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and Wales, there were approximately 7,500 cases of salmonellosis recorded in 2013, down from 
just over 14,000 in 2004 (PHE, 2015c). 

Infection with campylobacter is now the most important source of food-borne disease in the UK. 
In 2012, there were 65,000 reported cases of campylobacter infection across England and Wales, 
the highest total level of infection since 2000.42 Campylobacter shows a strong seasonal pattern 
but the reasons for the spring increase in infections are not well understood. Several 
epidemiological studies have reported a positive association with temperature (Kovats et al., 
2005; Naumova et al., 2007; Lake et al., 2009) but the relationship is non-linear. An association 
with rainfall has also been reported (Weisent et al., 2014), although not in studies from the UK. 
Unlike other bacteria campylobacter does not multiply outside the mammalian gut. Overall, 
there are limited grounds for assuming that an increase in average temperatures would tend to 
increase the transmission of campylobacter.  

The proliferation of pathogens in coastal waters are also sensitive to high sea surface 
temperatures. Most vibrio species of human health relevance grow preferentially in warm 
(>15°C) sea water. Evidence is very limited for the UK, although there is evidence from the Baltic 
Sea of an association between human cases and high temperatures (Baker-Austin et al., 2013).  

There has been an expansion of the geographical ranges of some harmful warmer water 
phytoplankton species into higher latitudes. These are a cause of algal blooms and can be 
responsible for mortality in fish and animals. There is limited evidence that algal blooms or the 
individual phytoplankton species are harmful for human health, as generall contact with species 
is limited.  

There is more evidence regarding the association between gastrointestinal pathogens and 
rainfall. Heavy rainfall can lead to the contamination of drinking water systems. In the UK 
outbreaks of cryptosporidiosis have been linked to heavy rainfall affecting public supplies, but 
this association is declining (Lake et al., 2009).  

Private water supplies pose more of a risk from low water quality than public supplies. In 2014, 
only 0.05% of tests on public water supplies failed to meet EU and national standards, whereas 
8.7% of private water supplies tested failed.43 

Future climate risks and adaptation 

The implications of climate change for food safety were recently reviewed by Lake (2015). 
Several studies project increases in the risk of salmonella with rising temperatures; however, this 
effect will be offset by the overall decline in incidence of this disease. Campylobacter 
transmission to humans is complex ecologically with multiple hosts and transmission pathways 
(Kovats et al., 2005), and currently is poorly understood; therefore there is limited evidence for 
assessing the implications of climate change.  

Increasing sea temperatures around the UK may result in an increase in marine vibrio infections 
(Baker-Austin et al., 2013). However, the public health implications of this are not clear; that is, 
whether it would lead to a detectable increase in human disease.  

The relatively high level of regulation regarding food safety from farm to fork provides the UK 
with a high level of capacity to adapt to climate change (Lake, 2015). However, as climate 

42 https://www.gov.uk/government/publications/campylobacter-cases-2000-to-2012 
43 dwi.defra.gov.uk/about/annual-report/2014/pws-wales.pdf 
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change moves the climate into unknown territory this could make current regulations and food 
monitoring inadequate to deal with future threats, such as emerging disease. Thus, activities 
such as horizon scanning are needed. Food early warning systems (Marvin et al., 2009) or food 
risk detection systems (Groeneveld et al., 2008) may also play an important role in mitigating 
and adapting to climate change-induced food threats. 

In addition to gastrointestinal infections, climate change may have other impacts on food 
quality (Lake, 2015). For example, within agriculture one impact of climate change may be 
changes to the seasonal patterns and abundances of pest species and plant diseases in the UK 
and globally (see Chapter 3). Boxall et al. (2009) highlight that these changes will lead farmers to 
alter their use of chemicals (herbicides, pesticides and fungicides) in response.  
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5.6 Opportunities and challenges 

5.6.1 Opportunities 

Climate change will bring some opportunities to the UK in the way people live their lives. 
Significant opportunities exist to improve health and social care systems, and infrastructure and 
urban design to help people adapt to climate change.  

Strengthening health and social protection 

Strengthening health protection and social protection measures can increase resilience to 
climate risks. Increasing health protection is a low-regret adaptation option because it has been 
shown to be highly cost-effective in preventing disease and avoiding health costs from 
environmental hazards and health emergencies. There are likely to be immediate and obvious 
benefits from strengthening public health systems, including emergency planning. The shift of 
public health into Local Government is a significant opportunity for collaborative action on 
climate change (Button and Coote, 2016).  

Strengthening health surveillance and monitoring of vector species can also improve health 
protection from imported infectious diseases and invasive vector species whatever the causes of 
introduction. Better integration of surveillance and monitoring for human and animal vector-
diseases could help to address the risks from climate change (see also Chapter 3 and Chapter 7). 
Effective surveillance systems are currently absent for most arthropod-borne diseases, which 
prevents a detailed risk analysis, including the evaluation of the potential spread to new areas or 
the introduction of exotic species or diseases (IFAH, 2014). Further surveillance would also be 
beneficial to monitor if the controls implemented are effective. Investments in preventive 
measures contribute to the ‘global public good’ of reducing the risk of health emergencies 
(Campbell-Lendrum et al., 2009). 

Benefits of green infrastructure for addressing climate risks 

There is widespread evidence that communities would be better able to adapt if they were able 
to work with natural processes and systems as well as seeking technological solutions (see 
section 5.3). Green infrastructure (green roofs, urban green and blue space), and SuDS offer the 
opportunity to deliver more sustainable solutions so that communities can thrive and people 
can live healthy lifestyles. Green infrastructure benefits may also extend to the historic 
environment. 

