives a very 
useful guide to the scale and costs of the risks involved. It has been estimated that the 
cost of disruption was of the order of £100m and the probability of this type of event is 
likely to increase with climate change. The assessment suggests that the economic 
cost of disruption from floods is projected to remain relatively low to the 2050s with the 
potential to increase to an event similar to 2007 on an almost annual basis by the 
2080s. 

Landslide impacting on the road network (Risk metric TR2): With respect to land 
movement of roads, the analysis within the Transport sector focused predominantly on 
landslip/landslide. In general, subsidence is effectively managed through existing road 
maintenance programmes and thus is not considered to be a significant issue. The 
length of roads currently under some kind of threat from landslides in the UK runs into 
thousands of kilometres. However, the length of road at risk is projected to remain 
similar to current levels over the next 40 years, with some increase in risk beyond this 
period. 

For both the above metrics, there is still uncertainty within the qualitative analysis. 
Hence they should be considered solely as indicative of the risk. 

3.6 Selection of risk metrics  

Risk metrics provide a measure of the consequences of climate change.  For national 
risk assessment, ‘good’ metrics should satisfy a number of criteria, i.e. they should:  

 Be sensitive to climate but also allow the disaggregation of climate and 
socio-economic effects. 

 Provide a measure of changing probability or consequences relevant to a 
baseline, so historical data are required to establish the current situation. 

 Be presented at the national and regional scales, based on high quality 
data that are collected and held by Government departments, agencies or 
research institutes. The use of Government data should provide 
consistency between sectors and allow the metrics to be repeatable in 
subsequent CCRA cycles. 

 Reflect economic, environmental and social consequences of climate 
change; some metrics may be monetised but others may simply indicate 
the areas affected or consequences for vulnerable groups of society. 

 Be relevant/have legitimacy to the relevant Government policy. 

For the Built Environment sector the identification of metrics for direct biophysical 
impacts, such as flood risk to property, is a relatively straightforward task but these on 
their own are insufficient to express risk in this sector as they do not provide enough 
information to measure the economic, social and environmental consequences of 
climate change.  Within the sector it is often the consequences for users of the built 
environment which are more relevant; for example, the effect overheating in buildings 
may have on a workforce or the number of homes at increasing risk of flood and the 
consequences this may have for their residents. 

The selected metrics for the Built Environment sector are listed below together with 
relevant metrics from other sectors where the analysis is included in this report. 
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3.6.1 Built Environment risk metrics 

Risk metrics for the five key impacts taken forward in the Built Environment sector 
analysis are: 

 BE1 – Increase in temperature caused by the Urban Heat Island effect. 
This describes the increased temperature within urban areas compared to 
their rural surroundings. During the heat wave events across South East 
England in August 2003 and July 2006 night-time air temperatures in 
London were 6–9°C higher than those recorded for rural locations south of 
London (Mayor of London, 2006). Such effects have been observed in 
urban centres elsewhere in the UK e.g. Birmingham and Manchester. The 
August 2003 heatwave led to 2,139 excess deaths in England and Wales, 
the majority of which were in the London area. 

 BE2 – Number of household incidents of subsidence. The gradual 
increase in average temperatures and seasonal changes in rainfall patterns 
may lead to changes in the cycle of wetting and drying of soils thereby 
increasing the soil moisture deficit. Drier soils increase the risk of 
subsidence on susceptible soils; as a result the foundations and structures 
of older buildings will be damaged. Subsidence is currently the second 
most important hazard to property insurers in the UK.  Insurance claims for 
the period 2002 to 2009 exceeded £1.8 billion, an average of over £200 
million per year.  Costs during the very dry year of 2003 were about £400 
million. 

 BE3 – Number of days that threshold temperatures are exceeded (in 
relation to overheating of buildings). As temperatures rise, summer 
internal comfort is becoming more important in both domestic and 
commercial buildings due to potential consequences for health and 
productivity.  Particularly in commercial space, this has major implications 
for building design in terms of maladaptation and reliance on air 
conditioning and general working conditions and associated productivity. 

 BE5 – Change in the effective area of urban green space. Green 
infrastructure has been shown to have a beneficial cooling effect in urban 
areas. During prolonged hot and dry periods, grass and other vegetation 
can dry out, severely reducing the cooling capacity of such areas. Green 
infrastructure also contributes to better mental and physical health.  

 BE9 – Demand for heating. Warmer winters lead to reduced demand for 
energy for heating and thus reduced energy bills. This is also a design 
opportunity for new build, as reduced heating capacity/plant would be 
required. 

3.6.2 Water availability risk metrics 

The following risk metrics relevant to the Built Environment sector were analysed within 
the Water sector report. 

 WA5 – Supply-demand deficits (Dry Year Annual Average design 
condition) (Ml/d or %). The supply-demand balance is calculated based on 
the water available from surface water and groundwater sources and the 
demand for water. Water companies estimate the amount of water 
available for abstraction based on hydrological or hydrogeological 
conditions, licence conditions and works capacities. These calculations are 
combined with 25 year demand forecasts to estimate when resources 
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zones will fall into deficit, requiring investment in demand or supply side 
measures. 

 WA6 – Population affected by a water supply-demand deficit (No. or 
%). The population affected by a supply-demand deficit (when water 
resource zones fall into deficit and require demand or supply-side 
measures) is calculated at the same time as WA5. 

 Metrics WA5 and WA6 are quantitative. 

3.6.3 Flooding risk metrics 

The following risk metrics relevant to the Built Environment sector were analysed within 
the Floods and Coastal Erosion sector report. 

 Residential properties 

FL6a Residential properties at significant likelihood of flooding14 and 
FL6b Expected Annual Damages to residential property (EAD) 

 Commercial properties 

FL7a Non-residential properties at significant likelihood of flooding 
and FL7b Expected Annual Damages to commercial property (EAD) 

 Insurance of residential properties 

 FL13 Residential properties at significant likelihood of flooding (to 
assess insurance impacts).  In England, the Government and the ABI 
have agreed a statement of principles in relationship to the continued 
provision of insurance against flood risk for most households. In this 
agreement, significant likelihood of flooding (i.e. 1:75 years or more 
frequent) is identified as the threshold that insurers use to consider their 
approach to the provision of insurance cover. 

Limitations 

The metrics are defined by type of flood (tidal/coastal, river and surface water) because 
this is the way in which the data are presented in the studies used to provide 
information for calculating the metrics.  There are some important limitations to the 
analysis: 

 Metrics have been calculated for river and tidal flooding, but not for surface 
water flooding.  Whilst estimates are available of the number of properties 
currently at risk for surface water flooding, there is a lack of suitable 
information of potential future risks. 

 The calculations do not include Scotland and Northern Ireland (about 6% of 
overall flood risk) because of a lack of suitable information. 

3.6.4 Health risk metrics 

The following risk metrics relevant to the Built Environment sector were analysed within 
the Health sector report. 

                                                           
14 Defined as the 1.3% annual probability of flooding (or once in 75 years on average).   
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 HE1 – Temperature Mortality (Heat) and HE5 Temperature Mortality 
(Cold) 

 HE2 – Temperature Morbidity (Heat) and HE6 Temperature Morbidity 
(Cold) 

 HE3 – Flood related deaths 

3.6.5 Business risk metrics 

The following risk metrics relevant to the Built Environment sector were analysed within 
the Business sector report. 

 BU6 – Increased exposure for mortgage lenders 

 BU10 – Loss of staff hours due to high internal building temperatures 

3.6.6 Energy risk metrics 

The following risk metrics relevant to the Built Environment sector were analysed within 
the Energy sector report. 

 EN2 – Energy demand for cooling  
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4 Response Functions 

4.1 Introduction 

The purpose of this step is to understand the sensitivity (according to the available 
evidence) of the selected metrics to changing climate conditions. It was based on 
review and synthesis of existing research outputs and government analyses and 
included recording key assumptions and uncertainties related to the assessment.  

Given the varied and extensive form within the built environment, and a complex 
interplay with spatial planning, water and energy resources (among others) it is difficult 
to succinctly capture the direct impacts of changing climate as exemplified in the 
UKCP09 climate projections. Instead, the selected metrics were developed as a means 
of capturing key issues, as identified via the process outlined in Section 3, and enabling 
risk assessment, as described in Chapter 5.  

For each metric, suitable datasets were sought from publicly available sources (either 
government analyses or wider published research); this will provide the basis for 
consistency in the delivery of future risk assessments. Suitability in this case meant not 
only data that was scalable with a given climate parameter, but that also enabled 
consideration of the wider economic (where practicable, via monetisation), 
environmental and social consequences. 

This section describes the sensitivity of selected metrics to the UKCP09 future climate 
projections, particularly warmer conditions with drier summers. The metrics discussed 
here consider both domestic and non-domestic buildings.  

While cultural heritage sites were explicitly considered in both the scoring of impacts 
and the selection of these metrics, some of the issues highlighted during the sector 
workshop as being of particular note for these sites did not score above the threshold 
for inclusion in the Tier 2 analysis.  It was also noted in the workshop however that 
many historic buildings face the same risks as more modern buildings, although the 
consequences of these risks can be very different, often determined by the structure 
and fabric of each building.  For these reasons, risks which are specific to cultural 
heritage are not included in this analysis. Risks relating to cultural heritage sites are 
discussed in Section 3.4.7. 

Other relevant impacts and consequences have been considered in other CCRA 
sectors, as discussed in Section 3.5.2. 

This section sets out the response functions that were developed for the Built 
Environment sector, which are denoted by risk metrics BE1, BE2, BE3, BE5 and BE9.  
The missing number references are metrics that were considered in the scoping of risk 
metrics but that were not taken forward for analysis.   

Following the sub-sections for each of the BE metrics, there are sub-sections on 
metrics that are covered by other sectors.  These are Water metrics (WA5 and WA6), 
Floods metrics (FL6, FL7 and FL13), Health metrics (HE1, HE5, HE2 and HE3), 
Business metrics (BU6 and BU10) and Energy metric (EN2).  The full details and 
context for these analyses can be found in the reports for these sectors. 
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4.2 BE1 – Urban Heat Island 

The Urban Heat Island (UHI) is a phenomenon that has been recognised since the 
beginning of the 19th Century. Extensive urban development alters the surface energy 
balance in such a way that the temperature at the centre of a large city can be several 
degrees higher than in the surrounding rural areas. The effect is more pronounced at 
night. 

A number of factors contribute to the development of this urban microclimate. There is 
greater absorption and storage of short-wave solar radiation by the urban fabric during 
the day. This energy is then re-emitted at night as long-wave radiation (although the 
rate of heat loss is limited by the reduced sky-view factors of urban street canyons). 
The majority of surface water from rainfall is drained away and is therefore not 
available for evaporative or evapotranspirative cooling. Anthropogenic heat emissions, 
such as exhaust air from air-conditioning systems, also act to increase the local air 
temperature. 

Due to uncertainty and lack of available data at the time of the CCRA analysis, a 
quantitative response function was not developed for this metric. 

Understanding the UHI, both in the present-day climate and its future evolution under 
climate change, is an active and rapidly evolving area of research. The EPSRC has 
funded a number of research programmes in this area, including LUCID (focussed on 
London) and SCORCHIO (focussed on Greater Manchester). 

In winter the UHI can be beneficial. The LUCID project found that the UHI currently has 
a significant net energy benefit for London, as it reduces winter heating demand 
(Mavrogianni 2009). However, in summer, particularly during heat waves, the urban 
heat island prevents the city from cooling down, maintaining night-time temperatures at 
a level that affects human health and comfort. 

4.2.1 Magnitude of UHI 

Urban Heat Islands have been observed in a number of UK cities. For example, in 
Birmingham, night-time minimum temperatures have been observed to be up to 5°C 
higher within the city than in surroundings rural areas during periods of high 
atmospheric stability (Tomlinson, 2010; Unwin, 1980). 

Recent work by the SCORCHIO team included the development of a spatial 
temperature profile across Greater Manchester. The results available to date suggest a 
maximum UHI intensity (defined as the difference in temperature between urban and 
rural locations) of around 3°C during the day increasing to around 5°C at night (Smith 
et al., 2011). The Royal Meteorological Society’s Big Urban Heat Island Experiment 
campaign is ongoing15, with the aim of mapping the UHI in a number of UK cities and 
towns. Results from this study in relation to Manchester suggested a maximum 
difference between the warmest and coolest areas as high as 10.0°C (Knight, 2010). 

In London, spatial pattern mapping of the UHI during the summer of 2000, over the 
hour between 02:00 – 03:00 for a series of calm dry nights, revealed areas with UHI 
intensity in excess of 6°C. More recent observations have noted extreme UHI 
intensities in excess of 7°C; in August 2003, for example, the UHI intensity reached a 
maximum value of 9°C (Mayor of London, 2006). 

The UHI intensity is typically greatest in the centre of a city and decreases when 
moving outwards in a radial direction. However, there are also local variations within 

                                                           
15 http://www.metlink.org/urban 
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the city according to the land-use type (Smith et al., 2011). Urban green spaces are 
generally cooler than the surrounding built-up areas, as illustrated for Regents Park 
and Richmond–Wimbledon Common in London (Figure 4.1). 

4.2.2 Impacts of the UHI 

The link between increased summertime temperatures and heat-related mortality has 
also been investigated by a number of authors. Analysis of single events has provided 
evidence of a link between UHI effect and heat deaths (Milojevic, 2011). In the case of 
the summer period of 26 May  - 21 June 2006 in London, the percentage of heat-
related deaths attributable to the UHI effect was determined as 37.7% in outer London 
rising to 47.2% in central London; the corresponding mean differences in daily 
maximum temperature for these zones were +0.3 and +0.5 °C respectively. 

The LUCID project has also investigated the contribution of the UHI effect to indoor 
thermal comfort and summertime overheating. The analysis revealed that the 
microclimatic characteristics of the specific site and the thermal quality of the individual 
dwelling were greater indicators of risk than the location of the building within the Urban 
Heat Island (Mavrogianni et al., 2010). 

4.2.3 Anthropogenic heat contribution to the UHI 

SCORCHIO examined the anthropogenic heat contribution to the Urban Heat Island in 
Manchester. In winter it was 39% at night and 75% during the day, whereas in summer 
the nocturnal and daytime contributions were 17% and 25% respectively. 

LUCID found that the UHI currently has a net-energy benefit for London, as it reduces 
winter heating demand. However in future, the net energy balance will depend critically 
on levels of uptake of air conditioning (Kolokotroni, 2010). If air-conditioning is widely 
installed (e.g. domestically) the summer energy demand will rise. Furthermore the UHI 
effect will be exacerbated by the exhaust heat output. 

4.2.4 Summary 

The relationship between urban morphology and the UHI effect is complex; modelling 
of such effects increasingly involves use of a variety of spatial and temporal scales 
beyond current regional climate change models (Section 5.4.1). Furthermore, the 
CCRA analysis was undertaken before completion of the LUCID and SCORCHIO 
projects. 

The magnitude of difference between urban and rural temperature is seen to be at its 
greatest during night-time periods (typically 23:00 – 03:00). The relationship between 
Urban Heat Island effects and heat-related mortality is an area of ongoing research. A 
number of studies have shown that prolonged periods of elevated night-time 
temperatures contribute to heat stress (e.g. Dousset et al., 2011). Thus the change in 
minimum night-time temperature during summer months can be considered as an 
important variable in assessing the risk to human comfort and health presented by UHI 
effects. 
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Figure 4.1 Land Surface Temperature at 21:00 on 12 July 2006 

Source: LUCID project (2007 – 2010) 
 



 

 Built Environment sector 37 

Given the degree of uncertainty in future evolution of the UHI and the lack of model 
output data available at the time of analysis, a response function is not defined. Instead 
a qualitative assessment is made with change in mean average minimum summer 
temperature being selected as an appropriate climate variable.  

Note that the CCRA Health sector assessment has taken a different approach and 
considered the number of times a specific daily mean temperature threshold measured 
over time is exceeded. Within this assessment, however, the focus is upon the UHI 
effect and how temperatures in urban centres may increase. The relative magnitudes 
of the UKCP09 projected increases in summer minimum temperatures provide a 
means of assessing the likelihood that present threshold temperatures for action during 
heat wave events are exceeded more frequently (see Section 5.4). 

The analysis carried out for metric BE1 is based on specific large cities in England.  
Whilst the UHI effect is likely to occur to some degree in all large urban areas in the 
UK, the magnitude will depend on a range of factors including size and location.  

4.3 BE2 – Subsidence 

Changes in climate, both increased temperatures and changing rainfall patterns, may 
lead to greater levels of variability in the wetting and drying of shrink-swell soils. This 
increases the risk of subsidence and damage, particularly to some building designs 
with susceptible foundation types and ground floor types. For example, a substantial 
increase in the drying of such clay soils was observed during the dry summers of 1989 
and 1990 (Driscoll and Skinner, 2007) together with a corresponding increase in the 
number of insurance claims (Graves and Phillipson, 2000). 

Subsidence claims for domestic dwellings amounted to £175 million in 2009 with 
29,700 notified claims (Source: Association of British Insurers). Figure 4.2 shows the 
shrink-swell potential of soils throughout the UK. It can be seen that the level of risk is 
most significant in certain areas of England, with reduced or limited risk in other parts 
of the UK. 

A response function has been developed, which relates the change in average summer 
rainfall to the projected number of notified claims (as an indicator of actual incidents of 
subsidence). The response function is developed on a regional basis for the whole of 
the UK. The baseline number of incidents per region is extrapolated from the national 
total using the number of dwellings and the percentage area of high-risk soils in each 
region. For the purposes of this analysis, only areas with significant soil shrink-swell 
potential (Figure 4.2) are considered.  

A linear relationship between subsidence claims and future changes in summer rainfall 
has been obtained by plotting the total number of claims within each year (within the 
data supplied by the Association of British Insurers) against the percentage change in 
summer rainfall (in comparison with the 1961 – 1990 average) for each year as 
recorded by the Met Office for the years 2002-2009 (Figure 4.3). It should, however, be 
noted that, although this appears to give a good correlation, the data sample is so 
small that the relationship must be considered highly uncertain. 

This metric primarily applies to England, where the areas of significant shrink-swell 
potential exists (Figure 4.2). 
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IPR/129-70C British Geological Survey © NERC.  All rights reserved. 

Figure 4.2 Areas of shrink-swell clays in the UK 
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Figure 4.3 BE2 Number of domestic subsidence claims versus change in 
summer rainfall (2002 - 2009) 

4.4 BE3 – Overheating of buildings 

A response function, quantifying the risk of building overheating, has been developed 
for England and Wales, as only these countries are covered by the temperature 
dataset used. Within this version of the CCRA, it was decided to link this metric to 
workplace productivity and to consider health impacts of overheating elsewhere 
(including BE1, the Urban Heat Island, and the Heath sector metrics). 

Changes in climate are likely to influence both the heating and cooling energy demand 
within buildings. In the specific case of cooling requirements, longer, drier summer 
periods may cause overheating in naturally ventilated buildings and affect the capacity 
of low energy cooling systems to provide comfortable conditions across all building 
types. The current trend is to rely on mechanical air conditioning to meet additional 
cooling comfort needs, but the disadvantages of this approach need to be taken into 
account in any cost-benefit analysis, namely: 

 likely inhibitive costs of retrofitting within the existing building stock 

 associated additional energy demand and consequent greenhouse gas 
emissions 

 danger of system failure due to power supply interruptions 

 exhaust heat output resulting in increased external temperatures, especially 
in an urban environment.  

The potential consequences of increased energy demand for cooling are considered in 
more detail in the energy sector analysis (see Section 4.7). 

Overheating occurs when the temperature within a building becomes too hot for the 
occupants’ thermal comfort. The range of human responses to high temperatures 
varies from feeling slightly uncomfortable, through loss of productivity, to illness and 
ultimately heat-related death. The level of response can vary with absolute 
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temperatures, the rate of change in maximum temperatures, the persistence of high 
temperatures and the diurnal temperature range. 

Thermal comfort in the domestic environment is important for both health and 
productivity. High bedroom temperatures result in poor sleep quality and poor 
performance at work the following day, exacerbated in instances where the work 
environment is also overheated (Thomas, 1998). 

Heat comfort levels within the work environment also influence general productivity at 
work. Productivity levels have been related to external temperature in a Centre for 
Economics and Business Research study (CEBR, 2003), which found that productivity 
falls by 8% at 26°C, by 29% at 32°C and by 62% at 38°C. The respective costs to the 
UK economy of these productivity falls were estimated at the time as £35m, £126m and 
£270m per day. 

There are still fundamental questions to be addressed with regard to overheating, such 
as what constitutes overheating, how is it defined and how is it best addressed in a 
cost-effective manner. This has been identified as a priority area of research by DCLG 
(DCLG, 2011). The CIBSE overheating task force are also in the process of reviewing 
their overheating risk criteria. 

Current CIBSE guidance (CIBSE, 2006) outlines an overheating threshold of 28°C for 
any building space with the exceptions of bedrooms where the overheating threshold 
temperature is 26°C. This threshold should not be exceeded for more than 1% of 
occupied hours. CIBSE also defines a comfort threshold, which is 3°C lower than the 
overheating threshold, i.e. 25°C in general and 23°C for bedrooms. 

Different buildings will have different responses to external temperature and therefore 
exhibit widely different degrees of overheating (see for example CIBSE, 2005). The 
level of risk is affected by multiple aspects of design e.g. thermal mass, air-tightness, 
ventilation strategy, glazed area (whether shaded or un-shaded) and orientation. It also 
depends on the usage of the building, the occupancy hours and the building 
management system. 

A detailed quantitative assessment of overheating risk therefore requires not only 
extensive information relating to building construction and design but also performance 
data relating to individual building responses. In the absence of such data, external 
temperature can be used as a proxy for overheating risk in all non-domestic buildings. 

The number of days for which the maximum external air temperature reaches or 
exceeds 26 °C is taken as a response function for building overheating. An external 
temperature of 26 °C has been used, rather than 28 °C, in order to allow for the effect 
of solar and internal gains on internal conditions in poorly performing buildings. This is 
also the temperature at which a reduction in productivity is observed. 

This response function gives the number of days each year on which overheating is 
likely to occur during the day. It does not predict the duration or severity of such 
overheating. In order to calculate the overheating risk in terms of occupied hours, as 
defined by CIBSE, hourly temperature data would be required.  This more detailed 
analysis was beyond the scope of this high level overview. 

The baseline temperature time series used in this analysis is that developed by 
Armstrong et al. (2010). To determine the regional temperature time series, daily 
maximum and minimum temperature time series for stations, reporting on 75% of days 
between 1993 and 2006, were downloaded from the British Atmospheric Data Centre. 
The data were processed to obtain population-weighted mean daily series for each 
region. The AIRGENE algorithm (Ruckerl et al., 2007) was used to avoid spurious 
fluctuations due to missing data. Only data for Wales and England were available in 
this dataset. 
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Figure 4.4 shows the average number of days for which the external temperature 
exceeds 26°C for the baseline data period of 1993-2006. 

 

Figure 4.4 Mean number of days per annum at risk of building overheating for 
the period 1993-2006 

Source: Armstrong et al. (2010) 

4.4.1 Hospitals 

Specific considerations apply to hospital buildings. Their occupants comprise both the 
healthcare workforce and patients, many of whom are sick and vulnerable. Much 
hospital accommodation is occupied 24 hours a day, in particular in-patient wards. 

In addition to the Building Regulations, design of healthcare facilities is prescribed by a 
suite of Health Technical Memoranda (HTMs) issued by the Department of Health, 
which give comprehensive advice and guidance on the design, installation and 
operation of specialised building and engineering technology used in the delivery of 
healthcare16. They are applicable to both new and existing sites, and are intended for 
use during the whole building lifecycle. The Department of Health also produces Health 
Building Notes, which are “best practice” guidance for healthcare facilities. 

Infection control is one of the main drivers of hospital design. Hence high background 
ventilation rates are recommended: 6 air changes an hour in-patient wards, rising to 25 
air changes an hour in operating theatres (HTM 03-01A (2007).  There is also a strict 
hierarchy of cleanliness between different areas, which is maintained with appropriate 
pressurisation.  

Hospitals should also provide a therapeutic environment, which promotes patients’ 
healing and recovery (e.g. reduced noise, privacy, natural daylight, view of nature). 

The NHS estate contains a huge variety of buildings of different ages and functions, 
even within individual hospital campuses. Overheating is already a problem in some 

                                                           
16 Reference is given to Health Technical Memorandum for England. Similar guidance documents are 
published for the devolved administrations. 
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hospitals, even in new constructions (see for example SHINE Network, 2010).  Figure 
4.5 shows hourly internal temperatures against external temperatures during Summer 
2010 for different buildings and wards on a single hospital campus in England, from 
initial monitoring studies carried out by the De2RHECC project (De2RHECC, 2010).  

A Pre-1939 Nightingale Ward solid construction 

 

B New Modular Ward prefabricated 
Central corridor with mix of single rooms and 4 bed bays 

 

C 1960s linear framed building with lightweight panel infill 
Single and multi-bed spaces 

 

Figure 4.5 Monitored hourly internal temperature in summer 2010  

Data for three different ward types co-located on the same hospital campus. External temperatures, as 
shown by the solid blue line, are significantly lower.  Source: De2RHECC (2010). 

 
The pre-1939 Nightingale ward (A) is a narrow-plan, naturally ventilated open ward, 
with high ceilings, large opening windows which allow cross-ventilation and of a solid 
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brick/stone construction with high thermal mass. This demonstrates good resilience to 
external temperature variation in the current climate.  

Also shown is a ward of mixed multi- and single-bed rooms in a prefabricated 
contemporary modular building (B). This is also predominantly naturally ventilated, with 
fresh air being drawn in through the windows and being exhausted via mechanical 
extract in the ensuite bathrooms. The NHS favours this type of modern construction, as 
it can be erected speedily with minimal disruption on site. However it appears less 
resilient than the older heavyweight Nightingale ward.  

The third type of building is a 1960s linear block (C), which is of frame construction with 
lightweight panel elevation infills. It has some mechanical ventilation. Its performance is 
problematic in the current climate, with temperatures exceeding 30C even with 
relatively low external temperatures.  

In addition to construction type, several other factors may contribute to overheating. 

 The air supply is sometimes controlled by a very simplistic algorithm with 
air supplied at a constant, often high, temperature to all spaces 24 hours a 
day, regardless of their usage or occupancy. There is an urgent need for 
improved facilities management. 

 There is a lack of evidence concerning what the ideal temperature for sleep 
is or at what temperature sleep is impaired. Wards are often maintained at 
warmer temperatures than a domestic bedroom overnight. While a rapid 
night purge, such as might be deployed in offices or schools, is obviously 
not appropriate in a space where patients are asleep, the current facilities 
management regime permits very little natural cooling of the building fabric 
at night. This would only serve to exacerbate the daytime overheating risk. 

 In new buildings generally, value engineering can result in planned 
adaptive measures, such as solar shading, being discarded. 

 For safety reasons, particularly with regard to vulnerable patients, Health 
Technical Memorandum 55 (HTM 55, 1998) specifies that windows should 
open to a maximum of 100mm. Furthermore, design considerations may 
dictate that there is only one opening within a room façade, at the bottom of 
a casement window; whereas for single-sided natural ventilation, having 
two separate openings at high and low level is much more effective. These 
constraints make it extremely difficult to design a natural ventilation strategy 
which would provide effective protection against overheating. 

 Changes in use of the space, for example increases in the number of 
occupants or additional equipment and IT, can all lead to increased internal 
heat gains. 

 Health conditions and drug regimes can alter a patient’s physiological 
perception of temperature in either direction, up or down. 

As hospital in-patient wards are occupied 24 hours day, their thermal performance is 
expected to differ from that of other non-domestic buildings. As explained above, they 
are likely to be warmer at night and this may compromise occupants’ thermal comfort 
the following day. Ideally, an overheating response function would be developed for 
hospitals, which accounts for their special 24-hour occupancy pattern. However there is 
currently a lack of evidence upon which to base such a metric (see Section 5.6.1). 
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4.4.2 Schools 

As with hospitals, additional specific guidance for school design is provided by the 
Department for Education in the form of Building Bulletins. The aim of any school 
design is to create an environment conducive to learning. 

Overheating performance criteria for teaching and learning areas in schools are 
specified in Building Bulletin 101 (BB 101, 2006). 

 There should be no more than 120 hours when the air temperature in the 
classroom rises above 28°C. 

 The average internal to external temperature difference should not exceed 
5°C (i.e. the internal air temperature should be no more than 5°C above the 
external air temperature on average). 

 The internal air temperature when the space is occupied should not exceed 
32°C. 

These standards apply outside the heating season and are for the occupied period of 
09:00 to 15:30, Monday to Friday, from 1st May to 30th September. In order to show 
that the proposed school will not suffer overheating two of these three criteria must be 
satisfied. 

BB 101 also specifies ventilation requirements. The external air supply rate in teaching 
and learning areas should be a minimum of 3 litres per second per person, with a daily 
average of 5 l/s per person and the capacity to provide at least 8 l/s per person on 
demand. The ventilation should limit the concentration of carbon dioxide, resulting from 
the occupants’ respiration. The maximum carbon dioxide concentration should not 
exceed 5000ppm during the teaching day and should fall below 1000ppm with the 
maximum ventilation rate of 8 l/s per person. In the absence of major pollutants, carbon 
dioxide is taken to be a key indicator for the control of indoor air quality in the 
classroom. Increased carbon dioxide levels have been shown to have a detrimental 
effect on pupils’ cognitive performance (Coley, 2004). 

Further Building Bulletins specify lighting (BB 90, 1999) and acoustic (BB 93, 2004) 
requirements. In teaching spaces, the use of natural daylight is preferred. The lighting 
should provide a balanced distribution of luminance and glare should be avoided. In 
terms of acoustics, low ambient noise levels are required in order to provide a 
comfortable teaching environment. The prescribed indoor ambient noise levels should 
be satisfied even with the maximum 8 l/s per person ventilation rate. External noise 
levels need to be taken into account when calculating indoor noise levels. 

CIBSE TM36 includes case studies of two types of schools. More recent case studies 
have been carried out on three different school types in London and Manchester 
(AECOM, 2010). In each case, dynamical thermal simulations were carried out to 
calculate the risk of overheating both now and in the future (using the CIBSE weather 
years based on the previous generation UKCIP02 scenarios). 

The first type is a Victorian school, with heavyweight solid masonry construction, 
minimal insulation, single glazing and a pitched slate or tiled roof. Due to the high 
thermal mass, temperatures can usually be maintained within acceptable limits. 
However upper floors are at greater risk of overheating due to poorly insulated roofing. 
The large windows can also lead to high solar gains. 

The second school type is a typical 1960s/70s school, with a flat roof, of relatively 
lightweight construction with single glazing and poor insulation and air tightness. Such 
schools already severely overheat in the present climate, particularly primary school 
buildings of this era which are predominantly single-storey. 
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The third school type is recently built with medium-weight construction, good insulation 
and double-glazing throughout. Although built to meet overheating targets, some such 
schools already experience high temperatures in classrooms between April and 
September. This may be due to a number of factors, including increased numbers of 
computers in classrooms and inadequate ventilation. 

While there are specific issues with regards to schools, their occupancy is similar to 
that of many commercial buildings.  As with offices, peak occupancy occurs during the 
daytime, albeit for slightly shorter hours: for pupils, the school day usually ends earlier 
than the normal working day. Hence the BE3 response function can also be applied to 
schools. The same caveats hold regarding the variation of thermal response with 
building construction and management. 

4.5 BE5 – Effectiveness of green space 

This response function relates the effectiveness of urban green space to changes in 
relative aridity. Only England is considered. Scotland, Wales and Northern Ireland are 
not included in the present analysis due to the lack of readily available and comparable 
datasets. 

In the context of the urban system, green and blue infrastructure provides a valuable 
cooling resource for amelioration of high summer temperatures caused by the urban 
heat island effect and climate change (Forest Research, 2010). Vegetation cools the 
surrounding atmosphere by evapotranspiration. In addition, trees provide shading, thus 
reducing the incidence of direct solar radiation. However, during extremely hot periods, 
green spaces can become so parched that their evapotranspirative cooling capacity is 
effectively shut down, as has happened in Hyde Park in London during recent 
heatwaves. Different habitats and species demonstrate different levels of resilience to 
drought. Amenity grassland, such as found in urban parks, and shallow-rooting tree 
species, e.g. beech, are particularly vulnerable (London Climate Change Partnership, 
2009a). 

The cooling effect of green space has been demonstrated in a number of studies 
including recent work examining Manchester’s green infrastructure as part of the 
ASSCUE project (Gill et al., 2007). This study showed that maximum surface 
temperatures in woodland areas within Manchester were determined to be 12.8°C 
cooler than town centre areas. Further modelling work suggested that adding 10% 
green cover to areas such as the town centre or high density residential areas could 
result in a cooling impact in the range of 2.2 – 2.5°C. Conversely removal of 10% of 
green cover in the model resulted in a rise in surface temperature of up to 8°C. 
Provision of green roofs was also shown to provide a beneficial impact in terms of 
minimising surface temperatures. Tree coverage was highlighted as a key means of 
providing shading and cooling effects, particularly given its lower sensitivity to 
prolonged periods of drought than areas of grass that lose their evaporative cooling 
function fairly quickly. 

Data collected as part of the Royal Meteorological Society’s Big Urban Heat Island 
Experiment in Manchester suggests that the proportion of vegetative cover is directly 
related to the magnitude of urban heating effects experienced; around half of the 
temperature variations observed could be attributed to the proportion of vegetation and 
water within each land-use type (Knight, 2010). 

In the case of London, the size of the UHI effect measured for a summer period in 2000 
clearly shows the area of Richmond Park being about 1°C cooler than its surroundings 
(Mayor of London, 2006). The LUCID project team has also explored the relationship 
between urban land-use fraction and the magnitude of UHI observed. In general a 
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larger fraction of green space is a determining factor in the size of UHI; these green 
spaces need to be large in order to mitigate heat on the city scale. The LUCID team’s 
simulation filling the entire green space of London with urban land use resulted in 
temperature increases of a further 3°C (Bohnenstengel et al., 2010 and 2011). 

Recent work by CABE has sought to quantify and monetise the cooling capacity of 
green space (CABE, 2009) in producing a green infrastructure valuation toolbox. This 
work suggests that a 3% energy saving for each residential property within less than 10 
metres of trees is attributable to the shelter provided by the tree canopy. In a similar 
manner a saving of 8% is achievable in commercial buildings less than 10m from trees 
(3% for heating and 5% for cooling). 

The total area of green space17 in England, broken down by region, is available from 
the Office of National Statistics (ONS). Clearly the cooling capacity of this green space 
would be directly affected by prolonged hot, dry periods. As such a response function 
that considers the total area of green space and a change in relative aridity in England 
and Wales has been developed. Given the different responses of different species to 
increasing aridity, and particular microclimates for different urban areas, it is difficult to 
quantify precisely how the cooling capacity of this green space would be affected. A 
regional analysis is therefore not appropriate here. However, the present function is 
considered a proxy for cooling capacity given the progressive damage and death to 
vegetation resulting from increasing aridity. 

Relative aridity provides a measure of how changes in average annual temperatures 
and rainfall will affect the likelihood of dry periods. Relative aridity scores (RAS) have 
been calculated as part of the water sector analysis (risk metric WA1) using the 
equation: 

9061

9061

9061

9061 6.04.0Re
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where futureT  is the average of annual temperatures over a given period in the future, 

9061T  and 9061TSD are the average and standard deviation over the 30-year period. 

futureRain  is the average of annual totals, over a given period in the future, 9061Rain  

and 9061RainSD are the average and standard deviation over the 30-year period.  

As the RAS is a normalised score, values of between plus and minus one can be 
regarded as ‘normal’ with respect to the 1961-1990 climate; values greater than one 
‘more arid’ than normal and values greater than two as ‘extremely arid’ compared to 
1961-1990. Although the RAS scores developed for England and Wales are used, the 
measure can be taken as indicative of change for England. 

The Water sector analysis calculated RAS for the period 1766 to 2003 using the 
Central England Temperature (CET) and the England and Wales rainfall series (Met 
Office). A number of major drought episodes were identified during the 20th century 
(Cole and Marsh, 2005). Of these, the drought of 1921/22, which is recognised as the 
worst resources drought for the Thames basin, has the highest RAS of 2.59. The year 
of the recent catastrophic European heatwave, 2003, has the second highest RAS at 
1.77. 

A basic relationship between relative aridity and effective area of green space has 
been proposed as shown in Figure 4.6. This assumes a linear decline in the 
effectiveness of green space once relative aridity exceeds the normal upper limit of 1. 

                                                           
17 Green space is defined in the Generalised Land Use Database 
(http://www.communities.gov.uk/documents/planningandbuilding/pdf/154941.pdf) 
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Although based on actual areas of green space in England, it should be noted that this 
response function is not supported by extensive evidence and should therefore be 
considered purely indicative and highly uncertain. As noted above, different species will 
respond differently to reduced relative aridity. Some species may become ineffective in 
cooling terms at lower relative aridity scores than indicated by this response function. 
Further research is required in this area. 

 

Figure 4.6 Area of effective green space versus relative aridity (‘000 km2) 

4.6 BE9 – Demand for heating 

Warmer winters in future years are likely to see reduced space heating demand from 
end users and a reduction in overall fuel bills, increasing the opportunity to lift people 
out of fuel poverty.  There will also be an opportunity for new build design to 
incorporate lower heating capacity loads. 

The current level of UK energy demand for space heating (excluding Northern 
Ireland18) compared to total energy consumption for domestic and non-domestic (i.e. 
commercial and industrial) sectors is presented in Figure 4.7. The domestic sector has 
the greatest energy consumption for space heating. For domestic space heating, a 
regional response function has been developed which relates energy demand to 
heating degree days. A similar non-domestic analysis was not possible, as the data 
available does not differentiate between commercial and industrial consumption at the 
regional level. 

High level energy indicators published by DECC (2010a) provide an indication of total 
energy consumption per household, while further data breaks down overall energy 
consumption for heat and other end uses within domestic dwellings.  Whilst this later 
dataset is aggregated for all domestic dwellings, it provides an indication of the 
proportion of energy consumption within each household directly attributable to space 
heating, enabling adjustment of the total energy consumption figures.  

Heating degree days provide an indication of the expected heating demand relative to 
a baseline external temperature (typically 15.5°C in the UK).  

A response function has therefore been derived for the purposes of this analysis that 
considers how household space heating energy demand varies with changes in 
heating degree days. The number of heating degree days is defined within the 
UKCP09 Weather generator as follows:   
                                                           
18 Available and comparable data were not available for Northern Ireland. 
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∑ (15.5 – daily mean temperature) whenever mean temperature < 15.5 ºC. This 
assumes both the daily Tmax and Tmin are < 15.5 ºC and in other cases 
weighted increments are used. 

Thus if, on a given day, the mean temperature is 5.5ºC, the number of heating degree 
days for that day would be 10.  Hence, it is quite possible that the number of heating 
degree days in a year exceeds the number of days in the year. 

The relationship between heating consumption and heating degree days is presented 
in Figure 4.8.  It should be noted that an increase in mean average daily temperatures 
would see a reduction in heating degree days and a move from right to left on the 
response function. 

 

Figure 4.7 UK Energy Consumption in 2009 by sector 

Source: DECC (2010a) data 
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Figure 4.8 Space heating energy demand versus heating degree days (by region) 

4.7 EN2 – Energy demand for cooling 

To create a response function for cooling demand, the risk metric Cooling Degree Days 
(CDD) is used.  CDD is the most common climatic indicator of the demand for cooling 
services and is a measure of the average temperature’s departure from a certain base 
temperature.  It is assumed that, if air temperatures are below the base temperature, 
no energy for cooling is required.  In this UK analysis, CDD is defined as the day-by-
day sum of the mean number of degrees by which the air temperature is more than a 
value of 22°C and calculated using the method set out by Jenkins et al. (2009).   

Analysing future projections of CDD therefore provides a means to assess how cooling 
demand may change in the future based on climatic factors alone.  In this study, 
projections of future cooling demand were made using both the CDD approach and 
recent research (Section 5.9). 

4.8 WA5 and WA6 - Water supply-demand deficit 
and population affected 

The supply-demand balance is calculated based on the water available in surface 
water and groundwater and the demand for water. There is no response function 
required for the supply-demand metrics. Instead the results for these metrics were 
calculated through the use of simple supply-demand balance models. This includes the 
population affected by supply-demand deficits. These were developed at the UKCP09 
river basin region scale, with one spreadsheet for each region in the UK. 

The models use the following data: 

 Ofwat June Return data 

 Deployable Output  

 Demand for water – per capita consumption  
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 Change in population. 

June Return reports were either downloaded from Ofwat, or obtained directly from 
water companies. Data on the security of supply index and applications for vulnerable 
customer status were extracted from each report and collated in a database to form a 
baseline for the study (see Rance et al. (2012) for more details).  

The models work by using the data to obtain results for each of the emissions 
scenarios, for each time period. Climate change affects household demand and supply 
but detailed climate impact models were not developed for other components, such as 
leakage or ‘outage.’ The outputs of this metric are also based on the assumption that 
there is no intervention in terms of implementing demand or supply-side measures.  

4.9 FL6, FL7 and FL13 - Flooding of properties 

Response functions in the Floods and Coastal Erosion sector were based on river and 
tidal flood modelling for England and Wales.  The process of using the model results to 
develop the functions is described in the Floods and Coastal Erosion sector report 
(Ramsbottom et al., 2012).  The functions were developed separately for Wales and 
the English Areas and include both numbers of properties and Expected Annual 
Damage (EAD).   

FL6 - Residential properties at significant likelihood of flooding (FL6a: number; 
FL6b: EAD) 

The response functions have been calculated using the number of residential 
properties by region and the associated EAD.  The functions have been calculated for 
tidal and river flooding but not surface water flooding.   

Examples of response functions are shown on Figure 4.8 (number of residential 
properties at risk of river flooding) and 4.9 (Expected Annual Damages (EAD) for 
residential properties caused by river flooding).  ‘Significant likelihood’ of flooding 
corresponds to an annual probability of 1.3% (or once in 75 years on average). 
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Figure 4.9 Residential properties at significant likelihood of river flooding 
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Expected Annual Damage to residential property (river flooding)
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Figure 4.10 EAD for residential properties: river flooding 

FL7 - Non-residential properties at significant likelihood of flooding (FL7a: 
number; FL7b: EAD) 

The response functions have been calculated using counts of the number of non-
residential properties by region and the associated EAD.  The functions have been 
calculated for tidal and river flooding but not surface water flooding.  

