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PREPARE – Understanding the equity and distributional impacts of climate
risks and adaptation options

Executive summary
This project is part of the preparedness, adaptation and risk (PREPARE) research
programme, commissioned by the Department for Environment, Food and Rural Affairs. It
has been undertaken to support the Government in developing its strategy on adaptation
policy and in particular its statutory programme of climate adaptation policies to be laid in
Parliament in 2013 under the Climate Change Act.
The specific objective of this strand of the research is to further develop the evidence base
relating to the equity and distributional impacts of climate risks and adaptation options. This
includes summarising, and where possible, quantifying the differential risks and opportunities
for these groups. This report complements the other elements of the PREPARE programme
as it is important that issues of social justice and differential impacts are factored into the
design of future adaptation responses.
The project consisted of a series of research tasks, including a review of recent literature in
the area of social equality, vulnerability and adaptation. The literature review highlighted that
to date, the focus of research has tended towards exploring the impacts of climate hazards
on socially vulnerable groups rather than understanding the impacts of adaptation policy
measures. As a result, it was decided to undertake a more detailed analysis of impacts for
four combinations of climate risk and socially vulnerable groups, examining evidence of
whether adaptation measures were having a differential impact:
•

Adaptation policy to flooding on low income households

•

Heatwave policy interventions on ethnic minorities living in urban areas

•

Water scarcity responses on vulnerable users

•

Lessons from existing policies for rough sleeping and the homeless in cold weather.

Work was then undertaken to quantify these impacts for key risks and vulnerable groups and
to begin quantifying some of the potential costs and benefits of adaptation measures. To
date, relatively little work has been undertaken to quantify the differential costs and benefits
of adaptation measures; this work therefore presents some interesting examples, rather than
a comprehensive picture.
Through the more detailed analysis, a number of specific opportunities have been identified
to enhance adaptation policy measures to better account for their impacts on the socially
vulnerable. However, the key findings and next steps for adaptation policy seek to identify
the common threads which run across these examples. Such themes are potentially more
valuable to policy makers, as they may offer insights for understanding the impacts of climate
risks and adaptation policy across a broader range of impacts and vulnerable groups.
The key findings, as suggested by the project team, are:
•
•
•
•
•
•
•
•

Adaptation strategies and responses have differential impacts and can reinforce
social vulnerability
The determinants of social vulnerability are complex and must be better
understood in the context of adaptation policy responses
Multi-faceted vulnerability is likely to require a multi-faceted response
Vulnerability varies at different points in the response cycle
Issues of social vulnerability and adaptation must be understood and addressed
at multiple policy levels
The role of social resilience and social networks in reinforcing effective adaptation
policy measures needs to be examined in greater depth
Much can be learned from existing policy responses
More research is needed on differential adaptation costs
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•

Research is needed to enhance our understanding of the reasons for, and
responses to, the differential impacts of adaptation policy

This research found that progress had been made in acknowledging the differential impacts
of climate impacts and in identifying vulnerable groups. We suggest that the challenge is now
to deepen this understanding and to ensure that adaptation policies and measures account
for social vulnerability so that the benefits and costs of adaptation are shared appropriately.
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Glossary
Adaptation – Adjustment in natural or human systems, groups or individuals, in response to actual or
expected climatic stimuli or their effects. It moderates the potential negative consequences of climate
change, or exploits beneficial opportunities from climate change. It can also include those actions or
activities which bring climate adaptation benefits, even if those actions were not initially undertaken as
a response to the changing climate.
Adaptive capacity – The potential of a system or group or individual to design and implement
effective adaptation strategies to adjust to information about potential or actual climate change
(including climate variability and extremes), to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences. Adaptive capacity is seen as the enabling conditions
conducive to taking adaptation action.
Hazard (here: climate hazard) – Weather events to which populations or systems are exposed, with
the potential to cause harm, such as heatwaves, heavy rainfall. Climate hazards include both extreme
weather events and long-term changes in average climate variables such as temperature. The
occurrence of a hazard leads to impacts on systems, groups, or individuals.
Impact (here: climate impact) – The effect of a climate hazard on a system, group or individual. For
example, heatwaves (hazard) can cause impacts on urban air quality, human health, energy use,
function of transportation, etc. Impacts can be positive or negative, and the size of the impact
experienced depends upon a system’s exposure to that hazard, and its sensitivity.
Resilience (here: climate resilience) – The ability of a system, group or individual to cope with
climate risks, and to absorb disturbances, while retaining the same basic structure, form and function,
the capacity for self-organisation, and the capacity to adapt to stress and change.
Risk (here: climate risk) – The combination of the probability of an impact occurring with the
magnitude of its consequences. Risks can be understood as both downside (negative) and upside
(positive opportunities). The level of climate risk facing a system, group or individual at any given time
can be seen as dependent upon the magnitude of climate hazards and impacts, the underlying
vulnerability of the system to the potential hazards, and the capacity of that system to adapt.
Vulnerability – A variety of definitions exist, in a wide variety of different contexts. The
Intergovernmental Panel on Climate Change (IPCC) defines vulnerability to climate change as “the
degree to which a system is susceptible to, and unable to cope with, adverse effects of climate
change, including climate variability and extremes, Vulnerability is a function of the character,
magnitude and rate of climate change and variation to which a system is exposed, its sensitivity, and
its adaptive capacity”. The United Nations International Strategy for Disaster Reduction (UNISDR)
defines vulnerability as “the characteristics and circumstances of a community, system or asset that
make it susceptible to the damaging effects of a hazard”. In this report, the term may be used in either
way, depending on the context.
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1 Introduction
The objective of this project was to provide support to Defra in further developing the
evidence base relating to the equity and distributional impacts of climate risks and adaptation
options, including summarising, and where possible quantifying, the differential risks and
opportunities for these groups. This strand of the PREPARE Research programme
complements the other elements as it is important that issues of social justice and differential
impacts are factored into the design of future adaptation responses.
The methodology and focus of this project was developed iteratively, in conjunction with
Defra. For example, it became evident that research undertaken to date has tended to focus
on the differential impacts of specific climate hazards (e.g. heatwaves) for socially vulnerable
groups, rather than the differential impacts of policies developed in response to climate
drivers (e.g. the National Heatwave Plan) As a result, the project objectives were realigned to
ensure that both aspects were considered. It was also acknowledged that this project would
not be able to provide a comprehensive set of actions to address the differential impacts of
adaptation policies. However important lessons could be identified and gaps in existing
knowledge highlighted. Definitions of some key terms, as used in this report, are given in the
Glossary after the Executive Summary on page iv.

1.1 Context
The climate is changing and warming will continue throughout this century. The 2009 UK
Climate Projections show increases expected in summer and winter temperature, increases
in winter rainfall, decrease in summer rainfall (although small increases are also possible)
more days of heavy rainfall, and rising sea levels. Adaptation is needed to manage current
risks from extreme weather, and to prepare for additional pressures from the changing
climate in future.
The Climate Change Act 2008 made the UK the first country in the world to have a legally
binding long-term framework to cut greenhouse gas emissions and to build the UK’s ability to
adapt to climate change. With regard to adaptation, the Act requires:





A UK-wide climate change risk assessment (CCRA) that must take place every five
years.
A national adaptation programme (NAP) which must be put in place and reviewed
every five years, setting out the Government’s objectives, proposals and policies for
responding to the risks identified in the CCRA.
Adaptation Reporting Powers (not applicable in Northern Ireland) which enable the
Secretary of State to direct “reporting authorities” to prepare climate change
adaptation reports.
In addition, the Adaptation Sub-Committee of the Committee on Climate Change, an
independent expert body, was set up as required under the Climate Change Act
2008. Its role is to advise on the preparation of the UK CCRA, to report to Parliament
on the UK Government’s progress in the implementation of the NAP and to provide
advice to the Devolved Governments, as required.

The Government published the UK Climate Change Risk Assessment (CCRA) in 2012, the
first assessment of its kind for the UK and the first in the five-year cycle. This assessed (and
where possible monetised) the main risks and opportunities in the UK from climate change.
An independent evaluation of the CCRA (Wilby 2012) described it as a ‘heroic effort’ given
the time available. It provides underpinning evidence that can be used by central
Government to help inform priorities for action and appropriate adaptation measures. In so
doing, the CCRA explicitly recognises that impacts will vary between households,
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communities and different social groups and includes an annex specifically considering
social vulnerability. During the development of the CCRA, and since its publication, further
research has been undertaken to understand the social justice implications of both climate
risks and subsequent adaptation responses. This project reflects upon this body of literature,
and considers the priorities for deepening our understanding of differential impacts. This is
particularly pertinent given that the Government will launch a National Adaptation
Programme (NAP) responding to risks identified in the CCRA later this year, and that the
Environment Agency continues to develop its Climate Ready programme1, providing
authoritative advice and information to help businesses and other organisations adapt to a
changing climate.

1.2 Our approach
This report was informed by six main research tasks:
1. A literature review of key documents to assess and summarise recent work in the
area of social equality and adaptation.
2. Establishment of a shortlist of possible impacts and vulnerable groups to be
considered further, informed by findings of the literature review, expert review and
consultations with key stakeholders.
3. A quantification exercise undertaken to determine the scale of the issue for key risks
and vulnerable groups.
4. A detailed analysis of differential impacts for four combinations of climate risk
and vulnerable group. This desk research, supported by further expert interviews,
identifies relevant adaptation options, their potential consequences for specific groups
and considers what lessons can be learned.
5. Additional quantification of the scale and costs of different adaptation options,
providing indicative costs for particular adaptation policy responses
and
consideration of who bears these costs.
6. Synthesis of key findings into a summary report.

1.3 Format of this report
This report provides an overview of the key findings from the literature review (Section 1),
followed by an analysis of the differential impacts of adaptation options for four
risk/vulnerability combinations (Section 2). Section 3 provides an initial assessment of the
scale of climate risks for particular vulnerable groups. Section 4 provides a deeper analysis
of the differential impacts and costs of adaptation polices for the four risk/vulnerability
combinations as described in Section 2. Finally, the implications of our findings for national
adaptation policy are considered in Section 5. It should be noted that this summary report
draws heavily upon a series of more detailed studies appended to the report.

1

Available at http://www.environment-agency.gov.uk/research/137559.aspx
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2 Findings from the literature review
An important aspect of this study was to conduct a review of recent literature and
publications to determine the current ‘state of play’ regarding adaptation and social
vulnerability in the UK. Firstly, the review sought to identify and examine evidence of
differential impacts of climate change on vulnerable social groups. In so doing, we were able
to identify research gaps and consider how later stages of this project could best add value
to the existing research base. This literature review formed a starting point for the four
detailed examples examined in section 3 of this report.
This section of the report represents a summary of a more detailed review of literature which
can be found in Appendix 2.

2.1 Understanding adaptation and social vulnerability
There is a well-established literature relating to vulnerability to climate change, in some
cases stemming from international efforts to examine the challenges of adaptation and from
research in developing countries. Consideration of social vulnerability and its relationship
with adaptation in the UK is a relatively new field of research, although this issue was
considered specifically in an annex to the CCRA. The Joseph Rowntree Foundation’s
‘Climate and Social Justice Programme’ has made a significant contribution to this research
agenda and there is now a growing appreciation that climate risks have different implications
and consequences for particularly social groups, households and individuals and that these
must be understood for effective adaptation responses to be developed.
The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability as “the extent
to which climate change may damage or harm a system” (IPCC 2012). A useful
characterisation of vulnerability is offered by Kelly and Adger (2000; ASC 2011) who define
vulnerability “in terms of the ability or inability of individuals and social groupings to respond
to, in the sense of cope with, recover from or adapt to, any external stress placed on their
livelihoods and well-being”. The vulnerability of an individual or community to climate change
can also be viewed as a function of exposure to climate changes; sensitivity to its impact;
and their capacity to adapt (Lindley 2011). Indeed, a person’s vulnerability is rarely
determined by one element, but will fit into multiple categories. This is discussed later in this
report when we examine specific combinations of risk and vulnerability.
Recent literature indicates that in the UK a clear relationship is emerging between some
forms of deprivation (i.e. socio-economic vulnerability) and vulnerability to climate change
(Benzie et al. 2011). It suggests that vulnerability to climate results from a complex and everchanging combination of physical or biophysical vulnerability shaped by exposure to climate
hazards, the sensitivity of systems, demographic characteristics and psycho-social factors.
The latter include the sensitivity of an individual or group to a hazard and their ability to
adapt. Thus, demographic factors (such as, age, gender, ethnicity and class), levels of health
and education, access to resources (i.e. poverty), information and knowledge, access to
political power and representation, levels of social capital and aspects of neighbourhood
infrastructure and housing equality may all determine the degree to an individual or group is
vulnerable to climate change. Social vulnerability is also dynamic in nature. Individuals can
move into and out of a vulnerable state during their lifetime as a result of changes in physical
and social circumstances, for instance, pregnancy, ill health, decreasing or increasing
income and living conditions (Brisley et al. 2012). Examples of factors affecting levels of
social vulnerability in a given area include poverty and deprivation, numbers of new
residents, people’s mobility and access to services such as healthcare (Brisley et al. 2012).
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The extent of human exposure to climate hazards can contribute to vulnerability, creating
spatial ‘patterns’ of more or less exposed communities, according to the physical
characteristics of locations. Currently, the combination of its southerly location and the urban
heat island effect means that temperatures in buildings in London are above the comfort
threshold of 26°C for around 18 days each year (5% of the year), compared with only two
days per year in the North East. In the 2003 heat wave, 47% of all deaths in central London
were attributable to heat during the period of peak temperatures (ASC 2011). Vulnerability is
also determined by the characteristics of local populations, which can influence how sensitive
they are to change and there capacity to adapt their behaviour and physical environment to
respond to the risks they face. The characteristics include including age structure, income
levels, education, health and mobility. A recent study by the Joseph Rowntree Foundation
has found that these socio-economic characteristics can have a significant effect on the
inherent vulnerability of a local community to climate risks. Wellbeing has also been linked to
people’s ‘capabilities’ and ‘functionings’, thus their ability to continue their nominal day to day
practices, whilst not being affected by dependants, or other external influences; for example,
a flood may prevent people from getting to work if they cannot get their children to school or
if their business is flooded and has to close, may have a knock-on effect in relation to their
income and ability to manage their bills (Brisley et al. 2012; Lindley 2011). In would appear
some groups are less able to adapt these functional behaviours. For example, a contract
worker may be unable to work from home and may not get paid if he or she cannot reach
work due to travel disruption. In addition, the literature highlights how physical exposure and
socio-economic characteristics of communities can combine to exacerbate the vulnerability
of certain groups. For example, coastal communities have higher proportions of older
residents, lower employment levels and poorer transport links (ASC 2011).
There is evidence that the pattern of development in some areas is potentially increasing
vulnerability to current and future climate, particularly in relation to flood risk and heat stress.
Development in floodplains increased over the past ten years in almost all local authorities
surveyed, and at a greater rate than in the locality as a whole in almost half of them. This
increase in exposure has been offset at least to some degree by increased investment in
flood defences as well as through the uptake of measures to reduce damages from flooding
in individual properties (ASC 2011). Vulnerability is distributed unequally across the UK,
being higher among certain groups such as the elderly and in certain areas such as low-lying
coastal communities (Lindley et al. 2011). The effects of extreme weather events will also not
be distributed evenly across the country either (Lindley et al. 2011; Brisley et al. 2011;
Benzie et al. 2011). It was identified when conducting the literature review that the existing
evidence and results from numerous studies indicates that climate impacts have the potential
to create new forms of inequality and increase the gap between high and low income groups.
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Table 2-1 highlights the groups vulnerable to climate change identified during the literature
review but should not be considered as exhaustive.
Table 2-1: Summary table highlighting the vulnerable groups who will be affected
by climate change in the future
Older people, especially older women and those over 75
Children and young people who are more vulnerable to high levels of ozone and fine
particles which increase in concentration with higher temperatures
People suffering from chronic and severe illness (including mental illness) - thus are
unable to adapt their behaviour
People who are over-vulnerable (e.g. living in a flood risk area, in temporary
accommodation such as a caravan, in a top-floor flat (where overheating is a potential
threat) or the homeless
People living in poor housing which is less resilient to flooding
People with a serious chronic condition, particularly breathing or heart problems
People who already have a high temperature from an infection
People who misuse alcohol or drugs
People with mobility problems
People for whom English is not their first language
People living in remote rural areas
Transient communities such as gypsies and travellers, short-term renters
People on low incomes, with insurance risks, etc.
People on certain medication
(Benzie et al. 2011; Brisley et al., 2012; Defra 2012; O’Neill and O’Neil 2012; Benzie 2012)