It is possible to build in flood zones and provide a good measure of flood resistance and 
resilience even when building is done close to a river. Examples of success include 
developments in Carlisle (Mcilmoyle Way and Milbourne Court), Cockermouth (The Laureates) 
and Yarn Street in Leeds. All were relatively unaffected by the winter storms of 2015 and 2016. 
Very innovative designs that could set a new standard in aspects of urban design have been 
considered in a competition organised by RIBA and Norwich Union in 200844. Many of these 
designs accept some flood risk and could require residents’ life styles to be adapted both in daily 
living and at times of flood. Almost all make use of normal building materials and techniques. 
Several of the projects featured in the RIBA competition and featured in the earlier government-

44 www.architecture.com/files/ribaprofessionalservices/competitionsoffice/resultsbooklets/ 
norwichunionfloodproofhouseofthefuture.pdf 
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funded guidance from RIBA (2007) use green infrastructure as well as more classical construction 
approaches to adapt to flood risk (e.g. surface water flooding).  

The Green Infrastructure Partnership exists to help disseminate good practice in the provision of 
green infrastructure in the UK.45 One of the roles it sees for green infrastructure is in adapting to 
climate risks. For example, as well as mitigating surface water flooding, SuDS can increase 
biomass and biodiversity and reduce throughput in water treatment plants – bringing benefits, 
respectively, for: air quality, ecosystem functioning and energy consumption (see earlier sections 
of this chapter for references and Table 5.11). There is evidence of health co-benefits from green 
infrastructure, such as reducing obesity in children (Lachowycz and Jones, 2011), preventing 
premature deaths (i.e. from heart disease) (Allen and Balfour, 2014), reducing stress and 
improving mental health (Thompson et al., 2011), and active recovery helping with chronic 
conditions (Buck and Gregory, 2013). For example, green and blue space in urban areas can be 
used to make corridors conducive to walking and cycling, and thus benefit health. Birmingham 
is one city that has made extensive use of the ecosystem approach and a range of practical tools 
to help gain full benefit from a strategic approach to green infrastructure.46 

The full effectiveness of such schemes has not been assessed. 

Table 5.11. The co-benefits of green infrastructure to address climate risks 

Type 
Main 
climate 
benefit 

Effectiveness of interventions 
(UK only) 

Co-benefits (in addition to main 
climate benefit) 

Green roofs 

Reducing 
outdoor 
temperatures 
and reducing 
urban heat 
islands 

Green cover increase of 20% 
over present could eliminate 30 
– 50% of expected extra UHI
effect in 2050, reductions in 
surface temperature <2°C in 
Glasgow (Emmanuel and 
Loconsole, 2015). 

Increasing the current area of 
green infrastructure in Greater 
Manchester by 10% (in areas 
with little or no green cover) 
could result in a cooling of up 
to 2.5 °C under the high 
emission scenario (UKCIP02) 
(Gill et al., 2007). 

With green roofs in Manchester, 
temperature relative to 
adjacent conventional concrete 
roof, was (monthly median air 
temp.) 1.06°C less at 300mm 
above roof. Strongest cooling 
(1.58°C) occurred at night 

Direct absorption of gaseous 
pollutants by interception of 
particles onto leaf surfaces, 
transpiration which can reduce the 
formation of ozone, and through 
the direct production of oxygen 
during photosynthesis (Forest 
Research, 2010; Lindley et al., 2006). 

Increasing habitats for biodiversity 
(Forest Research, 2010). Some 
disbenefits from pests/insects. 

Green roofs have potential for 
storm-water source control, in new 
developments and as a retrofit 
option. Green roofs led to an 
average volume retention of 34% 
and the average peak reduction 
was 57% (Stovin, 2010). 

Cumulative retention by green 
roofs could be 50.2%. Retention 
performance was greater when all 

45 www.gip-uk.org/#about 
46 neat.ecosystemsknowledge.net/birmingham2.html 
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Table 5.11. The co-benefits of green infrastructure to address climate risks 

Type 
Main 
climate 
benefit 

Effectiveness of interventions 
(UK only) 

Co-benefits (in addition to main 
climate benefit) 

(Speak et al., 2012). storm events were considered) 
(Stovin et al., 2012). 

Green roofs could reduce urban 
runoff by 11.8 –14.1% (Gill et al., 
2007). 

Rainfall retention by green roofs on 
a yearly basis may range from 75% 
for intensive green roofs to 45% for 
extensive green roofs (Mentens et 
al., 2006). 

Amenity benefits 

Green roofs 

Reducing 
indoor 
temperatures 
(Roberts, 
2008) 

Green roofs can reduce the 
amount of heat penetration 
through roofs and in this regard 
play a similar role to roof 
insulation. They reduce the roof 
temperature by absorbing heat 
into their thermal mass and 
because of evaporation of 
moisture (Roberts, 2008). 

Green spaces 
Reducing 
storm water 
runoff 

Gill et al. (2007) suggest that 
increasing green space would 
reduce runoff by 4.9%, 
increasing tree cover reduces 
runoff by 5.7%. 

Benefits to mental and physical 
health (Lee and Maheswaran, 2011). 

Increases social capital. Amenity 
benefits to the local population. 

Biodiversity benefits, ecosystem 
services (see Chapter 3) 

Potential for benefits to historic 
environment. 