FL13 - Residential properties at significant likelihood of flooding (to assess 
insurance impacts) 

This metric is used to provide an indication of the impact of increases in flood risk on 
property insurance.  This is based on the response function for metric FL6a (Number of 
residential properties at significant likelihood of flooding).  Figure 4.9 shows the 
response function for river flooding. 

4.10 HE1 – Temperature mortality (Heat) and HE5 
Temperature mortality (Cold) 

The analysis of these metrics is mainly based on two papers: Hajat et al. (2007) who 
considered both heat and cold related deaths over the period 1993-2003, and 
Armstrong et al. (2010) who considered just heat related deaths over the period 1993-
2006.  Both papers considered an epidemiological time series of daily mortality rates 
and daily mean or maximum temperatures for regions in England and Wales.   

Based on the analysis carried out, both papers presented regional current-day 
exposure-response functions (including confidence bands) linking excess daily 
mortality (heat related), or premature deaths, correlated against daily mean or 
maximum temperature, population and a baseline mortality rate for each region.  Hajat 
et al. (2007) also showed the same relationship for cold related mortality, or premature 
deaths avoided. 

For this analysis, it is assumed that these current-day exposure-response functions do 
not change over the rest of the century, as there is insufficient published evidence on 
the effects of autonomous and planned adaptation on temperature-related mortality. 
The Health sector report applies the response functions set out in Hajat et al. (2007) 
and Armstrong et al. (2010) for the regions in England and Wales.  For Scotland and 
Northern Ireland, the heat and cold slopes corresponding to the North East and North 
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West of England respectively were used.  These regions were considered the most 
representative of Scotland and Northern Ireland and provide a conservative estimate of 
heat and cold related mortality. 

4.11 HE2 – Temperature morbidity (Heat) and HE6 
Temperature morbidity (Cold) 

There is evidence that both very high and very low temperatures have an impact on a 
range of morbidity outcomes. Morbidity rises in hot weather, particularly in the elderly, 
very young and sick people (Vassallo et al., 1995). Elderly people are vulnerable to 
heat stress, especially those in hospital or long-term care institutions.  

A selection of studies summarised in the Health sector report show that generally 
hotter climatic conditions and more frequent and intense heatwaves are likely to cause 
an increase in patient-days per year in hospital in the UK due to heat-related illness 
(i.e. hospital admissions attributable to high temperatures but not necessarily 
diagnosed as hyperthermia, heat stroke, etc.).   

The rate of change is more uncertain than that of heat-related mortality (probably 
because many heat-related deaths occur before the sufferers come to medical 
attention), and little work has been carried out in this area.  However, Donaldson et al. 
(2002) indicates a linear relationship between heat related mortality and heat related 
patient-days which they calculated as 1 death for every 102 patient days in hospital.  
Although this figure can be considered highly uncertain due to the very limited 
published evidence, it is the only known indication of an exposure-response function for 
this metric in the UK.  Nevertheless, this empirical relationship between heat-related 
deaths and hospital patient days per year in the UK obtained from the Donaldson et al. 
(2002) study has been used to make quantitative estimates of heat related morbidity for 
illustrative purposes only. 

Heat related morbidity is therefore tentatively determined by multiplying the heat 
related mortality deaths (HE1) by a factor of 102.  The same factor is also used to 
estimate the reduction in cold-related hospital patient days per year resulting from 
milder winters (HE6). 

4.12 HE3 – Flood related deaths 

The Health sector report (Hames and Vardoulakis, 2012) provides detailed discussion 
of how response functions have been developed to provide estimates of future 
mortality rates due to fluvial and tidal flooding including violent wave overtopping. 

An assessment of past flood events in the UK, together with recent flash flood events in 
Western Europe from the EMDAT database, indicates an average mortality rate due to 
fluvial flooding of approximately 3 per year.  In view of the potential for very severe 
flash floods as well as more minor flood events, some of which may not be widely 
reported or necessarily attributed to extreme flood events, an average fatality rate of 
between 5 and 10 per year is considered likely.  A fatality rate of 8 per year has 
therefore been adopted for this analysis. 

For coastal flooding, an average fatality rate has also been established through 
examination of previous events.  Severe but very rare coastal flooding events could 
potentially lead to hundreds of deaths.  For example, there were over 300 deaths in 
1953.  However the average yearly rate is small, possibly in the region of about 2 to 5 
per year, and a central estimate of 3 has been assumed for this analysis.  This 
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relatively small number compared with deaths from other causes, for example heat 
waves, demonstrates that the number of deaths as a result of extreme event coastal 
flooding is not anticipated to be large.  

As part of an unofficial data gathering process for the Violent Overtopping of Waves at 
Seawalls Project (http://www.vows.ac.uk/), a record of deaths due to overtopping of 
water of seawalls or land recorded in the media has been kept.  Although this provides 
only a limited sample of data, the study suggests a baseline rate of fatalities due to 
overtopping of 7 per year. For future risk, fatalities would be expected to be related to 
the increase in wave activity nearshore, which in turn due to depth limited effects, can 
be considered a function of sea level rise.  The analysis provides a response function 
that estimates an exponential increase in deaths due to overtopping as sea level rises. 

Thus the total baseline number of deaths per year is 18.  Response functions are 
provided in the Health sector report for these three different causes of mortality from 
flooding and storms. 

4.13 BU6 – Increased exposure for mortgage lenders 

Climate change is projected to cause an increase in flood probability to properties, 
including flooding from tidal, fluvial and surface water sources (Pitt, 2008).  As the 
probability of flooding increases, insurance for properties that flood may be increasingly 
costly or difficult to obtain in certain circumstances.  There are already cases in the UK 
where property insurance is either not obtainable or very expensive. 

For the purposes of this analysis, the number of residential properties at significant 
likelihood of tidal and river flooding is used as an indicator of the impact of flooding on 
the availability of insurance, and consequently on the gross level of mortgage lending 
exposed (metric FL6a, see Section 4.9). Here, the baseline (current) sea level and river 
flow peak data are used to derive the existing level of significant likelihood of flooding 
to properties in different regions (by numbers of properties).  

This total mortgage fund value at risk is then calculated based on the total value of 
mortgages for residential properties at significant likelihood of flooding and taking into 
account the possible proportion of value that may be affected.  Full details of the 
analysis are provided in the Business sector report (Baglee et al., 2012). 

4.14 BU10 – Loss of staff hours due to high internal 
building temperatures 

BE3, overheating of buildings, has been extended to consider the implications of 
overheating on productivity in the work place. The combination of overheating and 
warm weather periods has been observed to produce two responses in the workforce; 
increased absenteeism (Kronos, 2007) and reduced productivity (Parsons, 2009).  The 
fall in productivity when working in high temperatures has been examined by the 
National Institute of Occupational Safety and Health in the US (cited by CEBR, 2003; 
NIOSH, 1986) and a response function based on an interpretation of their estimates is 
presented in Figure 4.11 (left plot). 

http://www.vows.ac.uk/�
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Figure 4.11 Fall in productivity as a function of temperature 
Interpreted from NIOSH (1986) estimates (left plot). The function is used to estimate the duration above 

the threshold based on minimum, maximum and mean daily temperatures (red line), compared with 
observations (blue dotted line) for a typical hot day19 (right plot). 

 
 

The relationship between fall in productivity and temperature has been used with some 
scaling components to take into account applicability within the UK, as the response 
function for this metric.  Full details are provided in the Business sector report (Baglee 
et al., 2012). 

 

                                                           
19 Based on observed air temperatures in Southampton on 27 June 2010 (source: www.sotonmet.co.uk) 
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5 Estimates of Change with 
Selected Climate Scenarios 

5.1 Introduction  

The purpose of this step is to apply the UKCP09 projections to the response functions 
developed in Section 4 in order to estimate their evolution under different future 
scenarios. It is based on scaling using the relevant climate variable(s) and/or expert 
opinion and provides consistent assessment in the context of the UKCP09 projections.  

The results presented in this section only consider climate change sensitivity. No 
change is made to the current socio-economic baseline. Social and economic drivers 
are only introduced in Section 6.  

M 
Confidence assessment from high 
(H) to low (L)

3 High opportunity (positive) 

2 Medium opportunity (positive) 

1 Low opportunity (positive) 

1 Low risk (negative) 

2 Medium risk (negative) 

For each metric a scorecard is given at the 
start of each section to indicate the 
confidence in the estimates given and the 
level of risk or opportunity.  Confidence is 
assessed as high (H), medium (M) or low 
(L).  Risks and opportunities are scored 
either high (3) medium (2) or low (1) (shown 
to the right).  These are given for the lower 
(l), central (c) and upper (u) estimates for the 
2020s, 2050s and 2080s.  Further 
information is provided in Appendix 3.  
Where estimates are uncertain, or no data is 
available, this is stated in the scorecard. 3 High risk (negative) 

 

5.2 Data used 

The following data were used in the estimation of the impact of climate change with 
selected climate scenarios: 

 Mean average daily temperature (degrees Celsius) over the period 1990 – 
2009: data supplied by the Met Office (to provide baseline information). 

 Change in population for the water supply-demand balance: based on data 
taken from the ONS. 

5.3 Use of UKCP09  

The full UKCP09 data set was downloaded from the internet20, for the 2020s, 2050s 
and 2080s, for the Low, Medium and High emissions scenarios. The following variables 
were used:  

                                                           
20 http://ukclimateprojections-ui.defra.gov.uk 
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 Change in minimum air temperature: summer (degrees Celsius) 
 (Change in future 30-year average of seasonal minimum air temperature at 
1.5m from the baseline climate (1961-1990) long-term average). 

 Change in mean annual temperature (degrees Celsius)  
 (Change in future 30-year average of annual average air temperature at 
1.5m from the baseline climate (1961-90) long term average).  

 Change in mean average air temperature: summer (degrees Celsius) 
(Change in future 30-year average of seasonal maximum air temperature at 
1.5 metres from the baseline climate (1961-1990) long-term average). 

 Change in mean average air temperature: spring (degrees Celsius) 
(Change in future 30-year average of seasonal maximum air temperature at 
1.5 metres from the baseline climate (1961-1990) long-term average). 

 Change in mean average air temperature: autumn (degrees Celsius) 
(Change in future 30-year average of seasonal maximum air temperature at 
1.5 metres from the baseline climate (1961-1990) long-term average). 

 Change in mean average air temperature: winter (degrees Celsius) 
(Change in future 30-year average of seasonal maximum air temperature at 
1.5 metres from the baseline climate (1961-1990) long-term average). 

 Change in summer period precipitation (%)    
 (Change in future summer average precipitation from the baseline climate 
(1961-90) long term average). 

5.4 BE1 – Urban Heat Island 

Summary Class 

2020s 2050s 2080s 
Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

BE1 Urban Heat Island H Too uncertain21 

 
Several factors may contribute to the future intensification of the UHI. Climate change 
impacts, such as rising average temperatures, more frequent and intense heatwaves 
and more cloud-free days, will increase the amount of heat within the urban area. Drier 
summers may also lead to loss of evaporative cooling from green infrastructure (see 
BE5 Effectiveness of Green space). An increase in population density may lead to 
urban creep and loss of permeable green space. Anthropogenic heat emissions 
already contribute to the summer UHI within London, but this could increase in future if 
air-conditioning is widely adopted, (for example in the domestic sector). 

Urban effects are not included in the UKCP09 projections. Therefore the Urban Heat 
Island effect is not explicitly represented, either in the baseline data or in the future. 
Nonetheless, urban temperatures would be expected to rise in line with the projected 
temperature increase. In London, for example, a 1.6°C rise in summer minimum air 
temperature is projected under the p50 Medium emissions scenario by the 2020s; this 
is projected to rise to 2.9°C and 4.1°C under the same scenario by the 2050s and 
2080s respectively. Projected changes in summer minimum air temperatures under 

                                                           
21 BE1 is too uncertain to assess UK-wide but has high confidence as the magnitude is site specific 
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different scenarios are summarised in Table 5.1. These figures may underestimate the 
overall change in temperatures in urban areas, as they are summer averages and 
therefore do not consider extremes, such as during a heat wave when the UHI intensity 
is greatest. 

Minimum night-time temperatures are an important factor in determining levels of heat 
stress which may be harmful to health. The precise health consequences of higher 
night-time temperatures is an area of ongoing research (e.g. Dousset et al., 2011). 
Nevertheless, a guide as to when night-time temperatures trigger potential negative 
health consequences amongst the vulnerable is provided in present heat wave 
planning guidance; threshold day and night temperatures are defined by the Met Office 
for each region of England in the Heatwave Action Plan as summarised in Table 5.2. 

UKCP09 projections for mean average night-time summer temperature under the p50 
Medium emissions scenario are shown in Figure 5.1. It is interesting to note that by the 
2080s under this scenario the current threshold temperature would be below the 
projected average night-time temperature in some parts of Southern England and 
Wales. Given the UKCP09 projections of Figure 5.1 it is likely that an increased 
frequency of night-time temperature heat wave action triggers would occur in London 
and the South East by the 2020s. The frequency of heat stress events would also 
increase in other regions of England and Wales, with a northwards shift by the 2050s 
and beyond.  

Over time, some physiological and behavioural adaptation to increased temperatures 
would be expected, as reflected in the regional variation in the action plan threshold 
temperatures, but the extent of such human adaptation is difficult to quantify. 
Nevertheless, it is still anticipated that heat stress would become an increasing 
problem in the event of a warmer climate. Heat-related health consequences and the 
potential for physiological adaptation are considered in more detail in the Health sector 
report and are summarised elsewhere in this report. 
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Table 5.1 Projected change in summer minimum air temperature 

 2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East of England 0.6 1.5 2.7 1.1 2.5 2.7 3.1 5.3 1.3 3.0 3.9 5.0 8.4 

East Midlands 0.6 1.5 2.6 1.1 2.4 2.7 3.1 5.2 1.3 2.9 3.8 4.9 8.2 

London 0.6 1.6 2.9 1.2 2.7 2.9 3.4 5.6 1.4 3.2 4.1 5.4 9.0 

North East 0.5 1.4 2.6 1.0 2.2 2.5 2.8 4.8 1.1 2.7 3.6 4.6 7.7 

North West 0.5 1.5 2.6 1.0 2.3 2.5 2.9 4.9 1.1 2.7 3.6 4.6 7.8 

South East 0.6 1.7 2.9 1.2 2.7 2.9 3.4 5.7 1.4 3.2 4.2 5.4 9.1 

South West 0.5 1.6 2.9 1.0 2.5 2.9 3.3 5.5 1.2 3.1 4.1 5.3 8.8 

West Midlands 0.5 1.5 2.7 1.0 2.4 2.7 3.1 5.2 1.2 2.9 3.9 5.0 8.4 

Yorkshire and The Humber 0.6 1.5 2.5 1.1 2.3 2.6 3.0 4.9 1.2 2.8 3.7 4.7 7.9 

Eastern Scotland 0.6 1.5 2.5 1.1 2.3 2.5 2.9 4.9 1.2 2.8 3.7 4.6 7.7 

Northern Scotland 0.5 1.3 2.5 0.9 2.1 2.3 2.6 4.4 1.1 2.6 3.3 4.2 6.9 

Western Scotland 0.5 1.4 2.5 0.9 2.1 2.4 2.7 4.6 1.0 2.6 3.5 4.4 7.4 

Northern Ireland 0.4 1.4 2.5 0.9 2.1 2.4 2.8 4.6 1.2 2.6 3.6 4.5 7.4 

Wales 0.5 1.5 2.6 0.9 2.3 2.6 3.0 5.0 1.1 2.8 3.8 4.9 8.0 

Channel Islands 0.4 1.5 2.8 1.0 2.4 2.7 3.1 5.2 1.2 2.9 4.0 5.0 8.4 

Isle of Man 0.4 1.3 2.3 0.8 2.0 2.2 2.5 4.3 0.9 2.4 3.2 4.1 6.9 

Source: UKCP09 change in minimum air temperature – summer (degrees Celsius)  
(Change in future 30-year average of seasonal minimum air temperature at 1.5m from the baseline climate (1961-1990) long-term average). 
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Table 5.2 Heatwave Action Threshold Temperatures 

Region Day Temperature (°C) Night Temperature (°C) 

London 32 18 

South East 31 16 

South West 30 15 

Wales 30 15 

Eastern 30 15 

West Midlands 30 15 

East Midlands 30 15 

North West 30 15 

Yorkshire and Humber 29 15 

North East 28 15 

Source: Department of Health and Welsh Government, 2010 
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2020s 2050s

2080s

 
 

Figure 5.1 UKCP09 projected mean average night-time temperatures 

Summer season – p50 Medium emissions scenario 
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5.4.1 Urban Heat Island and climate change research 

The spatial scale in the UKCP09 regional climate change models is too large for urban 
heat islands to be represented explicitly. Understanding the future evolution of the UHI 
under climate change is an active and rapidly evolving area of research. The EPSRC 
has funded a number of research programmes in this area, including LUCID (focussed 
on London) and SCORCHIO (focussed on Greater Manchester). A number of 
‘downscaling’ models have been developed in order to deepen understanding of the 
UHI and also to disaggregate climate change from other contributing factors such as 
green infrastructure and anthropogenic heat emissions. Unfortunately final results from 
these valuable projects were not yet available at the time of the CCRA Tier 2 analysis. 
It is only more recently that they have been disseminated. A brief overview of their 
outputs is given here. 

In the ARCADIA project, a new version of the Met Office Hadley Centre’s regional 
climate model that includes the effects of land surface and anthropogenic heat 
emissions was coupled with a weather generator to analyse temperature in London 
under current and future conditions (Hall et al., 2009). The results suggest that: 

 By the 2050s, one third of London's summer may exceed the Met Office 
current heat wave temperature threshold. 

 Land use planning has a notable effect on the number of people exposed to 
heat waves, but is much less important than the change in climate. 

 A threefold increase in anthropogenic heat emissions (e.g. from air 
conditioning) on top of climate change has a negligible impact on maximum 
day-time temperature, but would raise minimum night-time temperatures by 
about 0.5°C which would aggravate heat stress. 

Similarly, within the SCORCHIO project, adapted versions of the Hadley Centre climate 
models (the global model HadAM3 and more recently the regional model HadRM3), 
which include urban and other land surface properties and anthropogenic heat sources, 
have been used to explore local urban heat island effects (McCarthy, 2010). Outputs 
from the regional model provide an indication of where UHI effects are projected to 
significantly influence night-time temperature in the UK, as illustrated in Figure 5.2 
which shows projected increases compared with the baseline used for UKCP09 (of 
1961-90). This would suggest that the major consequences are likely to be 
experienced in the Greater London and Greater Manchester areas in the time horizon 
to the 2050s (McCarthy et al., 2011). 

The SCORCHIO project has also developed a method for combining the outputs of the 
regional climate models with the UEA Weather Generator to create synthetic daily time 
series of weather variables (including temperature and rainfall) at 5 km resolution, with 
an improved representation of the UHI. 

Results from the SCORCHIO models show that, in the UK, urban and rural areas are 
warming at the same rate. There is no increase in the intensity of the UHI as a result of 
projected changes in climate. However, UHI intensity alone is not a useful gauge of the 
potential impacts of urban climate change, which will be most strongly felt during 
extreme events. An extreme heat island event during relatively cool conditions will be 
less significant for human comfort than a small heat island during a heat wave for 
example. Therefore, although UHI intensity does not necessarily increase under 
climate change, the UHI does exacerbate the frequency of extreme heat events as 
experienced by urban dwellers. 

These new climate projections for urban areas are being used in building simulation 
models to provide information about the risk of overheating. They also form the basis of 
a GIS-based city-scale hazard model, SCHEEME (Sustainable Cities Heat, Energy and 
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EMissions Evaluation). The SCHEEME model incorporates all elements of the 
SCORCHIO project and allows modelling of future climate risk and vulnerability, 
especially health and human comfort (i.e. overheating), within urban areas. 

Following on from SCORCHIO, the COPSE project (which is currently ongoing) has 
collected detailed temperature data within the Greater Manchester urban area and has 
produced a tool to modify UKCP09 data to include UHI effects. 

The LUCID project has developed a suite of urban climate models, which run at city, 
neighbourhood and street scales respectively in order to quantify the effect of 
urbanisation processes on local environmental conditions. A further suite of impact 
models has also been developed in order to investigate the impact of such conditions 
on comfort, energy use and health. 

The LUCID city-scale urban climate model demonstrates that urban land-use 
distribution is key to urban temperatures; the current scattered greening in London has 
a cooling effect on the city. However, in order to affect the city-scale UHI the greening 
needs to be extensive. Winds are also an important cooling mechanism.  

Building form has a moderate impact on urban temperatures. Increasing the surface 
albedo, with white roofs for example, leads to daytime cooling. At present, the UHI 
significantly reduces winter heating demand and thus has a net energy benefit for 
London. However, this balance could be tipped if air-conditioning is widely adopted, for 
example in domestic buildings. In this scenario, anthropogenic heating is likely to be a 
significant contributor to the UHI effect in summer. 
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Projected minimum temperature 
without urban heat island effects 

Projected minimum temperature with 
urban heat island effects included 

Difference between the two projections  
Source: Met Office Hadley Centre (© Crown copyright) 

Figure 5.2 Increase in minimum temperature (°C) in period 2041 – 2050  

Compared with 1961-90 baseline, based on Met Office modelling 
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5.5 BE2 – Subsidence 

Summary Class 

2020s 2050s 2080s 
Metric 
code 

Metric name 

C
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l c u L c u l c u 

BE2 Subsidence M 1 1 2 1 2 2 1 2 2 

 

The change in the projected number of household incidents of subsidence under the 
different climate change scenarios considered in this study is summarised in Table 5.3.  
It should be noted that this analysis is based upon change to summer rainfall and 
hence may underestimate the overall impact.  

Based on the response function developed in Section 4.3, an increase in the number of 
incidents of subsidence is projected in all regions where shrink-swell soils are present 
under a p50 Medium emissions scenario.  This reflects a reduction in summer 
precipitation and the increased likelihood of prolonged drier spells in summer months.   

For example, the average increase in the number of houses suffering subsidence in 
regions with shrink-swell clay soils is projected to be about 17% by the 2050s under a 
p50 Medium emissions scenario.  This ranges from a reduction of about 10% to an 
increase of about 30% for the range for climate change scenarios used in the analysis.  
The results in Table 5.3 show that the range of projections is wide, reflecting the 
uncertainty in the projected changes in summer precipitation.  For example, for all p90 
scenarios (i.e. those with the highest amount of rainfall in the summer) the potential risk 
of subsidence is projected to reduce. 

There is likely to be a degree of autonomous adaptation associated with this impact, 
thereby potentially reducing the overall increase in risk.  Subsidence resulting from 
shrink-swell incidents is most likely to affect older dwellings with less resilient 
foundations. New developments in high-risk areas are required by Building Regulations 
to demonstrate sufficient resilience in their design to withstand ground movements. As 
a result, despite projected population increases in a number of the regions where 
shrink-swell soils are present, and a consequential increase in housing numbers, new 
developments should not increase the risk of additional subsidence incidents. 
Furthermore replacement of existing aged stock is likely to reduce the risk of incidents 
(although this effect will be limited given current replacement rates). 
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Table 5.3 Projected number of domestic subsidence incidents per annum 

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region 
2008 

baseline P10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East of England 6,114 7,426 6,499 5,427 8,016 6,818 7,084 7,122 5,694 8,141 6,901 7,299 7,635 5,805 

East Midlands 1,365 1,642 1,445 1,212 1,767 1,513 1,569 1,578 1,273 1,797 1,528 1,616 1,682 1,297 

London 17,413 21,486 18,635 15,068 23,261 19,562 20,376 20,489 15,948 23,648 19,869 21,042 22,049 16,308 

North East - - - - - - - - - - - - - - 

North West - - - - - - - - - - - - - - 

South East 3,823 4,734 4,090 3,329 5,116 4,319 4,496 4,521 3,520 5,197 4,367 4,637 4,850 3,610 

South West 824 1,023 882 721 1,112 934 975 982 756 1,131 946 1,009 1,058 781 

West Midlands - - - - - - - - - - - - - - 

Yorkshire and 
The Humber 

161 195 173 147 212 183 189 189 157 215 187 196 203 162 

Scotland - - - - - - - - - - - - - - 

Northern Ireland - - - - - - - - - - - - - - 

Wales - - - - - - - - - - - - - - 

Notes:  
1 Blank entries denote regions where no clay soils with significant shrink-swell potential are present and therefore the risk of subsidence is much lower. 
2 p90 is wetter than p10 and therefore has a lower projected number of subsidence incidents. 
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5.6 BE3 – Overheating of buildings 

Summary Class 

2020s 2050s 2080s 
Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

BE3 Overheating of buildings H 1 2 2 2 2 3 2 3 3 

 

The projected changes in daily maximum temperature for the UKCP09 scenarios have 
been added to the baseline temperature dataset of Armstrong et al. (2010). The 
method described in Section 4.4 (i.e. counting the number of days above a threshold 
for each scenario) has then been applied and an estimated change in the number of 
days at risk of overheating in non-domestic buildings under each climate scenario 
calculated.  The outcomes are summarised in Table 5.4.   

This metric has been restricted to non-domestic buildings because data are available 
on the main issues of maximum day-time temperatures and work place productivity.  
The issues for domestic buildings are more difficult to assess and include both day-
time and night-time discomfort during periods of high temperatures.  Mortality and 
morbidity impacts on people caused by heat were assessed in the Health sector and 
have been included elsewhere in this report. 

It should be noted that the method of calculation used assumes that the current pattern 
of daily variability in maximum temperature will persist. The UKCP09 projection for 
change in maximum temperature is also applied uniformly across each season and 
region. This also assumes that there is no change in the underlying weather pattern 
and that the diurnal variation is constant from day to day (which is clearly not the case). 

The results suggest that increased risk of overheating is a very real threat under all 
except the lowest p10 scenarios. The risk increases towards the South and East. 
Unsurprisingly, the highest risk occurs in London. By the 2020s, the risk of overheating 
is projected to approximately double under the p50 Medium emissions scenario. By the 
2050s the number of days for which the maximum temperature is 26°C or more is 
projected to increase by values ranging from 11 days in the North East to 32 days in 
London under the Medium emissions p50 scenario. 

By the 2080s, under the Medium emissions p50 scenario, a maximum daily 
temperature of 26°C or above is projected to occur on approximately 30 days a year in 
the northerly regions and Wales and on about 70 days a year in London (baseline of 18 
days plus a projected increase of 51 days). Under the high p90 scenario, a maximum 
daily temperature of 26°C or more is projected to occur on about 80 days in the North 
East and about 120 days (i.e. 4 months) in London. This indicates that such high daily 
maxima could become the norm during summer. 

These results do not discriminate between rural and urban areas. However, the 
baseline Tmax dataset of Armstrong et al. (2010) is population weighted. Hence one 
would expect it to provide a reasonable baseline for urban areas. This analysis also 
excludes night-time minimum temperatures, which are important in the Urban Heat 
Island effect and critical for buildings such as hospitals22, which are continuously 
occupied. 

                                                           
22 Consideration could be given developing a more sensitive response function for hospital overheating in 
the future. 
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At present energy efficiency is being driven by winter heating rather than summer 
cooling. However, given that working environments are typically in use during the 
hottest part of the day, they also have to consider maximum daytime temperatures. 
Clearly building form is a major influence on the risk of significant overheating; 
vulnerable building types include: 

 Modern highly insulated lightweight buildings. The lack of exposed thermal 
mass in these structures means that, during hot days, they have neither the 
capacity to soak up heat gains, nor any thermal mass to act as a source of 
‘coolness’. 

 Buildings with excessive south and west facing glazing, where incident 
solar radiation creates major solar gains. 

Older buildings, which have high thermal mass and smaller shaded windows, would in 
general be less vulnerable, if used correctly. 

‘Mixed mode’ design, where passive cooling measures are used in the first instance, 
with mechanical ventilation used only as a back-up, is likely to become increasingly 
important given wider targets to reduce overall energy consumption and associated 
carbon emissions. There is, however, always the danger that any ‘back-up’ cooling will 
be used much more frequently than intended. Discouraging extensive use of 
mechanical air conditioning would also avoid maladaptation in the form of significant 
additional exhaust heat from buildings, which would exacerbate local urban heating 
effects. 

In terms of new build design therefore, there is potential to reduce the risk of 
overheating through appropriate adaptive design.  This could be driven primarily by 
Building Standards to ensure widespread uptake. ‘Green’ building rating systems such 
as BREEAM could also influence some clients (although currently their focus is much 
more on climate change mitigation). Measures such as provision of thermal mass, 
adequate air-tightness, effective summer shading and appropriate use of building 
insulation could all assist in maintaining thermal comfort conditions both in winter and 
summer periods. 

These results do not take into account physiological adaptation or behavioural 
adaptation options within the working environment, for example change in dress codes 
and/or working hours. These are difficult to quantify and have not been included within 
this stage of the CCRA. Nonetheless, such “soft” adaptation measures can help 
mitigate overheating and, given the level of risk, should definitely be considered 
alongside other adaptation options such as changes to building design. 

It important to note that an absolute comfort threshold temperature has been used to 
derive these results. As previous discussed in Section 4.4, overheating and 
overheating criteria are the subject of ongoing research. An alternative adaptive 
approach to thermal comfort has been proposed (Nicol et al., 2009), in which the 
‘comfort temperature’ in a naturally ventilated building is calculated from the running 
mean of the outdoor temperature. If such an approach were to be adopted by CIBSE 
for use within the UK, it would necessitate a complete overhaul of the analysis 
presented here. 

5.6.1 Hospitals 

As with other buildings, the risk of overheating would increase under climate change in 
existing hospitals. For new-build, the current tendency is to build deep-plan, air-
conditioned hospitals. Such designs were originally developed to provide an artificial 
environment when set in harsh climates such as the American mid-West. Also, the 
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NHS is already responsible for a third of public sector carbon emissions in the UK. 
Increasing carbon emissions resulting from air conditioning does not sit well with 
current carbon reduction targets. 

In some situations, passive adaptive solutions may be preferable. These are potentially 
more conducive to providing the therapeutic environment discussed in Section 4.4.1 
but there are considerable barriers to innovation in the hospital environment. For 
example, an overhead ceiling fan may be viewed as an infection control issue.  As 
discussed in Section 4.4.1, it is extremely difficult to rely on natural ventilation when 
window openings must be less than 100mm.   

The building overheating metric above gives some indication of the extent to which hot 
days may increase the risk of overheating. However, unlike many other non-domestic 
buildings, hospital wards are occupied 24 hours a day. Therefore it is important to 
consider what night-time temperature is comfortable for patients to sleep (and for staff 
to work at night). As discussed in Section 5.4 above, during hot spells, high night-time 
temperatures can also have adverse consequences for health. 

Nevertheless, there is a lack of evidence as to what constitutes the ideal temperature 
for sleep within a hospital environment and temperature thresholds at which clinical 
recovery is impaired. There is also conflicting guidance within the technical documents 
(e.g. Health Technical Memorandum versus CIBSE guidance). Hospitals generally 
used fixed temperature set points with no night setback. However, different hospitals 
use different set points; the De2RHECC project has monitored one maternity hospital 
heated to 25-26C, another used a lower temperature set point of 22-23C. Both these 
temperatures are higher than typical temperatures for a domestic bedroom, for which 
CIBSE defines 23C and 26C as the comfort and overheating thresholds respectively. 

Improved temperature controls and facilities management including setting back the 
internal temperatures at night would allow some cooling of the building fabric overnight 
and could markedly improve current performance. These issues, which are being 
examined by the ongoing De2RHECC project, should be considered before making 
changes to the building fabric. 

Minimum night-time temperatures are projected to rise in summer (see Section 5.4) 
and this would affect the performance of all buildings. For buildings such as hospitals, 
which are occupied 24 hours a day, there are particular issues to consider such as the 
comfort of patients and the capacity to cool the building fabric at night while it is still 
occupied. However, given that the current regime does not allow for optimum building 
performance, it has not been possible within the CCRA to quantify how the risk of 
overheating would change in future. What can be said is that the risk of overheating, 
both now and in the future climate, is likely to vary with geographical location within the 
UK. It is therefore imperative that detailed design decisions are made on a site-specific 
basis, taking into consideration both current weather data and future climate 
projections for the location. 

5.6.2 Schools 

In the case studies described previously (Section 4.4.2), overheating risk was 
examined under future climate scenarios, using a variety of different measures. The 
results are summarised here. 

The second type of school, built in the 1960s, has the worst thermal performance and 
greatest risk of overheating under future climate scenarios. Even substantial 
refurbishment and retrofit measures may not be sufficient to prevent future overheating. 
CIBSE TM36 recommended demolition and rebuild as the best option in such cases. 
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The Victorian era school is likely to overheat in the near future (2020s or 2050s), but 
retrofit measures such as night cooling and solar shading can be employed to increase 
occupant comfort. 

The performance of a recently built school depends upon its thermal mass. The 
London case study school has a more heavyweight construction and therefore 
performs well under the projected climate change scenarios until the 2080s. The 
Manchester case study school, although it experiences lower ambient external 
temperatures, is of a more lightweight construction.  It would therefore require 
adaptation measures to be undertaken on a shorter timescale. 

As discussed in Section 4.4.2, the design of a good teaching environment requires a 
balance between well lit classrooms during the day, good acoustics and good indoor air 
quality and thermal comfort throughout the year. There are potential conflicts between 
these requirements, e.g. large windows for providing day light could lead to excessive 
solar gain in summer. Hence quality design through an integrated process is essential 
in order to achieve a balanced passive design, without resorting unnecessarily to 
mechanical solutions. 
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Table 5.4 Increased risk of overheating in non-domestic buildings 

Change in number of days per year at risk of overheating (Tmax  26) under climate change scenarios. The average number of days for which Tmax  26 in the baseline 
climatology is also given. 

TIMEFRAME: 
1993-
2006 

2020s 2050s 2080s 

Medium Low Medium High Low Medium High 

Region/country 
Base-
line p10 p50 p90 p10 P50 p50 p50 p90 p10 p50 p50 p50 p90 

North East 2 1 5 12 3 9 11 14 37 3 13 20 31 80 

North West 5 1 6 13 3 11 12 15 42 4 14 24 36 90 

Yorks & Humber 7 1 6 15 3 12 14 18 42 4 16 24 36 83 

E Midlands 10 2 8 20 4 17 19 24 54 5 23 32 47 93 

W Midlands 9 2 10 23 5 18 21 26 62 6 24 37 55 97 

East of England 13 2 11 27 5 23 25 31 66 6 30 42 59 100 

London 18 4 15 33 7 29 32 39 74 9 36 51 67 103 

SE England 11 2 11 27 6 24 27 33 73 7 31 46 66 103 

SW England 5 2 9 22 4 17 21 25 69 4 23 39 61 101 

Wales 3 1 6 13 2 10 13 16 46 3 14 25 38 94 
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5.7 BE5 – Effectiveness of green space 

Summary Class 

2020s 2050s 2080s 
Metric 
code 

Metric name 

C
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l c u l c u l c u 

BE5 Effectiveness of green space M 1 1 2 1 2 3 2 3 3 

 
The relationship between effective green space and relative aridity developed as a 
response function was presented in Figure 4.6.  A relative aridity score of less than 1 
suggests little change in baseline conditions; it is therefore assumed that this has little 
effect on the cooling capacity of urban green space. A relative aridity score of between 
1 and 2 suggests more arid conditions in comparison with the baseline period; a score 
of greater than 2 suggests extremely arid conditions in comparison with the baseline 
period. 

The impact of relative aridity on the effective area of urban green space in England 
under the climate change scenarios considered here is summarised in Table 5.5.  This 
implies that a loss of approximately 30% of effective green space by the 2080s (p50 
Medium emissions scenario) might occur as an average across England.  The range of 
projections by the 2080s is from 2% to over 70%. 

Table 5.5 Reduction in effective green space  
(Percentage change in total area) 
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2008 
baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

0.0 0.0 0.6 12.2 0.0 11.8 16.4 20.6 39.6 2.2 19.2 30.8 42.8 71.6 

 

It has to be noted that this metric provides only a very general guide to the connection 
between the reduced effectiveness of urban green space and more prolonged dry, 
warm periods. It cannot take account of urban microclimates and thus does not 
account for any UHI effects, for example. 

Clearly the nature of urban green space has a major bearing on the cooling capacity it 
provides; for example the moisture released during transpiration from trees can assist a 
reduction in air-conditioning requirements within a given building. The value of such 
space in terms of its amenity, recreation and health benefits is widely acknowledged. 
Its cooling value is also recognised within heat wave planning; The Heatwave Plan for 
England (DoH 2010) makes several specific recommendations regarding the use of 
green space.  

The value of green space cooling in terms of reducing localised urban heating effects 
has been demonstrated (see Section 5.4). Clearly a reduction in cooling capacity due 
to changes in relative aridity would reduce the capacity of local environments to 
minimise UHI effects. Conversely the benefits of the green space can be maximised by 
suitable choice of trees and vegetation and effective management in terms of general 
husbandry and scheduled watering regimes. In the case of trees, it may take decades 
for them to come to maturity and provide a shading benefit. Replacement therefore 
needs to be carefully managed if the overall cooling capacity is not to be compromised. 
‘Right tree, right place’ principles should be followed for all green infrastructure 
(Greater London Authority, 2010a, 2010b). 
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Recent research for Defra and DCLG identified several knowledge gaps in this area 
(Forest Research, 2010). More detailed, statistically valid experimentation is necessary 
to improve understanding of the mechanisms by which vegetation cools the 
surrounding environment (Bowler et al., 2010). More information is also needed on 
suitable species for use in climate change adapted green infrastructure and their 
physiological characteristics, such as heat and drought tolerance and resistance to 
frost damage. 

While increasing population in urban areas may put pressure on existing green space 
in terms of a change in land use, increasing population in itself is not a driver of 
effectiveness of the green space to provide local cooling. This would also be true of 
changes in the number of domestic or non-domestic buildings within urban areas.  

5.8 BE9 – Demand for heating 

Summary Class 

2020s 2050s 2080s 
Metric 
code 

Metric name 
C

o
n

fi
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en
ce

 

l c u l c u l c u 

BE9 Demand for heating L 1 2 3 2 3 3 2 3 3 

5.8.1 Heating Degree Days and Domestic Energy Demand 

The projected change in heating degree days for each region has been calculated 
using UKCP09 projections of changes in mean temperature. The response function 
developed in Section 4.6 has then been used to calculate the change in domestic 
space heating demand by region. Background information on the response function is 
given in Appendix 4 and detailed results are given in Appendix 5. 

Broadly speaking there is a reduction in space heating demand in each region, directly 
correlated with increasing average temperatures. For the purposes of illustration, space 
heating demand projections under the p50 Medium emissions scenario are shown in 
Figure 5.3. 
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Figure 5.3 Projected Domestic Space Heating Energy Consumption  
(p50 Medium emissions scenario) 

 



 

 Built Environment sector 73 

There is a clear reduction in the projected levels of energy demand to heat homes 
across all regions in future decades. In the case of domestic properties, a continued 
focus on improvements to roof and cavity wall insulation in existing stock would provide 
further benefits in reducing space heating demand. Nonetheless, care must be taken 
that, in implementing such measures, the risk of summer overheating is not increased. 

In terms of fuel poverty measures, present metrics focussed on winter heating 
demands may need to be revised to consider cooling demands as well. This may be 
especially true for the elderly in providing assistance in summer heat events as well as 
in supporting energy efficiency programmes to reduce fuel costs in winter. 

5.8.2 DECC 2050 Pathways 

The DECC 2050 Pathways Report also provides trajectories for future heating demand 
(DECC 2010c). These include both climate and non-climate drivers. They are included 
here in order to provide a qualitative illustration of possible future demand. 

Figure 5.4 shows trajectories for domestic space heating and hot water energy 
demand. Level 1 includes increased user demand in terms of internal temperatures 
and hot water use, but also some increase in domestic energy efficiency. At Level 4, 
consumer demand is significantly reduced and energy efficiency significantly 
increased. 

 

Figure 5.4 DECC 2050 Pathways trajectories for heating (space and hot water) 
demand for domestic sector 

Source: DECC (2010c) 
 

Figure 5.5 shows similar trajectories for the non-domestic sector. In all scenarios 
shown the number of buildings increases by 1% per annum. At Level 1 there is little 
change either in user demand or building regulation requirements for energy efficiency. 
Level 4 includes considerable reductions in demands for space heating (90% in new 
build, 40% in old build) and hot water (30%) driven by widespread increases in energy 
efficiency, achieved by refurbishment of old buildings and improved new-build 
standards.  The results indicate the magnitude of increase that might occur with no 
adaptation actions (Level 1). 
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Figure 5.5 DECC 2050 Pathways trajectories for heating (space and hot water) 
demand for non-domestic sector 

Source: DECC (2010c) 
 

5.9 EN2 – Energy demand for cooling 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 
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l c u l c u l c u 

EN2 Energy demand for cooling H 2 2 2 2 2 3 2 3 3 

 
Two approaches are used to assess cooling demand, cooling degree days and the 
DECC pathway analysis.  Further details of the methods and results are provided in the 
Energy sector report (McColl et al., 2012). 

5.9.1 Cooling degree days 

An estimate has been made of projections of cooling degree days (CDD) as an 
indicator of how the burden of cooling demand may change in the future as a result of 
climate factors only. 

The ensemble mean simulation of CDD for 1961-1990, and the mean changes in CDD 
for the three future periods 2020s, 2050s and 2080s, are shown in Figure 5.6 (top row), 
together with the model range within the ensemble (bottom row). These results show 
that the CDD are projected to increase significantly during the twenty-first century, 
especially over southern England. The average CDD over southern England for 
the1961-1990 ensemble mean are simulated to be approximately 25 to 50, whereas by 
the 2080s they have increased to between 125 and 175.  

The projected increase in CDD is reduced with increasing latitude, such that the 
increases over northern England and Scotland are much smaller (25 to 50).  The 
variation between the projected changes in CDD also increases during the 21st century; 
the largest uncertainties are in the same locations as the largest increases in CDD.   
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From the projections of future CDD, it is possible to infer that cooling demand may 
increase in the future as a consequence of increasing temperatures.  However it is 
important to consider these projections relative to current conditions since demand 
associated with cooling is currently small compared to heating.  It could therefore be 
inferred that the increase in cooling demand based on climate factors alone could be 
met with the current capacity of the electricity network (particularly as the requirement 
for heating may reduce).   

The future requirements for cooling will be affected by a number of factors including 
wealth (and affordability) and mitigation policies, for example measures to improve the 
efficiency of the UK housing stock are likely to change the thermal properties of UK 
houses. 

5.9.2 DECC 2050 Pathways and other analysis 

The objective of the second part of this analysis is to understand how a change in 
cooling requirements will impact on energy demand.  Although there are not sufficient 
data available to carry out a quantitative analysis, there are projections of cooling 
demand available from Day et al. (2009) and DECC’s 2050 Pathway Analysis (DECC, 
2010c).  These are used to assess qualitatively the impact of climate change on 
cooling demand, as measured in terms of energy increases. 