2.2 Climate risks and social vulnerability
The review of literature provides an assessment of what is currently known about the
relationship between some of the key risks identified in the CCRA and socially vulnerable
groups.
2.2.1.1 Heatwaves
Heatwaves are episodes of extreme temperature which are above the normal mean
temperature for the time of year. They occur in a short period of time, thus are difficult to
prepare for, and their impacts are more sudden and are potentially complex (Benzie et al.
2011). Hotter summers and heatwaves are projected to increase the risk of heat-related
death and illness. On average, hot weather accounts for around 1,100 premature deaths a
year in the UK. By the 2050s, this figure is projected to increase by between 580 and 5900,
with the greatest risk in London and southern England (Defra 2012; Defra 2009). Climate
change could also lead to a rise in concentrations of ground-level ozone which could have
implications on health to those prone to respiratory problems. By the 2080s, it is projected
that this may lead to respiratory-related deaths related to the short-term effects of ozone
increasing by between 650 and 2,900 from the current average of 10,000 a year, although
the predicted impacts before the 2080s are highly uncertain. Similarly, hospital admissions
are projected to rise by between 2,300 and 10,000 in the 2080s from the current figure of
around 33,000 a year (O’Neill and O’Neill 2012).
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There are a number of studies which highlight the adverse impacts on health resulting from
heatwaves, suggesting that individuals with pre-existing conditions such as respiratory or
heart conditions are most at risk. The severity of these effects is often linked to age, as older
people and infants are the most vulnerable to high temperatures.
Whilst research has confirmed the relationship between determinants such as age and
mortality during heatwaves, the extent to which observable factors (such as health condition
and age) interact with other factors (such as where people live, their social connections,
behaviours, economic circumstances and attitudes) is complex and not properly understood
at present. The research undertaken by Benzie et al. (2011) suggests that factors which
influence vulnerability to heatwaves include quality of housing and the built environment,
local urban geography, people’s lifestyles, income, employment, tenure, social networks and
self-perception of risk. These factors influence an individual’s exposure and sensitivity to high
temperatures, as well as their ability to anticipate, respond and adapt to conditions of heat
stress. Many of these factors tend to overlap, for example, people on low incomes who live in
high rise social housing in central urban areas are likely to be more vulnerable to high
temperatures (Lindley et al. 2011; Benzie et al. 2011).
Research in the US indicates that poorer communities are particularly vulnerable to an
increase in the frequency of heatwaves because they are often segregated in areas of the
inner city more likely to experience the heat island effect (Morello-Frosch et al. 2009; Benzie
et al. 2011). People on low incomes are also more likely to occupy housing that is less
resilient. For instance, mobile homes and caravans are particularly at risk from storms and
flooding, large social housing blocks often suffer from poor ventilation and street homeless
people are particularly vulnerable to exposure. However, climate change may introduce new
forms of vulnerability that do not (only) affect the poorest in society. For example, newer
social housing may perform to higher standards than older low grade private property in
terms of thermal insulation, insurance schemes or the speed and quality of repairs to
weather-related damage (Benzie et al. 2011; Lindley et al. 2011).

2.2.2 Vulnerable groups and drought
Access to a sufficient supply of affordable water to meet a person’s needs will be the biggest
risk resulting from drought. Household requirements for water vary, depending on the
number of residents and the age and health of the occupants (Benzie et al. 2011). High
water requirements may stem from medical conditions (for example, the need for frequent
washing or cleaning, or behavioural conditions that increase water use) or from household
size (for example, large families or houses of multiple occupancy require high volumes, as do
some single-occupier households where income is limited and water use is inefficient)
(Benzie et al. 2011; ASC 2011). Benzie et al (2011) examine this issue in the south-west of
England, where the drying and warming effects of climate change and changes in population
are projected to be as extreme as anywhere in the UK. Water affordability is already a big
problem in the region with customer bills higher than anywhere else in the UK, mainly
because of past investment needed to provide additional water capacity for tourism. As a
result, South West Water has introduced schemes to protect households from the negative
impacts of water charging and to support customers in debt (Benzie et al. 2011).

2.2.3 Vulnerable groups and coldwaves
A coldwave is defined as an event where the daily maximum temperature is 0 °C or below for
three or more consecutive days (Oven et al. 2012). Climate projections suggest that the UK
will experience milder, and wetter winters, however it is still likely to experience extreme cold
weather events, but with a lower probability of occurring. Such events, although with a lower
likelihood of occurrence, are likely to continue to cause major disruption. The presence of ice
and snow (which occur at temperatures of 0°C and 3°C respectively) can restrict road and
footpath access to buildings for people, such as carers, health and social care professionals
and the provision of supplies, such as medicine and food (Oven et al. 2012). Age, health and
income all determine a person’s vulnerability to coldwaves and examination of these
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vulnerability characteristics and subsequent policy responses may prove useful in
understanding other climate-related hazards. Currently, one of the main consequences of
such cold weather events are increased energy demand for heating, winter mortality and
morbidity (Oven et al. 2012). Fuel poverty presents a particular risk for those on low incomes
and people in social housing. However, the literature reviewed fails to examine the extent to
which a future scenario where warmer winters with occasional cold weather events might act
to reduce heating requirements. Climate change and vulnerability literature has not yet
reflected the recent coldwave events experienced in the UK or suggestions that such events
may be related to climate change induced changes in seasonal weather patterns over
northern Europe. On the latter point, it should be stressed that our understanding of the
relationship between climate change and extreme weather events is still in its infancy. In the
context of climate change, coldwaves are interesting as they present an example of where
vulnerability might be expected to decrease over time, and emphasis the need for adaptation
actions to take into account a range of uncertainties.

2.2.4 Vulnerable groups and flooding
Changes in average and seasonal rainfall, as well as rainfall intensity are expected to put
water infrastructure systems under increasing pressure. Previous research suggests that the
following socio-economic variables influence vulnerability to flood hazard (Lindley et al. 2011;
Walker et al. 2006; Burningham et al. 2001):









Age: Older people have a disproportionate vulnerability to the effect of disasters with
frail or disabled older people being particularly at risk.
Gender: Women tend to recover more slowly than men from natural disasters and
play a key role in the work of recovery after flood events. As primary care-givers
women are more likely than men to have responsibility for dependants in the event of
a flood and conversely are also more likely to be the sole adult householder (as lone
parents or lone older people).
Race and ethnicity: Language differences may obstruct reception of flood warnings
and cultural differences may exacerbate the impact of floods.
Socio-economic factors: Poorer people are less likely to be adequately insured for
flood damage, more likely to live in homes at particular risk of flooding (i.e. caravans)
and to have lower levels of education which may impede the reception of warnings.
Disability and illness: Those with physical or mental disability or long term illness may
have particular difficulties receiving warnings and being able to respond to them.
Special needs populations: Residential care homes, hospitals, schools etc. may
experience particularity difficulty in evacuation.
Low income households: Are less able to take measures to make their property
resilient to flooding and to respond to and recover from the impacts of floods. The
ability to relocate is affected by wealth, as is the ability to take out insurance against
flood damage.

The picture for the most socially flood-vulnerable locations is therefore more complex. While
many of the same areas exhibit extreme socially derived flood vulnerability, this is not true
everywhere. For example, while London has the highest mean socio-spatial flood
vulnerability score, it sees fewer of its neighbourhoods with extremely high or low scores
compared to a number of other regions in England. The North West, Yorkshire and the
Humber regions have the highest proportions of extreme socially flood-vulnerable
neighbourhoods. They also have the highest proportions of the English national total. The
lowest vulnerability to flooding is seen in the South East and the East of England. Thus there
is a distinct North–South divide in terms of social vulnerability in the context of flooding.

2.2.5 Social vulnerability in the context of adaptation policies and responses
Much of the existing literature has focused on the social justice implications of climate
change impacts, for example on whether they impact disproportionately on the most
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vulnerable groups of people. However, adaptation policies and actions themselves also have
social justice implications: they may facilitate adaptation of the vulnerable or hinder it,
distributing the benefits and costs of adaptation differentially and awarding different degrees
of participation to different groups of people. The water sector is a good example of this
where water metering and differential charging (i.e. charging that is linked to water usage)
has been used to incentivise more efficient consumption of water. Recent research highlights
these policies can have differential impacts, reducing water use and bills for some while
adding to the vulnerability of already vulnerable groups (Benzie et al. 2011). Section 3 of this
report examines a number of responses which seek to address these challenges and
illustrates how such issues can be tackled at a range of spatial scales, by both Government
and the private sector.
Adaptation policy has tended to focus on personal and environmental factors in its
understanding of vulnerability. For heatwaves and floods, personal factors would include
individual characteristics such as age and health, while environmental factors would include
the physical characteristics of neighbourhoods and the location of buildings in relation to
climate hazards. Brisley et al. (2011) found that adaptation policy has often fails to consider
the characteristics of vulnerability in terms of ‘social conversion’ factors; the personal,
environmental and social factors that determine how positive or negative events are
converted into gains and losses in people’s overall wellbeing. These might include
environmental factors which increase people’s exposure to risk, such as living in a high-rise
building (heatwaves) or in a basement flat (flooding). Social factors include social isolation
and support networks (which can affect awareness of and responses to climate impacts),
fear of crime (leading to people being afraid to go outside or open windows even when it is
very hot) and institutional regimes (such as the tendency for over-heating care homes). Other
social conversion factors which can determine the extent to which a climate hazard is
converted into adverse consequences for individuals include public policies, social norms,
practices that unfairly discriminate, societal hierarchies, or power relations related to class,
gender or race (Robeyns 2011). These factors make a significant difference in terms of an
individual or group’s ability to prepare for, respond to and recover from specific climate
hazards (Brisley et al. 2012). Furthermore, it is important to recognise that in shaping
vulnerability, the social conversion factors may result in differential vulnerability and different
stages in the adaptation response cycle. For example, poor social networks may mean that
warning and prevention messages do not reach and individual, while in other cases they may
have received the warning but lack the agency to take adaptive action.
Most national policies now make reference to the social justice implications of climate
change and climate change adaptation, but usually in terms of spatial vulnerability for
example communities living within flood plains, rather than in terms of a broader
understanding of community resilience and social vulnerability. In particular, procedural
justice (the ability of individuals and communities to be involved and engaged in decisionmaking procedures) is less well explored, perhaps because the spatial issues are seen to
some extent as ‘fixed’ and as requiring technical rather than social solutions (Brisley et al.
2012). Where wider vulnerability is taken into account, this tends to be very much focused on
health (e.g. implications of heatwaves for younger/older people and those with chronic health
issues), with less thought given to those who are socially vulnerable for other reasons, such
as low income or lack of social networks. Lindley et al. (2011) emphasised the importance of
fostering social networks and the ability to participate in public decision making as these are
important dimensions of well-being. Further work is needed to understand how these
considerations can be factored into effective policy decisions.
Once the social dimensions of vulnerability are recognised, climate adaptation policy needs
to address a broader range of concerns than is often supposed, including areas of social
policy that are neither specifically concerned with climate change nor traditionally included in
adaptation responses. For example, care of the elderly, the urban character of
neighbourhoods and income inequality are all important factors in vulnerability.
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Mainstreaming approaches acknowledge these overlaps, seeking to embed adaptation within
a range of policy responses.
The key steps in understanding the social justice implications of adaptation policies, plans
and actions addressing specific climate change impacts could include the following (Brisley
et al. 2012):









What is the incidence of the climate change impact in question and how it demarcates
affected people to differently impacted groups?
What is the vulnerability and adaptive capacity of the differently impacted groups?
How are adaptation measures developed? What processes are used in their
development, which affected groups were recognized and involved, and to what
extent?
Who had what authority over the development and implementation adaptation
measures?
What benefits do adaptation measures generate (for example in terms of adverse
impacts avoided) and how are they distributed among the differently impacted
groups?
What burdens and costs do adaptation measures impose and how are they
distributed among the differently impacted (and other) groups?
How do distributions of background inequalities and benefits and burdens of
adaptation measures map on to each other? Do adaptation measures alleviate
background inequalities or aggravate them?
What redress can affected or neglected parties have to voice their concerns and to
have them considered? What support do they require and get to do this?

2.2.6 Quantification and costs
The review found that impacts on vulnerable groups was rarely quantified or expressed in
terms of differential costs. Efforts have been made to quantify the costs of extreme weather
and specific weather events which are pertinent to issues of social vulnerability, including
estimates of annual insured losses from damage to property and business disruption from
flooding, storms and subsidence, or total economic costs of specific events. For example, the
total economic costs of the summer 2007 floods in England were estimated at around £3.2
billion, within a possible range of between £2.5 billion and £3.8 billion, with £2.12 billion of
total economic costs incurred by households and businesses (Environment Agency 2010).
Impacts on public health (including school education) accounted for about 9 per cent (£287
million) of the economic costs while £260 million comprises the cost of mental-health
concerns associated with flooding, based on estimates of people’s willingness to pay to avoid
exposure to the distress it causes (Brisley et al. 2012).
The evidence base on the costs of weather events related to climate variability and change is
not comprehensive. Developing a business case for adaptation requires a better
understanding of the benefits of adaptation and avoided cost of climate change impacts. The
UK will continue to see rising costs for adaptation, mainly as a result from property damage
incurred from changes in the climate, and the more severe weather systems occurring. A
significant upfront cost is required to invest in adaptation measures to minimise the risk in the
long term. Further adding to this issue, the evidence base on the costs of weather events
related to climate variability and change is relatively sparse and is not comprehensive. A
business case for adaptation requires a better understanding of the benefits of the
relationship between the additional and the avoided cost of detrimental climate impacts.