SuDS 

Reduce 
urban flood 
risk from 
pluvial 
flooding, and 
small urban 
rivers (Gill et 
al., 2007) 

Increasing green space could 
reduce runoff by 4.9%, 
increasing tree cover reduces 
runoff by 5.7% and green roofs 
would have a significant effect 
in reducing runoff by 11.8 – 
14.1%. 
Integrated 1D and 2D hydro 
dynamic modelling results 
indicate that SuDS reduce the 
flood hazard downstream for all 
three (1:15, 1:50 and 1:100) 
events, with the effect more 
pronounced for the lowest 
rainfall (1:15) event (Ahilan et 
al., 2015). 

Benefits to mental and physical 
health (Lee and Maheswaran, 2011). 

Creation of biodiversity habitats 

Replenish water tables (Ashley et 
al., 2013; Kazmierczak and Cavan, 
2011; Forest Research, 2010) 

Urban cooling (Charlesworth, 2010) 
Protects groundwater quality 
(Woods-Ballard et al., 2015) 

Rainwater harvesting and storm 
water re-use (Ashley et al., 2013). 
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Table 5.11. The co-benefits of green infrastructure to address climate risks 

Type 
Main 
climate 
benefit 

Effectiveness of interventions 
(UK only) 

Co-benefits (in addition to main 
climate benefit) 

Natural flood 
management 

Reducing 
flood risk 
from river 
flooding 
(large 
catchments) 

Some evidence of effectiveness 
from Integrated catchment 
based approach in Pickering, 
Yorkshire (Defra, 2011; Defra, 
2015). Limited evidence so far. 
A review due in 2016.  

Benefits to mental health and 
limited evidence for benefits to 
physical health through increases in 
physical activity (Lee and 
Maheswaran, 2011). 

Amenity benefits to the local 
population (SEPA NFM Handbook) 

Stakeholder and engagement 
approaches (Lane et al., 2011) 

Benefits to the local economy from 
increase tourism and leisure 
activities 

Biodiversity benefits, ecosystem 
services (SEPA NFM Handbook, also 
see Chapter 3) 

The importance of optimization 

A very large range of adaptation strategies and measures are available to deal with the risks 
presented in this chapter. Table 5.12 shows the broad categories of adaptation options for 
responding to the key climate risks of heat and flooding that are likely to increase with climate 
change in the UK.  

Within each category there is variation of the option available, in terms of costs, effectiveness 
and co-benefits (described above). There is little literature that considers multiple adaptation 
options and the various costs and benefits for a wide range of outcomes (see Chapter 8). 
Similarly, there is little literature on optimisation of options across the various strategies 
available. 
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Table 5.1. Adaptation options for dealing with climate risks 

Climate 
change 

Climate risk Adaptation option 

Higher 
temperatures 

Hot weather, 
heatwaves 

Managing UHI and outdoor temperature through planning, 
urban and building design and construction options 

Housing – building fabric, insulation and ventilation trade-off 

Improvements in health and social care service delivery 

Emergency planning and response (including heat health 
warning systems) 

Behaviour change (community). 

Increased 
intensity of 
rainfall 

Flooding, coastal 
erosion and/or 
inundation 

Reducing development in flood risk areas through planning, 
settlement design options 

Sea-level rise Property level protection (PLP) measures 

Windstorms Flood defence (sea walls, etc.) and natural flood management 

Storm surges 

Increasing resilience in communities (e.g. governance, 
connectedness and cohesion) 

Emergency planning and response, including flood warnings. 

Managed retreat (relocation) 

The Land Use Futures report (Foresight, 2010) recognised the increasing pressures on land use 
from a number of factors including from population growth, changing demography and climate 
change. It considered how flooding might best be managed in terms of land-use and concluded 
that a management framework was needed that took account of a number of trade-offs 
between urban, rural and coastal needs and considered opportunities for co-benefits that might 
arise through use of new kinds of catchment-based water storage systems or sustainable urban 
drainage arrangements. These considerations are important. For example, managing the 
Thames flood potential depends in part on trading off between risk from the sea and risk from 
the flow arising from the Thames’ upstream catchment (EA, 2012). 

To account for trade-offs and deliver co-benefits the Foresight study called for better 
understanding of the relationship between land use and flood risk management, better 
targeting of the appraisal of flood risk management options; a zoning approach to coastal and 
inland land-use arising through a more integrated inter-agency approaches; and delivery of co-
benefits from a more integrated approach to land-use in flood prone areas involving a range of 
public and private stakeholders. It was thought such an approach would help develop new 
approaches covering difficult issues. Examples included insurance and compensation and 
providing opportunities for developing new services and payments for these, such as those 
concerning water management in rural areas that might reduce risk to urban areas sharing the 
same catchment system (e.g. paying for management practices that retain water in upland 
areas).  
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5.6.2 Challenges 

There will be challenges to overcome in adapting to climate change in the health and social care 
system, and the built environment sectors in the UK. These challenges include human and 
institutional barriers that might limit the pace of adaptation or its success unless they are 
addressed (see also Chapter 8).  

The evidence presented here suggests that adaptation to current climate risks is currently 
limited by: 

• Limited incorporation of the full scope of planning policy and its means of implementation in
local planning processes and construction practices in new developments (section 5.2).

• Fragmentation of sevices. For example in helath and social care sectors (see section 5.4.3).

• Gaps in building and construction codes (section 5.3).

• Lack of appropriate governance (e.g. co-ordination or integration of efforts between and
within national and local authorities; limited links to local communities) (section 5.2.7).

• Lack of knowledge and research to provide greater granularity in flood risk and damage
estimates (section 5.2.5).