The analysis by Day et al. (2009) examines changes to building stock, air-conditioning 
and climate affected energy demand projections for London up to 2030, varying only 
the climate change scenarios (no, low and high climate scenarios).  Under a high 
climate scenario, cooling energy demand is projected to rise from approximately 
1.6TWh in 2004 to 2.5TWh (50% increase) and under a low climate scenario it is 
projected to rise from approximately 1.6TWh to 2.2TWh (35% increase). 

Since the Day et al. (2009) study focussed on London, trajectories for UK future cooling 
demand from the 2050s Pathway Analysis are also presented here.  The trajectories 
are provided for four different levels for both domestic and non-domestic sectors; they 
are illustrated in Figure 5.7.  The domestic trajectories range from no additional 
domestic air conditioning (Level 4) to all houses installing an air conditioning system 
(Level 1).   

This results in a potential rise from 0 in 2007 to 50 TWh per year by the 2050s for 
domestic cooling demand.  It is stressed that these increases are primarily a response 
to increased wealth, although they do factor in future external temperature and climate 
change23.  They therefore reflect the total change, i.e. the combined effects of socio-
economic and climate change together, rather than the marginal change due to climate 
alone.  

The non-domestic trajectories illustrate a range of scenarios including different uptakes 
of air-conditioning and efficiencies in existing systems. At best, there is a reduction of 
about 50% compared to 2007 levels due to an increased use of passive air 
conditioning (Level 4) and at worst an increase of approximately 300% if all non-
domestic floor space install air-conditioning systems (Level 1).   

 

                                                           
23 The figures include growth in dwelling numbers, the change in average dwelling heat loss, projected changes in 
external temperature and the effect of changes to internal gains from hot water heating, lights and appliances. A cooling 
set point at an internal temperature of 23.5°C has been assumed. 
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Figure 5.6 Cooling Degree Days (CDD) from the 11 member RCM climate projections 

The baseline data (left-hand column) are the ensemble mean numbers of cooling degree days over the period 1961 – 1990 (top) and the model range (bottom row).  The next three 
columns show the projected changes in CDD from the ensemble mean changes (top row) and the model range in those changes (bottom row) for the 2020s, 2050s and 2080s. 
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Figure 5.7 Trajectories for domestic (top) and non-domestic (bottom) cooling 
demand 

Source: DECC (2010c) 

5.10 WA5 – Water supply-demand deficit  
Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
  

l c u l c u l c u 

WA5 Water supply-demand deficit M 1 1 2 1 3 3 2 3 3 
 
Key considerations for these calculations include assumptions made in the analysis 
about headroom, which is the component used to manage uncertainties in the water 
supply-demand balance, leakage, which is a significant component of the balance in 
many parts of the UK, and the current baseline surplus or deficit that exists for each 
UKCP09 river basin region.  

In this assessment the future percentage headroom is the same as in the base year. 
This ensures a consistent approach across the UK but underestimates this component 
compared to what is reported in water company plans: Headroom generally increases 
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through time as the future is more uncertain than the present. Similarly, leakage has 
not been considered in detail although this may be sensitive to climate, for example 
cold winters may increase the frequency of pipe bursts, while warmer winters may lead 
to fewer pipe bursts. Further detailed studies on climate and leakage are planned in 
2011/12 and this element may be assessed in future cycles of the CCRA.  

If supply versus demand as a simple balance of water available for use is considered, 
comprising imports and exports and ‘distribution input’ (without maintaining any 
additional allowance for uncertainties), most parts of the UK currently have sufficient 
public water supplies and some, such as the North East, have large surpluses of 
available water. This is reflected in assessments in England and Wales that show a 
high security of supply in most water resources zones, with some risks highlighted for 
zones in the South East, South West, Midlands and North Wales (Environment 
Agency, 2008 based on Ofwat data). If the UK is considered as a whole and it is 
assumed that water is transferred between companies, then the current balance is very 
healthy and there is a projected surplus of around 237 Ml/d (ranging from a surplus of 
2280 Ml/d to a deficit of 2040 Ml/d) by the 2020s. 

However, major water transfers are very expensive, have high energy costs for 
pumping water and also some environmental constraints. Companies also need to 
retain some additional resources (typically 5 to 10%) in order to deal with uncertainties 
in their supply-demand calculations. If it is assumed that companies are unable to 
share resources then impacts could be much higher, with a projected deficit of around 
377 Ml/d (0 to -2281 Ml/d) by the 2020s. Currently the situation is closer to the latter 
case as the costs of major transfers are deemed far greater than those of local 
resource development, demand management and even desalinisation.  

It should be noted that there are limitations involved in summing regional results to get 
a national figure, particularly for more extreme scenarios. For this reason the water 
balance results are most appropriately used at the scale of UKCP09 river basin regions 
rather than averaging data up to the country or UK scale. Figure 5.8 shows the results 
for this metric assuming no sharing of water across regions. The full results for WA5, 
including the current surplus/deficit and detailed changes assuming sharing of water 
across regions for each UKCP09 basin, can be found in the Water sector report (Rance 
et al., 2012). 
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Figure 5.8  The water supply-demand balance assuming no sharing of water 
across regions  

Projections are shown by UKCP09 river basin region (Ml/d) 
 

The maps in Figure 5.8 show the range of deficits across each UKCP09 river basin 
region. The largest deficits are projected to occur in the Thames river basin region, with 
a deficit of around 955 Ml/d (range -47 to -1780 Ml/d) by the 2050s that increases to a 
deficit of 1340 Ml/d (range -277 to -1840 Ml/d) by the 2080s. A number of river basin 
regions are projected to experience no deficit in supplies for some scenarios, including 
Neagh Bann, Tweed and Forth. One basin, North East Scotland, is projected to 
experience no deficit in supplies for all scenarios. These results indicate the wide 
regional variations in the results.   
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5.11 WA6 – Population affected by a water supply-
demand deficit 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
  

l c u l c u l c u 

WA6  Population affected by a 
water supply-demand deficit M 1 2 2 1 2 2 2 2 3 

 

The projected impacts of climate change on the population affected by a supply-
demand deficit (when water resource zones fall into deficit and require demand or 
supply side measures) are summarised in Figure 5.9. Full results for this metric are 
given in the Water sector report.  The results of the analysis indicate that between 15% 
and 80% of the population could be affected by a water-supply demand deficit by the 
2020s, rising to between 65% and over 95% by the 2080s (based on Table A7.10 in 
Rance et al., 2012). 

By looking at the data by UKCP09 river basin region, it is apparent that although this 
could be an issue for much of the country, there are variations. This would determine 
whether intervention would be required at the national or local level. For example, 
(looking at detailed figures) while almost all of the population for the Thames, Neagh 
Bann and Western Wales basins is projected to be affected by supply-demand deficits 
by the 2080s, other river basin regions such as Clyde and North West England are less 
affected.  

As well as households, public services such as schools and hospitals are large users of 
water from both public water supply and their own groundwater abstraction licences24. 
Any disruption of supply for these essential services would have significant 
consequences and maintaining these supplies is a priority in water company drought 
plans and emergency plans.  

There are specific concerns about vulnerable groups and the affordability of water in 
England and Wales that were considered as part of the Walker Review (2009). 
Tackling affordability issues is a key theme in the Water White Paper, Water for Life, 
published in December 2011. At present, water utility bills are highest in the south 
west. The Water White Paper addressed this by committing Government to discounting 
customer bills in the south west by £50 per annum (Defra (2011). In Northern Ireland 
they have traditionally been included in rates, rather than as a separate tariff. 

It should be noted that these figures show the population affected by a supply-demand 
deficit assuming that no intervention takes place. In reality however, water companies 
do account for these projected deficits by considering different supply and demand-side 
management options in their Water Resources Management Plans for the period up to 
2035.  

                                                           
24 Data on hospital water use in available http://www.hefs.ic.nhs.uk/  
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Figure 5.9 The population affected by a supply-demand deficit due to climate 
change only  

Projections are shown by UKCP09 river basin region  
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5.12 FL6, FL7 and FL13 - Flooding of properties 

5.12.1 Residential properties at significant likelihood of flooding 
and EAD (Metric FL6) 

Summary Class 
2020s 2050s 2080s Metric 

code 
Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

FL6a 
Residential properties at 
significant likelihood of 
flooding 

H 2 2 2 2 3 3 2 3 3 

FL6b 
EAD for residential properties 
(tidal and river) 

H 3 3 3 3 3 3 3 3 3 

 
Number of residential properties at significant likelihood of flooding (Metric FL6a) 

The number of residential properties at significant likelihood of flooding (i.e. annual 
probability of flooding of 1.3% or greater) is projected to range from about 500,000 to 
800,000 in the 2020s compared with a baseline of about 370,000, rising to between 
700,000 and 1.1 million by the 2080s for the range of climate change scenarios used in 
the analysis.  

EAD for residential properties (Metric FL6b) 

The Expected Annual Damages for residential properties is projected to range from 
about £750 million to £1.6 billion in the 2020s compared with a baseline of about £640 
million, rising to about £1.1billion to £3.4 billion by the 2080s for the range of climate 
change scenarios used in the analysis (at present day prices). 

These figures cover tidal and river flooding, but not surface water flooding.  Further 
details are given in Section 5.12.3 below. 

5.12.2 Non-residential properties at significant likelihood of 
flooding and EAD (Metric FL7) 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

FL7a 
Number of non-residential 
properties at significant 
likelihood of flooding 

H 1 3 3 2 3 3 2 3 3 

FL7b 
EAD for non-residential 
properties (fluvial and tidal) 

H 2 3 3 3 3 3 3 3 3 

 

Number of non-residential properties at significant likelihood of flooding (Metric FL7a) 

The number of non-residential properties at significant likelihood of flooding is projected 
to range from about 200,000 to 350,000 in the 2020s compared with the baseline of 
about 190,000, rising to about 300,000 to 400,000 by the 2080s for the range of climate 
change scenarios used in the analysis.  
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EAD for non-residential properties (Metric FL7b) 

The Expected Annual Damages for non-residential properties is projected to range 
from about £650 million to £1.4 billion in the 2020s compared with a baseline of about 
£560 million, rising to about £1 billion to £2.7 billion by the 2080s for the range of 
climate change scenarios used in the analysis (at present day prices).   

These figures cover tidal and river flooding, but not surface water flooding.  Further 
details are given in Section 5.12.3 below. 

5.12.3 Total numbers of properties and EAD 

The number of properties (residential and non-residential) at significant likelihood of 
flooding is shown on Figure 5.10.  
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Figure 5.10 Number of properties at significant likelihood of flooding  

 
The Expected Annual Damages for properties (residential and non-residential) is 
shown on Figure 5.11.   
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Expected annual damage for all properties
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Figure 5.11 EAD for properties (residential and non-residential)  

The total numbers of properties and EAD are summarised in Table 5.6 for the p50 
Medium emissions climate change scenario.   

Table 5.6 Total properties and EAD from metrics FL6 and FL7 
River and coastal/tidal flooding only 

Baseline: 1961-90 (fluvial); 2008 (tidal) 
p50 Medium emissions climate change scenario  

Properties (thousands) EAD (£ millions) Year 
Res Non-res Total Res Non-res Total 

Baseline 370 190 560 640 560 1200 
2020s 480 – 820 230 – 340 700 – 1160 750 – 1600 650 – 1400 1400 – 3000 
2050s 530 – 1000 230 – 390  760 – 1390 850 – 2500 750 – 2000 1600 – 4500 
2080s 700 – 1090 300 – 410 990 – 1500 1150 – 3450 950 – 2700 2100 – 6150 

 

 
It may be concluded that: 

 The median projection for the total number of properties at significant 
likelihood of flooding is an increase to about 1.3 million by the 2080s from 
a baseline of about 560,000 if the defences are maintained to present 
crest levels and condition. 

 The median projection for the Expected Annual Damage to properties from 
flooding is an increase to over £3.5 billion by the 2080s from a baseline of 
about £1.2 billion if the defences are maintained to present crest levels 
and condition. 

These figures cover tidal and river flooding, but not surface water flooding.   

It is provisionally estimated that there is a total of about 2.8 million properties at risk 
from river and tidal flooding in the UK.  It is also estimated that there are about 4.2 
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million properties at risk from surface water flooding, about a million of which are also 
at risk from tidal or river flooding.   

Work is being undertaken by the Environment Agency to improve the estimates for 
surface water flooding and provide projections for future flooding.  Most properties at 
risk of surface water flooding are not protected by defences.  The rate of growth in the 
number of properties at risk is therefore likely to be less than that for river and tidal 
flooding.     

As there are estimated to be more properties exposed to the risk of surface water 
flooding than river and coastal flooding, there is an urgent need to develop projections 
of future surface water flood risk for the next CCRA. 

5.12.4 Residential properties at significant likelihood of flooding 
(to assess insurance impacts) (Metric FL13) 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

FL13 

Residential properties at 
significant likelihood of 
flooding (to assess 
insurance impacts) 

M 3 3 3 3 3 3 3 3 3 

 
An assessment of the number of properties where flood insurance may become difficult 
or more expensive to obtain in the future has been carried out using Metric FL6a, the 
number of residential properties exposed to 1.3% (1:75) flood probability or greater (i.e. 
at significant likelihood of flooding). 

The number of residential properties at significant likelihood of river and tidal flooding is 
projected be in the range of about 450,000 to 800,000 by the 2020s, rising to between 
700,000 and 1.1 million by the 2080s for climate change only (see Table 5.6, which 
shows median values). The total number of people affected might be of the order of 1.6 
million to 2.8 million by the 2080s. 

These figures do not include flooding from other sources (particularly surface water and 
groundwater).  The figures in Section 5.12.3 suggest that the total number of properties 
could double if surface water flooding is taken into account. 

The figures given above are for existing properties (i.e. not new properties, which might 
include measures to reduce flood risk).  The way in which the insurance industry will 
respond to the increase in flood risk is uncertain.  For the purposes of this analysis, the 
figures provide an indication of the number of properties that either might not be able to 
obtain flood insurance cover or where premiums would increase to cover flood risk. 
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5.13 HE1 – Temperature mortality (Heat) and HE5 
Temperature mortality (Cold) 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
  

l c u l c u l c u 

HE1 Temperature mortality (heat) H 2 2 3 2 3 3 3 3 3 

HE5 Temperature mortality (cold) M 3 3 3 3 3 3 3 3 3 

 

To estimate the heat and cold related deaths due to future changes in the climate, the 
temperature time series outlined in Section 4.10 was assumed to increase uniformly for 
each climate change scenario by the mean increase in temperature.  The heat and cold 
slopes and thresholds were assumed not to change.  The Health sector report presents 
full details of the results for this metric.  The results are summarised for the UK in 
Tables 5.7 and 5.8 below, and are relative to the estimated current baseline figures for 
premature deaths (heat) and premature deaths avoided (cold) shown in Table 5.9 
below.  Ranges are given for premature deaths avoided (cold) owing to uncertainty 
over the relevant temperature thresholds that could cause death. 

Table 5.7 Additional premature deaths (heat) per year for the UK for the 
different emissions scenarios 

(baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low     579 1738 3842 1040 2834 6242
Medium 129 715 1671 847 2231 4831 1736 4412 9544
High     1110 2788 5924 2854 6889 14405

 

Table 5.8 Premature deaths avoided (cold) per year for the UK for the 
different emissions scenarios 

(baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      3854 7972 12302 5747 10516 15450 Low 
      5844 12254 19244 8766 16322 24552

1256 4476 7816 4996 9219 13744 7942 13138 18441 
Medium 

1889 6800 12005 7600 14234 21643 12202 20629 29873

      5973 10411 15086 10523 16084 21381 
High 

      9117 16151 23925 16329 25655 35542
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Table 5.9 Baseline premature deaths (heat) per year and premature deaths 
avoided (cold) for each region 

(baseline period: 1993-2006) 

Admin Region Heat Cold 

South West 83 3180 to 6826 

South East 160 3303 to 7201 

London  207 2664 to 6127 

East of England 140 2494 to 6193 

West Midlands  122 2515 to 5841 

East Midlands  82 1955 to 4255 

North West  116 2593 to 5626 

North East 31 887 to 2150 

Yorkshire and Humber 76 1965 to 4403 

Wales  37 1785 to 3506 

Scotland  68 1789 to 4202 

Northern Ireland  19 469 to 1025 

UK  1142 25598 to 57355 

5.14 HE2 – Temperature morbidity (Heat) and HE6 
Temperature morbidity (Cold) 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
  

l c u l c u l c u 

HE2 Temperature morbidity (heat) H 1 2 3 2 3 3 3 3 3 

HE6 Temperature morbidity (cold) M  3 3 3 3 3 3 3 3 3 
 
Temperature morbidity due to higher temperatures has been assessed for illustrative 
purposes only as the increased number of heat related hospital-patient days and 
reduced number of cold related hospital-patient days.  This is estimated as proportional 
to the number of deaths due to higher summer and winter temperatures. 

For the different scenarios, time periods and regions, Table 5.10 indicates how the 
number of hospital patient days due to increased temperatures is likely to change.  As 
this is only for illustrative purposes only, just estimates for the 50% probability level for 
the UK are shown. 
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Table 5.10 Annual additional patient days due to increased high  
temperatures and annual patient days avoided due to increased low 

temperatures (both thousands, p50) – tentative estimates 
(baseline period: 1993-2006) 

Low emissions  Medium emissions  High emissions  
UK only 

2050s 2080s 2020s 2050s 2080s 2050s 2080s
Heat: additional 
patient days 177 289 73 228 450 284 703

813 1073 457 940 1340 1062 1641 
Cold: reduction 
in patient days, 
lower and upper 
bounds 1250 1665 694 1452 2104 1647 2617

5.15 HE3 – Flood related deaths  

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
  

l c u l c u l c u 

HE3 Flood related deaths H 1 2 2 2 2 2 2 2 2 

 
Flood related deaths as a result of a changing climate are assumed to be proportional 
to the number of people at risk due to fluvial or tidal flooding.  For overtopping of 
seawalls, flood related deaths are assumed to increase exponentially in relation to 
changes in mean sea levels.  Changes in deaths due to storms are assumed to be 
negligible.  Baseline rates for deaths due to extreme event flooding and storms are 
assumed to be 18 per year (Section 4.12). 

For the different scenarios, time periods and probability bands considered, Table 5.11 
gives the estimated number of deaths due to future extreme event flooding and storms. 

Table 5.11 Annual additional flood related deaths due to extreme event 
flooding and storms25 

2020s 2050s 2080s 
Med Med Med Low Low Med High High Low Low Med High HighScenario 

p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 
Total (present 
day demographics)

22 30 35 24 36 39 42 52 31 44 49 57 87 

Climate change 
effect 

4 12 17 6 18 21 24 34 13 26 31 39 69 

              
 

                                                           
25 The climate change effect is those deaths from the total that are attributed to climate change.  The difference between 
the figures is the current day baseline estimate of 22 deaths per year. 
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5.16 BU6 – Increased exposure for mortgage lenders 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

BU6 Increased exposure for 
mortgage lenders 

L 2 2 2 2 2 2 2 2 3 

 
Taking the number of properties located in the 1 in 75 year flood risk areas, an 
estimate of the number of properties where flood insurance may become expensive or 
difficult to obtain has been made.  An estimate has then been made of the value of 
mortgages that might be at risk as a result of difficulties obtaining flood insurance. 

It is projected that the value of mortgages that could be affected by this risk is of the 
order of £1 billion to £8 billion by the 2050s rising to about £2 billion to £9 billion by the 
2080s (at today’s prices), assuming the value at risk is 5% to 15% of the total value at 
significant likelihood of flooding, and that this does not spur cost-effective adaptation 
activity.  This provides an indication of the value of mortgages on properties where 
insurance may become unaffordable or difficult to obtain as a result of increasing flood 
risk, and therefore the potential reduction in mortgage business.   

The analysis is based on river and tidal flooding and does not include surface water 
flooding. The 2007 summer floods in some cases were caused, or significantly 
exacerbated, by inadequate urban drainage in the face of torrential rainfall. This will not 
necessarily be remedied by increased spending on flood defences, and also needs to 
be considered in terms of the ability to obtain insurance and mortgages for properties. 
Indeed, it is projected that such intense storms could become increasingly frequent as 
the impacts of climate change become more prevalent, bringing into question the risk 
level for thousands of homes that were previously thought to be safe from repeated 
flooding.  

Details of this analysis are contained in the Business sector report (Baglee et al., 
2012), including assumptions on the proportion of property value covered by 
mortgages and house values in each English Area and Wales.  This is clearly not a 
new issue for the sub-sectors involved (primarily financial institutions and insurance 
companies) and adaptation is already occurring.  .  

5.17 BU10 – Loss of staff hours due to high internal 
building temperatures 

Summary Class 

2020s 2050s 2080s Metric 
code 

Metric name 

C
o

n
fi

d
en

ce
 

l c u l c u l c u 

BU10 Loss of staff hours due to high 
internal building temperatures 

M 1 2 2 1 2 3 1 2 3 

 
Using the UKCP09 climate projections, the loss of productivity due to overheating has 
been calculated for the UKCP09 regions, and the various epochs (2020s, 2050s, 
2080s), emissions scenarios (High, Medium, Low) and probability levels (p10, p50, 
p90).   The observations used to define present day conditions are for the period 1993-
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2006.  However, the changes used to make the climate change projections all relate to 
the period 1961-90 as a baseline.   

Given that the first projection epoch is for the interval 2010-2039 (labelled 2020s) it can 
be argued that the observed data should already include some of the projected 
change.   However, determining how much change to assign depends on the degree to 
which a trend can be detected in the observations and the extent to which any such 
trend can be attributed to climate change.  

In the case of temperature it is considered that changes since the baseline period of 
1961-90 can be identified and attributed to climate change.  Temperature records 
suggest that the period post-1990 is of the order of 0.5C warmer. The observed period 
could, therefore, already include about half of the change projected to the first epoch 
(2020s).  The UKCP09 temperature variables, used to scale Tmax and Tmean, were 
therefore adjusted by this amount for all epochs. 

The results using a 26C threshold are presented in Table 5.12 and those for a 28C 
threshold in Table 5.13. The values obtained suggest as much as a doubling in lost 
productivity as an upper bound by 2020s (p90 values), with little change at the lower 
bound (p10 values).  By the 2050s the central estimate is for a 3-fold increase, on 
average, increasing to an average increase of 8-9 times for the high emissions, p90 
case.  This pattern continues into the 2080s, with roughly a 50% increase in lost 
productivity for the p10 case, and an increase of anything from 10-50 times for the high 
emissions, p90 case.  If the climate change projections were simply added to the 
observed values, without the adjustment to baseline described above, these values 
would be further increased by about 50-80% in the near-term, and some 40-50% for 
the 2080s. 

Table 5.12 Lost production days per year per employee for days exceeding 
26C 

Includes an adjustment to take account of the underlying changes since the time of the baseline period 
(1961-90) 

    2020s 2050s 2080s 
   Medium Medium Medium Low Medium High Low Medium High 

Region Baseline p10 p50 p90 p10 p50 p90 p10 p50 p90 

East Midlands 0.25 0.29 0.37 0.49 0.36 0.64 1.55 0.37 1.09 4.36 

East of England 0.33 0.36 0.47 0.65 0.47 0.87 2.08 0.48 1.44 5.50 

London 0.53 0.58 0.77 1.03 0.74 1.33 3.05 0.77 2.14 7.47 

North East 0.05 0.05 0.09 0.15 0.08 0.21 0.63 0.08 0.43 2.39 

North West 0.13 0.15 0.21 0.30 0.20 0.38 0.97 0.20 0.67 3.14 

South East 0.27 0.31 0.43 0.61 0.41 0.83 2.21 0.43 1.45 6.25 

South West 0.11 0.12 0.20 0.32 0.19 0.46 1.51 0.20 0.92 5.35 

West Midlands 0.25 0.28 0.38 0.55 0.36 0.71 1.75 0.39 1.21 5.22 
Yorkshire & 
Humberside 

0.16 0.18 0.25 0.33 0.24 0.42 1.05 0.25 0.72 3.05 

Wales 0.08 0.09 0.13 0.21 0.12 0.29 0.89 0.13 0.59 3.47 

 



 

 Built Environment sector 91 

Table 5.13 Lost production days per year per employee for days exceeding 
28C  

Includes an adjustment to take account of the underlying changes since the time of the baseline period 
(1961-90) 

    2020s 2050s 2080s 
   Medium Medium Medium Low Medium High Low Medium High 

Region Baseline p10 p50 p90 p10 p50 p90 p10 p50 p90 

East Midlands 0.15 0.17 0.24 0.33 0.23 0.44 1.14 0.24 0.73 3.66 

East of England 0.18 0.21 0.31 0.43 0.30 0.57 1.55 0.31 1.00 4.79 

London 0.36 0.39 0.54 0.72 0.51 0.98 2.46 0.54 1.64 6.73 

North East 0.01 0.02 0.03 0.06 0.02 0.09 0.37 0.02 0.23 1.75 

North West 0.08 0.09 0.13 0.18 0.12 0.23 0.67 0.12 0.45 2.35 

South East 0.15 0.18 0.25 0.39 0.25 0.53 1.61 0.26 1.00 5.51 

South West 0.06 0.07 0.10 0.16 0.09 0.26 0.99 0.10 0.56 4.56 

West Midlands 0.14 0.17 0.24 0.35 0.23 0.48 1.29 0.25 0.86 4.50 
Yorkshire & 
Humberside 

0.07 0.08 0.12 0.19 0.12 0.26 0.69 0.13 0.47 2.39 

Wales 0.04 0.05 0.08 0.12 0.07 0.15 0.54 0.08 0.34 2.59 

 
Although the approach involves a number of assumptions it does provide an initial 
indication of the order of magnitude of this consequence.  There is also anecdotal 
evidence that there is increased absenteeism during warm periods. The above 
estimates do not include this effect. 

Exposure of Sections and Divisions of Industries 

The Business sector report contains analysis of the impact of this reduction in 
productivity on different sectors of business, industry and services.  Table 5.14 
summarises these results. 

Table 5.14 Staff days lost and indicative cost using thresholds of 26C and 
28C 

    2020s 2050s 2080s 
   Medium Medium Medium Low Medium High Low Medium High 

Tmax >26C Baseline p10 p50 p90 p10 p50 p90 p10 p50 p90 
Staff days lost 
(x1000) 

5120 5690 7770 10750 7430 14170 35680 7780 24290 101330

% of working time 0.10% 0.11% 0.16% 0.21% 0.15% 0.28% 0.71% 0.16% 0.49% 2.02% 

Cost (£m) 770 850 1170 1610 1120 2130 5350 1170 3640 15200 
% of turnover 0.02% 0.02% 0.03% 0.04% 0.03% 0.06% 0.14% 0.03% 0.10% 0.41% 

Tmax >28C           
Staff days lost 
(x1000) 

3050 3480 4890 6970 4650 9490 26270 4920 17010 86610 

% of working time 0.06% 0.07% 0.10% 0.14% 0.09% 0.19% 0.52% 0.10% 0.34% 1.73% 

Cost (£m) 460 520 730 1050 700 1420 3940 740 2550 12990 
% of turnover 0.01% 0.01% 0.01% 0.02% 0.01% 0.03% 0.08% 0.01% 0.05% 0.25% 

           

Ratio of costs 1.68 1.64 1.59 1.54 1.60 1.49 1.36 1.58 1.43 1.17 

Conclusions 

A number of assumptions have had to be made to get an estimate of how increased 
temperatures, notably during the summer months, are likely to affect worker 
productivity.  The confidence in some of these assumptions or sources is generally low 
and hence the confidence in the overall estimates is low.  However, they do serve to 
indicate that this could be a serious consequence with the potential to increase 
business costs substantially, unless suitable adaptation measures are introduced. 



92  Built Environment sector  

6 Socio-economic Changes 

6.1 Introduction 

In examining the socio-economic impacts on the estimated changes in the metrics 
outlined in Chapter 5, regional population and household projections (consistent with 
present DCLG estimates), to the 2050s, have been used. Three projections (low, 
principal and high) have been used in presenting possible socio-economic change. 

In trying to quantify potential socio-economic drivers for the 2080s, which may 
influence the metrics identified in this study, three sets of socio-economic dimensions 
(listed below) have been devised following consultation with sector analysts and project 
team members. These dimensions represent socio-economic drivers that may have the 
potential to make a significant impact on the particular sector risks identified, but also 
contain a high degree of uncertainty making them unsuitable to model as a forecast. 

Population needs/demands (high/low) 

This dimension is intended to encapsulate drivers of population size and distribution 
(geographically and demographically) and the pressure the population forces onto the 
country in terms of housing, education etc.  One extreme is that there is a high degree 
of demand on natural, economic and social resources (demand exceeds supply and 
more people are exposed to risk); the other is that demand is very low (supply exceeds 
demand and people are less exposed to risk). 

Distribution of wealth (even/uneven) 

This dimension considers the distribution of wealth amongst the British population; the 
extremes being whether it is more even compared to today or more uneven (with a 
strong gradient between the rich and poor) compared to today.  

Consumer driven values and wealth (sustainable/unsustainable) 

Globalisation and consumerism are the primary drivers here, specifically movement 
towards or away from consumerist values.  The extremes are: 

1. Consumers prioritise their time for working and the generation of wealth, 
with a greater focus on the consumption of material market goods and 
services compared to today. 

2. Consumers reduce the importance of work and wealth generation in favour 
of leisure and less materialism, with a focus on the consumption of non-
market goods and services such as conservation and recreational 
activities in green spaces. 

For each risk metric, commentary is provided as to the relevance of each socio-
economic dimension and a brief discussion of what the effects would be of the 
extremes of each dimension occurring. 
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6.2 Application of population projections to the 
2050s 

6.2.1 Urban Heat Island (UHI) 

In terms of population exposure it is the demographic distribution, rather than the 
absolute numbers of urban dwellers, that would heavily influence health consequences. 
Existing work considering heat wave events shows that the most vulnerable groups 
are: 

 Elderly 

 Infants and the very young 

 Hospital inpatients / care home residents 

 Those with pre-existing health problems. 

As such it is these social groups that would be most at risk of heat stress as a result of 
an increased frequency of elevated night-time temperature events (see the CCRA 
Health sector report). 

From a UHI perspective, the risk of increasing temperatures in urban spaces is likely to 
increase if urban densities increase or there is urban creep (infilling of open space, 
paving of green areas, etc), either of which is a potential response to population 
growth. 

6.2.2 Subsidence 

In this analysis it is assumed that subsidence is a risk for existing homes, but that the 
risk to new build homes is minimal (as discussed in Section 5.5).  For this reason, 
despite projected population increases in a number of the regions where shrink-swell 
soils are present, and a consequential increase in housing numbers, it is considered 
unlikely that new developments would significantly increase the risk of additional 
subsidence incidents. For this reason socio-economic projections have not been 
applied. 

Furthermore replacement of existing aged stock is likely to reduce the risk of incidents 
(although this effect would be limited given current replacement rates). 

6.2.3 Overheating of buildings 

It is logical to assume that as population grows then there would be an increase in the 
number of buildings and an inherent risk of overheating where new buildings are not 
well designed.  However, poor thermal comfort in both domestic and non-domestic 
buildings results from the specific design of individual buildings.  As such, the 
consequences outlined in Section 5.6 are not strongly linked to changes in population 
or the number of households and hence no socio-economic projections have been 
applied. 
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6.2.4 Effectiveness of green space 

While increasing population in urban areas may put pressure on existing green space 
in terms of a change in land use, increasing population in itself is not a driver of 
effectiveness of the green space to provide local cooling. This would also be true of 
changes in the number of domestic or non-domestic buildings within urban areas. 

6.2.5 Demand for heating 

The effect of increased number of dwellings is explored through the use of DCLG 
projections under low, principal and high population change scenarios. While the low 
population projection sees a similar downward trend in overall space heating 
consumption as in the baseline case, this is not so in the case of the principal 
projection (Figure 6.1). In this case, the projected increase in population and 
associated households approximately balances any decrease in demand for heating 
resulting from climate change, although on an individual basis each household is still 
benefiting from reduced heating demand. In the case of the high population scenario, a 
net increase in total space heating demand is projected (Figure 6.2), driven by 
population growth. 

Further detail on the projected change for each population change scenario for each 
UKCP09 scenario is shown in Appendix 5. 
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Figure 6.1 Projected domestic space heating energy consumption – principal 
projection  

p50 Medium emissions scenario.  Includes principal projection for new build households 
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Figure 6.2 Projected domestic space heating energy consumption – high 
projection 

p50 Medium emissions scenario.  Includes high projection for new build households 

6.3 Socio-economic change in the 2080s 

Future scenarios to the 2080s are considered in a qualitative sense. The outcomes of 
this assessment in summarised in Table 6.1. 

6.3.1 Urban Heat Island 

The Urban Heat Island effect is very sensitive to population needs and demands. If 
these are high, this could lead to widespread uptake of air-conditioning. This in turn 
would increase the volume of waste heat ejected into the local environment, thereby 
exacerbating the urban heat island effect. The values of consumers influence whether 
money is spent on enhancing green space in urban areas and what other adaptation 
measures are taken. An uneven distribution of wealth will have most impact on 
vulnerable groups, who are least able to adapt, whereas an even distribution of wealth 
may encourage the widespread adoption of appropriate retrofit measures. 

6.3.2 Subsidence 

The impact of subsidence is affected by the socio-economic drivers “Population Needs 
/ Demands” and “Distribution of Wealth” but not “Consumer Driven Values and Wealth”.  
Lower population demands for housing, coupled with a more even distribution of wealth 
would enable adaptation and reduce the consequences of this impact, particularly for 
those individuals that would be considered vulnerable (very old, very young, ill, poor). 

6.3.3 Overheating of buildings 

All of the socio-economic drivers discussed may affect the consequences of 
overheating in buildings. Higher population needs and demands will increase demand 
for mechanical cooling and air-conditioning in both commercial and other buildings. 
Lower income and vulnerable groups are less likely to be able to afford retrofit 
measures unless the distribution of wealth becomes more even. Unsustainable 
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consumer values may drive demand for air-conditioning (and associated energy), 
rather than using more sustainable passive cooling options. There are significant 
knock-on consequences for other sectors, e.g. the energy sector, depending on the 
adaptation measures undertaken. A large population with a high demand for air 
conditioning will have a high cross-sectoral impact on energy. A large population reliant 
on sustainable cooling measures will have less of a cross-sectoral impact. 

6.3.4 Effectiveness of green space 

A large population will put pressure on land, reducing the area of green space available 
for cooling within urban areas and could also reduce the availability of water for 
irrigation of green spaces during dry spells, thereby reducing their cooling 
effectiveness. Unsustainable consumer values could also put pressure on land and 
favour urban development over green space. The socio-economic driver “Distribution of 
Wealth” is likely to have little effect on this impact. 

6.3.5 Demand for heating 

Warmer winters and autonomous adaptation of people to the changing climate means 
that the overall impact of the socio-economic drivers is relatively low compared with the 
other impacts discussed. However, the distribution of wealth may have a considerable 
impact on affordability of heating, with vulnerable groups being most affected. High 
population demands, for example an increase in the numbers of households, could 
also increase overall heating demand, even if the per household demand decreases. 
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Table 6.1 Socio-economic dimensions summary 

Dimension Category Urban Heat Island Subsidence Overheating in Buildings Effectiveness of green 
space 

Demand for Heating 

High Increased proportion of the 
population exposed to UHI 
effects. Additional demand for 
energy puts additional strain 
on energy supply 
infrastructure; significant 
maladaptation as additional 
air conditioning is installed to 
meet cooling needs thereby 
increasing the volume of 
exhaust heat within urban 
areas.  Vulnerable groups 
(elderly, very young, those 
with short and long-term 
illness) are particularly 
adversely affected. 

Demand for housing from 
larger population means a 
slower turnover of older 
housing in high-risk areas 
resulting in a larger number of 
subsidence incidents. Low 
adaptive response could lead 
to a significant increase in 
risk. 

Risk in commercial buildings 
likely to increase due to 
competition for energy in 
meeting local cooling 
demands. Demand surges for 
cooling energy more likely to 
cause short-term interruptions 
in supply systems. Increase in 
the number of people living in 
high-density dwellings 
potentially reducing 
autonomous adaptation. 

Land pressure leads to a 
reduction in green space and 
its cooling capacity to mitigate 
UHI. Resource competition, 
especially for water, could 
result in less frequent 
watering of green space areas 
and a consequent reduction in 
their effectiveness during 
prolonged dry weather. Little 
autonomous adaptation. 

Demand for heating is likely to 
increase with additional 
households added to the 
existing stock. 

Population 
Needs / 
Demands 

Low Decreased proportion of the 
population is exposed to UHI 
effects.  Overall energy 
demand for cooling not so 
intense, passive cooling 
mechanisms used instead.  
Use of air conditioning 
technology minimal and 
therefore UHI not exacerbated 
by exhaust heat as much. 
Vulnerable groups less 
affected. 

Availability of housing would 
be sufficient to enable 
population to move into 
dwellings at lower risk of 
subsidence. 

Instantaneous energy 
demand fluctuations not as 
great and strain on energy 
supply systems less severe. 
Demand for water less 
constrained so autonomous 
adaptation (e.g. cool room 
areas in public buildings) 
more widespread. 

Pressure on urban green 
space would be lower and 
water resource more 
immediately available to 
maintain such spaces in dry 
spells. The effectiveness of 
the green space areas would 
be maintained. 

Demand for heating would 
increase by a much smaller 
amount or indeed stabilise as 
per household demand falls 
with warmer winters. Some 
autonomous adaptation is 
likely as people become 
accustomed to warmer winter 
conditions and seek space 
heating less often. 
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Dimension Category Urban Heat Island Subsidence Overheating in Buildings Effectiveness of green 
space 

Demand for Heating 

Even Autonomous adaptation is 
likely to be greater in terms of 
retrofit measures and wider 
access to Government funded 
programmes making buildings 
more resilient to the impacts 
of increasing temperature.  
Vulnerable groups less 
affected than today. 

Autonomous adaptation is 
more likely given wider 
access to funding either from 
household resources or wider 
Government and other 
programmes. 

More widespread autonomous 
adaptation in terms of retrofit 
measures and targeted 
programmes seeking to 
improve thermal comfort 
conditions for vulnerable 
groups. 

This dimension has little direct 
influence on the effectiveness 
of green space. 

More extensive adaptation 
work would be undertaken 
leading to a reduction in 
space heating demand. 
Government programmes and 
other initiatives would assist in 
improving the standard of 
homes for more vulnerable 
groups. 

Distribution of 
Wealth 

Uneven Lower income groups less 
able to afford to take 
measures to adapt to warming 
environments. Size and 
capacity of Government 
funded programmes to 
undertake adaptation 
measures lower therefore low 
level of autonomous 
adaptation.  Vulnerable 
groups more affected than 
today. 

Lower income groups unable 
to afford the costs of 
insurance or indeed adaptive 
measures relating to dwellings 
at risk of subsidence.  As a 
result this would potentially 
increase the number of 
incidents of subsidence. Low 
autonomous adaptation 
levels. 

Lower income groups less 
able to afford retrofit 
measures existing dwellings 
or move to newer dwellings. 
Limited adaptation of non-
domestic undertaken among 
small number of businesses. 

This dimension has little direct 
influence on the effectiveness 
of green space. 

Fuel poor and low income 
households can’t afford to pay 
for heating. Use of retrofit 
measures to improve 
insulation and reduce space 
heating demand would be 
limited. 

Unsustainable Potential reduction in the 
amount and diversity of urban 
green space. Low 
autonomous adaptation to 
offset UHI effects.  Population 
more affected by UHI. 

This dimension has no direct 
influence on incidents of 
subsidence. 

Consumers may use more 
energy for cooling, particularly 
the better off. 

Amount and diversity of urban 
green space may be reduced 
due to urban development. 
Low autonomous adaptation 
to offset UHI effects.  

Consumers may use more 
energy for heating as 
lifestyles change, even though 
winter temperatures are 
projected to rise. 

Consumer 
Driven Values 
and Wealth 

Sustainable Enhancement and extension 
of recreational areas thereby 
diversifying the land coverage 
within urban areas and 
enhancing local cooling 
capacity.  Population less 
affected by UHI. 

This dimension has no direct 
influence on incidents of 
subsidence. 

Consumers may avoid the 
use of air conditioning but 
adopt other more sustainable 
measures to reduce 
overheating in buildings. 

Enhancement and extension 
of recreational areas 
increases local cooling 
capacity. Autonomous 
adaptation to offset UHI 
effects.  

Even though heating demand 
may reduce, there may still be 
pressures to further reduce 
energy demand. 
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6.4 Relevant impacts from other sectors 

This section covers the impacts that were analysed in detail within the other sectors of 
the CCRA, but have been included in this report as they are relevant to the built 
environment.  The presentation format is that used in each of the sector reports, which 
in some cases differs from the presentation used for the Built Environment sector.  In 
particular, some of the metrics were quantified using projections of population and 
property numbers. 

6.4.1 Water Sector 

WA5 – Water supply-demand deficit  

Supply-demand balance results were calculated for each of the scenarios presented in 
Table 6.2. The two parameters used to define the scenarios were the change in 
population and per capita consumption (pcc). The population scenarios (‘High’, 
‘Principal’ and ‘Low’) follow the naming convention of the population forecasts 
developed by ONS.  

The per capita consumption values vary with anticipated adaptation. For example the 
current estimate of 150 l/h/d for England and Wales (Defra, 2008; Ofwat, 2010) is used 
for the Baseline, Climate change only and High population scenarios, while the per 
capita consumption values for the Principal projection scenario are based on the 
ambition for water consumption in the Future Water strategy, which is to reduce water 
consumption in England by 13 percent to 130 l/h/d (this is now being reviewed).. It 
should be noted that the main reason for including reductions of up to 130 l/h/d was to 
show the sensitivity of the supply-demand deficit to changes in water demand. While 
these figures give an indication of what the supply-demand deficit might be like if the 
demand for water was reduced, the current estimate of 150 l/h/d is more realistic (if 
compulsory metering is not going to be introduced).  