2.3 Key messages and research gaps
There has been substantial research undertaken on the impacts of climate change and
extreme weather events. Understanding these potential impacts has allowed the
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identification of risks, particularly at a national level. Building upon research into climate risks,
a number of studies have helped to establish a better understanding between the links of
vulnerability and social care with climate risks. There is less information available on the
differential impacts of adaptation policies on vulnerable groups, in part because we are still at
an early stage in implementing adaptation policy. Further work in this area is required if we
are to ensure interventions which assist one group are not maladaptive for another.
There is currently a weak understanding on the implications of policies on different
vulnerable and spatial groups. Further examination of socio-spatial vulnerability is required to
fully understand all the factors outlined above which have been identified as having a role in
determining uneven outcomes from climate-related hazards. Lindley et al. (2011) identify the
‘insufficient understanding of the relative importance of dimensions of social vulnerability for
determining uneven outcomes’ as a gap in the current research base; there are multiple
‘social conversion factors’ and not all are of equal importance. There are also substantial
gaps in our understating in terms of the costs of adaptation on society, in particular the
differential proportion of costs on vulnerable groups. There is very limited information
available in the UK on who bears the end cost of adaptation. The evidence base on the costs
of weather events related to climate variability and change is relatively sparse and not
comprehensive. In order to make a business case for adaptation, we require a better
understanding of the benefits of the relationship between the additional and the avoided cost
of climate impacts.
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3 Analysis of the differential impacts of
adaptation options
This section of the report builds upon the findings of the literature review and initial
discussions with key stakeholders to explore the differential impacts of adaptation options
and policies in greater depth. It is evident from the literature review that vulnerability is
inherently complex; vulnerable individuals and households are often characterised by
multiple forms of vulnerability shaped by a range of socio-economic and environmental
factors. Furthermore, the relative importance of different vulnerability characteristics varies
depending of the nature of risk and the circumstances of the individual or household. For
example, using existing literature it is reasonable to conclude that elderly people are
vulnerable to heatwaves. Yet the degree to which age (rather than health, social isolation or
location) is the key determinant of vulnerability in this case is debatable and likely to be case
specific. This has consequences for policy responses; should heatwave responses target the
elderly per se or those socially isolated individuals living in inner cities with pre-existing
health conditions? And how do we untangle this complexity to understand differential impacts
of such policies? In this study we have sought to examine combinations of climate-related
risks and different forms of vulnerability in order to understand how policies and adaptation
responses may affect different individuals, households and societal groups.
The literature review and emerging findings from other PREPARE activities highlight four
broad areas of climate risk which will have differential impacts of vulnerable groups, namely
flooding; water scarcity; heatwaves; and cold weather events. These broad risk categories
formed the basis of our deeper assessment of differential impacts. Drawing upon the existing
literature, we then sought to combine each risk category with a particular vulnerable group or
set of vulnerability characteristics to enable a more in-depth assessment of differential
impacts. In so doing, we did not necessarily seek to select the largest group, those deemed
‘most at risk’ or those facing the greatest economic losses; this would have led to value
judgements based on limited sources of data. Instead, combinations of vulnerable groups
were selected against the four broad risk categories where:




There was sufficient existing evidence from literature and research to further explore
differential impacts;
The examples provided an opportunity to ‘unpack’ the complexities of climate impacts
and vulnerability;
There may be valuable lessons to learn in developing other adaptation responses.

Table 3.1 illustrates the combinations of climate risks, vulnerable groups and adaptation
options examined. It is important to note that only a limited number of adaptation policy
responses and options are examined for each combination as a broader focus would have
limited the detail that could be covered.
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Table 3.1: Selection of risk and vulnerable groups for detailed study

Risk

Flooding

Vulnerability
characterisation
Economic
deprivation/inequality

Policy
responses
examined

Justification

Flood warning
and
preparedness

Significant nationwide risk; potentially
large vulnerable group; a range of
responses possible.

Hard flood
defences
Flood
insurance
Heatwaves

Differential impacts on
ethnic minority groups

Health and
Social Care

Evidence of risk clusters; interesting
example of multiple vulnerabilities
converging; also highlights how the
Heatwave Plan
determinant of vulnerability is not
Property Level necessarily mirrored in the adaptation
response (e.g. ethnicity may not be the
Measures
key determinant, but may play a role in
Communityan appropriate response)
Scale Green
Infrastructure

Water scarcity

High use, low income
users

Various relating
to water
charging and
water efficiency

Raises this issue of who bears the cost
of adaptation vs. differential demand.
Examples of existing policies already
having differential impacts and further
responses to remedy adverse impacts.

Cold weather

Homelessness

National level
plans

This combination was chosen as it
highlights how vulnerable groups are
often vulnerable in multiple ways. The
report focuses less on the differential
impacts of adaptation within social and
healthcare policy but instead examines
how multi-agency approaches have
been differentiated to meet the needs of
a complex vulnerable group. Particular
attention is paid to the Severe Weather
Emergency Protocol.

Local service
provision
Syndromic
surveillance

Detailed studies of the differential impacts of adaptation policies for each of the four risk and
vulnerability combinations can be found in Appendices 3 to 6. The following sub-sections
represent summaries of these reports.
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3.1 The differential impacts of adaptation policy to flooding
on low income households
Climate change is likely to increase the frequency and intensity of all forms of flooding
(surface, riverine & coastal) in the UK. One in six of all properties – 5.2 million properties in
all - are exposed to some flood risk in the UK (Environment Agency 2009, p. 3). Damage
caused by flooding to buildings and contents of residential and non-residential properties
amounts to about £1.3 billion per annum. Those suffering economic losses and disturbance
from flooding can also develop health and mental health problems leading to increased
longer-term mortality and morbidity (Lindley et al. 2011).
The risk of flooding is unevenly distributed. Floods have differential impacts across social
groups for several reasons. First, some social groups such as those living in affordable
housing and socio-economically disadvantaged households may be over-represented in
areas exposed to flooding (Houston et al. 2011). Second, some groups may be more
sensitive to flooding because of disabilities, chronic illness, young children or dependence on
public transport. Finally, the capacity of some groups to adapt or recover can be lower
because of low incomes and lack of affordable insurance. Socio-economic background
inequalities have substantial implications for people’s ability to adapt to and recover from the
impacts of flooding: losses to assets cannot be recovered and repeated exposure to flooding
can deplete vulnerable households’ assets and make them more vulnerable in the future.
Different measures for adapting to increased flooding in a changing climate will distribute
costs and benefits differently across society. The trend in the past few decades has been to
realign flood risk management by reducing the role of government-led hard flood defences
and spreading responsibility through increased reliance on warnings, preparedness and
insurance (Johnson & Priest 2008; see also Nye et al. 2011). Therefore we examined
differences of hard flood protection defences, flood insurance, and warnings and
preparedness in terms of their social justice implications.
Hard flood defences may be effective in tackling increased frequency and intensity of
flooding in changing climate. A key social justice issue concerning ‘hard’ flood protection is
the bearing and accrual of costs and benefits. The costs of hard defences have been borne
by the taxpayer (including those who are not currently affected by flooding), while the
benefits accrue to those who become better protected against floods (Johnson et al. 2007).
Another central social justice issue relates to the incidence of level of flood protection across
different social groups and across locations (i.e. where households and communities are
more exposed to flooding or do not benefit from hard flood defence measures).
The relationship between taxpayers and the beneficiaries of flood protection is governed by
allocation of funding for flood protection projects. Until 2011, the funding allocation model for
hard flood defence projects prioritised economic considerations and demanded very high
return from the projects. Therefore, it was not well placed to protect those in economically
deprived areas which were vulnerable to flood risk. Johnson et al. (2007, pp. 381-383)
demonstrate how flood risk management focusing on cost-benefit ratios has led to unfair
outcomes between locations in terms of different levels of flood protection. This is marked in
the divide between wealthy and poor areas, and rural and urban areas. The Flood and
Coastal Resilience Partnership funding model introduced in 2011 offers partial funding to
projects based on the numbers of households protected, the damages being prevented, and
the broader benefits a project would deliver. Payment rates for protecting households will be
higher in deprived areas, with the aim that schemes in these areas are more likely to be fully
funded by Government.
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The Flood insurance system leaves many low-income households uninsured because they
cannot afford the cover as revealed by the Pitt Review in 2008. Therefore, they cannot
recover their losses when they experience flooding. The Pitt Review concluded that: “Of
people in low and very low-income households, one-third of all UK households, 69 per cent
are in social housing. Of this 29 per cent have no insurance at all and 50 per cent do not
have home contents insurance as opposed to 1 in 5 of those on average income” (Pitt 2008).
Currently, efforts by the insurance industry to incentivise household investment in flood
proofing their properties with lower premiums appear limited.
Houston et al. (2011) consider that the increase in flood risk due to climate change could
make increasing numbers of properties uninsured and uninsurable, potentially creating a redlining of areas where houses become uninhabitable and unsaleable, and where businesses
are discouraged from investing. In contrast, they note that increased premiums may make
more sought after areas the preserve of the rich. We consider that the expiry of the current
agreement between the UK Government and the Association of British Insurers (ABI) is likely
to lead to reduced availability and/or affordability of flood insurance, should future insurance
for highly exposed households be based entirely on a market-based, risk-reflective pricing
system. Until further details of the outcome of talks between Government and industry
representatives are made public it is not possible to determine the potential impacts of such
approaches on social vulnerability.
Flood warnings and preparedness are partly predicated on the idea of “community flood
resilience”: community networks are thought to be effective at distributing information and
supporting each other after receiving public warnings. However, the current flood warning
service only covers somewhere between 25-50 % of those at risk (HR Wallingford 2012).
The results of the research by Bichard and Kazmierczak (2012) also suggest that people
consider flood protection to be the responsibility of the authorities, and that they are unwilling
to incur expenditure for preparedness measures (see also Williams et al. 2012). Moreover,
groups such as those with limited language skills, disabilities or with limited mobility, may not
be able to benefit from flood warnings because they lack capacity to respond. Other groups,
such as those living in rented accommodation may in turn lack knowledge or authority to
undertake preparedness measures. On the other hand, warnings targeting emergency
services and public service delivery organisations may confer important benefits to
vulnerable groups if they lead to improved preparedness and existence of joined-up
contingency and emergency plans in different service delivery organisations (see Brisley et
al, 2012)
To conclude, flooding impacts upon low-income groups more than the better off, and key
adaptation policy alternatives addressing flooding can disadvantage the same groups by
offering them weaker protection from floods and poorer ability to recover assets lost due to
flooding. While economic vulnerability is one key factor in explaining these outcomes, other
factors such as age, language and other skills, disabilities, and the extent of social networks,
interact with economic vulnerability and can either mitigate or aggravate outcomes. It is
therefore important to understand who has multiple vulnerabilities to flooding. All main
strategies to respond to risk of flooding have differential impacts on differently situated social
groups. Therefore, socially just adaptation to the increased frequency and intensity of
flooding in the future needs multiple measures so as to ensure broad sharing of benefits from
flood protection, equitable sharing of its costs, and a degree of protection against flood
related losses.

3.2 The differential impacts of heatwave policy
interventions on ethnic minorities living in urban areas
In this section of the report we focus on the experience of heat waves in urban areas by
members of ethnic minority groups and explore the differential impacts of adaptation
measures and policy options. The evidence presented has been supplemented with a
practitioner interview, from a London-based social housing provider.
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Heatwaves are episodes of sustained high temperatures which are above the normal mean
for the time of year2. Climate change is expected to increase their frequency and intensity.
Strong evidence links excessive heat and health risks. Over 2,000 excess deaths were
recorded England during the 2003 heatwave and the majority were associated with existing
diseases (Department of Health 2012a).
The elderly are the most vulnerable to heatwaves because they are more likely to experience
long-term illness and disability. Heat increases stress on the cardiovascular system and air
pollution increases with temperature and can aggravate respiratory conditions. Certain
medications can also impede thermoregulation and thirst regulation making them more
exposed to the risks. Infants, pregnant women, the mentally ill, the homeless and those with
an alcohol or drug dependency are also more likely to be either temporarily or permanently
vulnerable because they have a limited ability to adapt autonomously or are highly
dependent upon others.
Only a small number of heatwave mortality studies have considered ethnicity as a potential
risk factor and the relationship appears to be complex. While there is no evidence of different
physiological heat loss responses for different racial groups, ethnic minorities often suffer
higher rates of mortality than the predominant population group during heatwave episodes.

3.2.1 Adaptation measures and policy options
Many deaths due to excessive heat exposure are preventable if a few simple precautions are
taken. However, more prolonged and intense heatwaves are projected and the risk to
individuals is expected to increase, creating new drivers of risk. The Department of Health
recognise the need to integrate public health with other policy areas like social care and
housing. In this sub-section we consider the differential impacts of Health and Social Care;
Property Level Measures; and Community-Scale Green Infrastructure in more detail.
Table 3.2: Heatwave measures
Category

Measure

Health and social care

The Heatwave Plan for England 2012
Health and Wellbeing Boards
Services delivered by a social housing provider

Property level measures

Insulation
Shading
Ventilation

Community-scale
green infrastructure

Neighbourhood tree planting schemes

3.2.2 Differential impacts of adaptation measures and policy options
Evidence of the role ethnicity plays in the vulnerability of minority communities to heatwaves
is currently inconclusive but the fact that in the UK, minority communities predominantly live
in inner city areas, in poor quality and often overcrowded homes clearly increases their
exposure to the risks. Economic poverty and lower educational attainment mean that the
adaptive capacity of some ethnic communities is limited, reducing their ability to cope with
the impacts. However, the strength of family networks and social cohesion can provide

The Met Office’s definition of a heatwave varies between regions, but an average threshold temperature is 30 °C by day and
15 °C overnight.
2
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support to those in the community who are most vulnerable. Whether by choice or not, these
networks can augment, or even replace state health and social services.
Social housing tenants may not have individual rights to implement property level measures
but the duty on housing providers to manage their homes can provide improvements that
might otherwise be unaffordable. The interview demonstrated how a housing provider is
going beyond its immediate remit and is delivering additional health and social services
voluntarily.
The adaptation measures and policy options reviewed suggest that there are ways in which
resilience to more intense and prolonged heatwaves can be increased. However, the
reviewed adaptation measures and policy options may have a lesser impact on ethnic
minority groups, and could leave them more exposed and less able to adapt than other
groups. Greater social equity can be achieved where complementary measures are
undertaken which increase access to services, improve housing quality and promote
measures that reduce the urban heat island effect.

3.3 The differential impacts of water scarcity responses on
vulnerable users
Issues of water scarcity and effective water management in a changing climate are
acknowledged in a range of policy documents, research and assessments, including the
Climate Change Risk Assessment and the 2011 Water White Paper. The latter states that:
“the combined effects of climate change and a growing population are likely to increase
pressure on water quality; and on our water supplies” (HM Government 2011). The
increasingly common of policy water metering as a means of encouraging efficient water use
raises a new set of challenges for the water sector with respect to vulnerable groups. This
section of report examines the implications of water scarcity and water-metering (as an
adaptation response) for vulnerable groups and identifies some of the measures currently
being implemented to ensure these groups are not adversely affected by these changes..