• Poor housing quality and lack of or inappropriate retrofitting (section 5.3).

• Lack of co-ordination with other policies (e.g. energy efficiency in housing, invasive species
policies that only focus on biodiversity) (section 5.3).

• Low public perceptions of risk (heatwaves and floods) (section 5.2.5, 5.5.3).

• Lack of skilled crafts people to address historic structures (section 5.3.8).

• Issues linked to the way climate change communication occurs between specilaists, non-
specilaists and the public are picked up later in this section.

Future adaptation to climate risks may become limited by: 

• Further fragmentation of services in both public and private sectors (section 5.4.3).

• Lack of clear policy on delivering green infrastructure solutions which have multiple health
and wellbeing benefits for people and communities arising from more accessible green
space, better surface water management, water conservation and reduced UHI effect
(section 5.2).

• Housing and planning policies that do not sufficiently consider housing quality, and
implications for welfare and households (sections 5.2 and 5.3).

• Low uptake of adaptation strategies by households (e.g. section 5.2.5).

• Lack of understanding when sustainability thresholds (sea-level rise or temperatures, for
example) or capacities (heat, for example) have been exceeded (section 5.2.6, 5.3.2, 5.5.3).

• Lack of capacity or capability with respect to implementing adaptation technologies and
strategies (such as property level protection) (section 5.2.5).
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Poor housing quality 

A community’s existing resources and facilities are likely to play an important part in successful 
adaptation. One of the significant challenges facing the UK (alongside infrastructure issues dealt 
with in Chapter 4) is the highly variable nature of its housing stock and other buildings in which 
we live, work and play. In general, buildings have not been designed to be either well-insulated 
against cold or to prevent overheating (section 5.3.2). Buildings are also often not well-designed 
to be resilient to flooding or recover quickly after flooding (sections 5.2.5, 5.3.4). 

Within the housing system, climate change mitigation and adaption policies are inextricably 
linked. In addition to the specific risks mentioned above, recent research reveals that current 
policies to reduce the carbon emissions of the housing stock could result in some unintended 
consequences (Davies and Oreszczyn, 2012) (Table 5.3), including impacts on health and 
wellbeing of building occupants and the wider population (Shrubsole et al., 2014).  

Adaptation is inextricably linked to wider government objectives about housing (section 5.1.5). 
Some studies have suggested that a more integrated approach to decision-making could help to 
ensure that direct benefits and co-benefits can be optimised and made more explicit (Macmillan 
et al., 2015).  

Developments for new and existing communities approved in the next few years will exist for up 
to 60 years or more. There is therefore a risk of lock-in by planning communities that exacerbate 
the risks from flooding, the urban heat island, drought risk and air pollution (sections 5.2, 5.3, 5.4 
and 5.5). 

Integration across relevant policy areas in local government 

In England, there are no longer performance measures for local government in relation to 
climate adaptation. There is variation amongst English local authorities in approach to 
adaptation with some having formal responsibilities (as in London through the Greater London 
Authority Act, 2007) and others having to work more informally, such as through the Core Cities 
group. In Scotland, a central review of local authority adaptation actions has been undertaken 
by Climate Ready Scotland47. Both Wales and Northern Ireland are taking steps to determine 
how best to link local adaptation efforts with higher level policies. 

Local Authorities in the UK seem to be at very different stages of maturity in developing 
approaches to adaptation (Heidrich et al., 2013). London has, for example, a detailed flood 
management plan to the middle of the century and a strategic view beyond that based on 
adaptive management options (EA, 2012) and is currently considering responses to its draft 
urban drainage strategy. Other cities, such Leicester, Birmingham, Aberdeen, Cardiff and 
Manchester score quite highly on either aspects of adaptation or aspects of mitigation and 
adaptation in combination. Overall, the 30 cities studied were more advanced in mitigation 
planning and action than they were on most aspects of adaptation (Heidrich et al., 2013). Local 
authorities in England lost 27% of their spending power between 2010/11 and 2015/16 in real 
terms, and 90% oflocal authority staff interviewed in a 2013 survey indicated that adaptation 
had been de-prioritised in their authority (ASC, 2015). 

Although variations in approach amongst local authorities provide opportunities for developing 
best practice, the variation might make it more of a challenge to deliver on national policy 

47 www.gov.scot/Resource/0045/00451392.pdf ). 
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new build developments to be designed and built to limit overheating. In London during a 
heatwave in the 2030s it is estimated that around two-thirds of flats and up to half of detached 
properties would overheat. The urgency of the response should be increased to avoid ‘lock-in’ 
due to the lack of policy and long life time of building stock. 

Overheating in care homes and hospitals is not well managed, and managing future levels of 
overheating may prove more difficult. Policy and technological approaches are needed that will 
ensure homes and other buildings are well-insulated for winter but sufficiently ventilated in 
summer to keep internal temperatures down.  

More research may be needed to assess the degree to which green infrastructure could reduce 
the urban heat island effect that can exacerbate climate warming in cities and overheating 
problems.  

Potential benefits from cold 

Currently there are between 35,800 and 49,700 cold-related deaths per year across the UK. The 
level of risk of cold-related mortality across the UK remains high compared to other NW 
European countries. Climate change alone is projected to reduce the health risks from cold, but 
the number of cold-related deaths is projected to decline only slightly due to the effects of a 
growing, ageing population increasing the number of vulnerable people at risk. Current 
projections suggest a decline in mortality of 2% by the 2050s under a medium emissions 
scenario and assuming population growth. 