Table 6.2 Per capita consumption (pcc) and change in population, for the 
climate change and socio-economic scenarios 

Epoch Variable 

 
 

Baseline 
scenario 
(Note 1) 

Climate 
change 

only 

High 
population

Principal 
projection 

(Anticipated 
Adaptation) 

Low 
population

pcc (litres per person per day 150 150 150 137.4 126.4 

2020s 
change in population 

As 
principal 

projection 
0% Note 2 Note 2 Note 2 

pcc (litres per person per day 150 150 150 130 101 

2050s 
change in population 

As 
principal 

projection 
0% Note 2 Note 2 Note 2 

pcc (litres per person per day 150 150 150 130 83.7 

2080s 
change in population 

As 
principal 

projection 
0% Note 2 Note 2 Note 2 

Note 1: Baseline scenario includes climate change and population growth (principal projection) 
Note 2: Data on population by river basin is given in the Water sector report 
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The only difference between the High population and the climate change only 
scenarios is the population growth rate; the climate change only scenario assumes no 
change in population whereas the High population scenario is using higher rates than 
the Principal projection scenario based on figures from ONS. 

The Principal projection scenario has lower per capita consumption values but the 
same population growth rates as the Baseline scenario. The Low population scenario 
has lower per capita consumption and population growth rates than the Principal 
projection scenario. It should be noted that figures for per capita consumption were 
based on a former Defra ambition for England of reducing demand to 130 l/h/d, and 
this needs to be considered when interpreting the results.  

The projected impacts of climate and socio-economic change on the water supply-
demand deficit are summarised by UKCP09 river basin region in Figure 6.3. The 
Climate Change and Population maps show outputs for the baseline scenario while the 
Anticipated Adaptation maps show outputs for the Principal projection scenario (both 
as specified in Table 6.2).  

While climate change is projected to have a large influence on the supply-demand 
deficit (Rance et al., 2012), Figure 6.3 shows it is also likely to be heavily influenced by 
population growth. This is because population changes are the main driver in 
determining the demand for water, which is used in the calculation of the supply-
demand balance. The deficit is higher in the Climate Change and Population maps, 
than in the Climate Change only maps. At the UKCP09 river basin region level, the 
supply-demand deficit could also be affected by population movements within the 
country. Probably to a lesser extent, the figure shows that technological changes such 
as improved water efficiency measures could also affect the results for this metric.  
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Figure 6.3 The water supply-demand deficit (Ml/day) 

(assuming no sharing of water) by UKCP09 river basin region considering climate change scenarios and 
socio-economic change  
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WA6 – Population affected by a water supply-demand deficit  

The projected impacts of climate and socio-economic change on the population 
affected by a supply-demand deficit are summarised for the UK in Table 6.3, based on 
the socio-economic scenarios detailed in Table 6.2. Here the population affected was 
calculated as the entire population in zones with deficits so the numbers are large and 
reflect the population that could potentially need to reduce their demand and/or pay for 
improved water supply through water bills (although this would be determined by a 
number of factors, not just climate change).  

A better measure may be related to the industry’s Security of Supply Index (SOSI), 
which also considers the size of the deficit and therefore indicates the number of 
people that actually may have interruptions or failure of supplies. The drawback with 
using the SOSI measure is that existing published estimates include water companies 
own assumptions on Target Headroom, which means that different assumptions are 
made across companies so the results may highlight different approaches to Target 
Headroom assessment and ‘risk appetite’ rather than climate risks. A similar indicator 
can be derived by combining tables presented in this report.  

There are however a number of limitations associated with summing regional data to 
get a national picture particularly for the lower and upper ranges, and therefore 
confidence in these national figures is low. 

Table 6.3 The UK population affected by a supply-demand deficit 
considering climate change scenarios and socio-economic change (millions) 

Socio-economic 
scenario 

High population 
Principal 

projection 
Low population 

Climate change 
scenario 

Low 
Emissions 

High 
Emissions 

Medium 
Emissions 

Low 
Emissions 

High 
Emissions 

p10 38.5 38.4 29.6 19.2 19.3 
p50 61.9 61.9 54.4 47.8 47.8 2020s 

p90 66.3 66.3 62.8 57.9 58.0 
p10 85.8 87.1 68.9 33.0 51.5 
p50 87.5 87.9 74.2 58.3 59.6 2050s 

p90 89.4 89.5 76.3 61.0 62.2 
p10 109.5 110.0 81.9 45.7 55.4 

p50 111.7 111.9 82.7 55.9 58.8 2080s 

p90 111.9 112.1 84.6 58.8 59.3 
 
The results of the analysis indicate that between 30% and over 90% of the population 
could be affected by a water-supply demand deficit by the 2020s, rising to between 
75% and over 95% by the 2080s. 

As expected, the total population affected by a potential supply-demand deficit for the 
low population scenario is projected to be lower than the estimates for the two other 
scenarios. As with WA5, the results are likely to be heavily influenced by population 
growth and at the UKCP09 river basin region by population movements within the 
country. Improved water efficiency measures could also affect the results for this 
metric, although this is likely to be to a lesser extent. 

The Water sector also looked at the impact that certain socio-economic drivers would 
have on the impact in their sector.  The impacts of the three socio-economic 
dimensions listed in Section 6.1 for metrics WA5 and WA6 are tabulated in Tables 6.4 
and 6.5: 
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Table 6.4 Socio-economic futures overview  

 
Population 
needs/demands 

Distribution 
of wealth  

Consumer driven 
values and wealth  

WA5 - Supply-demand deficits     
WA6 - Population affected by a 
supply-demand deficit    

 Not relevant      Relevant    Relevant and a stronger driver of change than climate   
 

Table 6.5 Socio-economic futures detail  

Population needs/demands 
(high/low) 

Population numbers are the primary driver for increased 
water demands that affect the supply-demand balance 
(WA5). Under the highest population forecasts large deficits 
are estimated to emerge decades earlier than for the 
principal or central forecast. As water resources plans 
consider the medium term and are currently updated every 
five years, high populations and demands would lead to 
earlier investment in supply-side schemes, greater 
management of demands and potentially have knock-on 
effects for the location of new developments away from 
areas at greatest water stress. The mix of adaptation 
measures promoted may be very different under different 
futures, e.g. a more sustainable future may favour demand 
management measures and a greater emphasis on local 
decision making may reduce the amount of water exported to 
meet demand in other regions. 

Distribution of wealth 
(even/uneven) 

The distribution of wealth will have specific effects on “water 
poverty” and more generally the ability of lower income 
groups to pay utility bills.  

Consumer driven values and 
wealth (sustainable/ 
unsustainable) 

Consumer driven values have a major influence on the per 
capita consumption and household demand for water.  

6.4.2 Floods and Coastal Erosion Sector 

Properties at significant likelihood of flooding (Metrics FL6 and FL7) 

The metrics for property show the same trends as population at significant likelihood of 
flooding, with a projected 45% increase in total numbers of properties at significant 
likelihood of flooding by the 2080s (under the ‘Principal’ population growth assumption) 
compared with the climate change only case. 

The overall numbers are summarised in Tables 6.6 (properties) and 6.7 (EAD) for the 
p50 Medium emissions scenario and the ‘principal’ population growth assumption.  
Ranges for combinations of climate and socio-economic scenarios are also shown. 

Table 6.6 Properties at significant likelihood of flooding  

Climate change only With population growth Low projection High projection
2020s 990                                   1,120                                760                                 1,370                               

2050s 1,220                                1,580                                840                                 2,100                               

2080s 1,340                                1,950                                1,040                              2,850                               

Properties at risk (thousands)
Range of projections (combining climate and socio
economic scenarios)

Epoch Properties at risk (thousands)
P50 Medium Emissions climate change scenario
Principal population projection
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Table 6.7 EAD for properties at likelihood of flooding 

Climate change only With population growth Low projection High projection
2020s 2,210                                2,380                                1,520                              3,500                               

2050s 2,960                                3,840                                1,770                              6,760                               

2080s 3,750                                5,440                                2,190                              11,590                             

Epoch Expected Annual damages (£ millions) Expected Annual damages (£ millions)
P50 Medium Emissions climate change scenario Range of projections (combining climate and socio
Principal population projection economic scenarios)

 
 
The ‘Low’ projections are based on the p10 Low or Medium emissions scenario and 
low population growth.  The ‘High’ projections are based on the p90 Medium or High 
emissions scenario and high population growth.   

The projected number of properties at significant likelihood of flooding in the 2080s for 
the five climate change scenarios is from 1.0 to 2.9 million.  The projected range of 
EAD for properties in the 2080s for the five climate change scenarios is from about £2 
billion to £12 billion. 

Residential properties at significant likelihood of flooding (to assess insurance 
impacts) (Metric FL13) 

Projections for the number of residential properties exposed to a 1.3% (1:75) flood 
probability or greater (i.e. at significant likelihood of flooding) is covered by Metric 6a.  
The total numbers are given in Table 6.8 below.  

Table 6.8 Residential properties at significant likelihood of flooding: median 
estimate 

Climate change only With population 
growth

Low projection High projection

2020s 690 780 510 970
2050s 870 1130 580 1510
2080s 960 1400 730 2080

Epoch Residential properties at risk (thousands)
P50 Medium Emissions climate change scenario
Principal population projection

Residential properties at risk (thousands)
Range of projections (combining climate and socio 
economic scenarios)

 
 
The ‘Low’ and ‘High’ projections are the same as those used in Tables 6.6 and 6.7.  
The projected range is between about 730,000 and 2.1 million properties by the 2080s. 

Socio-economic dimensions 

The effects that socio-economic dimensions would have on the impact of changes in 
flood and coastal erosion risk were considered in the Floods and Coastal Erosion 
sector report including the following dimensions considered in this section: 

 Population needs/demands (high/low) 

 Distribution of wealth (even/uneven) 

 Consumer driven values and wealth (sustainable/unsustainable). 

Population needs/demands (high/low) affects the increase in number of people 
exposed to flood risk.  One extreme is that there is a high degree of demand for 
development, where more people are exposed to flood risks.  The other is that demand 
is low, and the number of additional people exposed to risk is small. 

With regard to the distribution of wealth (even/uneven), where the distribution of wealth 
is more even, overall flood risk is likely to reduce.  This is because more people would 



 

 Built Environment sector 105 

be able to implement risk management measures including suitable insurance and 
possibly flood proofing of properties. 

Where the distribution of wealth is more uneven, the number of people who are less 
able to implement risk management measures is likely to increase.  There is already 
evidence to show that, proportionally, there are more poorer communities in flood risk 
areas than richer communities (Environment Agency, 2006), and this trend would 
continue. 

As the poorer communities would be less able to take such measures as adequate 
flood insurance and contingency planning, flooding would have a more severe impact 
leading to a widening of the gap between rich and poor (and increasing demands on 
Government to support the poor). 

The two extremes of consumer driven values and wealth could be considered as 
‘unsustainable’ and ‘sustainable’ respectively.  The unsustainable approach could lead 
to greater investment in flood risk management assets to protect the increasing wealth, 
but at the same time would lead to an overall increase in vulnerability as the number of 
assets in the floodplains increase. 

In the long term this approach could leave a legacy of high flood risk and high asset 
maintenance requirements, which could prove a burden for future generations. 

The sustainable approach would concentrate on flood risk management solutions that 
reduce the burden on future generations, by minimising increases in flood risk and 
reducing risk wherever possible (as encapsulated in Defra’s ‘Making Space for Water’ 
policy). 

6.4.3 Health Sector 

HE1 – Temperature mortality (Heat) and HE5 Temperature mortality (Cold) 

Heat and cold affected deaths are a function of several factors, including the age 
distribution of the population of a region, levels of deprivation (especially in relation to 
cold related deaths), and social capital (i.e. social networks and contacts).  This could 
have an effect on the baseline mortality rates, as well as the heat and cold mortality 
slopes and thresholds.   

However, the relationship between temperature related mortality, deprivation and social 
capital is very complex and not possible to characterise within this assessment.  It is 
also believed that there is limited published research in this area (Wolf et al., 2010; 
Hajat et al., 2007; Wilkinson et al., 2004).  For the purpose of this assessment, baseline 
mortality rates, as well as temperature related mortality slopes and thresholds are 
assumed to remain unchanged in the future, and heat and cold related mortality are 
therefore considered to be solely proportional to population sizes. 

Results for deaths brought forward (heat) and premature deaths avoided (cold) are 
therefore given for low, principal and high population projections for the 2020s, 2050s 
and 2080s based on the population projections.  Summary statistics for the UK as a 
whole are given in Tables 6.9 to 6.14.  Ranges are given for deaths avoided (cold) 
owing to uncertainty over the relevant temperature thresholds that could cause death. 
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Table 6.9 Additional deaths brought forward (heat) per year for the UK for 
the different emissions scenarios 

(low population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low     633 1899 4196 1086 2956 6503
Medium 139 768 1795 929 2440 5278 1816 4606 9952
High     1217 3051 6473 2985 7198 15031

 

Table 6.10 Additional deaths brought forward (heat) per year for the UK for 
the different emissions scenarios 

(principal population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low     700 2095 4627 1451 3946 8667
Medium 145 804 1878 1095 2878 6224 2500 6336 13682
High     1345 3370 7144 3985 9600 20017

 

Table 6.11 Additional deaths brought forward (heat) per year for the UK for 
the different emissions scenarios 

(high population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low     866 2602 5744 1959 5332 11711
Medium 152 841 1965 1272 3343 7227 3279 8306 17930
High     1668 4180 8862 5388 12986 27076

 

Table 6.12 Premature deaths avoided (Cold) per year for the UK for the 
different emissions scenarios 

(low population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      4181 8628 13305 5917 10805 15855 Low 
    6342 13270 20823 9033 16786 25222

1348 4792 8364 5423 9983 14867 8180 13502 18928 
Medium 

2028 7282 12850 8254 15421 23426 12581 21223 30700

      6480 11275 16319 10833 16532 21946 
High 

    9897 17501 25897 16830 26403 36536
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Table 6.13 Premature deaths avoided (Cold) per year for the UK for the 
different emissions scenarios 

(principal population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      4889 10113 15606 8045 14722 21630 Low 
      7413 15545 24412 12272 22851 34373

1404 5004 8738 6338 11696 17435 11119 18394 25817 
Medium 

2112 7603 13422 9641 18057 27455 17083 28881 41823

      7577 13207 19137 14732 22517 29934 
High 

      11566 20489 30350 22861 35917 49759
 

Table 6.14 Premature deaths avoided (Cold) per year for the UK for the 
different emissions scenarios 

(high population projection, baseline period: 1993-2006) 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      5675 11738 18115 10547 19300 28356 Low 
      8604 18044 28335 16089 29957 45062

1468 5232 9136 7357 13575 20237 14576 24113 33845 
Medium 

2209 7949 14034 11190 20959 31868 22396 37861 54828

      8795 15330 22213 19312 29519 39242 
High 

      13425 23782 35228 29970 47086 65233
 

HE2 – Temperature morbidity (Heat) and HE6 Temperature morbidity (Cold) 

Heat and cold related morbidity, measured as patient days per years, is taken for 
illustrative purposes only as being proportional to heat and cold related deaths.  
Estimates for hospital patient days for the low, principal and high population projections 
for the 2020s, 2050s and 2080s are given for the UK in Tables 6.15 and 6.16. Ranges 
are given for Temperature morbidity (cold) owing to uncertainty over the relevant 
temperature thresholds that could cause death.  

Table 6.15 Additional patient days per year due to heat morbidity (thousands) 
– tentative estimates 

(baseline period: 1993-2006) 
Low emissions 

scenario Medium emissions scenario 
High emissions 

scenario Population 
Projection 

2050s 2080s 2020s 2050s 2080s 2050s 2080s

Low 194 302 78 249 470 311 734

Principal 214 403 82 294 646 344 979

High 265 544 86 341 847 426 1325
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Table 6.16 Additional patient days per year due to cold morbidity (thousands) 
– tentative estimates  

(baseline period: 1993-2006) 
Low emissions 

scenario Medium emissions scenario 
High emissions 

scenario Population 
Projection 

2050s 2080s 2020s 2050s 2080s 2050s 2080s

880 1102 489 1018 1377 1150 1686 Low 
1353 1712 743 1573 2165 1785 2693

1031 1502 510 1193 1876 1347 2297 Principal 
1586 2331 776 1842 2946 2090 3664

1197 1969 534 1385 2460 1564 3011 High 
1840 3056 811 2138 3862 2426 4803

HE3 – Flood related deaths 

Flood related deaths as a result of a changing climate are a function of several factors 
including the age, topography or exposure of a site, deprivation levels etc.  Flood 
related deaths are also more common among males as well as the elderly, as noted for 
the 1953 floods by Baxter (2005).  However, the small number and inconsistent 
number of deaths reported as a result of extreme flood events means that it is unlikely 
that mortality rates could be based on anything other than exposure risk to the 
population as a whole. 

For the different scenarios, time periods and probability bands considered as well as 
the different population projections, Table 6.17 gives the estimated number of 
additional deaths due to future extreme event flooding and storms.  These figures 
assume that residency rates remain constant at 2.36 people per property as given by 
the 2001 census26, although there are suggestions that these residency rates could 
decrease by about 10% by the 2030s (Communities and Local Government, 2009). 

Table 6.17 Additional flood related deaths per year due to extreme event 
flooding and storms 

(socio-economic influence)27 

2020s 2050s 2080s 

Med Med Med Low Low Med High High Low Low Med High High
Population 
projection 

p10 p50 P90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 
Low Population 
Growth (LPG) 23 31 37 26 38 41 44 55 32 46 51 58 89 
Principal Population 
Growth (PPG) 24 32 38 29 43 46 50 61 40 57 62 70 102
High Population 
Growth (HPG) 25 33 39 32 48 52 55 67 49 69 75 83 116
LPG Climate change
effect 5 13 19 8 20 23 26 37 14 28 33 40 71 
PPG Climate change
effect 6 14 20 11 25 28 32 43 22 39 44 52 84 
HPG Climate change
effect 7 15 21 14 30 34 37 49 31 51 57 65 98 
 

                                                           
26 Source : http://www.statistics.gov.uk/census2001/profiles/commentaries/housing.asp. 

27 The climate change effect is those deaths from the total that are attributed to climate change.  The difference between 
the figures is the current day baseline estimate of 18 deaths per year. 
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6.4.4 Business Sector 

The potential impacts of the three socio-economic drivers listed in Section 6.1 on 
Business sector metrics BU6 and BU10 are discussed in Table 6.18.    

Table 6.18 Business sector socio-economic summary: Projections to 2080 

Socio-economic 
Factor 

BU6 
Mortgage provision 

BU10 
Over heating 

Population 
needs/demands 
(high/low) 

Increasing populations may exacerbate the 
issue of homes and floodplains. If 
unmanaged, house stock asset value may 
be affected if insurance becomes 
increasingly unavailable.  

Risk in commercial buildings likely to 
increase due to competition for energy in 
meeting local cooling demands. Demand 
surges for cooling energy more likely to 
cause short-term interruptions in supply 
systems.  

Distribution of wealth 
(even/uneven) 

The housing market is sensitive to the 
distribution of wealth. The loss of mortgage 
provision could lead to poorer people living 
in flood risk areas without insurance, hence 
increasing vulnerability. 

More widespread autonomous adaptation in 
terms of retrofit measures and targeted 
programmes seeking to improve thermal 
comfort conditions but SMEs may lag behind 
larger businesses. 

Consumer driven values 
and wealth (sustainable/ 
unsustainable) 

Increasing demand for homes and wealth 
may exacerbate issues around flood risk and 
mortgage provision. 

Not applicable 

 

6.4.5 Energy Sector 

EN2 – Energy demand for cooling 

Analysis by Day et al. (2009) and DECC (2010c) take into consideration increases in 
building stock and therefore take socio-economic change into account.  Currently there 
is one area that does not contribute significantly to cooling demand: the domestic or 
residential sector.  This is likely to change in the future due to an increase in population 
as well as an increase in market penetration of air-conditioning.  Day et al. (2009) 
analysed an accelerated demand in the residential sector in London; this resulted in 
10% of residential properties with mechanical cooling by 2030 (approximately 300,000 
residencies) accounting for 0.28TWh of energy.  In the future there may be increased 
expectations that new builds include cooling systems.  Day et al. (2009) state that a 
key issue for the residential sector is to ensure that high efficiency cooling systems are 
designed into new development otherwise poorer systems may by installed at a later 
date. 

There are many potential socio-economic scenarios that are likely to affect cooling 
demand including population growth, mitigation policy and behavioural change.  In 
future CCRA updates these should be considered in more detail. 
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7 Costs of Climate Change 
Climate change adaptation decisions that are designed to reduce climate change risks 
inevitably involved making trade-offs concerning the use of scarce economic 
resources.  To the extent that economic efficiency is an important criterion in informing 
such decision-making, it is useful to express climate change risks in monetary terms, 
so that they can be: 

 Assessed and compared directly (using £ as a common metric) and 

 Compared against the costs of reducing such risks by adaptation. 

For the CCRA, a monetisation exercise has been undertaken to allow an initial 
comparison of the relative importance of different risks within and between sectors.  
Since money is a metric with which people are familiar, it may also serve as an 
effective way of communicating the possible extent of climate change risks in the UK 
and help raise awareness.  

Where possible, an attempt has been made to express the size of individual risks (as 
described in this report) in monetary terms (cost per year) however, due to a lack of 
available data it has sometimes been necessary to use alternative costs (repair or 
adaption) to provide an estimate.  

A variety of methods have been used to determine the costs. In broad terms, these 
methods can be categorised according to whether they are based on: 

 Market prices (MP) 

 Non-market values (NMV) or  

 Informed judgement (IJ).  

Informed judgement has been used where there is no quantitative evidence and was 
based on extrapolation and/or interpretation of existing data.  

In general terms, these three categories of method have differing degrees of 
uncertainty attached to them, with market prices being the most certain and informed 
judgement being the least certain.  It is important to stress that the confidence and 
uncertainty of consequences differs.  Therefore, care must be taken in directly 
comparing the results.  Whilst we attempt to use the best monetary valuation data 
available, the matching-up of physical and monetary data is to be understood as an 
approximation only. 

Further, it is important to highlight that some results are presented for a scenario of 
future climate change only, whilst others include climate change under assumptions of 
future socio-economic change. There are also some important cross-sector links, or 
areas where there is the risk of double counting impacts: these are highlighted on table 
7.1. 

A large proportion of this chapter is devoted to metric BE9 (demand for heating).  This 
is because (a) it has a large economic impact and (b) the analysis also includes the 
economic benefits of reductions in GHG and air pollution emissions. 

7.1 Summary of the results 

A summary of the results is provided in Table 7.1. It is stressed that the pedigree, 
confidence and uncertainty of different impact categories differ, thus care must be 
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taken in directly comparing the results. Further, it is important to highlight that some 
results are presented for a scenario of future climate change only, whilst others include 
climate change under assumptions of future socio-economic change28.  The approach 
used is stated in Table 7.1. There are also some important cross-sectoral links, or 
areas where there is the risk of double counting impacts: these are highlighted on the 
table. 

Table 7.1 shows that one risk, reduction in heating demand (metric BE9), has monetary 
impacts ranked as ‘very high’ (£billion/year), although the impact is positive rather than 
negative: this positive effects also needs to be compared against the negative impacts 
of overheating of buildings (metric BE3), and the additional cooling costs (energy 
sector metric EN2). A number of other metrics have ‘high’ negative risks (>£100 
million/year), including overheating of buildings. Other metrics have a medium or low 
ranking attached to them.  

The study has applied quantitative estimates to all metrics that were quantified in the 
Tier 2 analysis (i.e. BE2 and BE9).  Where quantitative risk data does not exist, it has 
been necessary to use expert judgement within the CCRA team to provide indicative 
estimates.  These estimates (BE1, BE3, BE4, and BE5) should be treated with less 
confidence, i.e. they are only indicative. A number of other metrics were considered in 
the earlier analysis but are not reported on in this sector report. Note that the reason for 
their omission is because they are covered in other sectors (water availability/demand 
and floods), or else they were highlighted as potential areas for future investigation.   

This section also presents the results of the monetisation analysis for the risk metrics 
from other sectors that have been covered in the previous analysis sections of this 
report, owing to their close links with the Built Environment sector. 

                                                           
28 The combined effects of socio-economic and climate change together provides the total risks faced, but 
care should be taken when attributing the relative (or marginal) risk due to climate change specifically, as 
this only includes the climate related element. 
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Table 7.1 Summary of results 
 (2010 prices, no uplift or discounting) – climate change signal only (current socio-economics) – relative 

change from baseline period. Medium p50 scenario unless stated 

Notes: 
1. - signifies a negative impact or loss; + signifies benefits or cost reduction 
2. Impact Cost Ranking: Low (L) = £1m - £9m per annum; Medium (M) = £10m - £99m 

per annum; High (H) = £100m - 999m per annum, Very High (VH) = £1000m+ per 
annum, ? = not possible to assess   

3. Monetisation Confidence Ranking: 
 
Ranking Description Colour code 
High  Indicates significant confidence in the data, models and 

assumptions used in monetisation and their applicability to the 
current assessment. 

  

Medium Implies that there are some limitations regarding consistency and 
completeness of the data, models and assumptions used in 
monetisation. 

 

Low  Indicates that the knowledge base used for monetisation is 
extremely limited. 

 

 

Risk metric 2020s 2050s 2080s Estimation 
Method 

Confidence 
ranking 

Notes 

BE1 Urban 
heat island 
metric 
 
 

-L-M 
 

(+L?) 

-M-H 
 

(+M?) 

-M-H 
 

(+M?) 

Informed 
judgement. 

 
Mix of welfare 
and adaptation 

costs. 

 
 
 
 
 
 
 
 

L 

Climate change /exposure 
metric. 
 
Primarily negative (summer) 
but some potential for positive 
(winter) effects (in brackets). 
 
Magnitude based on levels of 
risks for metrics (BE3, BE5, 
BE9) below. 
 
Strong cross-sectoral links 
(positive and negative) to 
health and energy sectors, 
plus link to water. 

BE2 No./ 
value of 
buildings 
affected by 
subsidence 
 
Low p10 
 
Medium p50 
 
High p90  

 
 
 
 
 
 

-M 
 

-M 
 

+M 

 
 
 
 
 
 

-M 
 

-M 
 

+M 

 
 
 
 
 
 

-M 
 

-M 
 

+H 

 
Repair cost 
(adaptation 

cost) 

 
 
 
 
 
 

M 

Marginal increase to current 
households (from 1960-1990 
climate) due to climate 
change only (no future socio-
economics). Residential 
buildings only.  
 
Range reflects climate 
projections only and relates to 
summer rainfall, thus high 
p90 shows benefits.  
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Table 7.1 Summary of results (continued) 
Costs in £million per annum (2010 prices, no uplift or discounting) – climate change only (current socio-

economics) – relative change from baseline period. 
 
Risk metric 2020s 2050s 2080s Estimation 

Method 
Confidence 
ranking 

Notes 

BE3 
Overheating 
of non-
domestic 
buildings * 
 
Low p10 
 
Medium p50 
 
High p90 
 

 
 
 
 
 
 

-L 
 

-M 
 

-M 

 
 
 
 
 
 

-L 
 

-M 
 

-M 

 
 
 
 
 
 

-L 
 

-H 
 

-H-VH 

Informed 
judgement  

 

 
 
 
 
 
 
 
 
L 

Climate only (no change in 
offices or productivity over 
time). 
 
Assumes no autonomous 
adaptation or use of 
cooling (energy), thus 
values are considered 
high. Note overlap with 
BU10, which addresses 
similar impact.  Also, 
strong overlap (double 
counting) with increased 
energy use (EN3) in 
energy sector analysis.  
 
Range shows climate 
projection only.  

* Note: that there is also the effect of overheating on residential buildings (health impacts, discomfort and 
disamenity, sleep disturbance, and energy costs).  Health impacts and potential energy costs (cooling) are 
captured in the health and energy sector report: note that the combined economic effects of overheating to 

residential buildings are possibly larger than non-domestic buildings. 
BE4 Cultural 
heritage at 
flood risk. 

See Floods and Coastal Erosion sector report 
Probably modest costs (M) but potentially some nationally important issues of concern. 

BE5 
Effectiveness 
of green 
space in 
reducing 
urban 
temperature.   
 
Low p10 
 
Medium p50 
 
High p90 
 

 
 
 
 
 
 
 
 
0 
 

-L 
 

-L 

 
 
 
 
 
 
 
 
0 
 

-L 
 

-M 

 
 
 
 
 
 
 
 

-L 
 

-M 
 

-M-H 

Informed 
judgement  

L 

Climate change /exposure 
metric. 
 
Linkages to (BE3, BE9) as 
well as feedbacks with 
BE1. Strong cross-sectoral 
links to health and energy 
sectors, and some links to 
water. 
 
Range reflects climate only 
(increasing aridity).  
 
Excludes additional 
recreational value (NMV) 
for use of space itself. 



114  Built Environment sector  

Table 7.1 Summary of results (continued) 
Costs in £million per annum (2010 prices, no uplift or discounting) – climate change only (current socio-

economics) – relative change from baseline period. 
 
Risk metric 2020s 2050s 2080s Estimation 

Method 
Confidence 
ranking 

Notes 

BE9 
Indicative 
number of 
heating days 
(residential) 
# / ## 
 
Low p10 
 
Medium p50 
 
High p90 

 
 
 
 
 
 
 

+H 
 

+H 
 

+VH 

 
 
 
 
 
 
 

+VH 
 

+VH 
 

+VH 

 
 
 
 
 
 
 

+VH 
 

+VH 
 

+VH 

Market prices 
 

Energy costs 
– long-run 

variable costs 
for residential 
sector based 

on DECC 
guidance. 

H 

Climate change only 
(current socio-economics), 
for current stock.  
 
Not include existing policy, 
notably green deal, thus 
probable over-estimate. 
Note no rebound effects 
included, which would 
reduce benefits 
significantly. 
 
Range reflects climate only. 

Ancillary 
effects 
 
Low p10 
 
Medium p50 
 
High p90 

 
 
 

+H 
 

+H 
 

+H 

 
 
 

 
 
 

Non market 
values 

Reduced 
GHG and air 

pollution 

H 

Additional ancillary benefits 
of reductions, assuming 
gas provides future 
demand - note later time 
periods assume low carbon 
energy.  

# Note there is also a reduction in heating demand for non-residential buildings.  Current energy used in 
non-residential space heating is around 40% of residential demand, thus including these benefits would 

further increase the benefits in BE9 above. 
## Note there are also increases in cooling demand for residential buildings, and increased energy cooling 

costs as well as health impacts, discomfort and disamenity, sleep disturbance.  Health impacts and 
potential energy costs (cooling) are captured in the Health and Energy sector reports. 

WA5 – 
Supply-
demand 
deficits 
 
Low p10 
 
Medium p50 
 
High p90 

 
 
 
 
 

+H 
 

+M 
 

-H 

 
 
 
 
 

+M 
 

-H 
 

-H 

 
 
 
 
 

-M 
 

-H 
 

-H 

Market Prices 
H 

Supply costs used. These 
equate to adaptation costs 
and are used to proxy 
welfare costs, only. 
 
Note consideration of 
climate and socio-
economics increases deficit 
and total costs, though still 
in same bands. 

WA6 - 
Population 
affected by  
supply-
demand 
deficit 

-M -M -M 
Informed 

Judgement 
L 

Metric largely covered by 
WA5. Cost ranking based 
only on possible impacts on 
households not connected 
to mains, and businesses 
with high WTP not captured 
in WA5. 

FL6 No. 
residential 
properties 
and EAD 

-H -H -VH Market Prices H 

Property damage costs 
based on replacement 
costs and can be seen as 
adaptation costs. 

FL7 EAD 
commercial 
properties; 
counts of 
commercial 
property 
types 

-H -H -VH Market Prices H 

Property damage costs 
based on replacement 
costs and can be seen as 
adaptation costs. 
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Table 7.1 Summary of results (continued) 
Costs in £million per annum (2010 prices, no uplift or discounting) – climate change only (current socio-

economics) – relative change from baseline period. 
 
Risk metric 2020s 2050s 2080s Estimation 

Method 
Confidence 
ranking 

Notes 

FL13 
Properties 
exposed to 
1:75 or less. 

- - - -  Included in FL6 

HE1 Excess 
heat-based 
mortality  

-L -M -M 

Non-Market 
Value 

 
Welfare 

impact cost 

L 

Assume no acclimatisation. 
Do not include urban heat 
island and heatwave 
impacts.  Do not include 
benefits of cooling 
associated with rising 
energy costs (see Built 
Environment sectoral report 
reference).  No age 
structure changes included. 

HE2 Excess 
heat-based 
morbidity  

-M -H -H 

Market Prices 
/ Non- Market 

Value 
 

Adaptation 
costs  

(medical 
treatment 

costs) 
included in 

overall welfare 
cost  

M 

Same as HE1  

HE3 Flood 
related 
deaths  -M -M -M 

Non-Market 
Value 

 
Welfare 

impact cost  

L 

Links directly with floods 
sectoral risk assessment. 

HE5 Excess 
cold-based 
mortality  +M +H +H 

Non-Market 
Value 

 
Welfare 

impact cost  

L 

Assume no acclimatisation. 

BU6 
Increased 
exposure for 
mortgage 
lenders 
 

-M -M -M Market Prices L 

Double counting with FL6. 
Links with Flooding. Should 
not be interpreted as 
welfare impact. 

BU10 Loss 
of staff hours 
due to high 
internal 
building 
temperatures 

-H? 
-H  

-VH? 
-H  

-VH? 
Market Prices L 

Underlying physical risk 
assessment very uncertain. 
This overlaps with BE3 and 
also involves double 
counting with energy for 
cooling. 

EN2 -M -H -VH Market Prices M  
 

7.2 Introduction to monetisation 

The overall aim of the monetisation is to advance knowledge of the costs of climate 
change in the UK, by generating initial estimates of the welfare effects. 

The basic approach to the costing analysis is, for each impact category considered, to 
multiply relevant unit values (market prices or non-market prices) by the physical 
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impacts identified in earlier sections of this sector report. The total value to society of 
any risk is taken to be the sum of the values of the different individuals affected.  This 
distinguishes this system of values from one based on ‘expert’ preferences, or on the 
preferences of political leaders. However, due to the availability of data, it has 
sometimes been necessary to use alternative approaches (e.g. repair or adaptation 
costs) to provide indicative estimates. 

There are a number of methodological issues that have to be addressed in making this 
conversion (Metroeconomica, 2006) including the compatibility between physical units 
and monetary units and the selection of unit values that address market and non-
market impacts. As far as possible, physical and monetary units have been reconciled. 
The selection of unit values is justified in the explanation of the method used to 
monetise each risk metric. The aim is to express the risk in terms of its effects on social 
welfare, as measured by the preferences of individuals in the affected population. 
Individual preferences are expressed in two, theoretically equivalent, ways.  These are: 

 The minimum payment an individual is willing to accept (WTA) for bearing 
the risk or 

 The maximum amount an individual is willing to pay (WTP) to avoid the 
risk. 

There are also other issues (beyond this scoping analysis) in terms of impacts that 
have non-marginal effects on the UK economy, the treatment of distributional variations 
in impacts, and the aggregation of impact cost estimates over sectors and time. 

7.3 Presentation of results 

The analysis by metric is presented in Sections 7.4 to 7.18.  

The climate scenarios are those adopted across the CCRA i.e. the UKCP09 scenarios: 
Low, Medium and High. No specific mitigation assumptions have been used in the 
analysis, though a discussion of these aspects is included in Section 9. For each 
climate scenario, a probabilistic density function (pdf) has been generated; the CCRA 
has used data from the 10% (p10, p50), 50% (p50) and 90% (p50, p90) of this pdf. 
Four population scenarios are adopted for various metrics: Current, Low, Principal and 
High. 

Consistent with other sectors, the results below are presented in terms of constant 
2010 prices) for the three time periods considered in the CCRA i.e. the 2020s, 2050s 
and 2080s. The results are presented in this way to facilitate direct comparison. 

At this stage, the values are not presented as a present value or equivalent annual 
cost.  However, the use of the values in subsequent analysis, for example in looking at 
the costs and benefits of adaptation options to reduce these impacts, would need to 
work with present values.  For this, the values below would need to be adjusted and 
discounted. For discounting, the Green Book recommends 3.5% discount rates/factors 
(HMT, 2007). 
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7.4 BE1 Urban Heat Island  

7.4.1 Outputs from the risk assessment 

The BE1 risk metric considers the uplift in urban temperature (the urban heat island 
effect) in comparison to neighbouring rural locations. As urban heat island effects are 
not included in UKCP09, the analysis of this metric in the CCRA has been qualitative 
(see Section 5.4), and provides an indicative metric of the change in mean average 
minimum summer temperature.   

Section 5.4 identifies that UHI effects will lead to a potential increase in health risks 
(temperature related mortality and morbidity) from the increased urban heat island 
effect, including increased night-time temperatures.  It also identifies the additional 
triggering of the current heat alert (assuming current thresholds are maintained).  
Additional effects would also arise from increased residential and commercial building 
overheating, and thus discomfort, productivity losses or increased cooling demand.  
The CCRA has considered all of these impacts in other built environment, health or 
energy metrics (though these have not considered the additional impact of the urban 
heat island effect). Note that while the focus in Section 5.4 has been on the impacts of 
this metric, it is possible the UHI effect might also lead to positive benefits.29 

7.4.2 Methodology and unit values to be adopted  

BE1 is a climate metric, rather than an exposure or impact metric. It is therefore difficult 
to assess the potential economic costs of this risk, even in approximate terms.  The 
analysis has considered the potential economic costs from considering the possible 
increase in other relevant metrics for health (HE1, HE2), building overheating (BE3, 
BU10) and energy use (EN3), which lead to some of the large economic costs (millions 
or even billions/year in later time periods).  This provides only a very indicative 
estimate. 

7.4.3 Results and discussion 

Section 5.4 set out the relative increases indicated for this metric.  Based on the size of 
the potential increases in UHI, and the economic costs associated with climate related 
increases for health (HE1, HE2), energy (cooling) and built environment (BE3), the 
potential economic costs of this metric could be in the range of £10 million – £99 million 
a year in the 2020s and plausibly £100 million – £999 million in later time periods.  
While it is considered that the summer related effects would lead to large negative 
impacts, the possibility of some positive winter effects are not ruled out. It is stressed 
that these estimates are very indicative only, but they do highlight the potential 
importance for future research in this area. 

                                                           
29 The urban heat island problem is discussed in Section 5.4 in the context of summer temperature, 
however, urban areas also have positive heat island effects in reducing cold winter temperatures, thus it is 
also possible that there could be some benefits in reducing winter related mortality and winter heating 
demand associated with this metric. 
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7.5 BE2 Subsidence 

7.5.1 Outputs from the risk assessment 

The BE2 risk metric considers residential building subsidence, reflecting the increased 
risks from drying out of vulnerable soil areas, leading to foundation damage and an 
increased incidence of (domestic) building subsidence. 

Subsidence already has major economic consequences. As highlighted earlier, it is the 
second most important hazard to property insurers in the UK. Insurance claims for the 
period 2002 to 2009 exceeded £1.8 billion, an average of over £200 million per year.  
Claims in 2003 when there was a very hot summer were about £400 million.  In the 
most recent year for which data were obtained, 2009, there were 29,700 notified 
domestic subsidence claims, with a total value of £175m. 

The metric has been assessed in Section 5 using a response function relating the 
change in average summer rainfall with the projected number of notified claims (as an 
indicator of incidents of subsidence).  Note that Section 5 considered that given the 
small sample size, the results are highly uncertain.   

It is highlighted that this risk has a strong distributional pattern, with most risk in certain 
areas of England (see Figure 4.2, hence there are no DA values) and that it exists 
primarily for the existing housing stock (i.e. older dwellings with less resilient 
foundations: new build houses are considered to be better at addressing subsidence 
risks through building regulations).  This potentially negates the need for future socio-
economic projections of future housing increases, and indeed the stock at risk could 
reduce slightly in future years as old stock is replaced.  

7.5.2 Methodology and unit values to be adopted  

Previous studies have assessed the costs of subsidence from climate change, 
including Dlugolecki (2004) and Hunt and Taylor (2006).  The former estimated 
subsidence claims rising from £300 million (year 2000 price) as a current annual 
average to £600 million in 2050 (and double this for an extreme year).  The latter study 
estimated impacts of £5 to 15 million in the 2020s, rising to £25 to 185 million in the 
2050s and £115 to 315 million in the 2080s. Note that the latter only applied the 
approach to extreme years (e.g. as 2003) rather than applying a general non-threshold 
linear analysis for lower precipitation, and so constitute a lower bound.   

In order to estimate the welfare impact on the number of physical cases of building 
subsidence, ideally the willingness to pay of a household to avoid the risk of 
subsidence would be measured. In a perfect market this would be captured by the 
difference between the market price of a property with subsidence risk and one without 
this risk. Whilst this measure is likely to more fully reflect the welfare cost of the 
subsidence impact, the data requirements and subsequent treatment for this type of 
analysis (known as hedonic analysis) are much more involved than the replacement 
cost measure. Consequently, no estimates have been made to date.  

As a result, the expenditure incurred to replace (or restore) the asset is estimated in 
unit cost terms. The replacement cost-based measure can be seen as a robust lower 
bound estimate of the welfare costs associated with subsidence. It is also, of course, a 
measure of adaptation costs (a reactive based response, rather than a proactive 
approach). 
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A unit value of £10,000 was used by Graves & Phillipson (2000) and Driscoll & Crilly 
(2000) in their analyses of climate change impacts on subsidence incidence for the 
Building Research Establishment.  These estimates are derived from the typical costs 
of undertaking specific remedial work in the event of property subsidence. By way of 
comparison, aggregate historical data on subsidence claims supplied by the ABI for 
Great Britain can also be used to derive unit values. Using a regression analysis, 
Metroeconomica (2006) derived a central unit cost per subsidence of £5,650, with a 
lower bound of £1,500 and an upper bound of £12,000. The uncertainty reflected in this 
range of unit costs, together with the under-estimation implied by excluding other 
welfare cost components such as the disruption endured as the repair work is 
undertaken, leads to a unit value of £10,000 as a central value.  

It is stressed that the real unit costs of subsidence work would change over time.  
There are possible scenarios in which the labour intensive nature of this work 
increases in cost, but it is also possible that they might reduce due to advances in 
technology. 

Note that there are also some potential impacts on non-residential buildings.  The most 
important of these are likely to be buildings or areas of cultural or historic significance, 
as commercial buildings are not (generally) considered to be vulnerable to subsidence.  
Hunt and Taylor (2006) explored the potential valuation of cultural heritage from climate 
change risks, using contingent valuation with a case study on a number of such 
buildings, and concluded that these effects are potentially significant, not least due to 
the high willingness to pay for protection of cultural heritage buildings from the impacts 
of climate change. 

7.5.3 Results and discussion 

The aggregated results for England are presented in Table 7.2, showing the costs of 
increased claims as a result of climate change (only). A full breakdown of the total 
number of annual claims, as well as the marginal estimated annual cases is presented 
by English region in Appendix 6.  The results reflect the impacts of climate change only 
(no socio-economic change is considered, due to the lower risks for new build).  Given 
the underlying rock and soil structure there are a number of English regions, as well as 
the Devolved Administrations, where this is the case.  