3.3.1 Water scarcity and social vulnerability
Water scarcity varies temporally and spatially across the UK and is influenced by a range of
complex, interacting factors including climatic conditions, topography, geology and demand
for water (which in turn is shaped factors such as population change and commercial and
domestic use patterns). Projected seasonal decreases in rainfall may increase the probability
of hydrological drought in some areas, which combined with population growth, may increase
the risk of water scarcity. Reductions in water availability, particularly during the summer,
may lead to water shortages and more frequent water use restrictions, potentially threatening
the security of affordable water supplies. In England, only 8% of water resource zones are
currently at risk of falling short of demand during a severe drought, however this could
increase to around 45% by 2035 without remedial action, with climate change contributing to
the deficit in at least 80% of these cases. Action will be needed to increase water efficiency
across all sectors and decrease levels of water abstraction in the summer months (Defra
2012). Water charging is a frequently identified measure to respond to water scarcity and
droughts. Other measures include the reduction of leakage in water supply systems; water
transfers between surplus and deficit catchments; demand management; and changes in the
consumer water use such as dual water systems, rainwater harvesting and water conserving
appliances. Many of these measures have implications for consumer bills. Consequently the
implications of water scarcity for vulnerable groups in both research and policy responses
are commonly framed in terms of affordability.
3.3.1.1 Water charging regimes as adaptation
It is broadly accepted that traditional water pricing and charging approaches fail to recognise
the true value of water resources, do not incentivise efficient water use or reflect the scale of
investment required to protect our water resources in the face of a growing population and a
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changing climate. However efforts to align costs with use immediately raise issues of
affordability and fairness. For example, those who are unaware of how to reduce use, unable
to reduce use or are vulnerable to broader affordability issues may be left more vulnerable as
a result of charging regimes which relate costs to the volume of water consumed. This can
mean than policies which appear ‘fair’, such as water metering, do not necessarily result in
socially just outcomes. A review of key literature suggests that three main factors appear to
shape affordability and thus vulnerability to water scarcity:




Ability to pay : linked to income and poverty at household level)
Water use patterns: some households are less able to reduce use due to health
conditions, family size etc
Differences in water charges: spatially variable, often driven by the absolute
availability of water, extraction practices, infrastructure investment requirements and
seasonal population spikes experienced in areas dependent on tourism

These drivers of ‘water vulnerability’ mean that universal policy responses which seek to
ensure that water is appropriately valued and conserved have differential impacts on low
income households who are unable to easily reduce usage.
Water metering is viewed as a key tool to helping customers understand the value of water
and to provide incentives for water efficiency, potentially reducing bills in the process. To
date, less than 40% of households are metered meaning that for the majority of the UK there
is no direct link between water as a critical and limited resource and its cost. By making this
connection, metering can have a positive effect on affordability enabling users to manage
their own use and thus spend. Metering is expected to reach 50% nationally in 2015, (HM
Government 2011) while Thames Water target 80% meter penetration by 2020, hence the
connection between household level water efficiency and debt management initiatives and
water metering will become increasingly important.

3.3.2 Adaptation options and policy responses
The connected challenges of vulnerability and affordability are now recognised within the
water sector by Government, the regulator and the water companies, resulting in the
establishment of a number of initiatives and programmes which seek to adjust or re-weight
broader efficiency programmes to avoid adverse impacts on vulnerable households. A
selection of schemes is described in Table 3.3.
Table 3.3: Water affordability measures in the UK
Characteristics and
challenges

Policy/scheme Objective

Eligibility

WaterSure

Caps bills for certain
vulnerable customers who
already have a water
meter; ensure that
customers do not cut back
on essential water use
because they are
concerned about their
ability to pay

Customers need to either
Cap based on regional
be responsible for three or average bill so inequalities
more children or medical
between regions remain
condition which requires
significant additional use of
water. In addition, they
must qualify for one of a
number of benefits.

Assist low income
households to afford water
charges; prevent new
cases of bad debt arising;
protecting low income
households from
unaffordable bills in areas
of serious water stress

Determined regionally
through consultations and
acceptability assessment

Social Tariffs

National scheme

National scheme,
implemented regionally
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Policy/scheme Objective

Eligibility

Characteristics and
challenges

£50 bill reduction Households in the South
All customers in the South
West face the highest bills West 2013-2020
in the country; addresses
this ‘historic anomaly’

Central government
response to a highly
specific regional inequality

WaterCare Plus

Targeted at customers
who are in arrears with
their bills

Combines a range of free
measures to increase
affordability; water
efficiency measures and
energy audits

South West only

The Rising Block Based on differentiating
Limited trial in Devon and
Tariff trial
‘types’ of water into three Cornwall
charging blocks with
different rates. (‘essential
water use’; ‘standard’ tariff
and ‘ ‘premium’) to
encourage water efficiency
and assist vulnerable
households
‘Fresh Start
Fund’.

Trial was not a success,
limited evidence and
implementation
challenges (especially
data)

Assist households which
Case-by-case. South West The fund is used to write
have fallen into debt, often only
off the debt to give these
due to a particular
people a ‘fresh start’
circumstance

Vulnerable Tariff Caps bills for vulnerable
households

Customers with specific
follows the structure of
medical conditions for large WaterSure, capping bills
families and who claim
at the average level
benefits
Thames Water only

Arrears
Allowance
Scheme

helps customers to bring
assessed individually
their water account up to
based on the level of
date and get them back on arrears
track with payments

The scheme has two tiers
where United Utilities
matches payments made
by customers to reduce
the debt

3.3.3 Conclusions
As we have seen, evidence that changes to water charging has differential impacts on
vulnerable groups has stimulated both legislative and policy responses. In this sense, the
water sector is well advanced; it has begun to adapt to a climate-related risk and, in turn, has
begun to adapt these responses to tackle issues of social justice. These policy responses
often take the form of targeted support mechanisms all of which focus upon affordability and
payment management with some also actively encouraging improved water efficiency at
household level. As is illustrated above, these policy responses can raise their own issues of
fairness and social justice, highlighting that there is no one-size-fits-all measure which
provides a perfect balance between water efficiency and affordability. A number of gaps exist
in our understanding of the differential impacts of adaptation to water scarcity (e.g. water
metering) and of the effectiveness of subsequent policies to ensure ‘fairness’ and ensure
affordability of water. In particular:


We found no research which examines full the range of measures implemented at
national and regional level.
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The Social Tariff is at an early stage of implementation; however efforts need to be
made to ensure experiences are shared, especially in terms of the consultation
process. This seems to happen within existing industry for but could this learning be
shared with a broader audience?
Further research would be required to understand the potential costs of adaptation to
water scarcity and whether this can realistically be borne by individual undertakers
and passed on the customers.

3.4 Lessons from existing policies for rough sleeping and
the homeless in cold weather
In this section of the report we explore how the statutory duty of care for rough sleepers and
the homeless is being met during cold weather. They are highly exposed to the elements and
we aim to draw parallels between existing cold weather provision for this vulnerable group
and potential responses to other climate hazards like heavy rainfall and flooding, heatwaves
and incidents of diseases carried by insects and parasites. We identify some barriers to
successful policy responses.
Cold weather results in approximately 25,100 excess deaths in England and Wales each
year (Department of Health 2012a). Winters are projected to become warmer, with the
number of days with freezing temperatures reducing over time, but climate variability means
that periods of extreme cold will continue to occur. Cold weather is likely to continue as the
primary cause of temperature-related mortality throughout the first half of the 21st century
(HPA 2012)
Many of these policies do not address rough sleepers and the homeless. Without a
permanent residence and socially marginalised, they are unable to benefit from common
mechanisms through which social support is provided, increasing their exposure to weatherrelated impacts. Estimates from autumn 2012 suggest that there were 2,309 rough sleepers
in England, with about a quarter of those in London (DCLG 2013). Drug, alcohol and mental
health problems are highly prevalent. From what is known, only a fifth of rough sleepers do
not suffer from one or more of these health problems (Homeless link 2011a). The prevalence
of these underlying health issues means they are sensitive to cold weather and less able to
react.
Unsurprisingly, exposure to the elements, underlying health issues and a limited capacity to
respond mean that they are already highly vulnerable and cold weather can be a serious
threat to survival. In recognition of their unique and multi-faceted vulnerability, specific
provisions have been made for multi-agency responses.

3.4.1 National Plans
The Cold Weather Plan 2012 sets out the public health response to severe cold weather in
England. It sets out actions for health services and partner organisations to increase their
preparedness in response to Cold Weather Alerts issued by the Met Office.
The Heatwave Plan for England 2012 (Department of Health 2012b) and the National Flood
Emergency Framework for England (Defra 2011) are analogous to the Cold Weather Plan
and also identify the homeless as a vulnerable group. They don’t include any specific
recommendations or actions for their care but do provide a similar framework for increasing
preparedness in the health and social care sector and raising public awareness in advance
of severe weather forecasts.

3.4.2 Local service provision
Severe Weather Emergency Protocols (SWEP) are activated by local authorities during cold
weather and aim to prevent serious illnesses and deaths of the homeless and rough
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sleepers. They make suitable accommodation available at short notice and will give some
access to social services. A local area’s SWEP is triggered where three consecutive nights
below freezing are forecast. Extended Extreme Weather Provision attempts to find longerterm solutions during cold weather. Faith-based and community volunteer organisations
already open emergency access accommodation throughout winter, operating in a rotation.
While SWEP and Extended Extreme Weather Provision are primarily used to respond to
periods of severe cold in winter, they could potentially be initiated in advance of any extreme
weather event that poses a serious risk of death. Use of the SWEP for other events may
require that the emergency accommodation is resilient and can continue to operate during
floods or heatwaves.

3.4.3 Syndromic surveillance
Syndromic surveillance is the real-time monitoring of data captured by the health service. It
can provide an early warning of a health incident from reporting of symptoms or it can be
used to interpret and assess the effects of an event. There is evidence from the international
academic literature that surveillance is being used to monitor indicators that are likely to be
related to homelessness.
Indicators of heat related morbidity are used to inform the Department of Health’s HeatHealth Watch system and an equivalent Cold Watch system was launched for the 2011/12
winter. These existing weather-related health surveillance systems could potentially be
developed further, to monitor syndromes and indicators that are sensitive to range of
weather-related health effects on the homeless.

3.4.4 Conclusions
Protocols for responding to threats to the homeless are a statutory duty on local authorities
under the Civil Contingencies Act 2004. The Severe Weather Emergency Protocols and
Extended Extreme Weather Provision together provide a practical framework for activating
multi-agency responses to help the homeless and rough sleepers cope during cold weather.
While these responses primarily focus on cold weather, the current priority climate hazard,
the provisions could be extended to cover other climate hazards.
Exposure to the elements, underlying health issues and a limited capacity to respond are the
key drivers of vulnerability for the homeless. While existing measures help the homeless
cope during cold weather, they do not reduce vulnerability to similar events in future.
Addressing the root causes of homelessness would result in a more sustained reduction in
their vulnerability.
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4 Scaling of differential risks
This section of the report focuses on issues of measurability and quantification of differential
risks to vulnerable groups. It summarises the key findings of a more details analysis which
can be found in Appendix 7. It first outlines some general issues regarding measurability of
risks to these groups identified in the literature. It then presents an overview of key factors
determining vulnerability to the four key climate hazards of flooding, water scarcity,
heatwaves and cold weather events, including an indication of measurability of these factors.
Finally, the possibilities for quantification of the combinations of climate risk category and
particular vulnerable groups or sets of vulnerability characteristics identified in Section 3 are
discussed. The focus here is in on the scale of risks for vulnerable groups rather than
differential impacts of adaptation policies/options which are addressed in Section 5.

4.1 Overview on Quantification of Vulnerability Factors
A number of factors determine vulnerability of individual/households to climate hazards:
1. Sensitivity to impact: Personal factors such as age and health which affect the
likelihood that a climate change event will have negative welfare impacts.
2. Exposure to impacts: Environmental factors that affect the level of exposure to a
climate change event (e.g. location in an area prone to flooding or urban heat island
effect).
3. Capacity to adapt: This includes ability to prepare, respond and recover from extreme
events. It is interlinked with sensitivity in that personal and social factors, such age,
disability and race, may determine to some extent the ability of an individual or
community to prepare, respond and recover.
There are, however, a number of reasons why quantification of vulnerability of
individual/households to climate hazards is not a straightforward task. The limitations and
challenges of measuring vulnerability factors include the following (as discussed in Benzie et
al. 2011):
1.

2.

3.

4.

Clustering of factors: A complex combination of factors, including personal, social
(community) and environmental, will generally determine the level of risk to
individuals. Therefore, we cannot simply focus on simple single indicators to
measure vulnerability.
Interlinked components of vulnerability: In categorising vulnerability factors the
conceptual distinction between exposure, sensitivity and adaptive capacity is
often not so clear cut in practice.
Challenges of combining social and climate hazard data: In quantifying the scale
of vulnerabilities the relevant datasets for social and climate hazards may not be
easily integrated.
Measurability of factors/data availability: This includes: (i) measurability of
differential risk of an individual or household resulting from specific vulnerability
factors and (ii) the possibility of scaling up the number of individuals or
households that have the specific vulnerability factor to regional or national level.

A summary assessment was made of the measurability of vulnerability factors determining
the degree of individual /household risk for the four broad areas of climate hazard (see Table
1 in Appendix 7). This demonstrates that it would be possible to calculate order of magnitude
estimates for numbers of people or households falling within most of the specific sensitivity
and exposure categories identified. It is more difficult to measure the scale of some aspects
of adaptive capacity, such as access to information and services. A key indicator of restricted
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adaptive capacity for all climate hazards, and for which data are available, is numbers of
population with low income, as this affects many aspects of adaptive capacity, such as ability
to invest in property resilience for flooding or cooling adaptation measures for heatwaves.

4.2 Quantification of Climate Risk and Vulnerability
Combinations
An assessment was made of possibilities for quantification of four combinations of climate
risk category and particular vulnerable groups considered in Section 3 of this report. Table
4.1 provides a summary of quantitative indicators of differential risks for the four
combinations. The quantitative data given are order of magnitude estimates in order to
provide an indication of relative numbers affected across the different combinations and
should be treated with caution. This is not intended as a direct comparison of the severity of
risks to a vulnerable individual or household between different climate hazards. For example,
while the numbers of homeless people at risk of cold weather events are much lower than for
the other combinations, the severity of the risk may be extreme for the most vulnerable
groups affected. The table shows that for each combination there are significant numbers of
individuals and households with some enhanced differential risk and a smaller subset of
those with higher differential risks due to their specific set of vulnerability factors.
Table 4.1: Overview of differential risk estimates for combinations of climate risk and
vulnerable groups

Flooding and
Economic
Deprivation

Measurement
of differential
risk
 Low income
status
 Number of
households in
deprived
areas
according to
Index of
Deprivation

Current high risk
 66,000 (Very low
income in high flood
risk areas)
 55,000 (Properties
in deprived areas at
significant risk of
flooding)

Scaling
Current
enhanced risk
 720,000 (Very
low income in
areas with
some flood risk)
 410,000
(Properties in
deprived areas
at medium or
low risk of
flooding)

Future risk
Increase in
properties at risk
in the most
deprived areas of
1.5 to 2.8 times
for the 2020s;
and 1.7 to 3.7
times for the
2050s.

Water Scarcity
and Low
Income Users

 Water poverty
(A threshold
of 3 per cent
of disposable
household
income on
water bills).

 Average of 46% of
households
dependent on
benefits.
 Average of 40% of
single adult and lone
parent households.

 24 per cent of
all households


Estimate of 6.5
million to 14
million people in
water poverty in
areas of water
deficits by the
2050s even
without price
rises.

Heatwaves and
Ethnicity

 Numbers of
ethnic groups
in urban
areas.
 Proficiency in
English.
 New Arrivals
 Low income.