Fuel poverty levels are used as a proxy indicator for exposure to cold, and have seen little 
change over the last decade. It is important that policies are further developed and 
implemented to address fuel poverty without increasing the risk of overheating.  

Disruption of health services and social care 

Extreme weather (heatwaves and flooding) disrupts health and social care service delivery, and 
can damage health care infrastructure. Health services are vulnerable to an increase in the 
frequency and intensity of extreme weather events and the capacity of the system to cope with 
shocks could decrease with increasing pressures on the health service and local government. 
The number of hospitals, GP surgeries, emergency service stations and care homes at risk of 
flooding is likely to increase, particularly in England and Wales. Modern built facilities are 
designed to support contemporary care models and to be thermally efficient in cold weather, 
but this has led to problems with thermal comfort during heatwaves, for patients and staff in 
hospitals and care homes. Floods and storms cause significant disruption to health and social 
systems, and there is a lack of evidence that they are well addressed in emergency planning.  

Infectious and emerging disease 

As climate change progresses, the UK climate may become favourable for the survival and 
breeding of disease-carrying or transmitting organisms. There are particular concerns regarding 
insect and tick vectors of diseases such as Chikungunya virus and dengue fever as well as Lyme 
disease where diagnosis can be difficult. Some resident UK insects are potential hosts to a 
number of diseases. There are gaps in knowledge about the future capability of resident vectors 
to host pathogens in the UK, and about the extent of the risk from invasive pathogens and 
vectors.  
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Rising temperatures could expose people to increased risks from food-borne pathogens caused 
by poor food processing and handling and also from shellfish. Increased risk from vibrio 
organisms is already of particular concern. The magnitude of these risks is difficult to quantify. 

Risks to building fabric and cultural heritage from extreme weather 

Around 1 million homes in England currently suffer from problems with damp or mould. 
Numbers for the devolved administrations are unclear. More research is needed to better 
determine the future level of risk and what adaptation further steps might be appropriate. 
Climate-related hazards damage historic structures and sites now, but there is lack of 
information on the scale of current and future risk, including for historic urban green spaces and 
gardens as well as structures.  

Risks from drought and water supply restrictions 

The influence of climate change on droughts is difficult to determine. The possibility of multi-
year droughts remains a risk as do decadal periods of lower than average rainfall. Overall, risks 
from drought are currently intermittent but may increase; in future such conditions would 
exacerbate the growing pressure on water supply in many parts of the UK and may affect green 
infrastructure and also have effects on wellbeing, health and communities. In combination, 
climate change and population growth are likely to lead to water supply deficits that may put 
the normal headroom that water utilities generally work within at some risk. 

5.7.2 Key research gaps 

This review has identified several key research gaps and challenges. These are summarised by 
section below.  

Communities 

• Better understanding of and accounting for the actual change in flood risk from new
development on the floodplain in the devolved administrations.

• Better understanding of the need for long-term plans – in addition to shoreline
management plans - for coastal communities that are at risk of being lost as a result of sea
level rise.

• How local authorities can manage the trade-offs and develop opportunities in climate
adaptation and how more integrated approaches might help communities adapt to
climate change.

• Communication of climate risks, both in relation to climate change and also relation to
addressing climate-related hazards, such as flooding.

• Improved, open-access datasets to help assess risk and manage flood events (e.g. river
flows, flood damage, flood extents, social and health impacts)

• Risk of simultaneous flooding from multiple sources – coastal, river, pluvial surface water,
snowmelt.

• Impact on flood risk assessments of sequences of rainfall events/mid-scale flows/flood
events.
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• Determining how flood risk to properties is likely to develop under a range of climate,
social, economic and population scenarios.

• Improve knowledge of the links between climate change and increased rainfall from hourly
to monthly and/or increased storminess (including the clustering of such events).

• New techniques to enable higher river flows to be translated into accurate flood prediction
models at local scales so as to inform all stages of the planning and flood management
processes.

• Wider appraisal of the costs of flooding, including the number of people and businesses at
risk (current methodologies focus on number of properties in order to gauge immediate
financial cost arising from damage rather than wider economic and social costs).

• Effectiveness and economic cost of upstream storage and land-cover change in mitigating
river flooding.

• Resilience of local communities to recover from a major flood event and/or loss of key
infrastructure such as bridges or causeways.

• Evaluation of the effectiveness of green and blue infrastructure and of other interventions
(e.g. cool roofs) in reducing flooding and extreme heat exposure.

Buildings 

• The total level of risk and the benefits of acting on overheating for all types of buildings in
the devolved administrations. More information also needed on the risks in buildings other
than homes in England.

• Further empirical summertime indoor temperature data, and an improved understanding
of how energy-recovering ventilation systems such as mechanical ventilation and heat
recovery systems may alter risks.

• The level of action underway and level of risk on overheating in public transport in areas
outside London.

• Better quantification of the current and future risks to the historic built environment from
climate change.

• Better understanding of the effectiveness of different measures to keep cool in summer
and hot in winter.

• Continued monitoring of vulnerability and exposure needed, including through the
continuation of current housing surveys

• Reduction in the level of uncertainty in increased cooling demand and the economic
benefitis of uptake of passive ventilation measures vs. air conditioning.

• Impact of increased vapour pressures on required ventilation performance.

• Better understanding of ‘comfort taking’, and the household energy benefits of climate
change.

• Impacts on and response to climate risks and historic environment and cultural heritage.
Data from effective monitoring, surveys and imaging to identify current effects and early
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warning of damage. Increased take up of the research and translation of research to make it 
useful.  