At the UK level, the results indicate possible changes of the order of £10 million – £100 
million/year (current prices, no uplifts or discounting) for England.  However, there is a 
very wide range of results, especially when considering the regional breakdown (see 
Appendix 6).  Even at the national level, the full uncertainty range leads to very 
different results, with even positive values projected in the 2080 high p90 analysis 
(because of increases in for summer precipitation).  

The results in Appendix 6 show that by far the most vulnerable region is London, where 
the projected damage costs attributable to climate change (above baseline levels) vary 
between £12million/annum and £62million/annum over the time periods and climate 
scenarios. The East and South-East England regions account for the majority of the 
remaining damage costs in a given time period. 
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Table 7.2 Marginal change in domestic subsidence incidents per annum 
(BE2) 

Change due to projected climate change in the 2020s, 2050s and 2080s, compared to 1961-1990 climate 
(2008 households, no socio-economic change). (£m per year, 2010 prices, no uplift or discounting) 

 
 2020s 

Medium Medium Medium
Nation p10 p50 p90 

England -68 -20 +38 

 
 2050s 

Low Low Medium High High 
Nation p10 p50 p50 p50 p90 

England -98 -36 -50 -52 +24 

 
 2080s 

Low Low Medium High High 
Nation p10 p50 p50 p50 p90 

England -104 -41 -61 -78 +17 

 
Notes: + signifies that these are benefits or cost reductions. 

7.6 BE3 Overheating of non-domestic buildings 

7.6.1 Outputs from the risk assessment 

The BE3 risk metric estimates the overheating of non-domestic buildings and thus the 
risks to working conditions and productivity (due to design which has become 
inadequate for the conditions or lack of cooling capacity). It includes commercial 
buildings (e.g. offices) and public buildings (e.g. schools and hospitals).   

As noted in the earlier section, heat comfort levels are linked to general productivity at 
work; a Centre for Economics and Business Research study (CEBR, 2003) suggests 
that productivity falls by 8% at 26°C, by 29% at 32°C and by 62% at 38°C. The 
respective costs to the UK economy of these productivity falls were estimated at the 
time as £35m, £126m and £270m per day.  In addition to lost productivity, previous 
heat wave events have also been characterised by travel disruption, affecting work 
hours, and absenteeism, all resulting in lost work time30.  

The CCRA BE3 metric uses external temperature as a proxy for indoor thermal comfort 
in naturally ventilated buildings, and thus a proxy for comfortable conditions. It has 
investigated the use of a threshold based on CIBSE guidance (CIBSE, 2006) for an 
overheating threshold of 28°C for any building space. The CIBSE guidance 
recommends this threshold should not be exceeded for more than 1% of occupied 
hours.   
                                                           
30 There is some data reported in City of London (2007). Rising to the Challenge-The City of London 
Corporation’s Climate Adaptation. This provides unreferenced estimates that UK employers lost an 
estimated £154m a day in productivity during one week of the July 2006 heatwave, due to travel disruption 
and staff arriving late and that occupational health provider Active Health Partners (AHP) estimated that 
UK businesses lost £119m through absenteeism when temperatures topped 35C on 19 July 2006. 
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The CCRA response function estimates the number of days for which the maximum 
external air temperature reaches or exceeds 26°C (Section 4.4).  The reason for the 
lower threshold (26°C rather than 28°C) was to allow for the effect of solar and internal 
gains on internal conditions in poorly performing buildings and also because a 
reduction in productivity is already observed at this temperature.  Further, Section 4.4 
outlines that it was not possible to derive hourly temperature data. The use of daily 
maximum temperature, rather than the number of hours over 26°C, will tend to 
increase the relative risk for the underlying metric, and this needs to be accounted for 
in subsequent valuation.  Similarly, it is highlighted that the analysis does not take into 
account the existing penetration of air conditioning in offices, which is high in some 
sectors in some of the more vulnerable regions31. 

This metric, BE3, also has a cross-sectoral overlap with the CCRA energy sector 
analysis and the increased use of energy for cooling (metric EN2).  The increased use 
of air conditioning (an autonomous adaptation response to building overheating) is not 
additive to building overheating (and thus there is the risk of double counting across 
sectors) as increased energy use for cooling in EN2 would reduce impacts here in BE3. 

However, the metric does not include the overheating of domestic (residential) 
buildings, which are likely to be very large.  These domestic impacts include disamenity 
impacts (comfort level, discomfort, sleep disturbance, etc.) and potential health risks, 
the latter covered in the health sector risk analysis.   

Finally, the underlying results reported in Section 5 only include the impacts of future 
climate change: they do not include the effect of future socio-economic change, which 
would affect the levels of number of offices, the level of future baseline productivity, as 
well as the autonomous responses to take account of future changes and for general 
replacement of the office stock over time.  

7.6.2 Methodology and unit values to be adopted  

Ideally, this analysis would aim to quantify the productivity loss from higher offices 
temperatures as a result of climate change, by looking at the unit costs of lost time 
(productivity per hour, derived from output per hour).  Data on UK productivity is 
reported by ONS (ONS, 2007: ONS, 2010)32.  

Note that metric BU10 has also considered a very similar metric - loss of staff hours 
due to high internal building temperatures. 

To assess the effects of future climate change, the analysis would capture both the 
hours that the threshold temperature is exceeded and the level of temperatures above 
the threshold, given that productivity decreases with increasing temperature.  This 
requires a very high level of data on buildings and disaggregated climate data.  

The physical risk assessment above estimates the number of working days on which it 
is projected that a temperature threshold of 26°C is exceeded, for a baseline climate 
and future climate, based on current office stock.  It also estimates the change in the 
number of days per year at risk of overheating. However, these metrics do not align 

                                                           
31 Day et al (2009) report that cooling of buildings in the UK is already responsible for around 15 TWh per 
year of energy demand, or around 4% of the total electricity demand in the UK, and is rising rapidly as 
sales of air conditioning are increasing.  The level of penetration is already high in offices in some regions 
for high value sectors, particularly in London. 
32 This metric does not include productivity falls associated with higher temperature and outdoor activities. 
Previous studies Kjellstrom et al (2009) report that workers may need to work longer hours, or more 
workers may be required, to achieve the same output and that there are likely to be economic costs 
associated with lost production and/or occupational health interventions against heat exposure.  However, 
it is noted that there may be some productivity gains from climate change in relation to lost time at work, 
travel time, etc. from the reduction in colder temperatures, though these have not been considered here. 
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easily to the productivity losses, which would allow subsequent valuation.  In the 
absence of this data, the analysis has used informed judgement to estimate the 
potential costs for this metric. This builds on the previous historical data and cross 
comparison with BU10. 

7.6.3 Results and discussion 

The earlier risks, on the number of exceedance days and the risks of overheating, 
show large increases from the baseline, rising over time.  

In the short-term, there is likely to be a risk of extreme events (heatwaves), which could 
have high productivity losses, as reported by the press in previous extreme years 
(2003 and 2006).  These reflect an existing adaptation deficit to current variability.  

With climate change, the estimated number of days above the temperature threshold is 
projected to rise significantly, particularly in the South-East and London, and especially 
in the later time periods (2080s).  In the absence of any action, this would lead to 
potentially high costs, from reduced productivity and lost work time, which could 
plausibly be of the order of hundreds of millions or even billions of pounds annually by 
later time periods, given the size of the working population potential impacted (35 
million in the UK) combined with the unit value of a day of lost productivity (£150/day 
on average: figure obtained from the ONS web site). Note that metric BU10 has also 
considered the loss of productivity and derives impacts of this order of magnitude.  

However, care is needed in interpreting these changes, because of the baseline private 
sector autonomous response to climate change. In the face of rising temperatures, 
companies would adjust the working environment (e.g. through air conditioning) to 
avoid falls in productivity and in direct response to occupational health legislation/ 
guidance.  The indicative results above are therefore an over-estimate of the actual 
costs likely to occur in the future (even without planned adaptation). 

There are also important cross-sectoral overlaps with energy cooling costs (EN2), both 
in the current and future stock of office buildings over time (including retrofit and 
refurbishment cycles). As highlighted above, adding energy cooling costs to these 
productivity costs would involve double counting, as there will either be the former or 
the latter, but not both. At this stage, there is not sufficient confidence in the estimates 
to judge whether the benefits of cooling, in improving productivity, exceed the costs of 
cooling, but this would be one area of future investigation.  

Finally, it is highlighted that there are potentially very large costs from the overheating 
of domestic (residential) buildings.  These include health impacts, discomfort and 
disamenity, sleep disturbance, and energy costs.  Health impacts and potential energy 
costs (cooling) are captured in the health and energy sector reports. 

7.7 BE5 Effectiveness of green space  

7.7.1 Outputs from the risk assessment 

The BE5 risk metric estimates the reduction in the effectiveness of green space from 
prolonged hot and dry periods and the potential reduction in the capacity of these areas 
to provide cooling.  The analysis links the potential effectiveness with relative aridity 
scores in a qualitative response function.  The earlier discussion highlights that given 
the current state of knowledge, the results for this metric are uncertain. 
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7.7.2 Methodology and unit values to be adopted  

The use of a qualitative climate metric for BE5, rather than an impact metric, makes it 
challenging to scope the potential economic costs of the reduction in effectiveness of 
green space.   

The metric implicitly considers the effectiveness of green space in reducing building 
cooling (domestic and non-domestic), but it has not been possible, given current 
knowledge, to assess the possible impacts that would follow: the higher heat related 
temperatures and the impact on increasing building cooling needs and/or increasing 
heat related impacts and productivity losses. Note that there are linkages with BE1 and 
the urban heat island effect.  

Because of the qualitative nature, the analysis here has considered the potential 
economic costs of the loss of effectiveness of green space in very indicative terms 
using expert judgement.  It is highlighted that it is not possible to estimate these effects 
with any real degree of confidence.  

The earlier discussion (Sections 4 and 5) reported on the total current area of green-
space in England, and on the recent work on quantifying and monetising the cooling 
capacity of green-space (CABE, 2009).  The latter reports material energy savings of 
3% for heating and 5% for cooling from nearby green space (trees), but these are 
extremely localised (tens of metres), thus cannot be scaled up to correspond to the 
national level area.  

The CCRA results indicate relatively high percentage reductions in the effectiveness 
(cooling) of green space with future climate change, with 0% to 12% reduction by the 
2020s, 0% to 40% reductions by the 2050s and 2% to 70% reductions projected by the 
2080s across the range of UKCP scenarios and distributions, with medium estimates 
(p50 Medium emissions scenario) of 1%, 16% and 31% respectively. The potential 
impact of these changes can be gauged from analysis of other metrics, such as BE3 
(building overheating), EN3 (energy for cooling) and HE1 (health impacts).  

It is also highlighted that the impacts on green spaces would actually affect the 
recreational value of the green spaces themselves, an important non-monetary impact. 
This would have additional economic costs that are not considered here. 

7.7.3 Results and discussion 

For those areas affected, there are likely to be economic costs for building overheating 
(energy use, or else discomfort and disamenity, health risks and loss of productivity).  
However, while these effects would be important, the greatest costs will be relatively 
local.   

For this reason, an indicative estimate is considered here of £0 to £10 million in the 
short-term rising to £10 million to £99 million a year in later periods, especially for the 
higher end of the climate distribution.   

Note that if a wider definition of green space (and urban ecosystems) is taken, and/or 
that an assumption is made that these spaces lead to cooling effects over wider 
geographical areas of major urban areas (notably London), these effects could 
plausibly be higher.  

It is stressed that this estimate is extremely uncertain. The additional direct loss of 
amenity and recreational benefits of these spaces is also highlighted. These direct 
costs could be as important as the cooling effect and could potentially be assessed on 
the basis of Willingness to Pay for the benefits of urban green space. 



124  Built Environment sector  

7.8 BE9 Demand for heating (domestic) 

7.8.1 Outputs from the risk assessment 

The BE9 risk metric looks at the positive aspect (the opportunity) of warmer 
temperatures from climate change in reducing winter energy demand in the domestic 
sector.  The metric quantifies the potential reduction in winter space heating in energy 
terms, i.e. as GWh/year, using a response function that considers household space 
heating energy demand.  Units are in final energy demand (consumption) in kWh of 
gas, based on DECC household energy consumption figures for regions of the UK. The 
function assumes that all space heating in the UK is provided by gas (at 80%, this fuel 
dominates current heating demand). 

Analysis of these changes is possible on the basis of the climate projections and 
heating degree days. The function considers how household space heating energy 
demand varies with changes in heating degree days (based on the simple formula for 
determining Heating Degree days used within the UKCP09 Weather generator).   

The underlying results have first assessed the impacts of future climate change only, 
before considering future climate change and socio-economic change together, the 
latter including the future projections of population into household levels.   

Note that climate change would also reduce winter energy demand in the service and 
industrial sectors.  While this has not been considered in Sections 4 and 5, it is 
highlighted that this would increase the economic benefits assessed below. 

7.8.2 Methodology and unit values to be adopted  

There is supplementary HMT / DECC guidance on valuing energy use and GHG 
emissions33 (DECC, 2010b).  This is accompanied by a spread-sheet calculation toolkit 
which provides carbon values, long run variable energy supply costs, emission factors 
and air quality damage costs over the 2008-2050 period.  There is also guidance on 
how to extend the analysis post 2050.  

The guidance recommends that changes in energy use, for the purpose of economic 
appraisal, should be valued using the long-run variable cost of energy supply.  The 
supply cost reflects the long-term variable cost components of energy supply and 
therefore excludes costs that would continue to be incurred at the same level in the 
long run despite marginal changes in energy use. The variable costs exclude taxes and 
other charges.  The guidance stresses that these estimates of the long-run variable 
supply costs for different fossil fuel prices should not be considered forecasts, but as 
estimates to assist in policy appraisal. 

The latest values from the DECC guidance are shown below, for gas and electricity. 
These are both important as there would need to be a switch from gas to electricity in 
the medium to long-term if the UK is to achieve the low carbon transition plan (see later 
discussion).  The values are constant prices (2009) – and do not change after the year 
2040. A full set of the price projections is shown in Appendix 6, including low and high 
range around the central numbers in Table 7.3.  Note that the use of market prices 
(retail prices) would significantly increase the estimates here.   

                                                           
33 http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx 
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Table 7.3 Future energy price projections (variable) 

 Pence/kWh (2009 prices) 

GAS – Variable element: domestic 2010 2020 2030 2040 - 2100 

Central 2.2 2.5 2.9 2.9 

ELECTRICITY – Variable element: 
domestic 

2010 2020 2030 2040 - 2100 

Central 7.4 8.6 14.0 14.0 
Source IAG and supplementary green book guidance on valuing energy use (current 2009 prices).   

A number of relevant issues are raised in the DECC guidance, which have been 
considered below. 

The guidance notes that the tables should not be used for non-marginal cases, i.e. 
those on a scale which would be big enough to affect the long run assumptions for 
factors such as the marginal cost of energy, which underlie the values.  It is considered 
that the changes from climate change could be this significant, and future analysis 
might consider using more detailed multi-sectoral energy modelling. 

As there is a reduction in electricity use for heating from climate change, reductions in 
energy consumption would also be associated with an avoided cost of renewables (as 
well as other low carbon electricity, see recent market reforms).  The DECC/HMT 
guidance highlights that such an analysis can be included in the short-term (2020, for 
consistency with existing EU obligations).  However, as short-term energy reductions 
from winter heating are primarily associated with gas, these have not been assessed 
here. 

The guidance also recommends consideration of rebound effects, in this case the fact 
that future climate change would reduce energy use and therefore energy bills, thus it 
would increase consumers disposable income, in turn leading to greater consumption 
of energy.  It has not been possible to estimate these rebound effects in the analysis 
here, though it is stressed they are potentially large and a priority for future research.  
Note that when valuing the welfare benefit of direct rebound effects the guidance 
recommends the use of the full retail price (including tax) as consumers are willing to 
pay at least the full retail price for the welfare they gain from the increased energy use.  

Finally, the changes here could have positive effects in terms of security of energy 
supply, i.e. the ability of the UK to meet its energy needs.  The DECC guidance does 
provide some discussion of how this could be assessed for electricity, but this is 
outside the scope of the current assessment and so is not included here. 

A number of important caveats are associated with the GWh estimates, and thus the 
economic values below: 

 The approach used is based on current household energy use for space 
heating.  The only socio-economic factors considered are population (and 
number of households).  The analysis does not take account of future 
changes in heating demand that would occur from rising incomes, or 
conversely the decreases that would arise from efficiency improvements or 
technological change in heating appliances, or improved energy efficiency 
of the housing stock.  

 The analysis does not include recently announced policy of the Green Deal.  
This is a major policy initiative to retrofit the housing stock with insulation, 
and would make a material difference to the energy benefits above, 
reducing them significantly.  This is highlighted as a key issue in 
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interpreting the results.  It is discussed in the earlier section on socio-
economics.  

 The analysis does not take account of the effect of future price levels on 
demand, or non-marginal effects or rebound effects.  It is also noted that 
prices would differ under future socio-economic scenarios, i.e. between the 
UKCP09 low and high scenarios, as these involve different global scenarios 
of energy use, mitigation, etc.   

 The level of gas use reductions here would have wider macro-economic 
effects, not least through reducing gas imports.  In 2008 the UK imported 
about 25% of the gas that it used. Projections suggest that this could rise to 
around 60% by 2020, though this would reduce to around 45% with the 
planned policies within the UK Low Carbon Transition Plan (HM 
Government, 2009).  The reduction in domestic gas demand here would 
reduce gas imports in future years.  

 The relatively energy mix for supplying residential heating would change 
away from gas, in order to achieve the UK’s long-term target (2050) 
greenhouse gas emission target.  This is almost certainly going to require a 
switch to low carbon energy for residential heating.  

Two other key areas are highlighted.   

First, the analysis above only includes the residential sector.  There would also be 
reductions in demand for other sectors, thus the benefits would be much larger than 
reported below.  The potential increase can be considered by looking at current energy 
statistics. The majority of energy consumed in the domestic sector is for space heating, 
which accounted for 58 per cent of all delivered energy consumed in 2008.  The 
domestic total final energy consumption for space heating (DECC, 2010a) was 26.5 
Million tonnes of oil equivalent (toe) in 2008 (and the average for 2000 – 2008 was 28 
million toe). The combined space heating in the commercial, service and public sector 
consumed 55 per cent of all energy consumed (DECC, 2010a) and in 2008, the total 
energy consumed for space heating was 8.2 million toe. Space heating is much less 
important as a proportion of final industrial energy use, at only 10 per cent. In 2008, 
though it was still around 3 million toe.  Overall this suggests that the total space 
heating benefits might be 40% higher than assessed below when these other sectors 
are included.  

Second, there are impacts of increased cooling demand that partially offset the energy 
benefits of reduced heating.  These are discussed in the context of non-residential 
building overheating (BE3) above, but also include the energy costs for cooling, 
assessed in the energy sector report and metric EN2.   

Effects on GHG and air pollution emissions 

As well as the direct energy costs, the DECC/HMT guidance also provides values for 
assessing future GHG emissions and air pollution from changes in energy use.  These 
are important here, because falling energy use from higher temperatures would reduce 
UK GHG emissions and air pollutants significantly.  Currently, household combustion is 
responsible for around 15% of CO2 emissions in England (AEA, 2010).  

Consistent with the DECC guidance, the analysis has first estimated the potential 
reduction in GHG emissions from energy reductions.  The approach has converted 
units of gas to carbon saved using the emission factors in the Defra GHG reporting 
guidelines, i.e. 0.184 kgCO2 per kWh.  It has then used the recommended estimates in 
the guidance for valuing Greenhouse Gas emissions.  Note these are based on a 
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target consistent approach, rather than the social cost of carbon. The current values 
are shown in Table 7.4.  Note that values for domestic sector (from gas) and values 
from the electricity sector are assigned different values, reflecting the non-traded and 
traded nature of these sectors. 

Table 7.4 Future GHG values 
Central values and Sensitivity for carbon prices 2008-2100, 2009 £/tCO2e  

(2009 prices) 

  Traded Non-traded 
  Low Central High Low Central High 
2010 7 14 18 26 52 78 
2020 8 16 21 30 60 90 
2030 35 70 105 35 70 105 
2040 68 135 203 68 135 203 
2050 100 200 300 100 200 300 
2060 120 266 412 120 266 412 
2070 120 301 482 120 301 482 
2080 107 306 504 107 306 504 
2090 88 292 497 88 292 497 
2100 67 268 469 67 268 469 
Source IAG and supplementary green book guidance on valuing energy use (2009 prices).   

 
Similarly, the reductions in energy use would also reduce air pollution emissions 
associated with gas combustion.  These have important economic costs (externalities) 
and the DECC/HMT guidance provides estimates for valuation.  

The analysis has used the national damage cost values for gas from the IAG spread-
sheet. The current values are presented in Table 7.5. Note that these rise over time 
(due to the 2% uplift agreed by the IGCB). 

Table 7.5 Air quality damage costs from primary fuel use 
2009 p/kWh.  National gas use average. Source IAG. 

 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 

Gas  
(p/KWh) 

0.04 0.04 0.05 0.06 0.07 0.09 0.11 0.13 0.16 0.20 

 
A major limitation of this analysis is the application of these values to the long-term, 
because the source of energy for domestic space heating may change in the future, 
including an increase in renewable energy.  Therefore, the values are only applied to 
the 2020s.   

7.8.3 Results and discussion 

The results are shown in Table 7.6 below, which provides results for England, the 
English Areas and Devolved Administrations.  It is highlighted that there is an 
extremely large range of results across for possible combinations of climate, socio-
economics and future energy prices.  The central projections are reported below, along 
with a breakdown for DA and English regions for the central projections.   

Two alternative sets of valuation estimates have been considered. In order to help the 
direct comparison between periods, the results are reported first with constant 2010 
energy price projections (in 2009 prices).   

The first conclusion is that the absolute total values are extremely large when 
expressed in monetary terms, i.e. heating demand is measurable in £billions/year 
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currently, and climate change has the potential to lead to annual benefits that are in 
excess of £1 billion/year.   

The results follow the earlier trends for energy, thus under a scenario of no future 
climate change (shown in row (1) in Table 7.6), energy use continues to increase, 
because of rising population and household numbers.   

Looking at the effects of climate change alone, with no socio-economic change (shown 
in row (2) in Table 7.6), space heating falls significantly due to warmer temperatures, 
leading to large economic benefits.   

However, when climate change and socio-economics are taken together (shown in row 
(3) of Table 7.6) then the rising population and greater number of households in the 
future baseline partially offset the reduction in winter heating from warmer 
temperatures when compared to the analysis of climate change effects only.  Thus the 
absolute level of energy use is greater, but the relative increase in benefits relative to 
the counterfactual baseline is higher.  This highlights an important issue in relation to 
the marginal changes assumed.  The marginal benefits vary according to the baseline 
chosen, i.e. whether this is relative to the current control period, or relative to the future 
baseline period (when rising socio-economic projections are included).   

Consideration of the marginal change from climate change alone relative to the 
baseline period (row (2)) gives benefits of £0.4 billion to £1.5 billion/year for the 2020s, 
£0.6 billion to £2.5 billion/year for the 2050s and £1 billion to £3.4 billion/year for the 
2080s. 

It is highlighted that there are a very large number of caveats with these results, 
discussed earlier. The potential impacts of future insulation and technology 
improvements are particularly highlighted, as are the increase in energy use for cooling 
(EN3). Nonetheless, these represent very large benefits to the UK that would have a 
significant effect on household energy consumption, ancillary benefits in reducing fuel 
poverty, and that would lead to increases in disposable income and potentially wider 
macro-economic effects (that are not assessed here). The regions with the largest 
savings are London and the South East, reflecting the greater number of domestic 
properties in these regions.  However, there is the potential for rebound effects.  
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Table 7.6 Projected total domestic space heating per annum (BE9) - £billion 
including climate change 

Baseline (2008 households at risk, 1960-1990 climate data) with CONSTANT prices based on 
2010 Energy Price projections central (£m per year, 2009 prices, no uplift or discounting). 
1) Socio-economic only (no climate change) 
2) Future climate change only (2020s, 2050s, 2080s) assuming current household stock, no 
future socio-economic change 
3) Future climate change (2020s, 2050s, 2080s) AND socio-economic change (household).  
See earlier text for caveats. 

(a) England (£billion/year, constant energy prices) 

Baseline (2010 Projection value, central, applied 
to 2008 base year) 

£5.5 billion/year (@central, 2.16p/kWh)) for England 

1) Socio-economic change only (rising population and household) 
central socio-economic, central energy projections (no climate change) 

 2010 2020s 2050s 2080s 
England 5.53 6.22 7.16 8.25 

2) Climate change only, current socio-economic and households, central energy projections 

 2010 2020s 2050s 2080s 

  
Med
p10 

Med
p50 

Med
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

England 5.53 5.10 4.55 4.01 4.89 4.16 4.04 3.71 3.03 4.52 3.74 3.49 3.11 2.09 

3) Climate change and Socio-Economic Change (central) together, Central energy projections 

  
Med
p10 

Med
p50 

Med
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

England 5.53 5.74 5.12 4.51 6.33 5.38 5.23 4.80 3.91 6.54 5.40 5.03 4.49 2.99 
 

(b) English Areas and Devolved Administrations (£million/year) 

2) Climate change only, current socio-economic and households, central energy projections 

 2010 2020s 2050s 2080s 

  
Med
p10 

Med
p50 

Med
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

East 
Midlands 

480 443 396 349 423 359 345 328 261 392 324 301 269 178 

East of 
England 

595 546 487 427 522 440 422 400 315 482 394 366 325 210 

London 799 731 646 561 695 580 578 523 404 639 514 473 417 260 
North 
East 

293 276 247 218 263 228 222 203 175 246 209 199 181 131 

North 
West 

766 720 652 585 708 618 599 519 481 658 562 537 489 361 

South 
East 

914 839 742 650 799 671 659 608 472 737 598 553 488 309 

South 
West 

518 473 421 369 455 385 369 337 279 417 344 318 284 187 

West 
Midlands 

575 528 474 419 508 435 425 387 322 468 392 365 329 226 

Yorkshire
/ Humber 

589 545 488 429 521 444 423 402 325 483 400 373 334 224 

N. 
Ireland 

595 540 486 432 519 432 422 400 313 476 389 368 324 216 

Wales 476 443 389 346 432 368 346 324 259 389 324 303 259 173 

Scotland 663 635 568 500 604 526 508 481 410 569 514 467 432 317 
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Appendix 6 presents the same energy changes, but valued with the DECC future 
energy price projections, i.e. with changes in future (rising) energy prices over time.  
This adds another variable, making it very difficult to disentangle the reasons for the 
changes over time, and making it more difficult to compare between time periods.  
However, as prices rise in future periods, this has the effect of increasing future 
benefits (before discounting). 

Effects on GHG and air pollution emissions 

The study has also considered the potential economic benefits from reductions in 
greenhouse gas emissions and air pollution associated with the reduction in energy 
from reduced space heating. These are only assessed for the 2020s, as it is assumed 
later time periods would use low carbon heating. The results are shown in Table 7.7.  

This shows very large additional benefits, even in the short-term, with potential benefits 
of hundreds of £millions/year in terms of reduced GHG emissions.  As above, there are 
a large number of caveats with these numbers, thus they should only be treated as 
indicative. 

The equivalent benefits for air pollution emission reductions are shown in Table 7.8. 
These are much smaller, due to the relatively low air pollution emissions from natural 
gas. Other ancillary effects, notably reduced energy imports and security of supply 
benefits, have not been quantified, but could also be significant. 

Table 7.7 Valuation of Ancillary GHG Reduction associated with change in 
total domestic space heating (gas) per annum (2009 prices) 

£Million /year (FUTURE 2010 carbon prices – non traded sector) 

Baseline (2010 value, central, applied to 2008 
base year) 

46.9 Mtonnes CO2 for England using base data, = 
£2,427 million/year for England (@£52/tCO2) 

1) Socio-economic change only (rising population and household) 
central socio-economic, central energy projections (no climate change) 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 
MTonnes 
CO2 

46.9 52.8 Mtonnes 

Benefits of 
GHG 
emission 
reduction 

£2,427 
million/year 

£4,005 million/year (@£76/tCO2 – average 2010-2040 price) 

2) Climate change only, current socio-economic and households, central energy projections 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 
MTonnes 
CO2 

46.9 43.3 MTonnes 38.7 MTonnes 34.0 MTonnes 

Benefits of 
GHG 
emission 
reduction 

£2,427 
million/year 

£3,283 million/yr £2,930 million/yr £2,579 million/yr 

3) Climate change and Socio-Economic Change (central) together, Central energy projections 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 
MTonnes 
CO2 

46.9 48.7 MTonnes 43.5 MTonnes 38.3 MTonnes 

Benefits of 
GHG 
emission 
reduction 

£2,427 
million/year 

£3,695 million/yr £3,297 million/yr £2,901 million/yr 
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Table 7.8 Valuation of Ancillary Air Quality Improvement associated with 
total domestic space heating (gas) per annum 

£Million /year (FUTURE 2010 air quality damage costs) 

Baseline (2010 Projection value, central, applied 
to 2008 base year) 

£102 million/year for England 

1) Socio-economic change only (rising population and household) 
central socio-economic, central energy projections (no climate change) 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 

AQ benefit 
£102 

million/year 
£133 million/year 

2) Climate change only, current socio-economic and households, central energy projections 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 

AQ benefit 
£102 

million/year 
£109 million/yr £98 million/yr £86 million/yr 

3) Climate change and Socio-Economic Change (central) together, Central energy projections 

England 2010 2020s Med p10 2020s Med p50 2020s Med p90 

AQ benefit 
£102 

million/year 
£123 million/yr £110 million/yr £97 million/yr 

7.9 EN2 – Energy demand for cooling 

For energy used for cooling demand, the relevant initial climate metric is the change in 
cooling degree days.  This can be used to estimate the potential future electricity 
increase in cooling demand (kWh), with monetisation using the DECC energy appraisal 
values above.  It is stressed that this should be categorised as an (autonomous) 
adaptation cost. In the context of climate change risk analysis, these costs can be 
interpreted are effectively the WTP for the energy provision.   

It is also highlighted that in the UK, where there is very low levels of current Air-
Conditioning (AC) use, there will be an additional capital cost associated with the 
purchase of units to cope with future cooling demand (in a future warmer climate). 
Consequently, the total cost for this metric should include the combination of the 
annualised capital cost of the new AC that are introduced as a result of climate change, 
and the increase in operating costs (MWh) from the marginal increase in AC usage due 
to future climate change.  

Moreover, climate is only one driver in future cooling demand: the relationship between 
climate and cooling demand is complicated by baseline socio-economic changes 
(without climate change), as future household cooling demand will be influenced by 
population, housing density, housing stock, insulation levels, technology, equipment 
penetration level, efficiency of cooling units, behaviour, perceived comfort levels, 
energy prices, income, etc.  There are also a number of key policy drivers, notably the 
recent green deal as well as zero carbon homes emissions standards.  All of these will 
be important in determining the physical impacts and subsequent economic costs for 
this metric.  

Section 5.9 presented the quantified CDD changes (climate variable) and provided a 
summary of recent estimates of the change in energy demand.  However, it did not 
provide a quantified analysis for this metric.   In the absence of quantified energy 
demand changes, the monetisation analysis has combined the energy related 
estimates from previous studies with the DECC energy and GHG appraisal guidance to 
provide an order of magnitude for this metric.  

Assessments of future cooling demand from climate change have been made in 
previous studies as discussed in the Energy sector report (McColl et al., 2012).   The 
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projections of increased costs (constant prices, no discounting) are of the order of £13 
million to 30 million/year in the 2020s rising to £50 million to £180 million/year in the 
2050s, and £250 million to over £1200 million/year by the 2080s.  These costs did not 
capture the likely rise in demand from the additional uptake of AC units or the costs of 
additional AC units.  

For valuation, the estimates above assume the technical costs of generation, based 
around combined cycle gas cycle as the marginal plant to meet extra demand (around 
2.8 pence/kWh).  If the more recent DECC energy price guidance values are used (7.4 
pence/kWh for domestic and 6.9 p/kWh for commercial, 2010 costs, expressed in 2009 
prices) this increases the monetised estimates by more than a factor of two.  The 
resulting costs are therefore in the following ranges: medium costs (£10 – 99 
million/year) for the 2020s; high costs (£100 – 999 million/year) for the 2050s and very 
high costs (>£1 billion/year) for the 2080s.    

The results by Day et al. (2009) for London using the current DECC guidance value of 
6.8 pence/kWh (2010 commercial costs, expressed in 2009 prices) equates to 
additional annual costs of £40 to 60 million/year.  Using the DECC guidance values 
with the projected energy prices in 2030 (13 p/kWh) these figures would increase to 
£80 to 120 million/year.  This implies medium costs (£10 – 99 million/year) for the 
2020s for London alone (noting London is currently represents around 11% of current 
cooling demand).    

The Pathway Analysis projections do not separate out the marginal effect due to 
climate change, and are primarily driven by increased wealth.  However they do 
indicate that climate change has the potential to increase energy cooling costs very 
significantly. Any increase in non-domestic cooling would also add to these values, 
though the pathway report highlights that these could largely be avoided through a 
passive response (adaptation).   

The results suggest that the monetised values for this metric could be £10 – 99 
million/year in 2020s (i.e. a medium ranking), £100 – 1000 million in the 2050s (high), 
and in excess of £1000 million in the 2080s (very high).  Note that these costs are an 
autonomous adaptation response (i.e. an autonomous adaptation cost).  

There are a very large number of caveats associated with these numbers as listed 
below, and they can therefore only be considered indicative. Nonetheless, given the 
scale of impacts reported, this is one of the larger economic costs of climate change in 
the  UK, and further modelling work and quantification is warranted for this metric. 

Interestingly, the analysis also shows that if this cooling demand is met through 
electricity use and air conditioning, the monetised GHG and air quality impacts are 
likely to be significant.  It is likely that current mitigation policy would reduce these costs 
very significantly even for the 2020s, and may entirely remove them in later time 
periods (2050s and 2080s).  

A number of important caveats are associated with these indicative values.  

 The scoping analysis does not take account of any urban heat island 
effects.  This may mean there is the potential to underestimate the cooling 
demand.  

 The analysis does not take into account the costs of cooling appliances.   

 The analysis does fully not take account of efficiency improvements or 
technological change in cooling appliances, or improved energy efficiency 
of the housing stock.  

 The analysis does not include policy relating to insulation of existing 
housing stock or zero carbon homes emissions standards.  



 

 Built Environment sector 133 

 The analysis does not consider how prices would change with future global 
emissions scenarios. 

 The analysis does not fully account for the changes in the energy mix for 
supplying residential cooling and the UK’s short- and long-term (2050) 
greenhouse gas emissions target.   

A number of other key issues and cross sector linkages are highlighted.  First, there 
may be additional cooling demand in the industrial and transport sectors, though the 
latter is considered in the Transport sector report (Thornes et al., 2012). Second, there 
are benefits of reduced space heating demand (metric BE9) that offset the energy 
impacts of increased cooling.    

There are also cross sector linkages with non-residential building overheating (metric 
BE3), which overlap with cooling demand increases, because if there is cooling this will 
reduce the lost productivity and residential over-heating. There is therefore a risk of 
double counting if cooling demand and BE3 are added together. Similarly there is a risk 
of double counting between temperature-related (heat) mortality and morbidity (HE1, 
excess mortality, based on daily mean temperature and population) as air conditioning 
may reduce health impacts from heat.  

7.10 WA5 – Water supply-demand deficit 

In the first instance the welfare value of water in the supply-demand context is 
approximated by the use of supply-side cost data. Data provided in Walker and 
Burgess (2007) suggest a range of marginal cost estimates at the national level of 
between £0.1m/Ml/day and £7m/Ml/day, with a central (median) value of £2m/Ml/day. 
These costs comprise of both capital and operating cost components. It should be 
noted that whilst Walker and Burgess (2007) highlight considerable regional, sectoral 
and other location-specific variation, the range presented is intended to reflect much of 
this variation. This range is also equivalent to that reported in the National Ecosystem 
Assessment (NEA) though the NEA uses a different metric (£/m3).     

The range of values identified above comprise of present values over the lifetime of the 
different supply-side options considered. For this analysis, it is more useful to express 
these costs in annualised terms. The assumption made in Mott MacDonald (1998) that 
the lifetime is 40 years is adopted. Thus, crudely, the central value is £0.05 million 
Ml/day annually. Applying the central value, only, the monetary values of the deficits 
(surpluses) are presented in Tables 7.9 and 7.10.  

Under current population and ONS population projections respectively, Tables 7.9 and 
7.10 present the monetised cost of the water supply-demand surplus and deficits 
across the three time periods to the end of this century, and under the three UKCP09 
climate change scenarios. The totals shown as negative values denote water balance 
deficits, whilst the positive values denote surpluses compared to the present period. 
Some clarifications should be made with regard to the interpretation of these results. 
First, positive values (that feature primarily in the earlier time periods) should not 
necessarily be interpreted to mean that these totals constitute welfare benefits to the 
UK. Whilst there may be resource advantages to be obtained, for example, from 
capturing some of the additional winter rainfall in reservoirs rather than having to 
institute effluent re-use or desalinisation schemes to meet summer deficits, current 
water infrastructure is designed to operate optimally under present climatic patterns, 
i.e. with current precipitation levels. It is therefore unlikely to be able to fully exploit the 
benefits of increased winter rainfall.  

Table 7.9, which reports the monetisation for climate change alone (on current socio-
economic scenarios), shows that the surplus balances that are a feature of the p10 and 
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p50 climate scenarios in the 2020s turn to deficits by the 2080s, where they range from 
an annual deficit of £11m in the 10% probability level of the low emissions climate 
scenario to £338m in the 90% probability level of the high emissions climate scenario. 
The results for the 50% probability level under the Medium emissions scenario are 
£12m, minus £141m and minus £241m per annum for the 2020s, 2050s and 2080s 
time periods respectively.  

Table 7.10, which includes climate change and socio-economic change, reflects a 
similar pattern as Table 7.9. However, the results in Table 7.10 with higher future 
population projections exacerbate the deficit estimates and reduce the surpluses 
estimated. Indeed, apart from the results for the 10% probability level under the climate 
scenarios in the 2020s time period, which remain in surplus, there are now deficits 
under all scenarios in all three time periods. The sizes of the deficits are significantly 
larger and equate to a factor of two under the 50% probability level for the 2080s time 
period and are over £200m per year in absolute terms.   

Table 7.9 Annual water supply-demand balance in the UK – marginal climate 
change impacts on Deployable Outputs 

£million/year, 2010 prices, no uplift, no discounting; current population; 150 l/h/d per capita consumption 
 

Climate change only 

Climate change scenario 
Low 

Emissions 
Medium 

Emissions 
High 

Emissions 

p10 108 114 109 

p50 11 12 10 2020s 

p90 -97 -102 -97 

p10 36 6 -26 

p50 -106 -141 -174 2050s 

p90 -245 -282 -296 

p10 -11 -86 -124 

p50 -166 -212 -229 2080s 
p90 -296 -317 -338 

 

Table 7.10 Annual water supply-demand balance in the UK considering 
climate change impacts and socio-economic change (population) on Deployable 

Outputs 
£million/year, 2010 prices, no uplift, no discounting; Baseline (ONS) population projections; 150 l/h/d per 

capita consumption   

Socio-economic scenario 
Climate change and population 

change (baseline scenario) 

Climate change scenario 
Low 

Emissions 
Medium 

Emissions
High 

Emissions 

p10 50 56 50 

p50 -46 -46 -46 2020s 

p90 -155 -161 -156 

p10 -94 -123 -156 

p50 -239 -275 -310 2050s 

p90 -382 -421 -437 

p10 -204 -282 -323 

p50 -366 -416 -437 2080s 
p90 -503 -530 -557 

 
Regional breakdowns of these results are available in the Water sector report (Rance et al., 
2012). 
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7.11 WA6 - Population affected by a water supply-
demand deficit 

WA5 utilised the cost of supply to proxy for the welfare value, based on the assumption 
that the two would equate in the long run. Since the current metric expresses the same 
climate change risk, water supply-demand balance, though in a different form, the 
supply cost measure is relevant here since it represents the cost of preventing supply-
demand deficits and, by extension, the affected population. Consequently, there is a 
strong risk of double-counting if this metric is monetised. 

WA6 does not provide quantitative estimates of the additional risks relating to non-
connected households and business, or the amount that businesses may be willing to 
pay above that of the supply cost. As a result, it is not possible to make quantitative 
estimates of the welfare costs associated with these risks. As a consequence, an 
informed judgement has been made as to the potential order of magnitude that this risk 
metric implies, additional to the costs estimated in WA5. It is judged that since these 
two groups of water consumers may be sizeable, the risk across the UK could be 
Medium (£10m - £99m, annually).  

7.12 Flooding costs 

The monetary estimates are made within the flood model described in the Floods and 
Coastal Erosion sector report. The values used are consistent with those 
recommended for use in the Defra/Environment Agency Flood and Coastal Erosion 
Risk Management Appraisal Guidance. Flood defence levels are assumed to be kept 
constant in absolute terms; thus, under climate change scenarios the relative risk levels 
will increase. No additional autonomous adaptation, for example by household or in 
household design, is assumed. 

The EAD results are outlined in Section 5 of this report and the Floods and Coastal 
Erosion sector report and are not repeated here. However, in order to facilitate results 
in other sectors, Table 7.11 utilises the results to derive the EADs attributable to 
climate change alone, for the p50 Medium emissions climate scenario for England and 
Wales. These results are generated on the basis that flood defences are maintained to 
present standards. The residential totals are further disaggregated to indicate that 
whilst approximately 75% of the cost will be borne by household insurance companies, 
one quarter of the total is attributed to provision of emergency and hospital services 
(see e.g. Chatterton et al., 2009). 

Table 7.11 Property flooding: Climate attributable EADs – England and Wales 
£m, 2010, no uplift or discounting; p50 Medium emissions climate scenario; No socio-economic change. 

 Residential Total 

 Insurance National
Non-

residential  

2020s 345 115 440 910 
2050s 720 240 790 1760 
2080s 1095 365 1090 2550 

 

7.13 HE1 – Temperature mortality (Heat)  

Valuation of mortality (or fatality) focuses solely on the disutility welfare component; 
specifically the valuation of changes in the risk of death in a given time period. This is 
commonly expressed through the metric of a Value of a Prevented Fatality (VPF), also 
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known as the Value of a Statistical Life (VSL). These metrics are already widely used in 
Government appraisal and cost-benefit analysis, for example in transport appraisal. An 
alternative metric, the Value of a Life Year (VOLY), is also suggested for use in 
contexts such as air quality regulatory impact analysis where it is likely that the 
shortening of life time associated with a change in mortality risk is thought to be 
relatively small (IGCB, 2007).  It is stressed that there is some debate in the literature 
as to the relative merits of these two metrics. Current best practice is been to use both 
metrics, at least in sensitivity analysis.    