 1.6 per cent of
England and Wales
residents cannot
speak English well
or at all.
 About 1,836,000
new arrivals in
England and Wales
between 2007 and
2011.
 About 40 per cent of
people from ethnic
groups live in low-

 99 % of Black
and Asian
groups and 97
% of Chinese
live in Urban
areas
compared to
90% of the
general
population

Not estimated
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income households
Cold Weather
Events and
Homelessness

 Statutory
homeless and
rough
sleepers.
 No fixed
abode
hospital
admissions

 2,309 (Rough
Sleepers)
 No data for hospital
admissions during
cold weather
differential risk is
likely to be
significant.
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 52,960
(Statutory
homeless)
 No data for
hospital
admissions
during cold
weather
differential risk
is likely to be
enhanced.

Not estimated
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5 Quantifying of differential impacts of
adaptation responses
Building on section 4 of this report on differential risks to vulnerable groups of climate
hazards, this section addresses quantification of differential impacts of adaptation responses
to these risks. It focuses on the set of four climate hazards; flooding, overheating, water
scarcity and extreme cold weather and in each case discusses:
1.

2.

The differential costs of adaptation options at household level for vulnerable
groups. Where possible we have developed worked examples of adaptation
scenarios to demonstrate where differential costs of undertaking adaptation
actions may be borne by vulnerable groups.
Quantitative analysis of the case studies of differential impacts of adaptation
options. To the extent possible we have included a further of quantification of
differential impacts to inform the case studies examined in section 3 (and
appendices 3 to 6).

We have also suggested research questions for which further quantification may be useful in
understanding the nature and scale of differential impacts of adaptation options and would
inform further policy development. The following summarises the key points from a more
detailed analysis found in Appendix 8. The quantitative analysis of the differential costs of
adaptation options was undertaken using a range of scenarios, informed assumptions and
industry standards which are explained in detail in Appendix 8. It is important to recognise
that these estimates have been developed as illustrative examples and should be considered
in this context; they should not be used as the basis for ‘scaling up’ for broader analysis.

5.1 Differential impacts of adaptation measures for
flooding on low income households
An assessment was made of the possible differential cost impacts on households with
varying ability to afford investment in flooding resilience and resistance measures, and
restoration of homes in the event of flooding. Resistance measures are defined as those that
prevent flood water from entering properties and resilience measures as those that reduce
damage to properties when water has entered the property. Specifically, the exercise
highlights the cost implications for households that cannot afford adaptation measures or can
only afford these through loans. Five scenarios for households living in high flood risk areas
were developed to illustrate possible differential costs including:
1.
2.
3.
4.
5.

No adaptation measures undertaken due to low income and savings
Investment in a package of flood resistance measures financed through loan
finance
Investment in a package of flood resistance measures financed through savings
Investment in a package of flood resilience measures financed through loan
finance
Investment in a package of flood resilience measures financed through savings

Analysis of the above scenarios was undertaken in the case of a typical terrace house/flat
and a typical semi-detached house. Key assumptions and data sources used are as follows
(please see Appendix 8 or further details and discussion).
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Cost of packages of adaptation measures: Scenarios have been calculated based on
the cost of retrofitting measures rather than end of life upgrades or new build costs.
Indicative current costs for packages of resistance and resilience measures with 20
year lifetime have been used from the study of property level measures by Haskoning
UK (2012) and TRCCG (2008).



Restoration costs: The range of indicative current costs of restoration is based on ABI
estimates for flood depths of less than one metre. These are likely to underestimate
the financial impact on the household since no account is taken of lost earnings or
additional housing cost if the household temporarily relocates.



Overall financial costs to households: The range of total costs in the case of
experiencing one and in the case of experiencing two flooding events during the
lifetime of the adaptation measures (20 years) have then been calculated based on
each of the five scenarios.

In each scenario we were interested in total overall costs facing a household over 20 years
taking into account investment in adaptation and restoration costs in the event of flooding.
The key conclusions were that:


In the event of a single flooding every 20 years the estimated total costs to
households with no adaptation measures were in all cases considerably higher
(usually by over 100 per cent) than those who were able to invest in low or high cost
resistance packages. The differential is exacerbated when there are higher
frequencies of flooding events.



Total costs to households that are able to finance resistance measures through banks
loans were also lower than for those with no adaptation undertaken, though still over
50 per cent higher than households paying for resistance measures without loan
finance.



When households are able to invest in resilience measures in the lower cost range in
order to reduce impacts of flooding, including through a bank loan, their total costs
were again much lower than the no adaptation option. However, the high cost
resilience packages have a much higher payback period and do not recoup costs
under the given scenario assumptions. Moreover, for low income households the
costs of finance for such high level resilience measures are likely to be prohibitively
expensive.



The result show the extent to which, under the given flooding preparedness and
restoration cost assumptions, those households that cannot afford to pay for
adaptation measures are in all cases worse off in terms of total costs of flooding
events than those that can pay for adaptation (except in the case of high cost
resilience measures require).



These examples represent cases where there is no insurance, whether due to
affordability or availability. Based on the same cost assumptions used in these
scenarios we estimate that the difference in total costs over a 20 year period between
having insurance and not having insurance, for households in a semi-detached house
with no investment in protection, would be in the range £17,000 to £27,000 for
flooding frequency of one every 20 years and £37,000 to £57,000 for flooding
frequency of 2 every 20 years.



We should stress that changing key assumptions, such as lifetime costs and
frequency of floods, would modify our conclusions. The results given here are
intended as case studies rather than covering scenarios more comprehensively.

Additionally, based on available data on uptake of Environment Agency Flood Warning
Service it was concluded that about three quarters of people in areas at some risk of flooding
are not yet registered for flood warning and around a half in areas with significant and

Ref: Ricardo-AEA/R/ED58163/PREPARE R5/Version 1.1

25

PREPARE – Understanding the equity and distributional impacts of climate
risks and adaptation options

moderate risks are not yet registered. If registration is considered a proxy of flood awareness
this suggested that a significant proportion of households may not be sufficiently aware of the
opportunities for protecting themselves through resistance and resilience measures. This
implies also that there may be further potential for policies to promote increases in uptake of
these measures.

5.2 The differential impacts of heatwave adaptation
measures
The effectiveness of single or combined measures to protect against overheating is highly
dependent on exposure factors, in particular, type and condition of dwelling, occupancy
details (in particular, whether and how long the dwelling is occupied during the day), and
dwelling orientation, and there is not a simple general relationship between cost of protection
measures and effectiveness of protection. Results from the CREW study (Hallett 2013)
suggests that the costs of significantly reducing overheating will vary significantly with type of
property due to the exposure factors explained above. For example, a package of
adaptations reducing overheating by 85 per cent in a semi-detached house or ground floor
flats built in the 1960s would cost about £3,000 but to achieve about the same order of
reduction in the case of the top floor flat and a modern detached house was found to cost
about £23,000.
This variation in adaptation costs between types of property results in a complex picture
when considering differential cost to vulnerable groups since there will not necessarily be a
pattern for residence in properties with similar exposure characteristics for overheating. The
evidence suggests, however, that for people who live in the most exposed property types
there are significantly higher adaptation costs if they spend a large part or all of the daytime
at home compared to those who are away during the daytime. For example, to achieve
similar levels of overheating reduction the cost of retrofitting a top floor flat when unoccupied
during the day was estimated at about £13,000 compared to £17,000 if the dwelling is
occupied during the day. This is because for daytime occupancy a household might need to
spend more on, for example, ventilation measures (Hallett 2013). This differential was
insignificant in the cases of semi-detached houses, ground floor flats and terraced houses.
Where a difference in costs for daytime occupancy exists this is likely to apply
disproportionately to vulnerable groups such as the elderly, those with restricted mobility and
unemployed people. The cost differential may be exacerbated when these vulnerability
factors are combined with low income and savings. Consequently, a vulnerable daytime
occupant of a property with these higher estimated retrofitting costs may be faced with a
choice of not investing in adaptation measures with consequential increased overheating
during a heatwave or seeking loan finance.

5.3 Differential impacts of water efficiency measures for
low income users
A comparative assessment was made of typical current water supply cost savings for
metered households between different packages of water saving adaptations across three
different regions representing high, medium and low volume based charges. The adaptation
packages were based on information on household water efficiency measures analysed in
the ASC (2011) study.
Based on the costs and water savings data outlined in Appendix 8 we have made illustrative
estimates of metered water supply cost savings for combinations of: (i) simple, standard and
full packages of water saving adaptation measures, (ii) high, medium and low volume
charges and (iii) household size (one, two and five people).
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Calculations have been made for annual cost savings for households under these
combinations. In each combination we have also given estimated total savings over a period
of 20 years (assumed to be the average lifetime of the package of measures). It should be
noted that these calculations are based on current costs of water and that higher than
inflation rises in metered charges by volume in the future would increase the real savings to
be made from adaptation packages. Thus there is potential to develop these calculations
under a variety of possible scenarios for future changes in charges.
Figure 1: Comparison of Cost Savings from Retrofit Packages for Range of Metered
Volume Charges (Two Person Household)
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Simple retrofit savings per year (£)

£120

Standard retrofit savings per year (£)

£100

Full retrofit savings per year (£)

£80
£60
£40
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Low volume charge
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From the results of the comparative analysis our tentative conclusions on differential impacts
for vulnerable groups are as follows:


The possible overall cost savings to be achieved by investment in water saving
packages varies significantly between different regions due to variability in metered
volume charges, as illustrated in Figure 1 for a two person household. Due to these
differences in cost savings, investments in adaptation measures have different
payback periods between regions. For very low income households with limited ability
to pay for adaptation such differences may influence the decision on whether it is
worthwhile to purchase simple adaptation measures. If the item does not payback
within the first year the household with necessarily short term financial planning
horizons may decide it would be better to pay the unadapted charge. Thus a low
income household in an area with higher potential for water charge savings may
decide to pay for adaptation measures whereas a similar household in an area with
lower water charge savings may not.



Packages of adaptation measures can produce significant cost savings over their
lifetime with payback achieved even at the high end of the cost range. This is
particularly the case for larger households and those in the higher volume charge
areas. Low income households unable to afford such investments would not have
these savings available to them. In the long term this would amount to a significant
cost saving differential between low income non adapters and higher income
adapters.
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As the cost of upgrade packages of adaptation measures are much lower than retrofit
packages the payback period is also much lower, boosting net cost savings. To the
extent that low income households with limited finances are more likely to delay
essential upgrades, for example replacing leaking taps and faulty showers, they will
also delay benefiting from these water cost savings compared to other income
groups.

The assessment also considered the need for further research into the future impact of water
supply affordability schemes, such as WaterSure and the Social Tariff including:


How the design of specific schemes, in terms of qualifying criteria and level of
assistance and protection given to vulnerable groups, translates into numbers of
households qualifying by region.



The extent of regional inconsistencies in water bill capping schemes and the
implications of varying the level of the cap according to regional and national average
use changes.



To what extent could existing and proposed schemes further promote water saving
adaptation as part of addressing affordability?

5.4 Differential impacts of cold weather adaptation actions
The predictions of milder winters in the UK in future decades means that, unlike the other
climate hazards considered in this report, there may be reduced overall key risks to
households from cold weather in terms of winter mortality and winter morbidity, as well as
reduced energy demand for heating. However, the frequency of extreme cold weather events
remains uncertain and cold weather risks will continue to be an important challenge with
differential impacts of these risks on vulnerable groups remaining an issue to be addressed
in policy.
Vulnerability of households to health and financial impacts of cold weather is determined by a
combination of factors, including existing health conditions, type and condition of properties
and adaptive capacity factors such as income. Consequently, there is not a simple response
relationship between cost of adaptation actions and the extent of protect against cold
weather risks. The variation in exposure according to the condition and types of property in
particular complicates any assessment of differential cost of adaptation for vulnerable
groups.


Energy demand: Energy demand for heating is a key impact of cold weather event
and can add significantly to winter heating bills3. With inflation in energy prices
extreme cold weather has potential to seriously exacerbate fuel poverty. Moreover,
vulnerable groups such as those with restricted mobility and older people may have
further increased demand heating during cold weather due to spending higher
proportions of their time in their homes during the day. While a number of low cost
measures are available to low income households there is potential for even greater
energy saving from higher costs measures. We have not, however, undertaken
worked examples of differential outcomes during cold weather events for low income
groups that may only afford the low and no costs adaptation actions. This is due to
high uncertainty in apportioning annual cost savings from adaptation actions
specifically to reduced heating demand during cold weather events.



Affordability policies: There are a number of policies that assist vulnerable
households to pay for heating bills and invest in energy saving measures. These
include: cold weather payments, the Warm Front scheme4 and the Home Warm

3

Each one-degree drop below the typical temperature for the time of year was estimated to add 29p a day in average extra heating costs
(National Energy Action, 2010).
4
To be replaced by Green Deal Scheme.
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Discount Scheme. Although there is information on the uptake and cost of these
schemes there is further potential for research into the extent to which vulnerable
groups have benefited overall, for example, via savings in energy bills and estimated
reductions in morbidity through installing energy saving measures.
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6 Key findings and suggested next
steps
The following section of the report sets out the key findings from this study as interpreted by
the project team and uses expert judgement to consider the implications for the wide range
of stakeholders involved in adaptation decision-making.

6.1.1 Adaptation strategies and responses have differential impacts and can
reinforce social vulnerability
Much of the existing literature has focused on the social justice implications of climate
change impacts, for example on whether such impacts disproportionately affect the most
vulnerable groups of people. However, adaptation policies and actions also have social
justice implications; distributing the benefits and costs of adaptation differentially and
awarding different degrees of participation to different groups of people.
This finding was reinforced when we examined specific combinations of risk and vulnerability
in section 3. In the case of flooding, all main strategies to respond to flood risks were found
to have differential impacts on differently situated social groups. The findings from the
literature review indicate that socially just adaptation to projected increases in frequency and
intensity of flooding are likely to require multiple measures in order to ensure a broad sharing
of benefits from flood protection, equitable sharing of its costs, and a good degree of
protection against flood related losses. Hard flood defences currently offer unequal levels of
protection to people in different places, favouring developed settings and those who have
more to lose from flooding. Measures within the new Flood and Coastal Resilience
Partnership funding model seek to ensure that schemes protecting deprived areas are more
likely to be fully funded by the Government but the social justice implications of this new
approach remain unclear.

6.1.2 The determinants of social vulnerability are complex and must be better
understood in the context of adaptation policy responses
Social vulnerability is inherently complex and the drivers of vulnerability are often mutually
reinforcing, meaning that some of the people most vulnerable to climate hazards are also
vulnerable in others ways (e.g. income, age, physical or mental health, housing quality and
location). This can make it challenging for adaptation policy makers to ‘untie the knot of
vulnerability’ in order to ensure socially just responses to climate impacts. There is currently
a weak understanding of the implications of adaptation policies on different
vulnerable groups, a conclusion supported by Lindley et al. (2011) who identify an
insufficient understanding of the relative importance of dimensions of social vulnerability
within current research base.
This was also reinforced by our work on flooding which highlights that economic vulnerability
is a key determinant of flood resilience, but that other factors such as age, language and
other skills, disabilities, and the extent of social networks, interact with economic factors and
can either mitigate or aggravate outcomes. The examination of the vulnerability of minority
communities to heatwaves (section 3.2) highlights how a demographic characteristic (e.g.
ethnicity or age) may represent an ‘at risk’ group but is not necessarily the driver of
vulnerability to a climate hazard. However, such characteristics may represent useful entry
points for action, for example by making use of cultural networks, shared language or
common interests to communicate warnings.
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A further aspect of vulnerability revealed in this study is that of adaptive capacity. We believe
that adaptation policy must recognise that some people are less able to benefit from
particular adaptation measures or less able to carry the burden of adaptation costs. In the
case of heatwaves, social housing tenants may not have individual rights to implement
property level measures but the duty on housing providers to manage their homes can
provide improvements that might otherwise be unaffordable. In section 5 of this report, the
differential costs of flood resistance and resilience measures are quantified, highlighting how
those who are unable to invest in proactive measures bear a heavier cost in the long term.
It is also important to acknowledge that, in some cases, vulnerability to climate change is
inextricably linked to extreme social or economic vulnerability; if these issues are not
addressed then responding specifically to climate hazards is far more difficult. Section 3.4,
which examines the key drivers of vulnerability for the homeless, provides a stark example;
while existing measures can help the homeless cope during cold weather, they do not reduce
vulnerability to similar events in future. Addressing the root causes of homelessness would
result in a more sustained reduction in their vulnerability. Adaptation is likely to have
greater traction where issues of social deprivation and inequality are already being
addressed.