Health systems 

• A key challenge for improving emergency planning in the health system is the lack of
evidence relating to the impacts of climate risks (flooding or heatwaves), and no method to
monitor such impacts (Lee et al., 2012; Challen et al., 2012).

• Quantification of impacts of extreme weather on infrastructure at national or regional scale,
and on health and social care delivery.

• More research is needed on the risks in hospitals, care homes and community based care
from heatwavess, in terms of risk management, clinical practices, and how these relate to
building design.

• Assessment of effective response options to develop accurate budget predictions for
providing the necessary adaptation measures for the healthcare estate to enable the
delivery of safe healthcare for patients

• The impact of high temperatures in care homes, and strategies to reduce the impact on the
welfare of residents.

• Decision support modelling to address emergency planning to improve responses to
extreme events.

• Assessment of how various local actors across the country are planning and preparing for
extreme weather in a co-ordinated way and what are the barriers to implementation.

Impacts on population health and health protection responses 

• Understand how people react in hot weather and the effectiveness of measures to
encourage the public to protect themselves.

• How changes to climate other than increasing temperatures, such as changing wind
patterns and blocking episodes, could impact on air pollution levels. Long-term data on the
number of children and adults living with chronic respiratory conditions would also be
valuable.

• Impact of climate change on fine particle concentrations in ambient air.

• Better understanding is needed of the eco-epidemiological drivers that determine the
distribution of the UK’s existing arthropod vectors and the pathogens that they might carry
at finer spatial scales than is possible from current studies. Improved knowledge of which
vectors transmit which pathogens is also required. Better ongoing surveillance for the
importation of exotic arthropod vectors and pathogens would also be beneficial.

• Field-based research should be conducted to understand the impact of environmental
change and climate change adaptation strategies on disease vectors.

• Health and wellbeing impacts of flooding, including the long-term consequences for
mental health, and an improved estimation of the associated costs.

• Effectiveness of interventions for extreme weather events, including community based
strategies, risk communication, and interventions to support mental health strategies.
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• Understanding changes in vulnerability to heat and cold over time in order to better model
future adaptation.

• Improved characterisations of temperature extremes in climate model outputs, such as
UKCP18.

Beyond specific research needs, which in the main deal with individual components of climate 
change risk, there is a need for an integrative approach to problem solving and policy 
construction due to the dynamic complexity of the systems involved. Without such an approach, 
the likelihood of unintended negative consequences, caused by single solutions and different 
policies impacting each other, is high (Davies and Oreszczyn, 2012; Shrubsole et al., 2014). One 
such approach, with participatory system dynamics, has been successfully used to understand 
the connections between housing, energy and wellbeing (Macmillan et al., 2015). 
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Annex 5.A: Differences between CCRA2 and Environment Agency flood 
projection studies 

Table 5A.1: Differences in major assumptions between Sayers et al. (2015) and the Environment 
Agency’s Long-term Investment Scenario methodologies 

Sayers et al. (2015) 
EA Long-term Investment 
Scenarios 

Types of flooding 

Focuses on fluvial, surface water 
and coastal (including tidal 
reaches), separate assessment of 
groundwater risk. 

Focuses on fluvial and tidal 
flood risk, partial assessment of 
surface water risk, no 
assessment of groundwater risk. 

Overlaps in areas at flood risk 
Floodplains are classified as at 
risk from fluvial, pluvial or tidal 
flooding. 

Properties at risk of fluvial or 
tidal flooding combined into 
one category. Pluvial flooding is 
covered in a separate analysis. 

Future population/properties 

Uses low and high population 
scenarios at the local authority 
scale derived from the Office of 
National Statistics alongside a 
no-growth scenario. Assumes 
that present-day occupancy 
rates remain the same in the 
future and therefore derives 
future numbers of residential 
properties from population 
projections. 

No change assumed in future 
number of non-residential 
properties due to a lack of 
suitable data. 

Uses a no increase in population 
at risk scenario as the central 
scenario, underpinned by an 
assumption that new 
development does not add to 
flood risk. Also contains a 
population increase scenario 
where the assumption on 
development control is relaxed. 

Future climate scenarios 

Climate scenarios consistent 
with changes in global mean 
temperature of 2 – 4°C above 
1961 – 1990 levels. Also includes 
an extreme high++ scenario. 

Optimal investment profile is 
based on medium emissions, 
consistent with ~2.6 – 4.2°C 
change in global temperature 
by 2080 compared with 1961 – 
1990 levels (though the EA state 
that they are looking at the 
“above-median probability 
estimate”, so the scenario is 
likely to be closer to the high 
end. Sensitivity tests also 
include a high scenario. 

Chapter 5   –   People and the built environment      130 



UK Climate Change Risk Assessment 2017: Evidence Report 

Table 5A.1: Differences in major assumptions between Sayers et al. (2015) and the Environment 
Agency’s Long-term Investment Scenario methodologies 

Sayers et al. (2015) EA Long-term Investment 
Scenarios 

Future time periods 2020s, 2050s, 2080s (set against 
a baseline of 2014) Present day to 2060s 

Adaptation assumptions 

Uses six adaptation scenarios 
representing different levels of 
effort across a range of 
adaptation actions including: 
standard of protection provided 
by flood defences; development 
in flood risk areas; uptake of 
natural flood management and 
managed realignment; use of 
SuDS; and individual actions to 
reduce the chance of flood 
damage. 