The search for appropriate unit values relies on the available literature. Since there are 
no values currently recommended for use in Government guidance for the climate 
change context, unit values have been transferred.  

The most relevant context would appear to be that of air quality regulation, in which the 
Interdepartmental Group on Costs and Benefits (IGCB, 2010) has made 
recommendations on the appropriate unit values to apply.  This guidance is particularly 
relevant, given guidance that it is important that the length of life time should be 
material in the valuation of mortality impacts34.  The IGCB suggests a VOLY-equivalent 
of £60,00035. In order to incorporate length of life time into the monetary estimates it 
has been assumed that each additional death is associated with a loss of four months 
– the mid-point of a suggested range of two to six months36.   

It is stressed that the results are based on the physical impact estimates provided 
earlier in this sectoral report.  A number of important issues are associated with these 
estimates and these should be considered in interpreting the estimates below.  The 
numbers below do not include physiological acclimatisation (a form of autonomous 
adaptation), i.e. the fact that future population will naturally adjust to future higher 
temperatures.  It is highlighted that previous studies that have included this adjustment 
(Kovats et al., 2006 and Watkiss et al., 2009) derive very much lower estimates of 
physical and economic impacts.  However, it is also highlighted that the climate change 
data used does not account for elevated temperatures in urban areas, i.e. from any 
urban heat island effects, and therefore may underestimate effects, particularly in major 
cities.  It is also stressed that there are more complex issues in the acclimatisation, lag 
phases, etc that may mean that heat and cold related effects need to be treated 
differently, in terms of quantification and valuation. The results also do not account for 
other socio-economic factors (e.g. income growth, age profile or age specific mortality 
rates) that might affect relative risks.  

There are some cross-sectoral linkages that affect these results and that are important 
when aggregating risks between sectors. The most important of these is the increased 
cooling demand and energy use in the built environment and energy analysis.  The 
assumption of ownership and usage of air conditioning significantly reduces the effects 
of temperature on health outcomes to heat (Ostro et al., 2010) and would thus be 
expected to reduce the estimated risks.  

The results are presented in Tables 7.12 – 7.16.  

Table 7.12 shows the monetary value of additional mortality impacts under the three 
climate scenarios, given current population, i.e. in the absence of future socio-
economic change. No acclimatisation or increased adoption of air conditioning is 
assumed. Tables 7.14 - 7.16 show equivalent results under low, principal and high 
population projections, i.e. combining future climate and future socio-economic change. 
It is stressed that these combined effects are not due only to climate change alone. 

                                                           
34 John Henderson, Department of Health, personal communication 

35 Noise & Health – Valuing the Human Health Impacts of Environmental Noise Exposure” The Second Report of the 
IGCB(N) 

36 Dr Sotiris Vardoulakis, Health Protection Agency and sectoral report author, personal communication 
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Table 7.13 presents the monetary totals for the English Regions and the DAs, for the 
Medium emissions climate scenario and principal population projection. 

It is clear from Table 7.12 that as climate change develops over the course of the 
century the size of the heat-related mortality risks increase significantly, so that the 
increased welfare cost in the 2080s is at least five-six times higher than that in the 
2020s, whilst doubling between the 2050s and 2080s. Contrasting Tables 7.12 and 
7.14 - 7.16, it is apparent that the different population projections have a smaller effect 
on the scale of the results compared with the impact of climate change across the time 
periods.  

Table 7.12 Valuation of Life Years Lost (heat) per year for the UK for the 
different emissions scenarios 

£m, annual, 2010 prices; current population; baseline period 1993-2006; no acclimatisation 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low       25 54 102 37 79 157 

Medium 13 28 51 32 65 125 53 115 233 

High       38 78 150 80 172 347 
 

Table 7.13 Valuation of Life Years Lost (heat) per year for the English regions 
for the medium emissions scenario 

£m, annual, 2010 prices; principal population; baseline period 1993-2006; no acclimatisation 

2020 2050 2080 

Administrative Region p10 p50 p90 p10 p50 p90 p10 p50 p90 

South West 1.3 2.8 5.1 4.1 8.5 16.9 7.8 17.3 36.3 

South East 2.1 4.6 8.4 6.7 14.1 26.8 13.1 28.3 56.3 

London 2.3 4.7 8.4 6.9 14.0 26.5 13.1 28.1 55.9 

East of England 1.9 4.2 7.5 5.9 11.8 21.9 11.3 23.6 46.4 

West Midlands 1.4 3.2 5.9 4.0 8.2 16.1 7.4 15.9 33.4 

East Midlands 1.1 2.3 4.1 3.0 5.9 10.9 5.6 11.6 22.9 

North West 1.4 3.1 5.7 3.1 6.6 12.8 5.5 12.4 25.7 

North East 0.4 0.9 1.7 1.0 2.1 4.0 1.8 4.0 8.1 

Yorkshire and Humber 
1.1 2.4 4.2 2.8 5.5 10.2 5.2 10.8 21.6 

England 12.9 28.2 51.1 37.5 76.7 146.1 70.8 152.0 306.4 
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Table 7.14 Valuation of Life Years Lost (heat) per year for the UK for the 
different emissions scenarios: low population 

£m, annual, 2010 prices; baseline period 1993-2006; no acclimatisation 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low       27 58 112 38 83 163 

Medium 14 30 55 35 71 136 56 120 243 

High       42 85 164 83 179 362 
 

Table 7.15 Valuation of Life Years Lost (heat) per year for the UK for the 
different emissions scenarios: principal population 

£m, annual, 2010 prices; baseline period 1993-2006; no acclimatisation 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low       30 64 123 51 110 218 

Medium 14 31 57 41 84 161 77 165 334 

High       46 94 180 111 239 482 
 

Table 7.16 Valuation of Life Years Lost (heat) per year for the UK for the 
different emissions scenarios: high population 

£m, annual, 2010 prices; baseline period 1993-2006; no acclimatisation 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

Low       38 80 153 69 149 295 

Medium 15 33 60 48 98 187 101 217 438 

High       57 117 224 150 324 651 

 

A sensitivity using VSL estimates (a value of £1.79m, as used by Department for 
Transport) is presented in Table 7.17 for the UK level analysis, where no socio-
economic (population) change is included. Thus, apart from the valuation metric, it is 
equivalent to Table 7.12 above. Clearly, the results in Table 7.17 are much higher than 
the earlier table.  

Table 7.17 Valuation of premature fatalities (heat) per year for the UK for the 
different emissions scenarios: current population 

£m, annual, 2010 prices; baseline period 1993-2006; no acclimatisation 

2020s 2050s 2080s 
Scenario 

p10 p50 p90 P10 p50 p90 p10 p50 p90 

Low     1036 3110 6878 1862 5074 11173
Medium 230 1280 2990 1517 3994 8648 3108 7897 17084
High     1988 4991 10604 5108 12332 25785
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7.14 HE2 – Temperature morbidity (heat) 

Previous economic analysis in UK Government in the context of air quality regulation 
has assessed the economic costs of hospital admissions (IGCB, 2007).  This assumes 
that hospital admissions (HA), whether resulting from respiratory or cardio-vascular 
illness, are valued equivalently.  

Based on Department of Health (1999), IGCB (2007) estimates the total resource cost, 
and per patient-day of an HA to be £2,423 and £266 respectively (2010 prices). In its 
central estimates, IGCB (2007) assumes that since most respiratory hospital 
admissions (RHAs) are borne by the retired population, no productivity losses and 
associated costs are incurred as a result of RHAs. In accordance with IGCB 
recommendations, total WTP for HA patient-days is then assumed to be £625 (£350 
and £900 constitute lower and upper bounds around this central estimate) at 2010 
prices.  

It is stressed that the numbers below use the physical impact estimates provided 
earlier in this chapter.  A number of important issues are associated with these 
estimates, as reported in the earlier analysis, and these should be considered in 
interpreting the estimates below.  Further, the issues raised in relation to HE1 above, 
notably the urban temperature effects and other socio-economic factors including age 
profile, and the cross-sectoral overlap with cooling are highlighted.  

Tables 7.18 and 7.19 present the monetary results for heat-related morbidity using 
current population as the baseline (climate change only), and the three population 
projections (i.e. with climate change and future socio-economic change) respectively. 
No acclimatisation is assumed. 

When comparing the two tables, as with HE1, it is clear that climate change, rather 
than socio-economic change, accounts for the majority of the additional cost of 
morbidity. Across the population projections, the uncertainty appears to increase in the 
furthest time period, where the result for the High emissions scenario is approximately 
double that for the Low emissions scenario. 

Table 7.18 Monetary value of annual additional patient days in UK per year 
due to increased temperatures: current population – tentative estimates 

£m, annual, 2010 prices; baseline period 1993-2006 

Emissions 
scenario (p50) 

2020s 2050s 2080s 

Low   111 181 

Medium 46 142 281 

High   178 439 
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Table 7.19 Monetary value of annual additional patient days in UK per year 
due to increased temperatures: population projections – indicative estimates 

£m, annual, 2010 prices; baseline period 1993-2006 

Population 
projection 

Emissions 
scenario (p50) 

2020s 2050s 2080s 

Low   121 188 

Medium 49 156 294 

 

Low 

High   194 459 

Low   134 252 

Medium 51 183 404 

 

Principal 

High   215 612 

Low   166 340 

Medium 54 213 530 

 

High 

High   266 828 

 

7.15 HE3 – Flood related deaths 

The metric to be valued is the number of fatalities resulting from floods. Thus, the VPF 
(VSL) is the relevant monetary metric. The UK Department of Transport uses a VPF in 
its economic appraisal of accident fatalities in the UK. As documented in unit 3.4.1 of 
webtag (http://www.dft.gov.uk/webtag/), this value is currently £1.79m (2010 prices). It 
is highlighted that this assumes the values are readily transferable to the floods 
context, which does involve a number of important contextual differences, not least the 
involuntary risk, as well as the size of the risk change. The value that is currently 
quoted in Defra guidance is £1.49m37. This latter value is therefore adopted in this 
analysis. 

The monetary totals for climate-induced flood related deaths are presented in Tables 
7.20 and 7.21. Whilst Table 7.20 shows the results using current population (i.e. 
climate change only on current conditions), those in Table 7.21are based on a range of 
population projections, and thus include the effects of climate change and socio-
economic change. The results are presented for a range of climate scenarios and 
distributions, depending on the time period. 

In both tables, the number - and welfare cost - of fatalities increases further into the 
future, and across the climate scenarios from low to high. As with HE1, the climate 
signal is more important than the population signal in determining the size of the 
additional cost. It is also notable that the range of uncertainty expressed by the results 
across the probability distribution function (p10 - p90) within a given emissions scenario 
is substantial, the latter being a factor of four greater than the former in the 2020s. 

                                                           
37 Defra (2008) Defra Flood and Coastal Defence Appraisal Guidance: Social Appraisal  
Supplementary Note to Operating Authorities: Assessing and Valuing the Risk to Life from Flooding for Use in Appraisal 
of Risk Management Measures. May 2008 

 

http://www.dft.gov.uk/webtag/�
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Table 7.20 Monetary value of annual additional flood related deaths per year 
due to extreme event flooding and storms: future climate change 

£m, 2010 prices; current population 

2020s 2050s 2080s 
Med. Med. Med. Low Low Med. High High Low Low Med. High High 

p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

6 17 25 9 26 31 35 51 20 39 47 57 103 
 

Table 7.21 Monetary value of annual additional flood related deaths per year 
due to extreme event flooding and storms: future climate and population change  

£m, 2010 prices; future socio-economic change (population projections) 

2020s 2050s 2080s 
Med. Med. Med. Low Low Med. High High Low Low Med. High High

Population 
projection 

p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

Low  
8 20 28 12 30 35 39 55 21 41 49 60 106 

Principal  
9 21 30 16 37 42 47 64 33 57 66 77 125 

High  
10 23 32 21 44 50 55 73 47 76 85 97 146 

 

7.16 HE5 – Temperature mortality (cold) 

The method used to estimate the monetary value of mortality avoided is the same as 
that adopted in HE1. Hence, the number of premature deaths is converted to life years.  
In this case each death is assumed to result in a loss of lifetime of six months and the 
unit value of VOLY of £33,800 (2010 prices) is then applied, as recommended in IGCB 
(2007). 

The results are presented in Tables 7.22 to 7.26. Table 7.22 shows the monetary value 
of additional mortality impacts under the three climate scenarios, given current 
population (i.e. climate change only).  Tables 7.24 - 7.26 show equivalent results under 
low, principal and high population projections, i.e. with future climate and socio-
economic change. Table 7.23 presents the monetary totals for the English Regions and 
the Devolved Administrations, for the Medium emissions climate scenario and principal 
population projection. No acclimatisation is assumed. 

It is clear from Table 7.22 that as climate change develops over the course of the 
century the size of the cold-related mortality benefits increase significantly, so that the 
welfare cost in the 2080s is approximately three times higher than that in the 2020s. 
Contrasting Tables 7.22 and 7.24 -7.26, it is apparent that the different population 
projections have a small effect on the scale of the results compared with the impact of 
climate change across the time periods. It is also notable that the range of uncertainty 
expressed by the results across the probability distribution function (p10-p90) within a 
given emissions scenario is substantial, the latter being at least a factor of two greater 
than the former in each of the three time periods.  Ranges are given in the values for 
each scenario owing to uncertainty over the relevant temperature thresholds that could 
cause death. 
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Table 7.22 Valuation of life years gained (cold) per year for the UK for the 
different emissions scenarios: current population 

£m, annual, 2010 prices; baseline period 1993-2006 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      188 304 428 242 377 517
Low 

   290 475 674 374 591 824

114 204 298 220 340 469 303 452 598
Medium 

174 315 464 341 531 742 473 713 975

   248 374 507 377 535 670
High 

      385 586 807 591 855 1139
 

Table 7.23 Baseline valuation of life years gained (cold) per year for the 
regions 

£m, annual, 2010 prices; baseline period 1993-2006 

Admin region   Cold 

South West  95 to 205

South East  99 to 216

London    80 to 184

East of England  75 to 186

West Midlands  75 to 175

East Midlands   59 to 128

North West   78 to 169

North East  27 to 65

Yorkshire and Humber  59 to 132

Wales    54 to 105

Scotland    54 to 126

Northern Ireland  14 to 31

UK    768 to 1721
 

Table 7.24 Valuation of life years gained (cold) per year for the UK for the 
different emissions scenarios with future socio-economic change, low 

population 
£m, annual, 2010 prices; baseline period 1993-2006 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 p50 p90 p10 p50 p90 

      204 329 462 248 386 530
Low 

      314 513 729 385 607 846

122 218 318 239 367 507 312 464 613
Medium 

187 337 496 369 575 803 487 733 1001

      269 404 548 387 549 687
High 

      417 634 873 608 880 1170
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Table 7.25 Valuation of life years gained (cold) per year for the UK for the 
different emissions scenarios with future socio-economic change, principal 

population 
£m, annual, 2010 prices; baseline period 1993-2006 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 P50 p90 p10 p50 p90 

      240 388 545 341 531 729
Low 

    370 605 859 529 834 1163

130 234 341 297 390 538 463 518 686
Medium 

200 362 532 391 609 851 543 818 1118

    317 477 646 533 755 945
High 

      491 748 1029 836 1209 1608
 

Table 7.26 Valuation of life years gained (cold) per year for the UK for the 
different emissions scenarios with future socio-economic change, high 

population 
£m, annual, 2010 prices; baseline period 1993-2006 

2020 2050 2080 
Scenario 

p10 p50 p90 p10 P50 p90 p10 p50 p90 

      279 450 633 447 697 955
Low 

      430 703 997 694 1094 1524

133 239 348 327 503 694 562 836 1105
Medium 

204 369 542 506 787 1098 878 1321 1804

      368 553 750 698 990 1239
High 

      570 868 1194 1096 1585 2108

7.17 BU6 – Increased exposure for mortgage lenders 

This metric is concerned with the impact of increasing flood risk on mortgage lending 
revenues as a function of market changes and the important issue of asset devaluation 
in the event of the loss of insurance cover. 

For the purposes of this analysis, the number of properties at significant risk of flooding 
(coastal and fluvial) is used as an indicator of the impact of flooding on the availability 
of insurance, and consequently on the level of mortgage lending exposed. Here, the 
baseline (current) sea level and river flow peak data are used to derive the existing 
level of significant risk to properties in different regions (by numbers of properties).  

As discussed in Section 5.16, it is projected that the value of mortgages that could be 
affected by this risk is of the order of £1 billion to £8 billion by the 2050s rising to £2 
billion to £9 billion by the 2080s (at today’s prices).   

This risk metric is not concerned with a welfare impact per se; the related welfare 
impact i.e. flooding to residential property is presented in the Floods and Coastal 
Erosion sector report, risk metric FL6. Rather it is concerned with the scale of the 
mortgage fund value at risk, relative to the 2008 baseline. The values given are total 
asset values and are therefore not comparable to results presented elsewhere in the 
risk assessment in annual terms.  
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7.18 BU10 – Loss of staff hours due to high internal 
building temperatures 

In the specific case of cooling requirements, longer, drier summer periods may cause 
overheating in naturally ventilated buildings and affect the capacity of low energy 
cooling systems to provide comfortable conditions across all building types. These 
changes may have knock-on implications for worker health and safety, productivity and 
product quality. 

Metric BE3 (overheating of buildings) considered the number of days a year when the 
temperature exceeds a comfort level taken as the threshold for overheating.  The 
monetisation of this metric in Section 7.6 considered the potential effects on 
productivity, and is therefore essentially the same as this metric. 

It is also noted that there may be some productivity gains from climate change in 
relation to lost time at work, travel time, etc. from the reduction in colder temperatures, 
although these have not been considered.  

This risk metric is concerned with the scale of the productivity losses associated with 
overheating in buildings. The results, expressed in terms of turnover, were given in 
Section 5.17, adjusted to identify the climate attributable impacts net of the baseline. 
The lack of detailed economic analysis in this assessment leads to some questions 
over the reliability of these estimates.  Whilst they are retained here, this is an 
important area for future investigation.   

With climate change, the estimated number of days above the temperature threshold 
rises significantly, particularly in the South-East and London, and especially in the later 
time periods (2080s).  In the absence of any action, this would lead to potentially high 
costs, from reduced productivity and lost work time, which could plausibly be of the 
order of hundreds of millions or even billions of pounds annually by later time periods, 
given the size of the working population potential impacted (35 million in the UK) 
combined with the unit value of a day of lost productivity (£150/day on average). These 
are therefore given a high to very high rating.  

However, particularly care is needed in interpreting these changes, because of the 
private sector autonomous response to climate change. In the face of rising 
temperatures, companies may adjust the working environment to avoid falls in 
productivity and in direct response to occupational health legislation/guidance that may 
be provided in future. The indicative results above may therefore be an over-estimate 
of the actual costs likely to occur. 

There are cross-sectoral linkages with energy cooling costs, both in the current and 
future stock of office buildings over time (including retrofit and refurbishment cycles). 
As highlighted above, adding energy cooling costs to these productivity costs will 
involve double counting (as there will either be the former or the latter, but not both 
together).  
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8 Adaptive Capacity 

8.1 Overview 

Adaptive capacity considers the ability of a system to design or implement effective 
adaptation strategies to adjust to information about potential climate change, to 
moderate potential damages, to take advantage of opportunities, or to cope with the 
consequences (Ballard, 2009, after IPCC, 2007).  This can be considered as having 
two components; the inherent biological and ecological adaptive capacity of 
ecosystems and the socio-economic factors determining the ability to implement 
planned adaptation measures (Lindner et al., 2010).  Considering adaptive capacity is 
essential for adaptation planning and the CCRA project has included work in this area 
that will contribute to the ongoing Economics of Climate Resilience study and the 
National Adaptation Programme.  The CCRA work on adaptive capacity focuses on 
structural and organisational adaptive capacity and this chapter provides an overview 
of the assessment approach.  The subsequent sections of this chapter provide an 
overview of the findings from other work on adaptive capacity in the Built Environment 
sector that has been carried out. 

The climate change risks for any sector can only be fully understood by taking into 
account that sector’s level of adaptive capacity.  Climate change risks can be reduced 
or worsened depending on how well we recognise and prepare for them.  The 
consequences of climate change are not limited to its direct impacts. Social and 
physical infrastructure, the backdrop against which climate change occurs, must also 
be considered. If such infrastructure is maladapted, the economic, social or 
environmental cost of climate impacts may be much greater; other consequences could 
also be considerably more detrimental than they otherwise might have been.  Avoiding 
maladaptation is one outcome of high adaptive capacity; high adaptive capacity lowers 
the negative consequence of climate impacts. Conversely, low adaptive capacity 
increases the negative consequences. 

8.2 Assessing structural and organisational adaptive 
capacity 

The methods used for assessing structural and organisational adaptive capacity in the 
CCRA are based on the PACT framework38. The work included a preliminary literature- 
and expert interview-based assessment of all eleven sectors in the CCRA.  This was 
followed by more detailed analysis for the following sectors: 

 Business, Industry and Services (focusing on the finance sector) 

 Transport (focusing on road and rail) 

 Built Environment (focusing on house building) 

 Health 

 Biodiversity and Ecosystem Services 

 Water 
                                                           
38 PACT was developed in the UK as one of the outcomes of the ESPACE Project (European Spatial Planning: Adapting 
to Climate Events) http://www.pact.co/home. 
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Structural adaptive capacity  

The extent to which a system is free of structural barriers to change that makes it hard 
to devise and implement effective adaptation strategies to prepare for future impacts. 
This covers issues such as: 

Decision timescales: This considers the lifetimes of decisions, from their 
conception to the point when their effects are no longer felt. The longer this 
period is, the greater the uncertainty as to the effects of climate change 
impacts. Cost-effective adaptation becomes harder.  Potential climate 
impacts also become more extreme over longer timescales. This means 
that a greater scale of adaptation may need to be considered, and that the 
barriers to adaptation resulting from 'lock-in' to maladapted processes 
become more pronounced (Stafford-Smith et al., 2011). Adaptive capacity 
is therefore lower, and maladaptation more likely, when long-lasting 
decisions are taken. 

Activity levels: This considers what opportunities are there for adaptation, 
and on what scale. The frequency with which assets are replaced or 
created determines how many opportunities there will be to take action 
which increases adaptive capacity.39 In addition, when a lot of asset 
replacement and/or new investment is expected, there will be more 
chances to learn from experience, which increases adaptive capacity. 

Maladaptation: This evaluates the effect of decisions already made on 
adaptive capacity. Long-term previous decisions which have reduced 
adaptive capacity are often difficult or expensive to reverse. Such decisions 
were made either before climate change was recognised as an issue, or 
more recently as a result of poor organisational capacity. Such 
maladaptation makes implementing effective strategies much harder. 

Sector (or industry) complexity:  This refers to the level of interaction 
between stakeholders within an industry, or with outside industries and 
groups, that is required to facilitate effective decision-making. Complexity is 
higher (and adaptive capacity lower) when many stakeholders are involved 
in decision-making and when their agendas (e.g. their financial interests) 
differ substantially. 

Organisational adaptive capacity  

Organisational adaptive capacity is the extent to which human capacity has developed 
to enable organisations to devise and implement effective adaptation strategies. 
Effective adaptation requires decision-making that takes account of an uncertain future 
and avoids locking-out future options that might be more cost-effective if climate 
impacts become more severe, or arrive more rapidly, than expected.  The PACT 
framework used to assess this recognises different levels of adaptation.  This 
framework is arranged in a hierarchy of ‘Response Levels’ (‘RLs’), as set out below, of 
increasing capacity40.  These levels do not supersede one another; instead, each one 
builds on the experiences and practices built up in the previous response level. 
Organisations may need to be active on all levels for an effective adaptation 
programme. An RL4 organisation focused on breakthrough projects still needs to be 
stakeholder-responsive, for example. 

RL1: Core Business Focused: At this level, organisations see no benefit 
from adapting; if change is required of them, it should both be very 

                                                           
39This differs from ‘Decision timescales’ because investment in a sector is not continuous but varies over time, with 
periods of high investment being followed by periods of little or no investment. 

40 The PACT framework contains six response levels: those cited are the most relevant to the adaptation field. 
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straightforward to implement and also incentivised, e.g. through ‘carrots’ 
and ‘sticks’. 

RL2: Stakeholder Responsive: At early stages of adaptation, 
organisations lack basic skills, information, processes and also skilled 
people; they need very clear advice and information plus regulations that 
are straightforward enough to help them get started. 

RL3: Efficient Management: As organisations begin to professionalise 
adaptation, they become more self-directing, able to handle short term 
impacts up to 10 years (Stafford-Smith et al., 2011). They need 
professional networks, best practice guidelines, management standards, 
etc. 

RL4: Breakthrough projects: When impacts beyond 10 years need to be 
considered, organisations may need to consider more radical adaptation 
options. As well as high quality support from scientists, they may need 
support with the costs of innovation. 

RL5: Strategic Resilience: Adapting a whole region or industry for long-
term climate impacts of 30 years or more requires lead organisations to 
develop very advanced capacity that is able to co-ordinate and support 
action by a wide range of actors over programmes that are likely to last for 
many years. 

8.3 Adaptation Sub-Committee Reports 
The first Adaptation Sub-Committee (ASC) Progress Report (ASC, 2010) considered 
the steps the UK should be taking to adapt to climate change, as well as what progress 
has been made so far and what further action is required. It identified a number of 
priority areas for early action, including land-use planning and designing and 
renovating buildings. Findings for these two priority areas relevant to the Built 
Environment sector were reported in the second progress report (ASC, 2011) and are 
summarised here. 

8.3.1 Land-Use Planning 

The ASC (2011) concluded that the land use planning faces difficult trade-offs in 
assessing climate change considerations against other, shorter-term priorities.  Their 
findings suggest that there is limited evidence that local authorities are taking into 
account long-term costs when making decisions on the strategic location of new 
development in their Local Plan.  The report suggests that a strategic approach is 
needed to manage vulnerability at community and individual property scale.  This 
would involve weighing up the long-term costs of climate impacts against more 
immediate social and economic benefits from development.  There may be a role for 
developing localised indicators that allow communities to understand how development 
decisions are affecting their vulnerability to climate risks.  

The ASC (2011) analysis showed variable uptake of adaptation measures at the 
property level in development applications.  Nearly all applications in areas of river and 
coastal flood risk included adaptation and around half the applications in areas of 
surface water flooding risk included adaptation. Other climate risks, for example heat 
stress, are not as widely considered within development applications. 
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8.3.2 Designing and Renovating Buildings 

The ASC (2011) identified buildings as a priority area for adaptation, because decisions 
concerning the design, construction and renovation of buildings are long lasting and 
potentially costly to reverse. An in-depth, quantitative assessment of preparedness in 
the residential buildings sector was undertaken and a range of adaptation measures at 
the individual property level evaluated. A number of low-regret adaptation options were 
identified to protect against water stress, flooding and heat stress. 

The Government has taken some action to address the climate risks facing the 
residential built environment sector. Generally this action has tended to focus on new 
developments. In the boroughs surveyed, uptake is higher for flood resilience and 
water saving measures than for measures to reduce the risk of overheating (without 
resorting to air-conditioning). 

Limited evidence was found on the uptake of adaptation measures in existing homes, 
where there is less regulation. This is especially true for property level measures to 
reduce the risk of heat stress. 

A number of barriers prevent the uptake of low-regret measures across the sector. 
Sufficient incentives are required for householders to take action. Information on 
climate risks, options for managing risks and professional advice on the installation of 
measures also needs to be more readily available to reduce any hidden costs that 
householders and developers may incur. 

8.4 Summary 
The ASC analysis focused on the housing/residential sector. A means of assessing 
adaptive capacity in a more general context, is provided by results of the Carbon 
Disclosure Project (CDP) survey, 2008. This gave some information on the extent to 
which business organisations have begun the process of adaptation. The focus was on 
early stage adaptation activities rather than on the much more sophisticated adaptation 
activities that would be required, for instance at a period of major investment in long-
lasting assets. This means that low scores indicate with relatively high confidence that 
adaptation activity is absent, but that relatively high scores do not necessarily indicate 
that adaptation activities are sufficient, or even necessarily very far developed.  This 
survey suggested that the status of adaptation actions is low in real estate 
(management and house building) and real estate (leisure). 

Expert stakeholders consulted during the early stages of the CCRA project expressed 
the view that the adaptive capacity of the Built Environment sector is low (Capon, 
2010).  In building projects, capital cost and mandatory standards imposed by 
regulation are often the most important drivers for decision-making. Capital versus life-
cycle cost of a project is rarely considered. For many stakeholders, the issue of climate 
change lies too far into the future to trigger investment in the current economic climate.  
Thus the driver of capital cost has a major impact on the degree of adaptation that is 
currently achieved. 

Notwithstanding these obstacles, a sound business case can be made for including 
adaptation in building design now (Gething, 2010). Companies which position 
themselves as the first movers in developing and testing adaptation strategies for new 
and existing buildings should have a significant competitive advantage in the future. 

In light of the need to build adaptive capacity within the sector, the Technology Strategy 
Board has launched the “Design for Future Climate” competition, which is to invest £5m 
in designing strategies for climate change adaptation for new and existing buildings.  
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9 Discussion 
A number of key risks to the Built Environment sector have been analysed within the 
CCRA. This section discusses the outcomes, with risks grouped thematically rather 
than in strict numerical order. Gaps and limitations in the analysis are highlighted, 
together with areas for future research. Implications for policy are also reviewed in the 
light of the evidence gathered. 

9.1 Heat-related issues: Urban Heat Island, 
overheating and green space 

9.1.1 Urban Heat Island and health effects 

The Urban Heat Island (UHI) effect has been observed in several UK cities (London, 
Birmingham and Manchester). The temperature at the centre of a large city can be 
several degrees higher than in the surrounding rural areas. Several factors contribute 
to the development of this urban microclimate: the urban fabric stores heat during the 
day and re-radiates it at night; less surface water is available for evaporative cooling; 
and anthropogenic heat emissions, such as exhaust air from air-conditioning systems 
and traffic, act to increase the local air temperature. Although in winter, the UHI can 
have beneficial effects in reducing heating demand and winter mortality, in summer it 
can have severe consequences for human comfort and health. 

During the August 2003 heatwave the temperature in the centre of London was up to 
9°C greater than that in surrounding rural areas. This heatwave led to over 2000 
excess deaths in England and Wales, the greatest proportion of which occurred in the 
southern half of England, particularly in London (Johnson et al., 2005). There was far 
greater loss of life in Paris and elsewhere in Europe. By the 2050s, such hot summers 
are projected to be much more frequent events, occurring perhaps every 2 to 3 years. 

The UKCP09 regional climate models do not have sufficient resolution to include an 
explicit representation of urban areas and their effects. Therefore specific projections of 
the UHI under climate change are not available within UKCP09. Within the CCRA the 
change in minimum night-time temperature during summer months is used to assess 
the risk to human comfort and health presented by UHI effects. Elevated night-time 
temperatures have been correlated with heat stress in some studies (e.g. Dousset et 
al., 2011). 

UKCP09 projections for the mean average summer night temperature indicate that 
present night-time temperature thresholds for heat wave action may be exceeded more 
frequently (risk metric BE1). Analysis within the Health sector points to increased rates 
of heat-related mortality and morbidity (risk metrics HE1, HE2). 

9.1.2 Overheating in buildings and workplace productivity 

Historically within the UK, building design has been driven by the need for indoor 
thermal comfort in winter and more recently, by a desire for winter energy efficiency. 
Overheating and indoor thermal comfort in summer has not been regarded as a 
problem. Overheating risk depends partly on climatic factors; there is a natural 
geographical variation in the risk, which can be further exacerbated by the Urban Heat 
Island effect. There is evidence that some types of building, such as highly insulated 
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lightweight buildings and buildings with heavily glazed facades, are already vulnerable 
to summer overheating.  

Increasing temperatures and a higher incidence of summer heatwaves due to climate 
change would increase the risk of overheating and other building types could also be 
affected. Without planned adaptation to implement appropriate passive cooling 
measures, there is the further risk that the Urban Heat Island effect and the resulting 
building overheating would be exacerbated by widespread autonomous maladaptation 
in the form of air-conditioning.  It has been suggested that the introduction of shallow 
geothermal heating-cooling systems could be used to help mitigate the effect of the 
potential problem of overheating in buildings. 

The effects of high temperatures on health and well-being are discussed under metric 
BE1 (UHI) and in greater detail in the Health sector report. Another major consequence 
of building overheating is uncomfortable or intolerable working conditions, leading to a 
reduction in productivity. This would affect commercial buildings including offices and 
other types of buildings, for example schools and hospitals. 

In the absence of more building specific data, this metric is assessed in terms of 
temperature above an absolute external temperature threshold of 26ºC. This is the 
temperature at which productivity starts falling and also lies between the CIBSE 
comfort and overheating thresholds. The analysis indicates that the risk of overheating 
is likely to increase if temperatures increase (risk metric BE3). The Business sector 
report has extended this analysis to consider the implications of overheating on 
productivity in the work place (risk metric BU10). 

9.1.3 Effectiveness of green space 

Green and blue infrastructure, such as parks, open spaces, rivers and water bodies, 
has a dual function in combating the Urban Heat Island effect. Firstly its inherent 
cooling and, for green infrastructure, shading capacity reduces the heat vulnerability of 
the surrounding area. Secondly, it provides valuable climate refuges, to which local 
residents can go for temporary respite from extreme heat.  There is an important 
association between access to green spaces and better mental and physical health 
(Department of Health, 2011). In addition, green space is a key component of 
Sustainable Urban Drainage Systems and has a pivotal role to play in improving flood 
resilience. 

In recent hot summers, drying out of green space has been observed, for example the 
parched grassland in Hyde Park in 2006. Under prolonged hot, dry conditions, evapo-
transpiration of the green space slows down, eventually shutting down if the vegetation 
becomes completely parched. Consequently, the cooling effect of the green space is 
effectively switched off. Without adaptation, this could become an ever more frequent 
occurrence as summers become hotter and drier. Work by the LUCID project has 
demonstrated the cooling influence of green infrastructure on the local microclimate as 
an effective means of reducing both the Urban Heat Island and overheating. 

There is a lack of evidence to indicate the precise thresholds at which cooling by 
evapo-transpiration is reduced or switched off. Indicative analysis has been carried out, 
which relates green space effectiveness to relative aridity (water sector risk metric 
WA1). A reduction in the cooling effectiveness of green space as a consequence of 
increasing relative aridity would reduce the capacity of local environments to minimise 
UHI effects and overheating risk (risk metric BE5). The greatest impact is likely in the 
south of the UK. 
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9.1.4 Gaps and limitations of the analysis and areas for future 
research 

It is unclear from UKCP09 projections how extremes are likely to change relative to 
mean temperatures, yet it is during heat-waves that heat-related impacts and 
consequences may be most keenly felt. 

BE1 – Urban Heat Island 

Specific Urban Heat Island effects are not included in the UKCP09 projections. 
Therefore the projected average change in summer minimum temperature has been 
used as an indicator of the risk. However, this does not provide information on either 
the future pattern of extreme heatwave events or the evolution of the UHI under climate 
change. 

Since the analysis here was undertaken, results have been disseminated from the 
EPSRC-funded SCORCHIO and LUCID projects. Climate change does not increase 
UHI intensity per se, but the frequency of extreme heat events experienced within 
urban areas may increase with the average rise in summer temperatures. Moreover, 
the model results do demonstrate the impact of other non-climate factors, namely the 
potential of green infrastructure to mitigate the UHI and the power of increased 
anthropogenic heat emissions to exacerbate it. 

These projects have also developed impacts models, in the case of SCORCHIO a GIS-
tool, SCHEEME, to examine the risks of the UHI to overheating and health. Future 
cycles of the CCRA should aim to exploit the outcomes of this and future work. 

BE3 – Overheating 

Thermal performance varies widely from building to building. Thus, ideally, this risk 
metric would be broken down by building type/construction/age. Such data is not 
however readily available. There is also very limited research data to relate specific 
building types to indoor thermal comfort. Hence within the CCRA, external temperature 
has been used as a proxy for indoor thermal comfort. 

This analysis does not take into account possible physiological or behavioural 
adaptation, for which there is considerable scope. Examples include relaxing dress 
codes and changing working or school hours to an earlier cooler part of the day.  

The lack of knowledge as to what constitutes overheating and the need for further 
research in this area has already been identified by DCLG and is highlighted here. 

Furthermore, it is important to note that an absolute comfort threshold temperature has 
been used to derive these results. As already stated, overheating criteria are the 
subject of ongoing research. An alternative adaptive approach to thermal comfort has 
been proposed (Nicol et al., 2009), in which the ‘comfort temperature’ in a naturally 
ventilated building is calculated from the running mean of the outdoor temperature. If 
such an approach were to be adopted by CIBSE for use within the UK, it would 
necessitate a complete revision of the analysis presented here. 

Within this first version of the CCRA, it was decided at the start of the Tier 2 analysis to 
link this metric to workplace productivity and to consider health impacts of overheating 
under BE1, the Urban Heat Island and the Health sector metrics. However future 
versions of the CCRA should consider developing a more holistic approach to these 
issues.  
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BE5 – Effectiveness of green space 

The BE5 risk metric presented here should be considered as purely indicative. Recent 
research for Defra and DCLG has identified several knowledge gaps in the field of 
green space (Forest Research, 2010). More detailed, statistically valid experimentation 
is necessary to improve understanding of the mechanisms by which vegetation cools 
the surrounding environment (Bowler et al., 2010). More information is also needed on 
suitable species for use in climate change adapted green infrastructure and their 
physiological characteristics, such as heat and drought tolerance and resistance to 
frost damage. This will enable a more robust correlation to be made between the 
climate drivers (relative aridity in this case) and the effectiveness of green space.  This 
in turn could inform decisions about the effectiveness of mitigation strategies, for 
example replacing built areas with green space. 

9.2 Water 

Analysis undertaken within the Water sector indicates a wide range of potential 
impacts. Drier conditions with lower summer flows would reduce the amount of water 
available for public water supply within the Built Environment sector (risk metrics WA5, 
WA6). 

9.2.1 Gaps and limitations of the analysis and areas for future 
research 

Uncertainties within the Water sector, particularly in the longer term (2050s, 2080s), 
are caused not only by changes in climate and population but also by developments in 
water efficiency and technology for sustainable water management.  An improved 
understanding may also be needed on the effect of water scarcity on behaviour 
change. 

9.3 Flooding 

The Floods and Coastal Erosion sector analysis shows that there could be a large 
increase in the consequences of flooding during the 21st Century as a result of climate 
change.  

Sea level is highly likely to continue to rise and the rate of rise is projected to increase.  
This would lead to an increase in flood risk on the coast and in estuaries through 
overtopping, increasing rates of erosion and increases in the risk of defence breaching. 

According to UKCP09 projections of future rainfall, winters may become significantly 
wetter and extreme winter precipitation may increase across the UK in all regions. 
Summers are likely to have less overall rainfall but be characterised by intense heavy 
downpours interspersed with longer relatively drier periods. These winter and summer 
changes would lead to an increase in fluvial and surface water flooding. 

Several flood risk metrics directly affect the Built Environment sector. Increased 
numbers of properties, both residential and non-residential may be at risk of river and 
tidal flooding (metrics FL6 and FL7). This would have knock-on effects for the 
insurance industry (metrics FL13 and BU6), for which major flood events (as occurred 
in 2007) can have severe consequences. 
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The overall number of deaths due to extreme event flooding and storms in the UK 
currently are small (metric HE3). Although deaths during flooding are a significant and 
“newsworthy” event, the primary effects of flooding on people are disruption, 
displacement and mental stress.  

9.3.1 Gaps and limitations of the analysis and areas for future 
research 

The Floods and Coastal Erosion sector risk assessment examines the potential 
changes in risk due to climate change. The analysis assumes that there are no 
changes to existing flood risk management measures. Hence it does not consider 
adaptation to manage the increase in flood risk and assumes that the existing defence 
system will be maintained at its current extent and condition. Neither does it take 
account of investment to reduce the risk, or deterioration of the existing flood risk 
management system, which would increase the risk. 

The figures from the Floods and Coastal Erosion sector metrics cover tidal and river 
flooding, but not surface water flooding.  It is provisionally estimated that there is a total 
of about 2.8 million properties at risk from river and tidal flooding in the UK and about 
4.2 million properties at risk from surface water flooding, (of which, about a million are 
also at risk of river and tidal flooding). This highlights the urgent need to develop 
projections of future surface water flood risk for the next CCRA.  Information on the 
spatial extent of flooding from all sources would also assist with the planning of new 
development and improvements to existing buildings to reduce flood damage.  

9.4 Subsidence 

Subsidence was selected as a risk with major economic consequences within the Built 
Environment sector. In the UK, large numbers of properties are at risk of subsidence. In 
2009 there were 29,700 notified claims relating to subsidence for domestic properties 
amounting to a gross value of £175 million. In particular, clay soils with high shrink-
swell potential underlie much of the densely populated areas of London and the South 
East of England. Other areas can also be susceptible to subsidence, for example the 
Vale of York and the Cheshire Plain.  

Changes in seasonal rainfall patterns may lead to greater variability in the wetting and 
drying of shrink-swell soils, increasing the risk of subsidence (risk metric BE2).  

9.4.1 Gaps and limitations of the analysis and areas for future 
research 

Commercially available high-resolution soil data would give a more accurate estimate 
of current and future subsidence risk but were far too costly to be used within the scope 
of the CCRA. Although it would be of interest to explore the correlation between stock 
replacement rates and soil types, such an investigation was also beyond the scope of 
the current CCRA. 

In order to apply the UKCP09 climate projections in the CCRA analysis, an initial 
correlation was established between the total number of claims within each year (from 
ABI data) and the percentage change in summer rainfall (in comparison with the 1961 
– 1990 baseline average) for in the period 2003-2009. This appears to give a good 
correlation, but the data covers such a short period that the relationship must be 
considered highly uncertain. 
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An additional uncertainty factor is that these projections are based on the current 
building stock. The vulnerability of different types of property to subsidence depends 
not only on location but also on the construction type and in particular the nature of the 
building’s foundations. Older properties, including domestic properties, are at greatest 
risk. Although widespread underpinning may reduce the risk, it is not considered a 
viable adaptation option. New buildings, especially those in high-risk areas, are driven 
by a combination of building regulations, planning, insurance and mortgage lending 
constraints to have deeper and more resilient foundations. Therefore the overall risk 
will reduce as building stock is replaced, although given the current slow domestic 
replacement rates this will be a very gradual effect. 