6.1.3 Multi-faceted vulnerability is likely to require a multi-faceted response
Evidence from the literature review and the detailed case studies highlights that vulnerability
is often multi-faceted; individuals and groups are often vulnerable in multiple ways. This
means that there is rarely a ‘silver bullet’ for ensuring socially just adaptation; instead, a
series of adjustments in a number of areas can facilitate increased resilience to climate
impacts. Such an approach is reinforced by the fact that different agencies and organisations
are often responsible for supporting vulnerable people in a variety of ways. The examination
of differential adaptation responses to heat waves (section 3.2) emphasises that greater
social equity can be achieved where complementary measures are undertaken which
increase access to services, improve housing quality and promote measures that reduce the
urban heat island effect. An example of such cross-agency working is provided by the
Severe Weather Emergency Protocols and Extended Extreme Weather Provision which
together provide a practical framework for activating multi-agency responses to help the
homeless and rough sleepers cope during cold weather. While these responses primarily
focus on cold weather, the provisions could be extended to cover other climate hazards. Our
examination of specific combinations of risk and vulnerability suggests that adaptation
policies which account for the complexity of social conversion factors need to involve
multiple agencies and work across traditional operational boundaries.

6.1.4 Vulnerability varies at different points in the response cycle
We suggest that adaptation policy must recognise that vulnerability is dynamic and may vary
across different stages in the adaptation response cycle. Our research in the area of flooding
(section 3.1) emphasises the importance of maximising the benefits to vulnerable groups
from flood warnings and preparedness. In some situations, this may require a realignment of
emphasis towards warnings for service delivery organisations and enhancing their
preparedness: such organisations have the ability to put the most vulnerable first and thus
complement other adaptation strategies such as hard flood defences and insurance, which
are less well placed to do so. The risk presented by heatwaves (section 3.2) also highlights
the existence of cultural and social barriers to communicating health messages to ethnic
minority groups and to the uptake of available services in the social housing sector.
Research into water scarcity issues shows how in the case of water access vulnerability is
predominantly experienced as an affordability issue, only becoming apparent at the end of
the response cycle, when the costs are distributed.
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6.1.5 Issues of social vulnerability and adaptation must be understood and
addressed at multiple policy levels
Evidence from our research indicates that adaptation policy exhibits the potential to reinforce
and reduce social vulnerability at all levels, thus social justice must be factored into all levels
of policy-making. Furthermore, the forthcoming National Adaptation Programme will provide
a national framework for adaptation action, but will require policy responses to be
implemented at sub-national and local contexts by a range of different stakeholders.
We believe the provision of accessible and affordable insurance cover against flood-related
losses is important in the wider social context of climate change. It is currently being shaped
by negotiations between the Government and the insurance industry at national level. Given
the current unequal uptake of insurance, disproportionate flood exposure of low-income
groups, and the projected increase in frequency and intensity of flood risk, we believe it is
important that consideration is given as to how low-income and at risk groups can access
affordable insurance cover. There are many examples where adaptation and social justice
will require action an sub-national levels, for example the implementation of the Social Tariff
by water companies; the integration of the perspective of ethnic minority groups into local
health planning for more effective heatwave responses; or opportunities to use the Decent
Homes standard to deliver property level measures that reduce the risk of overheating for
social housing tenants. Further work would be needed to understand how social vulnerability
can be factored into effective adaptation policy decisions at different levels. In particular
research is suggested to explore:


How national-level policy can provide an enabling framework for a more nuanced
understanding of social vulnerability and adaptation, removing barriers to local action.



How policies at different levels can provide a mutually supportive framework for
assessing and understanding differential impacts of climate change and adaptation
policy responses.

6.1.6 The role of social resilience and social networks in reinforcing effective
adaptation policy measures needs to be examined
The literature suggests that social networks are not only important dimensions of well-being
in themselves but are also important in supporting other dimensions of well-being (Lindley,
2012). Understanding how these can be reflected in adaptation approaches at local level
could be a valuable area of future research. In the context of heatwaves, it seems that the
strength of family networks and social cohesion can provide support to those in the
community who are most vulnerable. Whether by choice or not, these networks can
augment, or even replace state health and social services and must be better understood.

6.1.7 We can learn from existing policy responses
This report shows that in some cases there are already useful lessons to learn from existing
policies. In the water sector it became evident that while water metering represents a
potentially sound adaptation measure, increasing water efficiency and reducing bills, for
some vulnerable groups it may increase water poverty. Water companies have begun to take
measures to counter the differential impacts of water changing regimes and to tackle
affordability, but these can raise further questions regarding who defines vulnerability and
who bears the costs, both across the UK and between different user groups. A detailed study
of these issues, working alongside water companies, may provide valuable insights for other
sectors on how to ‘adapt adaptation’. It reinforces the view that for adaptation to be
effective and fair we must be prepared to continually review and refine adaptation
policy measures and consider impacts from different perspectives. There may also be
useful lessons from existing multi-agency responses to extreme whether for those facing
multiple vulnerabilities. The Severe Weather Emergency Protocols and Extended Extreme
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Weather Provision discussed in section 3.2 may provide a sound basis for further work in this
area for a wider range of climate risks.

6.1.8 More research is needed on differential adaptation costs
The project team found substantial gaps in the current understating of the costs of
adaptation, in particular the differential proportion of costs on vulnerable groups. There is
very limited information available in the UK on who bears the end cost of adaptation. In
sections 4 and 5 of this report the project team have begun to unpack these issues for some
specific examples but this also acts to highlight that more research would be needed in this
area. For some risks (e.g. flooding costs or water affordability) there is considerable data
available which we suggest either requires greater analysis in the context of social
vulnerability or needs to be coordinated from different sources.

6.1.9 Research is needed to enhance our understanding of the reasons for,
and responses to, the differential impacts of adaptation policy
The project team have identified a number of areas where improved information or further
research might enable adaptation measures to be adjusted to account for social vulnerability.
These might include:


The use of heat related mortality and syndromic surveillance to better understand the
cultural, economic and environmental factors of ethnic minority vulnerability during
heatwaves and in monitoring the vulnerability of the homeless and rough sleepers to
climate hazards.



The impact of living in an overcrowded home on vulnerability during heatwaves.



The distance and directional effects of cooling from community-scale green
infrastructure in dense urban neighbourhoods.



A longitudinal evaluation of social tariffs in the water sector to examine how the sector
has responded to date and the extent to which such an approach addresses
inequalities.

As this study shows, considerable progress has been made in acknowledging the differential
impacts of climate impacts and in identifying vulnerable groups. The challenge is now to
deepen this understanding and to ensure that adaptation policies and measures account for
social vulnerability so that the benefits and costs of adaptation are shared appropriately.
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Appendix 2: Literature review
Introduction
The objective of the Programme of Research on Preparedness, Adaptation and Risk
(PREPARE) is to provide support to Defra in developing evidence of the impact of UK
adaptation and climate resilience policy on vulnerable social groups. This includes
summarising and where possible quantifying the differential risks and opportunities for these
groups. The primary task is to conduct a review of recent literature and publications to
determine the current ‘state of play’ in the UK. A particular focus was made on more recent
publications including the Joseph Rowntree Foundation studies and literature since the UK
Climate Change Risk Assessment (CCRA).

The purpose of this literature review
This literature review assesses and summarises key documents representing the recent
work in the area of social equality and adaptation. This includes a review of both:
1) The differential impacts of climate change on vulnerable social groups in the UK; and
2) The differential impacts of adaptation policies and options on vulnerable social groups
in the UK (however there is relatively little on this topic at present).
The purpose of the literature review is to:
1) Inform the selection of risk-vulnerable group combinations in Task 3.
2) Provide the “State of Play” context which will be the introduction to the final project
report.
3) Provide an overview of some of the possible adaptation responses to inform Task 5.
4) Potentially point to relevant data sources for the economic analysis in Task 4.
The following sections will briefly outline the content under each title.

Report structure
The following headings make up the key sections of the literature review report structure:

Consideration of climate risks and the resulting vulnerable groups from
existing literature
This section identifies the range of climate related hazards which could be exacerbated by
climate change. Here we identify the main climate risks which could affect the UK, and
highlight potential opportunities (if present). It also aims to identify and understand which
groups are considered ‘vulnerable’, why and vulnerable to what (using the risks identified in
the section outlined above).
Scientific and grey literature will be reviewed to assist in the identification of risks, which can
then be used to identify the differential impacts on groups in the UK

Social vulnerability in the context of adaptation policies and responses
This section reviews in more detail, the relationship between vulnerability and policy to
identify differential impacts of adaptation responses and policies. Where possible from the
available literature, this review will attempt to identify: the differential impacts from adaptation
policies; the actions necessary to address the inequality; the policy areas that appear to
present the greatest risk of differential impacts on vulnerable groups; and if there is evidence
available that attempts to amend the policy.
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Quantification and costs
This section will outline the findings from recent literature that attempted to quantify the costs
of climate change, more specifically the extreme weather, damage.
Research is at a very early stage in this area, thus little information is available on the costs
of amending adaptation policies, and the risk on those most vulnerable.

Gaps
This section will identify the gaps in the research based on the literature reviewed as part of
the task.

Implications for this study
This section will report key pieces of information and useful sources identified as part of the
literature review which will be used as part of the later tasks for the PREPARE project.

Consideration of climate risks and the resulting
vulnerable groups from existing literature
The climate is changing, presenting significant risks and opportunities for society, especially
as the impacts of climate change are not evenly distributed as noted by the Stern Review
(Stern, 2006). It has long been understood that the poorest people in society will suffer
earliest and the most; they often live in areas of environmental degradation which greater
increases their vulnerability (SNIFFER, 2009). Climate change will likely widen existing
inequalities, globally and locally, unless social impacts are actively addressed across the
range of adaptation and mitigation measures (SNIFFER, 2009).
The impacts of climate change are now commonly accepted, and shown by an average
global warming trend; set to continue rising over the next century. Climate change is likely to
be experienced primarily as climate variability, which will be seen as an increase in the
intensity and frequency of extreme weather events (Lindley, 2011, Defra, 2009).
Since the 1970s, average temperatures for Central England have risen by nearly 1°C and the
last decade was the warmest on record (Defra 2012). The latest projections for the UK show
increases in summer and winter temperatures, increases in winter rainfall; and decreases in
summer rainfall, with more days of heavy rainfall and rising sea levels (Defra 2009, Defra
2012). Climate change may increase the intensity and frequency of extreme weather events
such as floods and heatwaves in the UK (Lindley, 2011). Coincidentally, these two climate
hazards have been well researched in the UK, but these are not the only risks we are likely
to face in the future others include: adverse health impacts, damage to infrastructure,
droughts, biodiversity and ecosystem deterioration to name a few. However, there are
potential opportunities that can be gained from the changing climate, but these are far
outweighed by the risks (Defra 2012).
This section seeks to explore what is meant by vulnerability to climate change, identify the
main risks of climate change on the UK, and in doing so highlight those most vulnerable to
such change.

Vulnerability
The Intergovernmental Panel on Climate Change (IPCC) has defined vulnerability as “the
extent to which climate change may damage or harm system” (IPCC, 2012). A useful
characterisation of vulnerability is offered by Kelly and Adger whereby vulnerability is defined
in terms of the ‘ability or inability of individuals and social groupings to respond to, in the
sense of cope with, recover from or adapt to, any external stress placed on their livelihoods
and well-being’ (Kelly, 2000, ASC, 2011). People’s vulnerability to climate change depends
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on their exposure to climate changes; their sensitivity to its impact; and their capacity to
adapt (Lindley, 2011a). Figure i depicts the contributing factors to Vulnerability. A person’s
vulnerability is rarely determined by one element, but will fit into multiple categories, for
example as discussed later in the report, one group of people at risk to flooding as those on
low incomes thus living in social housing further increasing their vulnerability.
How exposure converts into well-being will depend on a variety of personal, environmental
and social factors – heatwaves, for example, disproportionately affect old people who live in
poor neighbourhoods and who are socially isolated. Age, poverty, social isolation, and
physical and social features of the neighbourhood make that population more vulnerable to
the external stress of a heat wave (Lindley, 2011a).
Figure i: The contributing factors to Vulnerability

(Source: Lindley, 2011a)

Recent literature indicates that in the UK a clear relationship is emerging between some
forms of deprivation (i.e. socio-economic vulnerability) and vulnerability to climate change
(Benzie et al., 2011). In particular, demographic factors (such as, age, gender, ethnicity and
class), levels of health and education, access to resources (i.e. poverty), information and
knowledge, access to political power and representation, levels of social capital and aspects
of neighbourhood infrastructure and housing equality, may all determine the degree to which
someone’s life and livelihood is at risk to climate change. Social vulnerability is therefore
dynamic in nature. Individuals can move into and out of a vulnerable state several times
during their lifetime as a result of changes in physical and social circumstances, for instance,
pregnancy, ill health, decreasing or increasing income and living conditions (Brisley et al.,
2012). Key factors affecting levels of social vulnerability include: poverty and deprivation,
numbers of new residents, people’s mobility and access to services such as healthcare
(Brisley et al., 2012).
Vulnerability varies from place to place due to geography and the physical characteristics of
locations. Currently, the combination of its southerly location and the urban heat island effect
means that temperatures in buildings in London are above the comfort threshold of 26°C for
around 18 days each year (5% of the year), compared with only two days per year in the
North East. In the 2003 heat wave, 47% of all deaths in central London were attributable to
heat during the period of peak temperatures (ASC, 2011). Vulnerability is also determined by
the characteristics of local populations, including age structure, income levels, education,
health and mobility. A recent study by the Joseph Rowntree Foundation has found that these
socio-economic characteristics can have a significant effect on the inherent vulnerability of a
local community to climate risks. For example, the study found that the North West and
Yorkshire had a higher proportion of communities vulnerable to flood risk than the South East
(Lindley, 2011a, ASC, 2011). Sometimes the physical and socio-economic characteristics of
communities can combine to exacerbate the vulnerability of certain groups. For example,
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coastal communities have higher proportions of older residents, lower employment levels
and poorer transport links (ASC, 2011).
There is evidence that the pattern of development in some areas is potentially increasing
vulnerability to current and future climate, particularly in relation to flood risk and heat stress.
Development in floodplains increased over the past ten years in almost all local authorities
surveyed, and at a greater rate than in the locality as a whole in almost half of them. This
increase in vulnerability has been offset at least to some degree by increased investment in
flood defences as well as through the uptake of measures to reduce damages from flooding
in individual properties (ASC, 2011).
Vulnerability is distributed unequally across the UK, being higher among certain groups such
as the elderly and in certain areas such as low-lying coastal communities (Lindley et al.,
2011b). The effects of extreme weather events will also not be distributed evenly across the
country either (Lindley et al., 2011b, Brisley et al., 2011, Benzie et al., 2011).
It was identified when conducting the literature review that the existing evidence and results
from numerous studies indicates that climate impacts have the potential to create new forms
of inequality and increase the gap between high and low income groups.