Works out the most cost-
effective pathway for future 
spending on flood defences 
within each of the ~3,000 flood 
risk management systems in 
England, and from that works 
out the optimal total level of 
investment on flood defences in 
the future. Assumes optimal 
investment decisions are taken 
at each stage in cost-benefit 
terms and that adequate 
maintenance is performed. 
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Annex 5.B: Policy frameworks 

Communities and settlements 

Table 5B.1. Policy frameworks relevant to communities and settlements 

Policy reference UK nation 
Key effects of this policy in 
addressing climate risks 

Links to other policies 

EU Floods Directive 
2007 UK-wide 

The EU Floods Directive came into 
force in November 2007 and 
establishes a framework for 
assessing and managing flood risk 
aimed at reducing the adverse 
consequences for human health, the 
environment, cultural heritage and 
economic activity. It was transposed 
in England and Wales by the Flood 
Risk Regulations 2009. 

Flood and Water 
Management Act 2010 
(England and Wales), 
Flood Risk Management 
(Scotland) Act 2009, The 
Water Environment 
(Floods Directive) 
Regulations (Northern 
Ireland) 2009 

Flood and Water 
Management Act 
(2010) 

England and 
Wales 

Sets up a process for enhancing the 
protection of communities and 
settlements from all types of 
flooding. 

Water Act (2014) sets out 
the role of Flood Re. 

The DCLG is responsible 
for planning policy, 
including policy 
affecting the 
development of land 
which is at risk from 
flooding or coastal 
erosion. 

Flood Risk 
Management 
(Scotland) Act 2009 

Scotland 

Gives local authorities discretionary 
powers to make and build flood 
prevention schemes, and provides 
guidance on the appraisal and 
impact of flood risk management 
schemes. 

Water Act (2014) sets out 
the role of Flood Re. 

The Water 
Environment (Floods 
Directive) 
Regulations 
(Northern Ireland) 
2009 

Northern 
Ireland 

Sets out responsibilities for 
implementation of the EU Floods 
Directive, including the preparation 
of flood maps and flood risk 
management plans. 

Water Act (2014) sets out 
the role of Flood Re. 

Chapter 5   –   People and the built environment      132 



UK Climate Change Risk Assessment 2017: Evidence Report 

Table 5B.1. Policy frameworks relevant to communities and settlements 

Policy reference UK nation 
Key effects of this policy in 
addressing climate risks 

Links to other policies 

Water Act (2014) UK 

Creates Flood Re, a reinsurance pool 
designed to provide insurance cover 
for the most at-risk households 
across the UK. 

Flood and Water 
Management Act (2010) 

EU Drinking Water 
Directive 

The Water Resources Act 1991 was 
used to introduce the Drinking 
water directive into UK law.  

In Scotland, Water Supply (Water 
Quality) (Scotland) Regulations 
2001. 

Private water supplies 
have equivalent 
regulations  

National Planning 
Policy Framework 
(2012) and 
associated guidance 

England 

Sets a framework for sustainable 
development in relation to land-use 
planning, encouraging local plans to 
take account of climate change over 
the long term. The NPPF states that 
new development should be 
planned to avoid increased 
vulnerability to the range of impacts 
arising from climate change. 

Links to Flood and Water 
Management Act (2010) 
as the NPPF provides the 
framework for 
development to 
minimise impacts from 
flooding. 

Planning Policy 
Wales (Edition 7, July 
2014) 

Wales 

States that local plans and policies 
should enable change-resilient 
settlement patterns that minimise 
land-take. 

National Policy 
Framework 3 (2014) Scotland 

Promotes the need to ensure new 
urban and rural developments are 
resilient to climate change across its 
four themes of sustainable 
development. 

Scottish Planning 
Policy (SPP). Scotland 

Non-statutory, reflects how 
nationally important land use 
planning matters should be 
addressed. 

Northern Ireland 
Regional 
Development 
Strategy (2012) 

Northern 
Ireland 

Includes a strategic goal (RG9) to 
facilitate adaptation to climate 
change through land-use planning, 
including through re-use of land 
and buildings, adoption of grey 

Regional Development 
Strategy 2035 Northern 
Ireland.  
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Table 5B.1. Policy frameworks relevant to communities and settlements 

Policy reference UK nation 
Key effects of this policy in 
addressing climate risks 

Links to other policies 

water recycling, minimising 
development in flood risk areas, soil 
and habitat protection, and 
identifying key assets and areas that 
are most at risk from climate 
change. 

Strategic Planning 
Policy Statement 
(SPPS) for Northern 
Ireland – “Planning 
for Sustainable 
Development” 

Northern 
Ireland 

The subject policy for Open Space, 
Sport and Outdoor Recreation, as 
contained within the SPPS, provides 
for the protection of open space, the 
provision of new areas of open 
space in association with residential 
development and the use of land for 
sport and outdoor recreation. It 
embodies the NI Executive’s 
commitment to sustainable 
development, to the promotion of a 
more active and healthy lifestyle and 
to the conservation of biodiversity. 
The SPPS is in general conformity 
with the RDS 2035. 

Civil Contingencies 
Act (2004) UK-wide 

Requires national and local 
processes for planning for and 
responding to extreme weather 
events (flooding, drought, heat, 
cold, wildfire, storms) now and over 
the next five years. Does not 
consider the effects of climate 
change on the level of risk. 

Cleaner Air For 
Scotland (CAFS) Scotland 

Sets out strategic policy and 
assessment methodology for 
Scotland on tackling air pollution. 
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Buildings 

Table 5B.2. Policy frameworks relevant to buildings 

Building regulation 
and climate risks  UK nation 

Key effects of this policy in 
addressing climate risks 

Links to 
other 
policies 

Building Regulations England and Wales 

Contains standards that new 
buildings and major renovations 
must conform to relating to 
moisture, ventilation, internal heat 
gains, solar gains and water 
efficiency. 