9.5 Energy demand for heating and cooling 

Currently, winter energy efficiency is the focus of both new-build design and 
retrofit/refurbishment programs, such as the Carbon Emissions Reduction Target 
(CERT) programme and the “Warm Front” scheme. However, with future warmer 
winters, a reduction in heating demand is expected (risk/opportunity metric BE9). The 
Health sector analysis has also projected a decrease in cold-related deaths as 
temperatures increase (metric HE3). 

This reduced requirement for space heating provides an opportunity for innovative 
design, for example of building plant. On the other hand, it does not justify a reduction 
in current recommended insulation levels. Good levels of insulation would still be 
required in colder spells and, if used appropriately, can also help to reduce overheating 
in summer. Although the average space heating demand per property may decline, 
heating plant is sized for extreme conditions. Hence projected changes in low 
temperature extremes must also be taken into account in future design. 

9.5.1 Gaps and limitations of the analysis and areas for future 
research 

There is the very real possibility that the reduction in heating energy demand per 
household would be offset by the number of new dwellings built over the same period. 
The principal population projection used for this study leads to a broadly flat demand 
profile over the time horizon to the 2050s. Furthermore, the high population projection 
would lead to in an increase in aggregate space heating demand in each region. 

Confidence in the demand for cooling analysis would be enhanced by calculating 
cooling energy demand projections based on the projected number of cooling degree 
days from UKCP09.  This would however require information on energy demand for 
cooling for both domestic and non-domestic properties.  

9.6 Policy implications and issues 

9.6.1 Thermal comfort 

Overheating and the Urban Heat Island 

Heat related consequences of climate change will be felt at all scales within the built 
environment: the Urban Heat Island is a city-scale effect; green infrastructure is 
important at neighbourhood and street level; overheating will be experienced at the 



 

 Built Environment sector 155 

building scale. The latest research has emphasised the inter-related nature of these 
scales. Modelling within the LUCID project for London has demonstrated that, 
currently, the thermal performance of a building and the extent of greening within the 
immediate vicinity (which influences the local microclimate) both make a greater 
contribution to overheating risk than the location of the building within the UHI. 
Furthermore, there is a very real danger that the UHI effect could be exacerbated in 
future if air-conditioning is widely adopted, for example in the domestic sector. 

Nevertheless, it is likely that mechanical and mixed-mode ventilation systems may 
become more widely used, especially in city centre buildings. Indeed, the Health sector 
analysis assumes that air-conditioning is an appropriate adaptation response to rising 
temperatures. However, in the light of the Built Environment sector analysis, it should 
always be a last resort after all possible passive design options have been explored.  A 
further reason for this is that, once some form of cooling has been installed in a 
building, it may be over used.  

Under the Building Regulations Part L, the impact of solar gain on building overheating 
must be considered, but only in so far as it affects the energy use in the building 
through cooling. No other provision is made to regulate thermal comfort in summer, 
e.g. through passive means or in naturally ventilated buildings.  

DCLG has recognised that there is a knowledge gap here and commissioned research 
into overheating. Consultation on the 2013 Review of the Building Regulations will 
reference this work as appropriate. 

On the city and neighbourhood scale, government heat wave plans address the health 
risks associated with the Urban Heat Island effect during periods of hot weather.  

Energy issues 

The reduced requirement for winter space heating underlines the need to exploit the 
opportunity afforded by climate change for new and innovative design. Continuing the 
current focus on improvements to roof and cavity wall insulation will reduce winter 
heating demand in existing domestic stock. However, care must be taken that such 
measures do not exacerbate summer overheating.  

In summer, increased insulation levels can reduce transmission of solar gains through 
the fabric of the building thus reducing internal temperatures, but in the same way they 
can trap heat built up within a building, for example from internal gains or solar 
radiation through the windows. Furthermore, exposed thermal mass, which can help 
regulate extremes of external temperature, is rendered ineffective if covered up by 
internal insulation. 

Green space 

Urban green space is protected within local and national planning policy. In addition, 
tree preservations orders and conservation areas provide protection for some, but not 
all, garden and street trees. In spite of this, further research is needed into suitable 
climate change adaptation measures, for example which species will be resilient to 
hotter, drier summers, and appropriate maintenance regimes. Future adaptation 
proposals should encompass all scales of green infrastructure, from large parks and 
open spaces to green corridors, street trees and green roofs. Particular consideration 
should also be given to vulnerable locations, such as hospitals and care homes and 
socially disadvantaged areas. The latter typically have less access to urban green 
space. 

The subsidence issue is closely linked to green infrastructure, in particular urban trees. 
Some stakeholders are concerned about the potential for conflict between insurers 
wishing to remove urban trees to reduce subsidence risk and the desire for green 



156  Built Environment sector  

infrastructure. Recent statistics for London show that only a small percentage of trees 
are being lost because of insurance concerns (5% on average but up to 40% in one 
borough, London Assembly, 2007). Many insurers have adopted compensatory 
‘replanting schemes’ and the ABI has also been providing advice and guidance on how 
to limit future tree root subsidence. On the other hand, trees take a long time to mature 
and thus provide a significant shading benefit. The degree of shading also varies with 
species and size of tree, and replanted trees are not necessarily the same species as 
the original. Replacement therefore needs to be carefully managed if the overall 
cooling capacity of an area is not to be compromised. 

9.6.2 Water 

In the UK high ‘levels of service’ are expected from water customers and this is likely to 
remain the case in the near term (2020s). In the longer term (2050s and 2080s), a 
more complex mix of factors is expected to shape our use of water. Behaviour of 
different social groups may change in response to the price of water, attitudes to the 
environment and lifestyles choices. There are potential public health issues as more 
vulnerable groups may reduce their water use. These require consideration as part of 
adaptation planning.  

Overall the analysis indicates that the current framework of water resources planning, 
including water efficiency targets, is likely to cope with both climate change and 
population change in the 2020s. However, the longer term picture suggests there could 
be significant consequences by the 2050s that may require a change in the way the UK 
provides a public water supply.  

9.6.3 Flooding 

The projected increases in flooding could be exacerbated by socio-economic change 
due to projected increases in population and property numbers. However any 
additional increase that might occur as a result of socio-economic change will depend 
critically on the success of current and future polices, e.g. the Draft National Planning 
Policy Framework and the Flood and Water Management Act 2010, on development in 
flood risk areas. 

9.6.4 Subsidence 

Modern buildings constructed post-1970 have deeper foundations and are expected to 
be resilient to subsidence, even if the theoretical risk increases. Concern focuses on 
older buildings, particularly within the domestic sector, given current low replacement 
rates and the lack of viable adaptation options. There are, however, many uncertainties 
within the present analysis. More robust evidence of increased risk would be required 
at regional and local level before taking any action to increase stock turnover rates. 

9.6.5 Summary 

Climate impacts that relate to flood damage in the built environment are addressed in a 
range of new and emerging policies such as the Flood and Water Management Act 
2010 and the Draft National Planning Policy Framework. Water companies have 
statutory water resources management plans, which take account of climate change. 
Building Regulations also incorporate water efficiency standards. 
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Building Regulations set minimum standards for internal thermal comfort in winter, but 
not for summer internal comfort in naturally ventilated buildings. Improved energy 
efficiency in winter is also a key focus of the Code for Sustainable Homes. However, 
climate change mitigation measures designed to make buildings more energy efficient 
in winter, for example through increased solar gain and higher insulation levels, have 
the potential to increase the risk of summer overheating. Further research into the 
interplay between climate change mitigation and adaptation measures is essential. 

There is a compelling case for joined-up policy in this area, with regard to thermal 
comfort in both summer and winter and other related issues, i.e. the Urban Heat Island 
and Green Infrastructure. This is currently lacking as different policy makers manage 
different aspects of the built environment. For example, at present, DECC oversee 
energy efficiency programmes such as Warm Front, whereas Building Regulations are 
the responsibility of DCLG. 

Vulnerable groups in society (the poor, the young, the elderly and those with underlying 
health problems) are also most exposed to the consequences of climate change 
impacts in the built environment, including flooding and overheating of buildings. The 
projected decrease in cold-related mortality and increase in heat-related mortality 
implies that in terms of fuel poverty measures, present government campaigns 
focussed on winter heating demands, such as Warm Front in England, may need to be 
revised to consider cooling demands as well. This may be especially true for the elderly 
in increasing resilience to summer heat events as well as in supporting energy 
efficiency programmes to reduce fuel costs in winter. 

Both Building Regulations and Planning Policy can only directly influence new build 
projects and existing sites where redevelopment or refurbishment work takes place. 
Given that around 70% of the buildings which will be in use in the 2050s already exist, 
one of the major challenges for policy development in this area is the means of 
influencing and encouraging suitable retrofitting and adaptation of the existing stock.  
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10 Conclusions 

10.1 Heat-related consequences  

10.1.1 Urban Heat Island 

The Urban Heat Island (UHI) effect has significant consequences for human health and 
comfort. The greatest effects are likely to occur in the largest cities but other cities and 
towns could also be affected. Additional factors that may influence the magnitude of the 
UHI effect include location and latitude.  For example, cities near the coast may be less 
affected than cities further inland. 

According to UKCP09 projections, the mean average summer night temperature will 
increase by 2–3°C by the 2050s (p50 Medium emissions scenario) across the UK. An 
increase of 3–4°C is projected by the 2080s under the same scenario, but could be as 
high as 7-9°C under the p90 High emissions scenario. Therefore present night-time 
temperature thresholds for heat wave action are likely to be exceeded more frequently. 
The Health sector analysis projects an increase in heat-related mortality, the highest 
levels of which are typically observed in the south of the UK. 

Analysis within the SCORCHIO project has indicated that temperatures will rise in 
urban and rural areas at the same rate. Climate change does not increase UHI 
intensity per se, but it does increase the frequency of extreme heat events within urban 
areas. The LUCID project has investigated the impact of other contributing factors on 
the UHI. Green infrastructure has a beneficial cooling effect. However, there is a critical 
danger that increased anthropogenic heat emissions, particularly hot air exhausted 
from air-conditioning, could in future exacerbate the UHI in summer. 

10.1.2 Overheating in buildings 

Overheating of commercial and other properties can arise due to a number of factors, 
but can be especially acute in modern highly insulated lightweight buildings and also 
highly glazed buildings.  

The risk of overheating is likely to increase if temperatures increase.  The number of 
days per year when overheating could occur in London is projected to rise from a 
baseline of 18 days to between 22 and 51 days by the 2020s (central estimate 33 
days).  This is projected to rise to between 27 and 121 days per year by the 2080s 
(central estimate 69 days). Elsewhere in England and Wales by the 2080s the 
projections range from between 5 and 82 days per year in the North East (central 
estimate 22 days) to between 18 and 114 days in the South East 2080s (central 
estimate 57 days). 

The precise performance of individual buildings is dependent on a number of factors 
specific to their design. There is scope for mitigation of overheating through “soft” 
adaptation measures, such as physiological adaptation and behavioural changes, but 
these are difficult to quantify. Nevertheless, in broad terms increasing periods of 
elevated temperatures would heighten the risk of impaired productivity. Results from 
the business sector indicate that this could be a serious consequence with the potential 
to increase business costs substantially, unless suitable adaptation measures are 
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introduced. There would also be more disruption in the cases of schools and difficulties 
for hospitals in maintaining cooler areas for patients. 

10.1.3 Effectiveness of green space 

Green and blue infrastructure provides a valuable cooling resource for amelioration of 
high summer temperatures within cities, caused by the Urban Heat Island effect and 
climate change. The cooling capacity of urban green space is determined by a number 
of factors. These include the nature of the vegetation and land coverage, the 
maintenance and care regime in place as well as the relative aridity. In hot, dry 
conditions green spaces can become so parched that they lose their capacity for 
evapo-transpirative cooling. 

Climate change projections for England and Wales indicate that aridity is likely to 
increase for all climate change scenarios except the p10 (wet) scenarios.  Extreme 
aridity is projected by the 2080s for the p50 Medium and High emissions scenarios and 
the p90 High emissions scenario. A reduction in the cooling effectiveness of green 
space due to changes in relative aridity is likely to exacerbate UHI effects and 
contribute to heat stress in localised areas. The impact is expected to be greatest in the 
south of the UK. 

10.2 Water 

Analysis within the Water sector shows that there are significant pressures on water 
availability in the UK that could increase due to drier conditions and rising demands. 
These pressures affect the north and west as well as the South East of England, North 
and South Wales, parts of Scotland and Northern Ireland. The majority of the UK 
population could be affected by rising costs to maintain water supplies and, in the 
longer term, may be affected by more frequent restrictions and changes in levels of 
service, unless a wider range of supply and demand measures are taken to close the 
supply-demand balance. Ambitions to reduce household demands (which are currently 
under review) are an important step in managing supplies in the near term (2020s) but 
in the longer term (2050s, 2080s) further measures and potentially a change in our 
approach will be required to manage water sustainably. 

10.3 Flooding 

There could be a large increase in the consequences of flooding during the 21st 
Century as a result of climate change.  The projected increases in sea level rise, winter 
rainfall and storm rainfall intensity would increase both the frequency and extent of 
flooding. 

Based on UKCP09 projections, the Floods and Coastal Erosion sector analysis 
indicates that the risk from tidal and river flooding (in terms of Expected Annual 
Damages to properties) could increase by between 70% and 400% by the 2080s 
compared with the baseline as a result of climate change assuming no change in 
population or property numbers, and assuming no change in existing flood risk 
management measures. 

The increase in flood risk expected as a result of climate change could also affect the 
availability of insurance and therefore the availability of mortgages for properties at 
high risk of flooding. The Business sector has assessed the overall mortgage value of 
such properties to be of the order of £2 to 9 billion by the 2080s (at today’s prices).  
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The overall numbers of people and property at risk from surface water flooding are 
comparable with those for river and tidal flooding.  However data were not available for 
this type of flooding and it is not included in the analysis.  Information on present and 
projected future surface water flood risk should be developed for the next CCRA. 

10.4 Subsidence 

Subsidence has major economic consequences within the Built Environment sector. In 
2009 there were 29,700 notified claims relating to subsidence for domestic properties 
in the UK, amounting to a gross value of £175 million. Clay soils with high shrink-swell 
potential, which underlie much of the densely populated areas of London and the South 
East of England, pose the greatest risk. 

Changes in seasonal rainfall patterns may lead to greater variability in the wetting and 
drying of such soils, increasing the risk of subsidence. Estimates of soil dryness have 
been made using UKCP09 summer rainfall projections. An increase of around 7% in 
the number of subsidence incidents is projected by the 2020s (p50 Medium emissions 
scenario); this is projected to rise to around 17% by the 2050s and 20% by the 2080s. 

These projections are based on the current building stock. The vulnerability to 
subsidence is greatest for older properties, (including domestic). Therefore the overall 
risk will reduce as building stock is replaced, although given the current slow domestic 
replacement rates this will be a very gradual effect. 

10.5 Energy demand for heating and cooling 

Based on projected heating degree days, there is a clear reduction in the projected 
levels of energy demand to heat homes across all regions in future decades. Annual 
space heating demand per household is likely to fall significantly by the 2080s. This 
reduction in demand is projected to be of the order of 15% by the 2020s, rising to 25% 
by the 2050s and 40% by the 2080s for the p50 Medium emissions scenario, although 
it could potentially be offset by an increase in the number of households. Cold-related 
mortality is also projected to fall. 

There is also potential to reduce non-domestic energy demand for space heating, but 
again this is subject to other drivers such as user expectations, rates of replacement/ 
new-build and standards for refurbishment and new-build of non-domestic building 
stock. 

An increase in cooling degree days of between 125 and 175 is projected by the 2080s 
for southern England and between 25 and 50 in northern England and Scotland.  In a 
separate assessment, the cooling demand in London is projected to increase by 
between 35% and 50% by 2030 compared with a 2004 baseline, although with pre-
UKCP09 climate projections.  The cost of an increase in cooling demand is rated as 
high by the 2050s and very high (>£1 billion per year) by the 2080s. 

10.6 Summary 

It is not straightforward to rank these risks relative to one another. Table 10.1 provides 
an indication of the relative ranking of the risks based on successive stages of the 
CCRA: the Tier 1 impacts scoring (Chapter 3), the severity of consequences obtained 
by applying UKCP09 projections to the response functions (Chapter 5) and the 
monetisation of these consequences (Chapter 7). 
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Inevitably, there is a degree of subjectivity in all these approaches. The Tier 1 impacts 
scoring represents an expert view, informed by stakeholders, but was undertaken 
before the main Tier 2 analysis. In some cases, for example the Urban Heat Island, 
there is still significant uncertainty over the magnitude of the consequences. Also, the 
appropriate means of monetisation and the monetary values assigned, and indeed 
whether monetisation is the correct way to rank these risks, will always be subject to 
debate.  

Here, the monetisation of the heat-related consequences, BE1, BE3 and BE5, is based 
on informed judgement and hence contains much greater uncertainty than, say, BE9. 
In particular, the monetisation of BE3 covers lost productivity in non-domestic buildings, 
but excludes the potentially greater health impacts of overheating in residential 
buildings. 

Table 10.1 Ranking of Built Environment sector risks 

 Tier 1 impacts score 
(maximum 100) 

Consequences 
score ranges 
(Chapter 5, 2020s 
p10 to 2080s p90) 

Monetisation 
ranges  
(2020s p10 to 
2080s p90) 

Heat related consequences 

BE1 - Urban Heat Island 
effect 

100 Too uncertain -L-M to -M-H 

BE3 – Overheating of 
buildings 

78 1-3 -L to -H-VH 

BE5 – Effectiveness of 
urban green space. 

37 1-3 0 to -M-H 

Water 

WA5 – Supply-demand deficits 

Water availability 89 

Demand for water 40 

1-3 +H to –H 

Flooding 

FL6 and 7 - Flood damage 67 1-3 -H to –VH 

Subsidence 

BE 2 - Subsidence 35 1-2 -M to –H 

Energy demand 

EN2 - Cooling demand 44 2-3 -M to -VH 

BE9 - Heating demand 37 3 (benefit)  

 

The analysis indicates that the Urban Heat Island and Building Overheating, Flooding 
and Water Availability are all key risks within the Built Environment sector. 
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As temperatures rise, heat-related risks pose a threat both to human health and 
comfort and to productivity, yet there is a lack of policy drivers and an urgent need for 
further research in this area. The phenomenon of building overheating is closely inter-
related with the Urban Heat Island and green infrastructure.  

Recent research has indicated that, currently, the thermal performance of a building 
and its local microclimate, as determined by greening in the immediate vicinity, make a 
greater contribution to its overheating risk than its location within the Urban Heat 
Island. This highlights the need for an integrated approach to adaptation. Where 
possible, passive cooling measures should be implemented at building level to improve 
thermal comfort. This will avoid exacerbation of the Urban Heat Island by widespread 
adoption of air-conditioning. 

In addition, green infrastructure on all scales is needed to provide local shading and 
cooling benefits. However, management and maintenance practices for urban green 
space may need to change, for example through planting of climate change resilient 
species and effective water management strategies in hot, dry periods, to prevent a 
loss of cooling capacity. 

Lack of water availability and increased risk of flooding are also key risks within the 
Built Environment sector. However, adaptive capacity is higher than for heat-related 
issues. Climate change is already incorporated, albeit simplistically, within the Water 
Resources Periodic Review. The Flood and Water Management Act 2010 provides for 
more comprehensive management of flood risk for people, homes and businesses. 

Subsidence is a major economic risk, which could increase with changing rainfall 
patterns. The risk would be expected to decrease as old buildings are replaced with 
more modern constructions, but the turnover of existing stock is still extremely low 
(typically 1% per annum), especially in the domestic sector. 

Energy demand for winter heating is projected to fall. This provides an opportunity for 
innovation in design. Nonetheless there is a danger that the current focus on improving 
winter energy efficiency of new and existing buildings may reduce their capacity to 
withstand prolonged warm periods, which are projected to become more frequent in 
future. 

Many of these impacts and consequences would have a disproportionate effect on 
socially vulnerable groups. For example, heat stress is most likely to affect the elderly, 
those in hospitals or care homes, the very young and those with underlying health 
problems. The Urban Heat Island effect has already contributed to excess deaths 
during recent heatwaves, particularly amongst the elderly, and this is projected to 
increase. Furthermore, socially disadvantaged members of society may not have the 
financial resources to adapt by themselves. 

Overall, climate change presents an opportunity to seek to maximise the efficiency of 
both new and existing buildings, both domestic and non-domestic, and to promote the 
use of passive design principles rather than an over reliance on mechanical means of 
providing thermal comfort. However, given the low adaptive capacity of the Built 
Environment sector, in which the chief driver is capital cost, such adaptation may not 
happen on an autonomous basis. Given the low replacement rate of existing building 
stock, refurbishment and retrofit adaptation work is as important in coping with a future 
changing climate as standards for new-build projects. 
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Appendix 1 The Tier 1 List  

This Appendix contains the Tier 1 list for the Built Environment sector including impacts 
and consequences. 

The impacts to the built environment can generally be classified as: 

 Damage to buildings caused by extreme storm events (including extreme 
rainfall and wind). 

 Damage to buildings caused by increased temperatures and dryer 
summers.  This includes damage to foundations caused by changes in soil 
stability, damage to underground services and heat effects on building 
fabric. 

 Increase in temperature in buildings and the surrounding areas, including 
extreme heat waves.  Vulnerable people will be particularly affected. 

Climate change also presents opportunities for the built environment particularly in the 
reduction in winter heating demands and problems caused by ice and snow.   

The following points should be considered when using the data: 

 Where the same or similar impacts have been identified, attempts have 
been made to remove duplicates.  However, where there are subtle 
differences between impacts, similar impacts have been retained as 
separate impacts in the spreadsheet.   

 There are many potentially adverse impacts but also a number of 
opportunities have been identified.  A preliminary assessment has been 
made of threats (adverse impacts) and opportunities in the tables using the 
following colour code:  

T= threat (red), O = opportunity (green); N = neutral impact (amber).   

 However it is recognised that there may be both positive and negative 
aspects of the same impact.  
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Tier 1 list of climate change impacts 

Climate effects Impacts T/O/N Consequences Comments 
 

Main climate driver: Increase in storms including extreme precipitation, extreme wind and surge tides 

1. Storm surges / 
sea-level rise 

Increase in flooding of 
coastal areas, including 
coastal archaeology 
and landscapes, green 
space R 

Flood damage: Increase in 
damage to land and 
property, including historic 
sites and buildings. 
Implications for land use in 
future, increase demand for 
flood defences for 
developments; influence 
location of key infrastructure 

Significant impact.  
Clustered with impacts 2, 
3, 4, 10, 21, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

2. Increase in 
frequency of 
intense 
precipitation 
events; increase 
in winter rainfall 

Increase in fluvial 
flooding of urban areas 
and buildings 

R 

Flood damage: Increase in 
damage to land and 
property; disruption of 
services making 
reinstatement of the building 
more difficult; increase in 
relative humidity levels 
leading to pests and mould. 
High cost of claims. 
Implications for land use in 
the future. Premises 
inaccessible 

Significant impact.  
Clustered with impacts 1, 
3, 4, 10, 21, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6, FL7 
and FL13) 

3. Increase in 
frequency of 
intense 
precipitation 
events 

Increase in pluvial 
flooding in urban areas 

R 

Flood damage: 
Overwhelming of sewers 
causing them to back up,  
increase in flooding by water 
contaminated by raw 
sewage; damage to land and 
property; pollution of rivers 

Significant impact.  
Clustered with impacts 1, 
2, 4, 10, 21, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

4. Increase in 
frequency of 
intense 
precipitation 
events 

Increase in flash 
flooding 

R 

Flood damage: Increase in 
flooding ; damage to 
emergency infrastructure; 
damage to property 

Significant impact.  
Clustered with impacts 1, 
2, 3, 10, 21, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

5. # Increase in 
intense 
precipitation 
events 

Soil erosion 

R 

Competition for land and 
increasing tensions between 
land use objectives 

Marginal score.   
Clustered with impact 6. 

6. Increase in winter 
rainfall; increase 
in frequency of 
extreme rainfall 
events 

Increase in landslips 

R 

Increased damage to 
buildings; implications for 
what particular land can be 
used for in the future 

Marginal score.   
Clustered with impact 5. 

7. Increase in wind-
driven rain - 
increase in winter 
rainfall; increase 
in frequency of 
intense rainfall 
events 

Increase in rainwater 
penetration of buildings 

R 

Water damage: Increase in 
damage to buildings 
including historical sites and 
buildings; increase in 
maintenance required; 
higher humidity leading to 
increase in pests and mould 

Marginal score.  
Discussed in Section 3.4.   
Clustered with impact 8. 

8. Increase in 
frequency of 
extreme rainfall 
events 

Overwhelming of roofs 
and rainwater goods, 
particularly in historical 
buildings 

R 

Water damage: Increased 
penetration of driven 
rainwater (pluvial) into  
buildings through roofs and 
flashings and around 
windows  

Marginal score.  
Discussed in Section 3.4.   
Clustered with impact 7. 

9. Increase in 
frequency of 
windstorms 

Structural damage to 
buildings 

R 

Storm damage: Increase in 
building damage. Loss of life 
in extreme cases 

Low score.  Not taken 
forward. 
Clustered with impacts 11 
and 12. 

10. Increase in wind-
driven rain 

Increase in surface 
water discharge from 
buildings 

r 

Flood damage: Increase in 
flooding elsewhere 

Significant impact.  
Clustered with impacts 1, 
2, 3, 4, 21, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

11. Increase in 
frequency of 
windstorms 

Tree damage/loss 

r 

Storm damage: Increase in 
severe damage to buildings; 
loss of life 

Low score.  Not taken 
forward. 
Clustered with impacts 9 
and 12. 
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Climate effects Impacts T/O/N Consequences Comments 
 

12. Change in 
storminess 

Storm damage at 
construction sites 

r 

# Delays to construction Low score.  Not taken 
forward. 
Clustered with impacts 9 
and 11 

Main climate driver: Changes in annual or seasonal precipitation 

13. Drier summers 
(decrease in 
summer rainfall) 

Impacts on water 
infrastructure, water 
shortage a 

Adaptation of water 
infrastructure will have 
implications for where future 
developments can be 
located 

Significant impact.  
Clustered with impact 14. 
Assessed in Water Sector 
(Metrics WA5 and WA6) 

14. Decrease in 
summer rainfall 

Decrease in water 
availability  

r 

Water availability: 
Decrease in water available 
for households; increase in 
tree management issues 

Significant impact.  
Clustered with impact 13. 
Assessed in Water Sector 
(Metrics WA5 and WA6) 

15. Decrease in 
summer rainfall 

Drought impacts on 
infrastructure 

r 

Damage caused by drying: 
Increased damage caused 
by drying soils and loss of 
vegetation 

Significant impact.  
Clustered with impact 40. 
Assessed in analysis 
(Metric BE2) 

16. Drier summers 
(decrease in 
summer rainfall) 

Shortage of water 
affecting construction r 

# Delays to construction. 
Greater need to design for 
water efficiency 

Low score.  Not taken 
forward. 

17. Drier summers 
(decrease in 
summer rainfall) 

Reduced condensation 
and deterioration g 

  Marginal score.  
Discussed in Section 3.4.   
Clustered with impact 44. 

18. Drier summers 
(decrease in 
summer rainfall) 

Dry conditions in 
gardens help promote 
'urban creep' 

r 
Change in condition of 
spaces 

Low score.  Not taken 
forward 

19. Decrease in 
summer rainfall; 
increase in 
average summer 
temperature - hot, 
dry conditions 

Increase in tree roots 
attacking sewerage 
systems 

r 

Damage caused by drying: 
Increase in damage and 
failure of sewerage systems 

Low score.  Not taken 
forward. 
Clustered with impact 42 
 

20. Wetter winters 
(increase in winter 
rainfall) 

Change in condition of 
urban green spaces 

a 

  Significant impact.  
Clustered with impact 46. 
Assessed in analysis 
(Metric BE5) 

21. Increase in rainfall Flooding during 
construction and 
difficulties around 
unprotected on-site 
storage of materials 

r # Damage and delays to 
construction. Construction 
companies will have to take 
account of the impact of 
these factors on the way 
they work 

Significant impact.  
Clustered with impacts 1, 
2, 3, 4, 10, 22 and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

Main climate driver: Sea-level rise 

22. Sea-level rise City inundation 

r 

Flood impacts: Increased 
disruption to urban economic 
function 

Significant impact.  
Clustered with impacts 1, 
2, 3, 4, 10, 21, and 23. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

23. # Sea-level rise; 
increase in winter 
rainfall 

Flooding of 
development land 

r 

Increased tensions 
between land use objectives; 
land may become unsuitable 
for some purposes and more 
suitable for other uses. 
Development diverted from 
floodplain affecting green 
and brownfield sites 

Significant impact.  
Clustered with impacts 2, 
3, 4, 10, 21 and 22. 
Assessed in Floods 
Sector (Metrics FL6 and 
FL7) 

Main climate driver: Changes in annual, seasonal or extreme temperature 

24. Increase in 
average summer 
temperature; heat 
waves 

Increase in overheating 
of buildings 

r 

Increase in heat: Increased 
impacts on health; serious 
impacts on vulnerable 
people; increase in 
maladaptation e.g. 
installation of air conditioning 
systems; buildings 
inadequate. Affects 
productivity 

Significant impact.   
Assessed in analysis 
(Metric BE3) 

25. Increase in 
average summer 
temperature 

Increase in external 
overheating in high 
density areas  

r 

Increase in heat: Increased 
impacts on health and well-
being; serious impacts on 
vulnerable people 

Significant impact.  
Clustered with impact 39. 
Assessed in analysis 
(Metric BE1) 
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Climate effects Impacts T/O/N Consequences Comments 
 

26. Increase in 
average winter 
temperature 

Less demand for 
heating in the winter g 

Opportunity: To reduce 
heating requirements and 
costs 

Significant impact.   
Assessed in analysis 
(Metric BE9) 

27. Increase in 
average summer 
temperature 

Increase in demand for 
water in buildings r 

Water availability: Increase 
in restrictions on certain 
water uses 

Significant impact.   
Assessed in Water Sector 
(Metrics WA5 and WA6) 

28. Increase in 
average 
temperature; 
humidity 

Increase in damage to 
fabric of some buildings 
- heat stress 

r 

Damage caused by drying: 
Increased damage to the 
fabric of some buildings.  
Affects insurability of 
vulnerable buildings and 
potentially premiums on 
other buildings. Lower air 
quality in buildings as 
solvents are released from 
building materials 

High score but limited 
data. 
Discussed in Section 3.4.   
Clustered with impact 30. 
 

29. Warmer winters 
(increase in 
average winter 
temperature) 

Invasions and changes 
in survival of species 
leading to changes in 
species balance, 
affects strategic and 
local planning 

a 

Plan for measures to 
promote landscapes to 
biodiversity 

Marginal score.   
Biodiversity issue.   
Clustered with impact 41 

30. Hotter summers 
(increase in 
average summer 
temperature) 

Deterioration of some 
materials (timber 
shrinkage, paint) a 

Opportunities for use of 
recycled waste materials 

High score but limited 
data 
Discussed in Section 3.4 
Clustered with impact 28 
 

31. Hotter summers 
(increase in 
average summer 
temperature) 

Pest infestation in 
buildings 

r 

  High score but limited 
data 
Discussed in Section 3.4  
Clustered with impacts 34 
and 44 
 

32. Change from 
winter freeze and 
spring thaw cycles 
to more regular 
freeze/thaw 
events 

Increase in fractured 
stonework and burst 
pipes, rainwater goods 
and radiators 

r 

Increase in regular damage 
to buildings and 
infrastructure. 

Low score.  Not taken 
forward. 
Clustered with impact 33. 
 

33. Increase in 
average winter 
temperature 

Less damage to 
buildings from frost or 
snow loading g 

Opportunity: To reduce 
building repair requirements 
(although the capability to 
repair buildings for these 
conditions must be retained)  

Low score.  Not taken 
forward 
Clustered with impact 32 
 

34. Increase in 
average 
temperature 

Waste management 
e.g. change to 
processes, increased 
vermin activity - 
negative impact 

r 

Increase in heat: Increase 
in health problems in waste 
management including smell, 
spread of disease, etc. 

High score but limited 
data 
Discussed in Section 3.4 
Clustered with impacts 31, 
37 and 44 
 

35. Warmer 
temperatures 
(increase in 
average 
temperature) 

Increased use of 
outdoor spaces for 
informal recreation; 
variations in use 

g 

Opportunities: To develop 
evening economy 

Low score.  Not taken 
forward 

36. Increase in 
average summer 
temperature; heat 
waves 

Overheating of 
construction sites 

r 

Increase in interruptions to 
construction  

Marginal score 
Discussed in Section 3.4  
Clustered with impact 38 

37. Increase in 
average 
temperature 

Waste management 
e.g. change to 
processes - opportunity 

g 
  Marginal score 

Clustered with impact 34 

38. Warmer winters 
(increase in 
average winter 
temperature; 
fewer frosts) 

Reduced interruptions 
to construction 
processes g 

Potential faster construction 
times 

Marginal score 
Discussed in Section 3.4   
Clustered with impact 36 

Main climate driver: Changes in precipitation and temperature 

39. Increase in 
average summer 
temperature; heat 
waves 

Intensification of 
nocturnal urban heat 
island effect r 

Increase in heat: Increased 
impacts on health; serious 
impacts on vulnerable 
people 
 

Significant impact.  
Clustered with impact 25. 
Assessed in analysis 
(Metric BE1) 
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Climate effects Impacts T/O/N Consequences Comments 
 

40. Changes in 
rainfall and 
temperature - 
evaporation rates 
(# soil moisture) 

Increase in ground 
movement (heave) and 
subsidence of clay soils 

r 

Damage caused by drying: 
Increase in movement of 
some building foundations; 
increase in pipe breakages 
affecting water availability 
and supply. Impacts on 
roads, bridges, 
embankments and tunnels 

Significant impact.  
Clustered with impact 15. 
Assessed in analysis 
(Metric BE2) 

41. Reduced soil 
moisture 

Change in species 
balance with changed 
soil conditions 

a 
Implications for strategic and 
local planning 

Marginal score 
Biodiversity issue.   
Clustered with impact 29 

42. Changes in 
rainfall and 
temperature - 
evapotranspiration 
rates 

Increase in shrinkage 
of tree roots due to 
drying and swelling due 
to rehydration 

r 

Damage caused by drying: 
Increase in movement of 
some building foundations; 
indirect threat to green 
infrastructure as insurers 
demand that individual trees 
be taken out; increase in 
pipe breakages. 

Low score.  Not taken 
forward. 
Clustered with impact 19 
 

43. Increase in 
average summer 
temperature; 
decrease in 
summer rainfall 
(hot, dry periods) 

Increase in fire starting 
or spreading in 
buildings / increased 
fire fighting 

r 

Damage caused by drying: 
Increase in potential fire 
damage, particularly to 
historic thatched properties 

Low score.  Not taken 
forward 

44. Milder, wetter 
winters 

Increase in damp, 
mould and insect pests 
in buildings 

r 

Water damage: Increase in 
building damage and repair 
requirements. 

High score but limited 
data 
Discussed in Section 3.4  
Clustered with impacts 17, 
31 and 34 
 

45. Warmer, wetter 
conditions 

Impact on sulphates in 
soils 

r 
Increased threat to building 
foundations 

Low score.  Not taken 
forward 

46. Heat waves 
(extremely hot 
periods); 
decrease in 
summer rainfall 
(very dry periods) 

Green spaces become 
parched 

r 

Increase in heat: Reduction 
in cooling capacity of green 
spaces 

Significant impact.  
Clustered with impact 20. 
Assessed in analysis 
(Metric BE5) 

47. Wetter, milder 
winters 

Construction site 
management will be 
affected e.g. too muddy 
for heavy machinery 

r 

Delays in construction 
delivery programmes and 
cost increases 

Low score.  Not taken 
forward 

48. Hotter, drier 
summers 

Increase in on-site dust 
generation - 
construction r 

Increase in complaints from 
neighbouring building 
occupants, affecting 
construction delivery 
programmes 

Low score.  Not taken 
forward 

Additional impacts identified in DA workshops and systematic mapping 

49. Higher mean 
temperatures 

Decline in indoor and 
outdoor air quality  

Health impacts on people Marginal score.  Assessed 
in terms of ozone in the 
Health Sector 

50. Higher mean 
temperatures 

Increase in equipment 
overheating  

 
Increases in internal 
temperature of buildings 

Low score.  Not taken 
forward 

51. Increase in heavy 
rainfall events 

Increase in 
contaminant transport 
due to increased runoff 

 
Contamination Low score.  Not taken 

forward 

52. Change in 
storminess 

Increase in lightning 
strikes 
 

 
Increase in damage to 
buildings and trees 
 

Low score.  Not taken 
forward 

53. Spring and 
summer droughts 

Reduction in green 
space effectiveness  

 
Loss or damage to newly 
planted trees 

Related to Metric BE5 but 
not considered separately 
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Appendix 2 Social Vulnerability Checklist 
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Sector Built Environment 

Cluster/Theme41 Construction 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

Place Which locations are affected by these 
impacts? 

Is it spread evenly across regions or 
not? 

Mostly regions with high 
housing and 
industrial/commercial 
development demand 

Housing statistics (House building: 
permanent dwellings started, by tenure and 
region42), DCLG website 

Mainly London, the South East, the East 
and the South West. In specific43: 

Thames Gateway 

Milton Keynes – South Midlands 

London Stansted – Cambridge – 
Peterborough 

Ashford 

Social Deprivation How may people with poor health 
(physical or mental) be affected by 
these impacts? 

Dust could exacerbate the 
symptoms of people with 
respiratory conditions (e.g. 
asthma, pulmonary 
infections, lung cancer etc.)44 

Expert opinion See above 

 How may people with fewer financial 
resources be affected? 

Flood damage and water 
availability could impact 
neighbouring properties 
thereby affecting those with 
fewer financial resources who 
may be unable to relocate45 

Expert opinion See above 

                                                           
41 When looking at clusters it is assumed that all the impacts within the cluster are taken into account, so, for example, in the construction cluster the following impacts will be assessed: dust generation, 
water logging, seasonal interruption, flood damage, water availability, soil erosion, heat and cold damage. In particular when looking at the social vulnerability, the vulnerability of people to those impacts 
will be assessed. 

42 http://www.communities.gov.uk/housing/housingresearch/housingstatistics/housingstatisticsby/housebuilding/livetables/ (Accessed September 2010) 

43 http://www.communities.gov.uk/housing/housingsupply/growthareas/growthareas/ (Accessed September 2010) 

44 It is assumed that dust and other impacts are already included in construction projects EIA and Risk Assessments. It is anticipated that it would be very difficult to measure the additional dust created 
as an effect of climate change on construction sites and the cascading effect on the vulnerable groups (i.e. asthmatics) living nearby. Potentially this analysis will be done qualitatively by measuring the 
reduction in number of rain days, assuming increased dust is due primarily to reduced summer rainfall (although other factors such as wind could also be important) 

45 It is assumed that flood damage and water availability are already dealt with in construction projects risk assessments 
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Sector Built Environment 

Cluster/Theme41 Construction 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

 How may people living or working in 
poor quality homes or workplaces be 
affected? 

No additional effects on this 
population due to climate 
change impacts on 
construction sites 

  

 How may people who have limited 
access to public and private transport 
be affected? 

No additional effects on this 
population due to climate 
change impacts on 
construction sites 

  

Disempowerment How may people with lack of 
awareness of the risks be affected? 

No additional effects on this 
population due to climate 
change impacts on 
construction sites 

  

 How may people without social 
networks be affected? 

No additional effects on this 
population due to climate 
change impacts on 
construction sites 

  

 How may people with little access to 
systems and support services (e.g. 
health care) be affected? 

No additional effects on this 
population due to climate 
change impacts on 
construction sites 

  

Other Are any other social vulnerability 
issues relevant? 

No   
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Sector Built Environment 

Cluster/Theme46 Homes, Cultural heritage, Places of work 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

Place Which locations are affected by these 
impacts? 

Is it spread evenly across regions or 
not? 

Inefficient homes/workplaces 
and historic properties 

Built environment workshop47 

Office of National Statistics48 

Building stock (incl historic buildings)49 

Social Deprivation How may people with poor health 
(physical or mental) be affected by 
these impacts? 

Beneficial effect on people 
with poor health as they will 
be able to enjoy 
outdoor/green spaces and 
biodiversity if temperatures 
increase in winter 

Overheating and the Urban 
Heat Island effect have a 

Mortality in southern England during the 
2003 heat wave by places of death, Clare 
Griffiths, Helen Johnson, R Sari Kovats, 
Health Statistics Quarterly, no 29, pp6-8, 
2006 

Excess Winter Mortality – By Age Group and 
Region, ONS52 

Young and elderly (About 7.3 mn people 
in the UK are over the age of the 70 and 
about the same are below 10 years of 
age)54. 

About 2% of the total UK population is 
considered at risk of health problems55 

                                                           
46 When looking at clusters it is assumed that all the impacts within the cluster are taken into account, so, for example, in the construction cluster the following impacts will be assessed: dust generation, 
water logging, seasonal interruption, flood damage, water availability, soil erosion, heat and cold damage. In particular when looking at the social vulnerability, the vulnerability of people to those impacts 
will be assessed. 

47 The UK’s First Climate Change Risk Assessment, Built Environment Sector Early Report, February 2010, Rachel Capon 

48 http://www.statistics.gov.uk/STATBASE/ssdataset.asp?vlnk=7315 (Accessed September 2010) 

49 Available at http://www.statistics.gov.uk/STATBASE/ssdataset.asp?vlnk=7315 (Accessed September 2010) 

50 Worfolk JB (2000), Heat waves: their impact on the health of elders, Geriatric Nursing, 21, 70-7 

51 Higher indoor temperatures were found in hospitals in London in the 2003 heatwave. Newton S (2005), Design of Environmental conditions in hospital wards. Case study: Four wards in Whittington 
Hospital, London, MSc UCL 
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Sector Built Environment 

Cluster/Theme46 Homes, Cultural heritage, Places of work 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

major impact on mortality, 
with the mostly affected being 
the over 75 and people with 
serious health conditions50. 
Those in institutions (care 
homes, hospitals) may suffer 
more51. Similarly extremely 
cold winter also responsible 
for excess winter mortality 
with the over 75 mostly at 
risk. 

Pest infestation and mould 
due to increased moisture 
and heat in buildings also 
could exacerbate the 
symptoms of children, those 
with pre-existing respiratory 
conditions and people with 
mobility issues who live 
indoors 

Sector Report53 

 How may people with fewer financial 
resources be affected? 