Climate Risks
High temperatures
Climate projections for the UK show a rise in mean temperature, decreases in rainfall for the
summer months and a rise in extreme weather events. This will have the potential to
increase the occurrence of heatwaves and droughts experienced across the country.
Coupled with a rising population, this will have a significant social implications namely access
to water to satisfy domestic demand (Benzie et al., 2011). Water is currently an undervalued
resource; people have grown used to a plentiful and cheap supply of water and most people
in the UK still pay a flat rate for their water consumption, irrespective of how much they use.
Thus, the rising temperatures are therefore a significant threat on the UK’s water supply
(CCRA, 2012).
High temperatures have also been predicted to increase energy demands as people require
additional cooling to cope in the heat. Higher summer temperatures are projected to result in
rising energy demand for cooling, again particularly in the south of the UK. Currently, cooling
of buildings (including air conditioning, refrigeration and cooling of information and
communications technology infrastructure) accounts for around 4% of total UK electricity use
and demand for cooling is already increasing.
Large cities in the UK already experience higher night-time temperatures than the
surrounding countryside due to their absorption of heat during the day. Increased
urbanisation and increased energy use would cause this phenomenon to become even more
noticeable over the course of the coming century, exacerbating potential health problems
and impacts on biodiversity (e.g. in aquatic ecosystems) caused by overheating (CCRA,
2012)
Hot weather has been linked to incidences of disruption to the economy, society and the
environment in multiple ways (Benzie et al., 2011), including:
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Increased hospital admissions and pressure on care services;

Failure in transport networks due to buckling rails and overheating of train and tram power
sources, leaving travellers marooned en-route

Psychological impacts, increased violence and social unrest (Simister and Cooper, 2004)

Failure of power supplies due to overheating of electricity sub-stations and lack of cooling
water;
Impaired water quality, caused by evaporation leading to concentration of water pollution
and low flows in water courses;
Water shortages (domestic, agriculture, industry, fi re and rescue) when combined with
low precipitation and high water use;
Increase in number and severity of wildfires (grassland and forest) and fires more
generally (EPS, 2009);

Damaging effects on biodiversity, farming and forests: around €€13 billion was lost during
the 2003 heatwave in the agriculture sector alone (COPA COGECA, 2003).

Source: Benzie et al., 2011

The two main hazards that are a result from an increase in average temperatures are
heatwaves and droughts. These are becoming significantly more common in the UK, and are
set to increase in frequency with the changing, warming climate. Both hazards are discussed
in more detail below.
Heatwaves
Heatwaves are episodes of extreme temperature which are above the normal mean
temperature for the time of year. They often have a rapid onset, and occur for a short
duration, thus making them difficult to prepare for, and their impacts are more sudden and
potentially more complex (Benzie et al., 2011). The Intergovernmental Panel on Climate
Change (IPCC) predicts that as a result of climate change, it is very likely that heatwaves will
increase in frequency, duration and intensity (IPCC 2012). Adverse impacts on health are a
common issue resulting from this hazard, affecting those with pre-existing conditions such as
respiratory or heart conditions the most. The severity of these effects is often linked to age,
as older people and infants are the most vulnerable to these high temperature events.
Climate change is expected to increase the frequency and intensity of heatwaves in summer
which will require detailed action plans to be developed to mitigate, or lessen the stress on
the emergency response service.
Vulnerable groups and heatwaves
Whilst research has confirmed the relationship between determinants such as age and
mortality during heatwaves, there are a number of more fundamental and complex social
processes that influence whether someone is likely to suffer from high temperatures. The
research undertaken by Benzie et al. (2011) suggests that these include factors such as the
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quality of housing and the built environment, local urban geography, people’s lifestyles,
income, employment, tenure, social networks and self-perception of risk. These factors
influence an individual’s exposure and sensitivity to high temperatures, as well as their ability
to anticipate, respond and adapt to conditions to avoid heat stress. Many of the factors tend
to overlap, such that people on low incomes who live in high rise social housing in central
urban areas, for example, may be very vulnerable to high temperatures (Lindley et al.,
2011a, Benzie et al., 2011).
It is not always clear who is vulnerable to high temperatures, although medical professionals
and the research community have correlated various factors, including age, with increased
mortality and morbidity during heatwaves. The extent to which observable factors (such as
health condition and age) interact with other factors (such as where people live, their social
connections, behaviours, economic circumstances and attitudes) is complex and not properly
understood at present.
Research in the US indicates that poorer communities are particularly vulnerable to
increased frequency of heatwaves and higher temperatures because they are often
segregated in areas of the inner city more likely to experience the heat island effect (MorelloFrosch, et al., 2009, Benzie et al., 2011). People on low incomes are also more likely to
occupy housing that is less resilient. For instance, mobile homes and caravans are
particularly at risk from storms and flooding, large social housing blocks often suffer from
poor ventilation and street homeless people are particularly vulnerable to exposure.
However, climate change may introduce new forms of vulnerability that do not (only) affect
the poorest in society. For example, newer social housing may perform to higher standards
than older low grade private property in terms of thermal insulation, insurance schemes or
the speed and quality of repairs to weather-related damage (Benzie et al., 2011).
Droughts
Drought is an extended period of time when a region notes a deficiency in its water supply
whether surface or underground water (Benzie et al., 2011). Although not common in the UK,
the risk in the future is substantially greater as water resources are likely to come under
increased pressure with the projected decrease (particularly during the summer months).
Drought develops relatively slowly in response to incremental changes in rainfall and
abstraction.
Reductions in water availability, particularly during the summer, may lead to more frequent
water use restrictions and, in the longer term, water shortages consequently threatening the
security of affordable water supplies. The gap between demand and availability could
potentially widen, impacting homes, businesses, schools and hospitals, for instance. Security
of water supply for consumers is currently good and improving, but reliable water supply is
achieved at an environmental cost (ASC, 2011). Environment Agency statistics indicate that
11% of rivers and 35% of groundwater aquifers in England are “probably at risk” of
environmental damage due to water abstraction (ASC, 2011, Benzie, et al., 2011). Warmer,
drier conditions would increase water demand for some crops, including those not currently
irrigated. Any increase could coincide with growing competition for less readily available
water resources, adding to the potential risk of water shortages (CCRA, 2012).
In England only 8% of water resource zones are currently at risk of falling short of demand
during a severe drought, this could increase to around 45% by 2035 without remedial action
with climate change contributing to the deficit in at least 80% of these cases (ASC, 2011).
This is a potential consequence of climate-driven changes in hydrological conditions, as well
as population growth and the desire to improve the ecological status of rivers. By the 2050s,
between 27 million and 59 million people in the UK may be living in areas affected by water
supply-demand deficits (based on existing population levels) (CCRA, 2012). Adaptation
action will be needed to increase water efficiency across all sectors and decrease levels of
water abstraction in the summer months.
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Droughts can also contribute to forest and grassland fires, which damage property, cause
economic disruption and bring their own health and injury risks. Drought in soil leads to
subsidence, which can cause structural damage to properties and infrastructure; which could
threaten those on low incomes who cannot afford repairs or the insurance cover.
Vulnerable groups and drought
Access to a sufficient supply of affordable water to meet a person’s needs will be the biggest
risk resulting from drought. Household requirements for water vary, depending on the
number of residents and the age and health of the occupants (Benzie et al., 2011).
High water requirements may stem from medical conditions (for example, the need for
frequent washing or cleaning, or behavioural conditions that increase water use) or from
household size (for example, large families or houses of multiple occupancy require high
volumes, as do some single-occupier households where income is limited and water use is
inefficient) (Benzie et al., 2011, ASC, 2011).
In the south-west of England, the drying and warming effects of climate change and changes
in population are projected to be as extreme as anywhere in the UK. The region therefore
needs to prepare for managing drought risk (Benzie et al., 2011). Water affordability is
already a big problem in this region of England where bills are higher than anywhere else in
the UK mainly because of past infrastructural investments needed to provide additional water
capacity for tourism. As a result, South West Water has introduced schemes to protect
households from the negative impacts of water charging and to support customers in debt
(Benzie et al., 2011).
Agriculture and livestock are also highly vulnerable to drought, as they are highly water
dependant, this therefore has a knock on effect to those involved in the industry, primarily
famers.

Coldwaves
A coldwave is defined as an event where the daily maximum temperature is 0 °C or below for
three or more consecutive days (Oven et al., 2012). Climate projections suggest that the UK
will experience milder, and wetter winters, however it is still likely to experience extreme cold
weather events, but with a lower probability of occurring. Such events, although with a lower
likelihood of occurrence, are likely to continue to cause major disruption. The main risks of
such events are energy demand for heating, winter mortality and winter morbidity (Oven et
al., 2012). Fuel poverty will likely be the biggest risk to households, impacting those on low
incomes, and people in social housing.
Vulnerable groups and coldwaves
The CCRA identified a number of sectors at risk in coldwaves, which could potentially impact
the people dependant, or whose likelihood is dependent on the following:






Agriculture and Forestry: vulnerability of production systems to extreme weather
conditions including extreme cold (frosts, snow and ice), e.g. the 2010 harvest was
affected by extreme cold and wet conditions. This will impact farmers (and possibly
the supply chain) resulting in them having a reduced income – placing them
vulnerable.
Business: disruption to production and deliveries could result in economic difficulty,
thus making a stable group vulnerable due to lack of income, and thus ability to
purchase supplies.
Energy: cold related damage to infrastructure which could interrupt energy supply, or
cause prices to increase – thus creating access difficulties for those on lower income.
Transport: cold weather can cause numerous issues for transport including damage
to transport infrastructure and disruption to vehicles/services. This relates to the
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example give above, where by those dependant on social care may not receive the
care required.

Flooding
Winter rainfall is projected to rise at differential rates across the UK by 2050. The water
supply infrastructure will be affected by changes in climate as a result; thus the number and
the severity of floods we experience are likely to increase.
The overall number of people likely to be exposed to flooding is growing. At present it is
estimated that ‘there are over 2.6 million properties in England and Wales which are exposed
to flooding from rivers and the sea, and over 3.9 million properties exposed to flooding from
surface water’ (Lindley, 2011, Smith, 2010). This equates to one in six properties being at
risk to some form of flooding (EA, 2012). The Environment Agency (EA) is assigning great
importance to community involvement in local flood-risk management and in collaborating
with the flood information charity, the National Flood Forum (Lindley, 2011, Smith, 2010).
Compared to other parts of the world, the UK is not associated with a high degree of flood
mortality, although past UK flood events have resulted in direct fatalities, such as the UK
floods in 2007 where thirteen died (Pitt et al., 2008); two in the 2005 Carlisle floods (Wheater,
2006) and five in the January 2005 storm which hit the Outer Hebrides (Werritty, et al.,
2007). Although loss of life is a source of sorrow, mortality is not a good measure of their
overall impacts and certainly not the only facet to be explored for understanding vulnerability
(Lindley, 2011). It has been recognised for many years that floods can have indirect as well
as direct health effects. For example, Bennet (1970) analysed the longer-term effects of
floods on mortality after the 1968 floods in Bristol. During the twelve months after the floods,
he found a 50% increase in population mortality in the flooded part of the city but no
appreciable change in mortality in the non-flooded part. Other literature suggests that indirect
mortality may be caused by the shock of an event and the stress of recovery, which
‘exacerbates pre-existing health conditions, such as heart disease and strokes, particularly
among the elderly’ (Werritty, et al., 2007). This evidence suggests that there are some
biophysical aspects of populations which may result in impacts on future well-being, i.e. there
is a sensitivity element to flood vulnerability. However, evidence from Scotland suggests that
even within the same sensitive groups there are different impacts associated with income:
‘households with an annual income of less than £20,000 reported higher levels of stress and
anxiety and more adverse health impacts after flooding’ (Werritty, et al., 2007). Income is
therefore one of the factors which helps to explain differential impacts on well-being. The
annual number of flood victims suffering anxiety, depression or other mental problems is
projected to rise by between 4000 and 7000 by the 2050s, from present day figures of
between 3500 and 4500. The 18 deaths on average a year currently attributed to the direct
or indirect effects of flooding and storms are projected to increase by between 6 and 34 by
the 2050s (CCRA, 2012).
More intense and frequent flooding may impact sewage and waste water treatment works:
for example, by increasing pollution from urban and agricultural run-off and by damaging
treatment infrastructure. This is already leading to increases in the cost of providing clean
water, requiring investment from water companies and therefore higher prices for water
customers (Benzie, 2012).
Agriculture land is also at an increased risk of flooding from rivers and seas with the increase
in rainfall. In England and Wales, currently around 50,000 hectares (0.5% of total agricultural
land) are flooded very frequently (at least once in three years on average). This is projected
to increase to around 200,000 hectares by the 2080s (2% of total agricultural land). Although
flooding causes short-term damage, it can boost long-term productivity by depositing
nutrients (CCRA, 2012).
Vulnerable groups and flooding
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Previous research suggests that the following socio-economic variables influence
vulnerability to flood hazard (Lindley, 2011, Walker, et al., 2006, Burningham et al., 2001):









Age: Older people have a disproportionate vulnerability to the effect of disasters with
frail or disabled older people being particularly at risk
Gender: Women tend to recover more slowly than men from natural disasters and
play a key role in the work of recovery after flood events. As primary care-givers
women are more likely than men to have responsibility for dependants in the event of
a flood and conversely are also more likely to be the sole adult householder (as lone
parents or lone older people)
Race and ethnicity: Language differences may obstruct reception of flood warnings
and cultural differences may exacerbate the impact of floods
Socio-economic factors: Poorer people are less likely to be adequately insured for
flood damage, more likely to live in homes at particular risk of flooding (i.e. caravans)
and to have lower levels of education which may impede the reception of warnings
Disability and illness: Those with physical or mental disability or long term illness may
have particular difficulties receiving warnings and being able to respond to them
Special needs populations: Residential care homes, hospitals, schools etc. may
experience particularity difficulty in evacuation.
Low income households: Are less able to take measures to make their property
resilient to flooding and to respond to and recover from the impacts of floods. The
ability to relocate is affected by wealth, as is the ability to take out insurance against
flood damage.

The picture for the most socially flood-vulnerable locations is therefore more complex. While
many of the same areas exhibit extreme socially derived flood and heat vulnerability, this is
not true everywhere. In England, for example, while London has the highest mean sociospatial flood vulnerability score, it sees fewer of its neighbourhoods with extremely high or
low scores compared to a number of other regions in England. The North West and
Yorkshire and The Humber regions have the highest proportions of extremely socially floodvulnerable neighbourhoods. They also have the highest proportions of the English national
total. The lowest social vulnerability with respect to flood is seen in the South East and the
East of England. Thus there is a distinct North–South divide in terms of social vulnerability in
the context of flooding.
Table i aims to highlight the differential impacts of floods on an individual, household or
neighbourhood level.