Building Standards 
System Scotland 

Includes standards related to flood 
resilience (standard 3.3), moisture 
penetration from heavy rain (3.10), 
heating and overheating (3.13), 
ventilation (3.14), condensation 
(3.15) and water efficiency (3.27). 

Building Regulations 
Northern Ireland 2012 Northern Ireland 

Contains standards that new 
buildings and major renovations 
must conform to relating to 
ventilation, internal heat gains and 
damp. 

Housing Health and 
Safety Rating System 
(HHSRS) 

England and Wales 

Evaluation tool for local authorities 
to assess the condition of dwellings. 
Includes an assessment of damp, 
heat and cold, pests, food safety and 
water supply. 

Building 
Regulations 
for residential 
buildings 

Health and Safety at 
Work Regulations 
(1999) and The 
Workplace (Health, 
Safety and Welfare) 
Regulations 1992 

England, Scotland 
and Wales 

Includes general provisions for 
weather-related risks to health, 
including adequate ventilation, 
temperature and supply of drinking 
water. 

Building 
Regulations 
for non-
residential 
buildings 

Health and Safety at 
Work (Northern Ireland) 
Order 1978 

Northern Ireland 
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Table 5B.2. Policy frameworks relevant to buildings 

Building regulation 
and climate risks  UK nation 

Key effects of this policy in 
addressing climate risks 

Links to 
other 
policies 

Education (School 
Premises) Regulations, 
2012 

England and Wales 

Stipulates minimum temperature 
requirements for school rooms. No 
maximum temperature 
requirements are set. 

Health and 
Safety at 
Work 
regulations 

Planning (Listed 
buildings and 
conservation areas) Act 
1990. 

England and Wales Sets out the listing of buildings and 
creation of conservation areas as 
well as the process for approving 
works within conservation areas or 
affecting listed buildings.  

Historic Scotland also has actions 
around Climate Change adaptation 
which are set out as part of the 
Scottish Climate Change Adaptation 
Programme 

Ancient Monuments 
and Archaeological 
Areas Act 1979' 
http://www.legislation.
gov.uk/ukpga/1979/46 

England, Wales and 
Scotland 

The act relates to adaptation in so 
far as any works affecting scheduled 
monuments, and there are a 
number of bridges in this category, 
require consent from the secretary 
of state. 
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Health and social care system 

Table 5B.3. Policy framework relevant to the health and social care system 

Policy UK nation 
Key effects of this policy in 
addressing climate risks 

Links to other 
policies 

Health and Social 
Care Act (2012) England 

Places responsibility for health assets 
and delivery with clinical 
commissioning groups and NHS 
Trusts, and public health assets and 
delivery with local authorities. 
Includes the setting up of local health 
resilience partnerships (LHRPs) to 
deliver national emergency 
preparedness, resilience and response 
(EPRR) strategies in the context of 
local risks. 

NHS Standard 
Contract England 

Service providers have to undertake a 
series of actions related to emergency 
preparedness and resilience. 

Health, Social Care 
and Well-being 
Strategies (Wales) 
2003 regulations 

Wales 

Local Health Boards and local 
authorities to jointly produce a local 
health, social care and well-being 
strategy for each area. 

Health Standards 
Framework Wales 

Set of core standards for healthcare 
providers including managing risk and 
promoting health and safety 

The Public Health 
(Scotland) Act 2008 Scotland 

Places duties on local health boards 
and local authorities to take joint 
responsibility to protect public health. 
Local NHS boards produce guidance 
on responding to extreme weather 
including flooding, cold and hot 
weather. 

Health and Social 
Care (Reform) Act 
2009 

Northern 
Ireland 

Restructured the provision of health 
and social care in Northern Ireland. 
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Population health and health protection 

Table 5B.4. Policy framework relevant to population health 

Policy UK nation 
Key effects of this 
policy in addressing 
climate risks 

Links to other 
policies 

Pathogen surveillance 
programmes 

England, Scotland, 
Wales and Northern 
Ireland all have 
separate programmes. 

Early identification of 
new or emerging 
pathogens and the 
spread of infectious 
diseases. 

Heatwave Plans Separate plans for 
England and Wales 

Sets out guidance for 
organisations and the 
public on actions to 
build resilience and 
action to take during 
hot weather. 

EU ambient air quality directives 
(2008/50/EC and 2004/107/EC) 

UK 

Set limits and targets 
for concentrations of 
various pollutants in 
outdoor air for the 
protection of health 
and ecosystems. 

National Air Quality Strategy 
(Defra, 2007) UK 

Sets national objectives 
for improving ambient 
air quality, and how to 
achieve them. 

Water Industry Act 1991 (the 
1991 Act) England and Wales 

Sets out legal 
framework for ensuring 
good quality drinking 
water. 

Making Life Better strategy Northern Ireland 
Includes an objective to 
provide safe and clean 
drinking water. 

EU Drinking Water Directive UK 

The Water Resources 
Act 1991 was used to 
introduce the Drinking 
water directive into UK 
law.  
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Table 5B.4. Policy framework relevant to population health 

Water Supply (Water 
Quality)(Scotland) Regulations 
2001, Private Water Supply 
(Scotland) Regulations 2006 

Scotland 

Regulations related to 
the quality and safety 
of public and private 
water supplies 
respectively. 
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