Lower income groups less 
likely to be able to afford to 
pay for heating/cooling or 

Affordable Housing Survey A review of the 
quality of affordable housing in England, 
HCA, 2009. 

Households spending more than 10% of 
their income on fuel to maintain a 
satisfactory heating regime (usually 21 °C 

                                                                                                                                                                                                                                                                                             
52 Excess winter mortality in England and Wales, 2008/09 (provisional) and 2007/08 (final), Vanessa Fearn and Jane Carter, Office for National Statistics, 2009. Report available at 
http://www.statistics.gov.uk/downloads/theme_health/HSQ44.pdf, underlying data available at: http://www.statistics.gov.uk/statbase/Expodata/Spreadsheets/D7089.xls (Accessed September 2010) 

53 The UK’s First Climate Change Risk Assessment, Built Environment Sector Early Report, February 2010, Rachel Capon 

54 Population statistics, Office of National Statistics 

55 People at risk data from ‘Out-patient referral rates per 1,000 patient years at risk, by clinical specialty, age, sex and calendar year: 1994-98”. ONS, available at 
http://www.statistics.gov.uk/STATBASE/DatasetType.asp?vlnk=2346 (Accessed September 2010). The database contains analyses derived from anonymised patient based clinical records submitted 
regularly by general practices. The analyses cover four main areas: prevalence of disease, GP out-patient referrals to secondary care, prescribing of drugs and management of disease. Data from 211 
practices and 1.4 million patients are analysed, representing 2.6% of the population of England and Wales. Data are presented for the five years 1994-98; also by country/region, ONS area classification 
and deprivation category 
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Sector Built Environment 

Cluster/Theme46 Homes, Cultural heritage, Places of work 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

adaptation of their homes, 
which could increase their 
risk of health problems. 

Other impacts such as wind 
damage, hot/cold damage to 
buildings, subsidence, 
flooding and rainwater 
penetration could also impact 
lower income groups more 
than others as they may be 
unable to repair the damage 
or adapt to increase their 
resilience and may be unable 
to relocate. 

In England, people with lower 
incomes are less likely to live 
in areas near to parks and 
therefore have access to 
green spaces56 

Met Office report for the Association of 
British Insurers57; this report highlights how 
levels of insurance may increase at national 
level due to climate change58 

for the main living room and 18 °C for 
other occupied rooms). Approximately 3.5 
m households are fuel poor, of which 2.75 
m are vulnerable59 

 How may people living or working in 
poor quality homes or workplaces be 
affected? 

These people may be the 
most affected as they may 
need more energy to reach 
an appropriate level of 
comfort (both for heating and 
cooling)60. Their properties 

Affordable Housing Survey A Review of the 
quality of affordable housing in England, 
HCA 2009 

21% of affordable housing is of poor 
quality61. 

In England, 34% of all households lived in 
non-decent homes in 2006. The 
proportion of households with dependent 

                                                                                                                                                                                                                                                                                             
56 National Audit Office, 2006 Enhancing Urban Green Space, Report for the Office of the Deputy Prime Minister 

57 Available at http://www.abi.org.uk/Media/Releases/2009/11/45222.pdf (Accessed September 2010) 

58 Although figures reported are at national level, there is potential to scale the costs to vulnerable groups based on other statistics where available 

59 The UK Fuel Poverty Strategy, 6th Annual progress report, 2008, available at: http://www.berr.gov.uk/files/file48036.pdf (Accessed September 2010) 

60 Those in poor quality homes are more susceptible to overheating in heatwaves: McGregor, G., Pelling, M., Wolf, T. and Gosling, S. (2007) The social impacts of heatwaves. Science Report – 
SC20061/SR6 Environment Agency, Bristol  
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Sector Built Environment 

Cluster/Theme46 Homes, Cultural heritage, Places of work 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

could be unsuitable for 
adaptation or too expensive 
to adapt 

children living in non-decent was 31%62. 

 How may people who have limited 
access to public and private transport 
be affected? 

They may have less access 
to green spaces / climate 
refuges. 

Expert judgement (sector champion)  

Disempowerment How may people with lack of 
awareness of the risks be affected? 

Lack of awareness of the 
impacts of climate change on 
buildings means that people 
are not prepared to minimise 
health risks to the vulnerable 
and damages to property. In 
some cases this could have 
serious health consequences 
including death 

Mortality in Southern England during the 
2003 heat wave by place of death, Clare 
Griffths, Helen Johnson, R Sari Kovats, 
Health Statistics Quarterly, no 29, pp6-8, 
200663 

Sector report. 

Elderly, children and people with mental 
health issues 

 How may people without social 
networks be affected? 

No serious impacts on 
healthy people, but people 
who cannot afford heating-
cooling and have health 
issues are particularly 
vulnerable if they cannot rely 
on other people to help 
them64 

Expert opinion Elderly, children and people with mental 
health issues 

 How may people with little access to 
systems and support services (e.g. 

People could be subject to 
increased symptoms due to 

Expert opinion Elderly, children and people with mental 
health issues 

                                                                                                                                                                                                                                                                                             
61 Affordable Housing Survey A review of the quality of affordable housing in England, HCA, 2009 Available at: http://www.homesandcommunities.co.uk/public/documents/HCA_AHS_Accessible.pdf 
(Accessed September 2010) 

62 Social Trend, N39, Office of National Statistics, 2009 Edition, Available at: http://www.statistics.gov.uk/downloads/theme_social/SocialTrends39/Social_Trends_39.pdf (Accessed September 2010) 

63 Available at http://www.statistics.gov.uk/articles/hsq/1419.pdf (Accessed September 2010) 

64 A relatively low number of heat related deaths in the Latino population in 1995Chicago heatwave was thought to be due to the tight social networks in that community (Klineberg, E (2002) A social 
autopsy of disaster in Chicago. London: University of Chicago press. This suggests the benefits of having social networks).    
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Sector Built Environment 

Cluster/Theme46 Homes, Cultural heritage, Places of work 

Category of social 
vulnerability factor 

Questions to ask Comment (general 
answer) 

Evidence (opinion, reports, research) Extent (specifics including data 
where available) 

health care) be affected? climate change impacts and 
this may be exacerbated 
where there is little access to 
health care support 

Other Are any other social vulnerability 
issues relevant? 

No   
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Appendix 3 Scoring of Impacts 

 

A3.1  Magnitude, confidence and presentation of results 

Magnitude 

Table A3.1 defines the magnitude classes used in the assessment.  These were used 
for scoring impacts in the Tier 2 selection process as well as for scoring risk levels for 
the scorecards presented for each metric in Chapter 5.  For scoring purposes 3 = High, 
2 = Medium and 1 = Low.  For the scorecard, the risk/opportunity level relates to the 
most relevant of the economic/environmental/social criteria. 

Confidence 

The levels of confidence used by the CCRA can be broadly summarised as follows: 

Low - Expert view based on limited information, e.g. anecdotal evidence. 

Medium - Estimation of potential impacts or consequences, grounded in theory, using 
accepted methods and with some agreement across the sector. 

High - Reliable analysis and methods, with a strong theoretical basis, subject to peer 
review and accepted within a sector as 'fit for purpose'. 

The lower, central and upper estimates provided in the scorecards relate to the range 
of the estimated risk or opportunity level.  For risk metrics that have been quantified 
with UKCP09 and response functions, this range relates to the results that are given for 
the low emissions, 10% probability level (lower); medium emissions, 50% probability 
level (central); and high emissions, 90% probability level (upper).  For the risk metrics 
that have been estimated with a more qualitative approach, these estimates cover the 
range of potential outcomes given the evidence provided. 

Presentation 

The CCRA analysis uses three discrete time periods to estimate future risks up to the 
year 2100: the 2020s (2010 to 2039), 2050s (2040 to 2069) and the 2080s (2070 to 
2099).  This is consistent with the UKCP09 projections. 
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Table A3.1 Guidance on classification of relative magnitude: qualitative 
descriptions of high, medium and low classes 

Class Economic Environmental Social 

H
ig

h
 

 Major and recurrent  damage to 
property and infrastructure  

 Major consequence on regional 
and national economy  

 Major cross-sector 
consequences 

 Major disruption or loss of 
national or international 
transport links  

 Major loss/gain of employment 
opportunities  

~ £100 million for a single event or 
per year 

 Major loss or decline in long-
term quality of valued 
species/habitat/landscape   

 Major or long-term decline in 
status/condition of sites of 
international/national 
significance   

 Widespread Failure of 
ecosystem function or services 

 Widespread decline in 
land/water/air quality  

 Major cross-sector 
consequences 

~ 5000 ha lost/gained  

~ 10000 km river water quality 
affected 

 Potential for many fatalities or 
serious harm 

 Loss or major disruption to 
utilities (water/gas/electricity)  

 Major consequences on 
vulnerable groups  

 Increase in national health 
burden   

 Large reduction in community 
services 

 Major damage or loss of cultural 
assets/high symbolic value 

 Major role for emergency 
services  

 Major impacts on personal 
security e.g. increased crime  

~million affected 

~1000s harmed 

~100 fatalities  

M
ed

iu
m

 

 Widespread damage to property 
and infrastructure     

 Influence on regional economy  

 Consequences on  operations & 
service provision initiating 
contingency plans 

 Minor disruption of national 
transport links  

 Moderate cross-sector 
consequences  

 Moderate loss/gain of 
employment opportunities 

~ £10 million per event or year  

 Important/medium-term  
consequences on 
species/habitat/landscape 

 Medium-term or moderate loss 
of quality/status of sites of 
national importance  

 Regional decline in 
land/water/air quality  

 Medium-term or Regional 
loss/decline in ecosystem 
services   

 Moderate cross-sector 
consequences  

~ 500 ha lost/gained  

~ 1000 km river water quality 
affected  

 Significant numbers affected 

 Minor disruption to utilities 
(water/gas/electricity)  

 Increased inequality, e.g. 
through rising costs of service 
provision     

 Consequence on health burden 

 Moderate reduction in 
community services 

 Moderate increased role for 
emergency services  

 Minor impacts on personal 
security  

~100s thousands affected, ~100s  
harmed, ~10 fatalities  

L
o

w
 

 Minor or very local 
consequences   

 No consequence on national or 
regional economy 

 Localised disruption of transport  
~ £1 million per event or year  

 Short-term/reversible  effects on 
species/habitat/landscape or 
ecosystem services 

 Localised decline in 
land/water/air quality 

 Short-term loss/minor decline in  
quality/status of designated 
sites 

~ 50 ha of valued habitats 
damaged/improved    

~ 100 km river quality affected 

 Small numbers affected  

 Small reduction in community 
services 

 Within ‘coping range’ 

~10s thousands affected 
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Table A3.2 Scoring of impacts  
Initial selection of Tier 2 impacts is shown by the blue shading.   

Impact clusters (with individual impact 
reference numbers from Tier 1 list) 

Economic 
Score 

Environ. 
Score 

Social 
Score 

Vulnerable 
Groups Y/N 

Likelihood 
Score 

Urgency 
Score 

Total 
Score Ranking 

Average 
Pedigree 

Urban Heat Islands (25,39) 3 3 3 Y 3 3 100 1 3 
Water Availability (13,14) 3 2 3 Y 3 3 89 2 2 
Overheating of Buildings (24) 2 2 3 Y 3 3 78 3 3 
Flood Damage (1,2,3,4,10,21,22,23) 3 3 3 Y 3 2 67 4 3 
Demand for Water (27) 3 2 3 Y 2 2 40 5 2 
Effectiveness of Green Spaces (20,46) 1 2 2 Y 3 2 37 6 2 
Demand for Heating (26) 1 1 3 Y 3 2 37 6 2 
Damage from Heat/Drying (28,30) 2 1 2 Y 3 2 37 6 2 
Pest Infestations (31,34,44) 1 2 2 Y 3 2 37 6 3 
Flood Damage – cultural heritage 1 3 3 N 2 2 35 10  
Soil Drying, Heave & Subsidence (15,40) 3 2 2 Y 2 2 35 10 2 
Biodiversity/Species Balance (29,41) 1 2 1 N 3 2 30 12 2 
Seasonal Interruptions (36, 38) 2 1 1 N 3 2 30 12 1 
Waste Management (34,37) 2 1 2 Y 2 2 25 14 1 
Rainwater Penetration (7,8) 1 2 2 Y 2 2 25 14 2 
Condensation, Damp, Mould, etc. (17,44) 1 2 2 Y 2 2 25 14 2 
Soil Erosion (5) & Landslips (6) 1 2 2 Y 2 2 25 14 3 
Fires (43) 1 1 3 Y 3 1 19 18 2 
Water Availability for construction (16) 2 1 1 N 3 1 15 19 2 
Sulphates in Soils (45) 1 2 3 Y 2 1 15 19 2 
Dust Generation (48) 2 1 2 Y 2 1 12 21 1 
Cold Weather Damage (32,33) 1 1 3 Y 2 1 12 21 2 
Urban Creep (18) 1 2 2 Y 2 1 12 21 1 
Use of Outdoor Spaces (35) 1 1 1 N 3 1 11 24 1 
Water Logging (47) 2 1 1 N 2 1 10 25 1 
Damage from Tree Roots (19,42) 1 2 1 N 2 1 10 25 2 
Wind Damage (9,11,12) 3 1 1 N 1 1 6 27 1 
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Appendix 4 Response Functions 
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BE2 – Subsidence 

1. Determine estimated total number of dwellings at risk from subsidence 
a) Determine estimated land area by region of shrink-swell clays (derived from BGS map) 
b) Use number of dwellings as per Council Tax Bands (DCLG data) 
c) Assume ABI subsidence claims are distributed across regions in proportion to estimated dwellings at risk 
 
Total Land Area of 
GOR, Scotland and 
Wales 

Land Area (km2) Estimated Area of 
significant shrink-swell 
clay soils (% of region) 

Estimated Area with 
significant shrink-swell 
threat (km2) 

Total number of 
dwellings by 
region 

Estimated 
Dwellings at 
risk 

Baseline: No of insurance 
claims for subsidence 
(ABI, 2009) 

England 130,282    22,481,264 4,194,111 29,700 
of which:          
East 19,109 35% 6,688 2,466,733 863,357 6,114 
East Midlands 15,606 10% 1,561 1,927,013 192,701 1,365 
London 1,572 75% 1,179 3,278,746 2,459,060 17,413 
North East 8,573 NA   1,165,201 0   
North West 14,107 NA   3,107,960 0   
South East 19,071 15% 2,861 3,599,041 539,856 3,823 
South West 23,837 5% 1,192 2,327,124 116,356 824 
West Midlands 12,998 NA   2,331,286 0   
Yorkshire & The 
Humber 

15,408 1% 154 2,278,160 22,782 161 

Scotland 77,932 NA    0   
Wales 20,734 NA   1,348,900 0   
Northern Ireland 13,562 NA       
Data Sources: 
Land Area: http://www.ons.gov.uk/about-statistics/geography/products/geog-products-other/sam/index.html 
Estimated Area of significant shrink-swell clay soils (% of region): http://www.bgs.ac.uk/products/geosure/pdf/shrink_swell.pdf (Figure 4.2) 
Total number of dwellings by region: DCLG: Dwelling Stock By Council Tax Band, 2008 
Baseline: Number of insurance claims for subsidence, ABI: Domestic Subsidence - Gross Incurred Claims (ABI, 2009) 
 

http://www.ons.gov.uk/about-statistics/geography/products/geog-products-other/sam/index.html�
http://www.bgs.ac.uk/products/geosure/pdf/shrink_swell.pdf�
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2. Derive relationship between change in summer rainfall and number of subsidence claims  
Data Source: http://www.metoffice.gov.uk/climate/uk/  
Summer rainfall anomaly values compared with 1961 – 1990 
 

Year Rainfall/% change Days rain >= 1mm (change in days) Gross Value of Claims (£m) Number of claims

2002 110% 4.4 213 36,500

2003 75% -4.9 408 55,400

2004 134% 7.1 199 37,200

2005 92% -2.4 225 37,100

2006 80% -4.8 301 48,100

2007 152% 9.4 162 31,900

2008 139% 9.3 137 27,700

2009 137% 8.7 175 29,700

 
A 1% reduction in summer rainfall is therefore estimated to result in an extra 274 subsidence incidents. 
 
Assumptions 
a) Subsidence risk is directly related to extension in prolonged dry spells in summer. 
b) Each insurance claim relates to a single dwelling. 
 
 

http://www.metoffice.gov.uk/climate/uk/�
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BE3 – Overheating of Buildings 

Data Source: Daily regional Tmax from Armstrong et al. (2010) dataset. 
Calculate average number of days per annum for which Tmax >= 26°C. 

 
BE5 – Effectiveness of Green Space 

 

Figure A4.1 Percentage change in effective green space versus relative aridity 
score 
 
(As Figure 4.6 but with reduction in effective green space expressed in 
percentage terms.) 
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BE9 - Demand for Heating 

1. Calculate Baseline Regional Heating Degree Days 
Heating if Tmean < 15.5 °C 
Data Source: Met Office mean annual temperature data for period 1990 - 2009 
 
2. Determine domestic energy consumption per household 
Source: High Level Energy Indicators 2007 (DECC, May 2010) Table 1.4  

NUTS1 Code 
NUTS1 
Region 

Total domestic 
energy 
consumption/ 
household (kWh) 

UKL Wales 21,320 
UKM Scotland 21,620 
UKC North East 21,550 
UKD North West 21,390 

UKE 
Yorkshire and 
the Humber 21,770 

UKF East Midlands 20,950 
UKG West Midlands 20,850 
UKH East of England 20,150 
UKI Greater London 19,870 
UKJ South East 21,330 

UKK South West 18,830 

 

3. Determine proportion of this energy attributable to heating 
Source: Energy Consumption in the UK Overall Data Tables 2010 Update (DECC)  
 
Overall energy consumption for heat and other end uses by fuel 2008 

       

Thousand 
tonnes of oil 

equivalent
Sector End use Gas Oil Solid fuel Electricity Total

Domestic Space heating  21,887  2,305  596  1,455   26,244 

 Water heating  8,357  725  155  1,501   10,738 

 Cooking/catering  668  3  3  625   1,300 
 Heat total  30,913  3,033  753  3,582   38,282 

 Lighting and appliances  3  -   -   7,236   7,239 

 Overall total 1  30,916  3,033  753  10,818   45,521 
 
Space heating as proportion of total energy use 58% 
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4. Calculate average space heating energy use per household 

Region 

Heating Energy 
Use Per 
Household/kWh 

Baseline Heating 
Degree Days 

Gradient of 
assumed linear 
relationship 
between energy 
use and HDD 
(figure 4.8) 

North East 12,424 2,613 4.75
North West 12,332 2,368 5.21
Yorkshire and the Humber 12,551 2,347 5.35
East Midlands 12,078 2,159 5.59
West Midlands 12,021 2,152 5.59
East of England 11,617 2,016 5.76
Greater London 11,456 1,799 6.37
South East 12,297 1,965 6.26
South West 10,856 1,974 5.50
Wales 12,292 2,281 5.39
Scotland 12,465     
Northern Ireland   2,342 0.00
East Scotland 12,465 2,931 4.25
North Scotland 12,465 2,983 4.18
West Scotland 12,465 2,660 4.69
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Appendix 5 Application of Climate Change 
Projections 

 

BE2 – Subsidence 

To apply climate change projections: 
UKCP09 projected percentage change in summer rainfall for given scenario and region 
used to calculate projected subsidence claims using relationship given in Figure 4.3. 
 

BE3 – Overheating of Buildings 

To apply climate change projections: 
UKCP09 projected average change in Tmax (for given scenario, region, season) added 
to baseline dataset (Daily regional Tmax from Armstrong et al., 2010). 
Calculate average number of days per annum for which Tmax >= 26°C. 
 

BE5 – Effectiveness of Green Space 

Table A5.1 Relative aridity scores for England and Wales 

  Low Emissions Medium Emission High Emissions 

  p10 p50 p90 p10 p50 p90 p10 p50 p90 

2020s 0.49 1.00 1.55 0.49 1.03 1.61 0.51 1.02 1.58 

2050s 0.87 1.59 2.41 1.05 1.82 2.71 1.20 2.03 2.98 

2080s 1.11 1.96 2.97 1.53 2.54 3.75 1.94 3.14 4.58 

 

Table A5.2 Reduction in Effectiveness of Green space (percentage reduction in 
total area) 

 2020s 2050s 2080s 
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2008 
baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

0.0 0.0 0.6 12.2 0.0 11.8 16.4 20.6 39.6 2.2 19.2 30.8 42.8 71.6 

Using response function figure A4.1. 
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BE9 - Demand for Heating 

Table A5.3 BE9 – Demand for Heating: Projected Change in Heating Degree Days (by region) 

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 
Region 

1990 - 
2009 

baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East 
Midlands 2159 -167 -381 -592 -255 -543 -607 -684 -987 -397 -705 -805 -951 -1357 

East of 
England 2016 -164 -367 -569 -248 -523 -585 -660 -949 -384 -679 -777 -915 -1305 

London 1799 -153 -344 -535 -234 -492 -496 -621 -888 -360 -640 -732 -861 -1214 

North East 2613 -150. -404 -664 -266 -578 -633 -805 -1047 -418 -749 -836 -994 -1448 

North 
West 2368 -143 -351 -561 -180 -458 -515 -765 -881 -335 -630 -707 -855 -1252 

South 
East 1965 -162 -369 -569 -248 -522 -548 -658 -950 -382 -680 -776 -917 -1301 

South 
West 1974 -168 -369 -566 -240 -506 -568 -690 -912 -385 -663 -761 -892 -1259 

West 
Midlands 2152 -173 -376 -581 -249 -524 -559 -703 -944 -398 -683 -785 -922 -1307 

Yorkshire 
and The 
Humber 2347 -175 -403 -635 -271 -578 -661 -746 -1050 -420 -752 -860 -1015 -1453 

Northern 
Ireland 2342 -54 -344 -625 -190 -501 -704 -793 -928 -309 -643 -685 -782 -1226 

Wales 2281 -184 -398 -616 -260 -553 -645 -763 -996 -417 -723 -831 -975 -1379 
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  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 
Region 

1990 - 
2009 

baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East 
Scotland 2931 -64 -375 -692 -210 -556 -586 -635 -1034 -339 -711 -755 -875 -1380 

North 
Scotland 2983 -155 -423 -703 -278 -609 -601 -874 -1134 -437 -790 -896 -1071 -1584 

West 
Scotland 2660 -152 -417 -682 -272 -594 -725 -838 -1081 -429 -772 -864 -1025 -1490 

Isle of 
Man 2198 -135 -356 -584 -236 -510 -701 -617 -913 -369 -657 -733 -867 -1251 

Heating if Tmean < 15.5°C 
Baseline Data Source: Met Office mean annual temperature data for period 1990 - 2009 
As a proxy for projected heating degree days: 
The baseline daily mean average temperature is adjusted by the projected change in mean average winter temperature under each UKCP09 scenario. 
The adjusted 20-year series of mean daily temperatures is then used to calculate future heating degree days (against a heating temperature baseline of 15.5 deg 
C) and a 20 year average calculated. 
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Table A5.4 BE9 – Demand for Heating: Household Space Heating Energy Consumption 

  Household Space Heating Energy Consumption (‘000 GWh/yr) - including climate change   

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region 2008 baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East Midlands 22 20.5 18 16 20 17 16 15 12 18 15 14 12 8 

East of England 27.5 25 22.5 20 24 20 19.5 18.5 14.5 22 18 17 15 10 

London 37 34 30 26 32 27 27 24 19 29 24 22 19 12 

North East 13.5 13 11 10 12 10.5 10 9 8 11 10 9 8 6 

North West 35 33 30 27 33 29 28 24 22 30 26 25 23 17 

South East 42 39 34 30 37 31 30 28 22 34 28 25.5 22.5 14 

South West 24 22 19 17 21 18 17 15.5 13 19 16 15 13 8.7 

West Midlands 26.5 24 22 19 23.5 20 20 18 15 22 18 17 15 10 

Yorkshire & The Humber 27 25 22 20 24 20.5 19.5 18.5 15 22 18.5 17 15 10 

Northern Ireland 22 20.5 18 16 20 17 16 15 12 18 15 14 12 8 

Wales 27.5 25 22.5 20 24 20 19.5 18.5 14.5 22 18 17 15 10 

East Scotland 12 11 10 9 11 9 9 9 7.5 10 9 9 8 6 

North Scotland 5 5 4 4 4.5 4 4 3.5 3 4 5 3.5 3 2 

West Scotland 14 13 12 10 13 11 10 10 8 12 10 9 9 6 

See Figure 4.8 for linear relationship between HDD and assumed energy use. 
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Application of Population Projections 
Table A5.5 BE9 – Demand for Heating: Household Space Heating Energy Consumption LOW population projection 

  Household Space Heating Energy Consumption (‘000 GWh/yr) - including climate change LOW population projection 

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region 2008 baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East Midlands 22 22 20 17.5 22 19 18 17 13.5 20 16 15 13 9 

East of England 27.5 28 25 22 28 23 22 21 17 24 20 18.5 16.5 11 

London 37 37 32.5 28 36 30 30 27 21 32 26 24 21 13 

North East 13.5 13 12 10.5 13 11 11 10 9 12 10 9.5 9 6 

North West 35 34.5 31 28 34 30 29 25 23 31.5 27 26 23 17 

South East 42 42 37 33 41 35 34 31 24 37 30 28 24 15 

South West 24 24 21 19 24 20 19 17.5 14.5 21 17 16 14 9 

West Midlands 26.5 26 23 20.5 25 22 21 19 16 23 19 18 16 11 

Yorkshire and The Humber 27 27 24.5 22 27 23 22 21 17 24 20 19 17 11 

Wales 15 14.5 13 11.5 13 11 11 10 8 11 9 8 7.5 5 

East Scotland 12 11 10 9 11 9 9 9 7.5 10 9 9 8 6 

North Scotland 5 5 4 4 4.5 4 4 3.5 3 4 5 3.5 3 2 

West Scotland 14 13 12 10 13 11 10 10 8 12 10 9 9 6 
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Table A5.6 BE9 – Demand for Heating: Household Space Heating Energy Consumption PRINCIPAL population projection 

  Household Space Heating Energy Consumption (‘000 GWh/yr) – including climate change PRINCIPAL population projection 

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region 2008 baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East Midlands 22 23 21 18 26 22 21 20 16 27 23 21 19 12 

East of England 27.5 30 26 23 34 28.5 27 26 20 36 29 27 24 16 

London 37 39 34 30 43 36 36 32 25 44.5 36 33 29 18 

North East 13 14 12 11 14 12 12 11 9 14 12 11.5 10.5 7.5 

North West 35 35 32 29 37.5 33 32 27 25 37 32 30 28 20 

South East 42 44 39 34 49 41 40 37 29 51 41 38 34 21 

South West 24 25 22 19.5 28 24 23 21 17 29 24 22 20 13 

West Midlands 26.5 27 24 21 28.5 24 24 22 18 29 24 22 20 14 

Yorkshire and The Humber 27 29 26 23 32 27.5 26 25 20 34 28 26 23 16 

Wales 15 17 17 17 18 18 18 18 18 19 19 19 19 19 

East Scotland 12 13 11 10 12 10.5 10 10 8 11.5 10 10 9 7 

North Scotland 5 5 4 4 5 4 4 4 3 4 5 4 3 2 

West Scotland 14 13 12 10.5 13 11 10 10 8 12 10 9.5 9 6 
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Table A5.7 BE9 – Demand for Heating: Household Space Heating Energy Consumption HIGH population projection 

  Household Space Heating Energy Consumption (‘000 GWh/yr) - including climate change HIGH population projection 

  2020s 2050s 2080s 

Medium Medium Medium Low Low Medium High High Low Low Medium High High 

UKCP09 Region 2008 baseline p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

East Midlands 22 24.5 22 19 31 26 25 24 19 36 30 28 25 16.5 

East of England 27.5 31 28 24 40 34 33 31 24 49 0 37 33 21 

London 37 40 36 31 50 42 42 38 29 59 47 44 38 24 

North East 13 14 12.5 11 15.5 13.5 13 12 10 17 14 14 12.5 9 

North West 35 36 33 29 41 35.5 34 30 28 43.5 37 35.5 32 24 

South East 42 46 41 36 57 48 47 43 34 67 54 50 44 28 

South West 24 26 23 20.5 33 28 27 24.5 20 39 32 30 26.5 17.5 

West Midlands 26.5 27.5 25 22 32 27 27 24 20 35 30 28 25 17 

Yorkshire and The Humber 27 30 27 24 38 32 31 29 24 45 37 35 31 21 

Wales 15 16 14 13 19 16 15 14 12 21 18 16 15 10 

East Scotland 12 14 12.5 11 13 12 11.5 11 9 13 11 11 10 8 

North Scotland 5 5 4.5 4 5 4 4 4 3 4.5 5 4 3 2.5 

West Scotland 14 13.5 12 11 13 11 10 10 8.5 12 10 10 9 6 
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Appendix 6 Monetisation 

This section provides the full tables of values and supporting unit values.  
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Projected value of total domestic subsidence incidents per annum (BE2) 

Baseline (2008 households at risk, 1960-1990 climate data) and with future projected climate change (2020s, 2050s, 2080s) assuming current household stock, 
no future socio-economic change (£m per year, 2010 prices, no uplift or discounting) 

  
1960-1990 

climate 
2020s 2050s 2080s 

Nation 
UKCP09 
Region 

Current 2008 
households 

Medium 
p10 

Medium 
p50 

Medium 
p90 

Low 
p10 

Low 
p50 

Medium 
p50 

High 
p50 

High 
p90 

Low 
p10 

Low 
p50 

Medium 
p50 

High 
p50 

High 
p90 

England East of 
England 61.1 74.3 65.0 54.3 80.2 68.2 70.8 71.2 56.9 81.4 69.0 73.0 76.3 58.1 

England East 
Midlands 13.6 16.4 14.5 12.1 17.7 15.1 15.7 15.8 12.7 18.0 15.3 16.2 16.8 13.0 

England London 174.1 214.9 186.4 150.7 232.6 195.6 203.8 204.9 159.5 236.5 198.7 210.4 220.5 163.1 

England North East n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England North West n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England South East 38.2 47.3 40.9 33.3 51.2 43.2 45.0 45.2 35.2 52.0 43.7 46.4 48.5 36.1 

England South West 8.2 10.2 8.8 7.2 11.1 9.3 9.8 9.8 7.6 11.3 9.5 10.1 10.6 7.8 
England West 

Midlands n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England Yorkshire / 
Humber 

1.6 2.0 1.7 1.5 2.1 1.8 1.9 1.9 1.6 2.2 1.9 2.0 2.0 1.6 

England Total 297 365 317 259 395 333 347 349 273 401 338 358 375 280 

 

n/a = not applicable as area of low risk, see earlier map (Figure 7.1).  
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Marginal change in domestic subsidence incidents per annum (BE2) 

Change due to projected climate change in the 2020s, 2050s and 2080s, compared to 1961-1990 climate (2008 households, no socio-economic change). (£m 
per year, 2010 prices, no uplift or discounting) 

  2020s 2050s 2080s 
UKCP09 
Region Medium Medium Medium Low Low Medium High High Low Low Medium High High 

Nation   p10 p50 p90 p10 p50 p50 p50 p90 p10 p50 p50 p50 p90 

England 
East of 
England 

-13.1 -3.9 +6.9 -19.0 -7.0 -9.7 -10.1 +4.2 -20.3 -7.9 -11.9 -15.2 +3.1 

England 
East 
Midlands 

-2.8 -0.8 +1.5 -4.0 -1.5 -2.0 -2.1 +0.9 -4.3 -1.6 -2.5 -3.2 +0.7 

England London -40.7 -12.2 *23.5 -58.5 -21.5 -29.6 -30.8 +14.7 -62.3 -24.6 -36.3 -46.4 +11.1 

England North East n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England North West n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England South East -9.1 -2.7 +4.9 -12.9 -5.0 -6.7 -7.0 +3.0 -13.7 -5.4 -8.1 -10.3 +2.1 

England South West -2.0 -0.6 +1.0 -2.9 -1.1 -1.5 -1.6 +0.7 -3.1 -1.2 -1.8 -2.3 +0.4 

England 
West 
Midlands 

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

England 
Yorkshire 
/Humber 

-0.3 -0.1 +0.1 -0.5 -0.2 -0.3 -0.3 +0.0 -0.5 -0.3 -0.3 -0.4 0.0 

England Total -68 -20 +38 -98 -36 -50 -52 +24 -104 -41 -61 -78 +17 

n/a = not applicable as area of low risk, see earlier map (Figure 7.1). Notes: + signifies that these are benefits or cost reductions. 
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Future energy price projections.  Source IAG and supplementary green book guidance on valuing energy use (2009 prices). 

Note prices do not change in the period post 2050, thus are not shown.  

Energy prices - Central  2010 Average 2020 2030 2040 Average 2050 2060 2070 

   
2011-
2040    

2041-
2070    

ELECTRICITY - retail: domestic p/KWh (2009) 11.6 18.1 15.1  21.8 21.8 21.8 21.8 21.8 21.8  

ELECTRICITY - retail: commercial p/KWh (2009) 10.0 16.8 13.6  20.8 20.8 20.8 20.8 20.8 20.8  

ELECTRICITY - retail: industrial p/KWh (2009) 9.2 15.4 12.5  19.1 19.1 19.1 19.1 19.1 19.1  

ELECTRICITY - Variable element: domestic p/KWh (2009) 7.4 11.2 8.6  14.0 14.0 14.0 14.0 14.0 14.0  

ELECTRICITY - Variable element: commercial p/KWh (2009) 6.8 10.4 7.9  13.0 13.0 13.0 13.0 13.0 13.0  

ELECTRICITY - Variable element: industrial p/KWh (2009) 6.4 9.7 7.4  12.1 12.1 12.1 12.1 12.1 12.1  

           

 GAS - retail: domestic   p/KWh (2009)  3.7 5.1 5.1  5.5 5.5 5.5 5.5 5.5 5.5  

 GAS - retail: commercial    p/KWh (2009)  2.9 3.9 4.0  4.3 4.3 4.3 4.3 4.3 4.3  

 GAS - retail: industrial   p/KWh (2009)  2.6 3.6 3.6  3.9 3.9 3.9 3.9 3.9 3.9  

 GAS - Variable element: domestic   p/KWh (2009)  2.2 2.7 2.5  2.9 2.9 2.9 2.9 2.9 2.9  

 GAS - Variable element: commercial   p/KWh (2009)  2.1 2.5 2.4  2.7 2.7 2.7 2.7 2.7 2.7  

 GAS - Variable element: industrial   p/KWh (2009)  2.1 2.5 2.4  2.7 2.7 2.7 2.7 2.7 2.7  

           

Energy prices - Low  2010 Average 2020 2030 2040 Average 2050 2060 2070 

   
2011-
2040    

2041-
2070    

ELECTRICITY - retail: domestic p/KWh (2009) 9.3 13.7 12.6  15.6 15.6 15.6 15.6 15.6 15.6  

ELECTRICITY - retail: commercial p/KWh (2009) 7.6 12.2 11.0  14.4 14.4 14.4 14.4 14.4 14.4  

ELECTRICITY - retail: industrial p/KWh (2009) 7.0 11.2 10.1  13.2 13.2 13.2 13.2 13.2 13.2  

ELECTRICITY - Variable element: domestic p/KWh (2009) 5.1 6.2 5.4  7.0 7.0 7.0 7.0 7.0 7.0  

ELECTRICITY - Variable element: commercial p/KWh (2009) 4.6 5.6 4.9  6.4 6.4 6.4 6.4 6.4 6.4  

ELECTRICITY - Variable element: industrial p/KWh (2009) 4.3 5.3 4.6  6.0 6.0 6.0 6.0 6.0 6.0  

           

GAS - retail: domestic p/KWh (2009) 2.8 3.8 4.0  4.1 4.1 4.1 4.1 4.1 4.1  

GAS - retail: commercial p/KWh (2009) 1.9 2.6 2.7  2.8 2.8 2.8 2.8 2.8 2.8  

GAS - retail: industrial p/KWh (2009) 1.7 2.3 2.5  2.5 2.5 2.5 2.5 2.5 2.5  

GAS - Variable element: domestic p/KWh (2009) 1.3 1.4 1.4  1.5 1.5 1.5 1.5 1.5 1.5  

GAS - Variable element: commercial p/KWh (2009) 1.2 1.2 1.2  1.3 1.3 1.3 1.3 1.3 1.3  

GAS - Variable element: industrial p/KWh (2009) 1.2 1.2 1.2  1.3 1.3 1.3 1.3 1.3 1.3  
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Energy prices - High  2010 Average 2020 2030 2040 Average 2050 2060 2070 

   
2011-
2040    

2041-
2070    

ELECTRICITY - retail: domestic p/KWh (2009) 12.7 20.5 16.9 24.9 24.9 24.9 24.9 24.9 24.9 

ELECTRICITY - retail: commercial p/KWh (2009) 11.2 19.3 15.5 24.0 24.0 24.0 24.0 24.0 24.0 

ELECTRICITY - retail: industrial p/KWh (2009) 10.2 17.7 14.2 22.0 22.0 22.0 22.0 22.0 22.0 

ELECTRICITY - Variable element: domestic p/KWh (2009) 8.5 13.4 11.0 16.3 16.3 16.3 16.3 16.3 16.3 

ELECTRICITY - Variable element: commercial p/KWh (2009) 7.8 12.4 10.1 15.1 15.1 15.1 15.1 15.1 15.1 

ELECTRICITY - Variable element: industrial p/KWh (2009) 7.3 11.6 9.5 14.1 14.1 14.1 14.1 14.1 14.1 

           

GAS - retail: domestic p/KWh (2009) 4.2 5.9 6.2 6.3 6.3 6.3 6.3 6.3 6.3 

GAS - retail: commercial p/KWh (2009) 3.3 4.8 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

GAS - retail: industrial p/KWh (2009) 3.1 4.4 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

GAS - Variable element: domestic p/KWh (2009) 2.6 3.5 3.6 3.6 3.6 3.6 3.6 3.6 3.6 

GAS - Variable element: commercial p/KWh (2009) 2.5 3.3 3.4 3.4 3.4 3.4 3.4 3.4 3.4 

GAS - Variable element: industrial p/KWh (2009) 2.5 3.3 3.4 3.4 3.4 3.4 3.4 3.4 3.4 

           

Energy prices - High High  2010 Average 2020 2030 2040 Average 2050 2060 2070 

   
2011-
2040    

2041-
2070    

ELECTRICITY - retail: domestic p/KWh (2009) 14.2 23.1 18.7 27.9 27.9 27.9 27.9 27.9 27.9 

ELECTRICITY - retail: commercial p/KWh (2009) 12.7 22.0 17.3 27.1 27.1 27.1 27.1 27.1 27.1 

ELECTRICITY - retail: industrial p/KWh (2009) 11.6 20.2 15.9 24.8 24.8 24.8 24.8 24.8 24.8 

ELECTRICITY - Variable element: domestic p/KWh (2009) 9.8 15.9 13.1 18.8 18.8 18.8 18.8 18.8 18.8 

ELECTRICITY - Variable element: commercial p/KWh (2009) 9.1 14.8 12.1 17.4 17.4 17.4 17.4 17.4 17.4 

ELECTRICITY - Variable element: industrial p/KWh (2009) 8.5 13.8 11.3 16.3 16.3 16.3 16.3 16.3 16.3 

           

GAS - retail: domestic p/KWh (2009) 4.7 6.7 7.0 7.1 7.1 7.1 7.1 7.1 7.1 

GAS - retail: commercial p/KWh (2009) 3.9 5.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

GAS - retail: industrial p/KWh (2009) 3.6 5.2 5.4 5.5 5.5 5.5 5.5 5.5 5.5 

GAS - Variable element: domestic p/KWh (2009) 3.1 4.3 4.3 4.4 4.4 4.4 4.4 4.4 4.4 

GAS - Variable element: commercial p/KWh (2009) 3.0 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 

GAS - Variable element: industrial p/KWh (2009) 3.0 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 
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Summary of all carbon prices and sensitivities 2008-2100, 2009 £/tCO2e 

Source IAG and supplementary green book guidance on valuing energy use (2009 prices). 

  Traded Non-traded 
  Low Central High Low Central High 
2010 7 14 18 26 52 78 
2011 7 14 18 26 52 79 
2012 8 14 18 27 53 80 
2013 8 15 19 27 54 81 
2014 8 15 19 27 55 82 
2015 8 15 19 28 56 84 
2016 8 15 19 28 57 85 
2017 8 16 20 29 57 86 
2018 8 16 20 29 58 87 
2019 8 16 20 30 59 89 
2020 8 16 21 30 60 90 
2021 11 22 29 31 61 92 
2022 14 27 38 31 62 93 
2023 16 32 46 32 63 95 
2024 19 38 54 32 64 96 
2025 22 43 63 33 65 98 
2026 24 49 71 33 66 99 
2027 27 54 80 34 67 101 
2028 30 59 88 34 68 102 
2029 32 65 97 35 69 104 
2030 35 70 105 35 70 105 
2040 68 135 203 68 135 203 
2050 100 200 300 100 200 300 
2060 120 266 412 120 266 412 
2070 120 301 482 120 301 482 
2080 107 306 504 107 306 504 
2090 88 292 497 88 292 497 
2100 67 268 469 67 268 469 
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Projected value for total domestic space heating per annum (BE9) - (£Billion) 
with future energy price projections 

Baseline (2008 households at risk, 1960-1990 climate data) with FUTURE prices based on 
2010 Energy Price projections central (£m per year, 2009 prices, no uplift or discounting)  
1) future climate change (2020s, 2050s, 2080s) assuming current household stock, no future 
socio-economic change  
2) for socio-economic only (no climate change)  
3) with climate change and socio-economic change (household growth).   
See earlier text for caveats. 
 

£Billion /year (with FUTURE energy prices) 

1) Socio-economic change only (population and household alone) 
central socio-economic, central energy projections (no climate change) 

 2010 2020s 2050s 2080s 

England 5.53 7.64 9.46 10.90 

2) Climate change only, current socio-economic, central energy projections 

 2010 2020s 2050s 2080s 

  
Med
p10 

Med
p50 

Med
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

England 5.53 6.26 5.58 4.92 6.46 5.50 5.34 4.90 4.01 5.97 4.94 4.61 4.12 2.76 

3) Climate change and Socio-Economic Change (central) together, Central energy projections 

  
Med
p10 

Med
p50 

Med
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

Low
p10 

Low
p50 

Med
p50 

Hgh
p50 

Hgh
p90 

England 5.53 7.04 6.28 5.53 8.36 7.11 6.90 6.34 5.17 8.64 7.13 6.65 5.93 3.95 
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