Table i: Summary table highlighting the differential impacts of floods
Social impacts

Evidence of differential effect for individual,
household or neighbourhood characteristics

Economic impacts

Ethnicity, age, income and property type all have a
bearing on the experience of economic impacts.

Non-economic losses

Age and property type inform the perception of, and
extent of, this impact.

Physical health

Pre-existing health status, age and gender all have a
bearing on the experience of health impacts.

Psychological health

Gender, age, social class and household composition
all have a bearing on the experience of psychological
health impacts.

Evacuation

and

temporary Age, gender and income are relevant to
understanding how this phase affects people. Levels
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Table i: Summary table highlighting the differential impacts of floods
Social impacts

Evidence of differential effect for individual,
household or neighbourhood characteristics

accommodation

of social capital are likely to be important in
understanding community response and resilience.

Household disruption

Gender, ethnicity, age, property type and tenure type
all influence how individuals and households are
affected.

Community and neighbourhood No research evidence, but suggestion that deprived
changes
neighbourhoods and those with low levels of social
capital will be particularly hard hit.
(Source: EA, 2010, Walker, et al., 2006)

Further risks associated with Climate Change
Health effects of temperature extremes
Changes in mean temperature, in particular the increase expected during the summer
months will have an effect on people’s health. Hotter summers are projected to increase the
risk of heat-related death and illness. On average, hot weather accounts for around 1,100
premature deaths a year in the UK. By the 2050s, this figure is projected to increase by
between 580 and 5900, with the greatest risk in London and southern England (CCRA, 2012,
Defra, 2009). Climate change could also lead to a rise in concentrations of ground-level
ozone which could have implications on health to those prone to respiratory problems. By
the 2080s, it is projected that this may lead to respiratory-related deaths related to the shortterm effects of ozone increasing by between 650 and 2900 from the current average of
10,000 a year, although the predicted impacts before the 2080s are highly uncertain.
Similarly, hospital admissions are projected to rise by the 2080s by between 2300 and
10,000, from the current figure of around 33,000 a year. (O’Neill, 2012)
Saying that, research has identified that there are potential benefits resulting from climate
change alongside the threats outlined above. Rising mean temperatures may also mean
warmer winters, less bouts of extreme cold; this could be seen as an advantage to those
vulnerable to cold weather.
These changes are likely to place different burdens on the National Health Service (NHS),
public health and social care services. For example, premature deaths due to cold winters
are projected to decrease significantly (e.g. by between 3900 and 24,000 by the 2050s) and
premature deaths due to hotter summers are projected to increase (e.g. by between 580 and
5900 by the 2050s). Other health risks that may increase include problems caused by
ground-level ozone and by marine and freshwater pathogens (CCRA, 2012, O’Neill, 2012).

Damage to infrastructure from flooding
Annual damage to UK properties due to flooding from rivers and the sea currently totals
around £1.3 billion. Approximately £1.2 billion of this is accounted for by England and Wales
– a figure projected to rise to between £2.1 billion and £12 billion by the 2080s (CCRA,
2012). The occurrence of catastrophic flooding in the UK has become more frequent,
particularly in England and Wales, which will lead to an increase in damage costs, and thus
insurance claims. There is also an increase in insurance premiums, likely due both to rising
numbers of claims and more accurate risk-based pricing. There are already a
disproportionally high number of low-income households without insurance. The increase in
premiums and excess payments will render insurance effectively unavailable to many more
households resulting in the vulnerable becoming more vulnerable (O’Neil, 2012).
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Furthermore, without ‘damage preventative’ action, a range of important infrastructure such
as roads and railways could be affected by a significantly increased risk of flooding.
Increased winter rainfall and higher river flows may lead to more damage to road and rail
bridges. Old masonry arch bridges are most at risk from ‘scouring’, where their foundations
can be washed away. Bridges can also be weakened during floods by the impact from
floating debris (e.g. motor vehicles) and the washing-out of loose masonry and ‘fill’ material
resulting from poor bridge maintenance (CCRA, 2012, Defra 2009). The damage to public
infrastructure and highways could have the potential of limiting access or use of buildings.
This resultantly affects group’s dependant on the delivery of mainstream services, such as
housing and social care provision (Brisley et al., 2012).

Opportunities identified from the changing climate
Although the sections above have highlighted the negatives affects predicted to arise as are
result of climate change; there are also opportunities that could result.
Currently, cold weather results in between 26,000 and 57,000 premature deaths each year in
the UK. By the 2050s, a reduction in these figures of between 3900 and 24,000 is projected
to occur due to increasing average winter temperatures. This would particularly benefit
vulnerable groups, including those with existing health problems.
Energy demands for heating are projected to decrease as well as a result of milder winters
and a lesser demand for domestic heating; with the largest decreases seen in the south of
the UK. The economic and social benefits of a reduction in winter heating demand are
potentially very large, perhaps exceeding £1 billion per year by the 2050s.

Summary
The current weather is already affecting the UK infrastructure’s resilience; climate change
has been acknowledged to further increase this risk, with the scale of the impacts varying
across the country. UKCP09 provides information about the potential changes to the climate
throughout this century, projecting regional differences in future climate conditions (CCRA,
2012). Unpredictable extreme weather already presents a challenge to infrastructure. Snow
in November and December 2010 affected transport (CCRA, 2012). In 2011, water resources
were affected by the warm and dry weather in March and April; provisional Met Ofﬁce climate
ﬁgures indicated that April was the warmest month on record with many parts of the UK
seeing temperatures 3 to 5 degrees Celsius warmer than normal (records dated since 1910)
(Defra, 2009).
While the UK is generally well adapted to the current climate, it has some important
characteristics that increase its vulnerability to the impacts of climate change in the future
(ASC, 2011). An individual’s vulnerability to climate change is determined by three elements;
firstly, their likely exposure to specific climate hazards; secondly, their sensitivity to such
hazard; and thirdly, by their ability to cope with the changes.
An individuals’ or groups’ vulnerability to climate change is influenced by their ‘ability to
respond to stresses placed on their well-being’ (Brisley et al., 2012). Wellbeing has been
linked to people’s ‘capabilities’ and ‘functionings’. This meaning, a person’s ability to continue
their normal day to day practices, whilst not being affected by dependants, or other external
influences; an example school closures due to flooding which prevents people going to work
as they have to look after their children (Brisley et al., 2012, Lindley, 2011).
Table ii highlights the groups vulnerable to climate change identified during the literature
review.
Table ii: Summary table highlighting the vulnerable groups who will be affected
by climate change in the future
Older people, especially older women and those over 75.
Children and young people who are more vulnerable to high levels of ozone and fine
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Table ii: Summary table highlighting the vulnerable groups who will be affected
by climate change in the future
particles which increase in concentration with higher temperatures.
People suffering from chronic and severe illness (including mental illness) - thus are
unable to adapt their behaviour.
People who are over-vulnerable (e.g. living in a flood risk area, in temporary
accommodation such as a caravan, in a top-floor flat (where overheating is a potential
threat) or the homeless.
People living in poor housing which is less resilient to flooding.
People with a serious chronic condition, particularly breathing or heart problems.
People who already have a high temperature from an infection.
People who misuse alcohol or take illicit drugs.
People with mobility problems.
People for whom English is not their first language.
People living in remote rural areas.
Transient communities such as gypsies and travellers, short-term renters.
People on low incomes, with insurance risks, etc.
People on certain medication.
(Benzie et al., 2011, Brisley et al., 2012, CCRA Annex B, 2012, O’Neill e al., 2012, Benzie,
2012)

Climate hazards that are identified as potentially having a differential impact across different
social groups include the following:






Heatwaves: Heatwaves present a greater risk to certain members of the population
such as the very young, elderly, and people with particular health conditions such as
respiratory or heart conditions. In addition, other factors such as the quality and type
of housing, local urban geography, income, employment, and social networks can
also influence an individual’s exposure and sensitivity to high temperatures, as well
as their ability to anticipate, respond and adapt to conditions to avoid heat stress
(Benzie et al., 2011).
Drought: An increase in the frequency and severity of droughts could threaten the
security of affordable water supplies in the UK, posing a particular risk to lower
income households which may struggle to pay for an adequate water supply (Benzie
et al. 2011). Droughts could also prove a particular problem for people suffering from
health conditions which prevent them from reducing their water consumption.
Flooding: Changes in annual and seasonal rainfall, as well as increased intensity of
rainfall, may place water infrastructure systems will be under greater pressure to
manage the volumes of water. Coupled with rising populations, there will be an even
greater burden. Flooding will have the greatest effect the elderly, those less mobile,
and particularly the low income households, as insurance may not have been
purchased (O’Neill, 2012, Allen, 2010, Lindley, 2011).

It is also important to note that changes in the climate can lead to businesses and industries
vulnerable – in particular agriculture and thus farmers having their livelihoods at risk is
conditions are not favourable for plant growth, or animal survival.
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Social vulnerability in the context of
adaptation policies and responses
Much of the existing literature has focused on the social justice implications of climate
change impacts, for example on whether they affect the most vulnerable groups of people
disproportionately. However, some adaptation policies and actions, such as water charging
or higher pricing for flood insurance cover in flood-prone areas, can have social justice
implications in themselves: they may facilitate adaptation of the vulnerable or hinder it, or in
other words distribute the benefits and costs of adaptation differentially and award different
degrees of participation to different groups of people. It is important to examine both at a
national and local level to what extent adaptation strategies, policies and actions
acknowledge and incorporate social justice considerations; and what the fall out social justice
implications are for different vulnerable groups and by location as well.
To date, adaptation policy has tended to focus on personal and environmental factors in its
understanding of vulnerability. For heatwaves and floods, personal factors would include
individual characteristics such as age and health, while environmental factors would include
the physical characteristics of neighbourhoods and the location of buildings in relation to
climate hazards. Although this does bring in the social context, adaptation policy has often
omitted ‘social conversion’ factors. These cover those personal, environmental and social
factors that determine how positive or negative events are converted into gains and losses in
people’s overall wellbeing. These include environmental factors which increase people’s
exposure to risk, such as living in a high-rise building (heatwaves) or in a basement flat
(flooding). Social factors include social isolation and support networks (which can affect
awareness of and responses to climate impacts), fear of crime (leading to people being
afraid to go outside or open windows even when it is very hot) and institutional regimes (such
as the tendency for over-heating care homes). These factors make a significant difference in
terms of an individual or group’s ability to prepare for, respond to and recover from specific
climate hazards (Brisley et al., 2012). For adaptation policies to take ‘social conversion’
factors into account when considering climate change impacts and response, they will need
to be sensitive to the social context and people’s overall wellbeing (Brisley et al., 2012).
Most UK and national policies now make reference to the social justice implications of
climate change and climate change adaptation, but mostly in terms of spatial vulnerability for
example to communities living within flood plains, rather than in terms of a broader
understanding of community resilience and social vulnerability, and potential implications for
all susceptible groups. Procedural justice in particular is less well explored, perhaps because
the spatial issues are seen to some extent as ‘fixed’ and as requiring technical rather than
social solutions (Brisley et al., 2012). Where wider vulnerability is taken into account, this
tends to be very much focused on health (e.g. implications of heatwaves for younger/older
people and those in ill health), with less thought given to those who are socially vulnerable
for other reasons, such as low income or lack of social networks.
Once the social dimensions of vulnerability are recognised, climate adaptation policy needs
to address a broader range of concerns than is often supposed. It will include many areas of
social policy that are neither specifically concerned with climate change nor traditionally
included in adaptation responses. For example, policies concerning the care of the elderly,
the quality of neighbourhoods and levels of income inequality are all important to climate
adaptation. Indeed, events such as heatwaves and floods often reveal wider inequalities in
the distribution of vulnerability. It is also particularly important to foster functioning such as
being in effective social networks and being able to participate in public decision making,
since these are not only important dimensions of well-being in themselves but are also
important in supporting other dimensions of well-being (Lindley, 2012). Social vulnerability
The Benzie et al. (2012) assessment of social justice aspects of adaptation policies, plans
and actions should take into consideration background inequalities, differential incidence of
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climate change impacts, differential vulnerabilities, and the features of adaptation measures
themselves, and it should acknowledge both distributive and procedural justice
considerations. The key steps in understanding the social justice implications of adaptation
policies, plans and actions addressing specific climate change impacts and related
adaptation needs could include the following (Brisley et al., 2012):









What is the incidence of the climate change impact in question and how it demarcates
affected people to differently impacted groups?
What is the vulnerability and adaptive capacity of the differently impacted groups?
How are adaptation measures developed? What processes are used in their
development, which affected groups were recognized and involved, and to what
extent?
Who had what authority over the development and implementation adaptation
measures?
What benefits do adaptation measures generate (for example in terms of adverse
impacts avoided) and how are they distributed among the differently impacted
groups?
What burdens and costs do adaptation measures impose and how are they
distributed among the differently impacted (and other) groups?
How do distributions of background inequalities and benefits and burdens of
adaptation measures map on to each other? Do adaptation measures alleviate
background inequalities or aggravate them?
What redress can affected or neglected parties have to voice their concerns and to
have them considered? What support do they require and get to do this?

It was highlighted in the literature reviewed, including the CCRA Social Vulnerability to
Climate Change Impacts report, that there is a substantial crossover/ interaction of social
vulnerability characteristics; this further contributes to the complex structure already in place.

Adaptation policy framework in the UK
The UK adaptation policy landscape is continually developing, but its first building blocks
have been or are about to be established. The Climate Change Act 2008 established the
legal framework and milestones for climate change adaptation. It is important to note that
there have been other actors and local drivers involved for some time in climate change
action; however the Climate Change Act provided the Government legal structure and
support. This included the requirement to undertake a UK-wide Climate Change Risk
Assessment (CCRA) and to develop the National Adaptation Programme as soon as
possible after the publication of the CCRA (NAO, 2009). The first UK Climate Change Risk
Assessment (CCRA) was published recently (Defra, 2012) and it will be revised every five
years. The CCRA will form a key part of the evidence base that will be used by central
Government, Devolved Administrations and other actors involved in adaptation planning for
identifying priorities for action and appropriate adaptation measures to minimise climate risks
to the economy, environment and society. The CCRA 2012 Evidence Report identifies 5
priority areas for adaptation – Agriculture and Forestry; Business, Industries and Services;
Health and Wellbeing; Natural Environment and Buildings and Infrastructure – and describes
the policy context and action already in place to tackle risks in each area. It also provides
advice on how to take account of the uncertainty within the analysis and identifies its
constraints.
As part of the CCRA evidence report, a review of the UK’s Social Vulnerability to Climate
Change Impacts was conducted which formed Annex B of the final report. This review
determined a definition for vulnerability, as well as identified the social vulnerability from
floods, drought and heat; drawn from a literature review.
Policies and strategies such as the National Flood and Coastal Erosion Risk Management
Strategy, Spatial Planning Policy, and the Civil Contingencies Act all include elements of
adaptation which will affect vulnerable groups. This further highlights the complex adaptation
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crossover within the UK policy landscape. Brisley et al. (2012) stated that a key building
block of the UK adaptation policy framework will be the National Adaptation Programme, due
to be published in 2013.
The adaptation policy framework in the UK is made further complex by the number of parties
involved in developing adaptation plans and undertaking adaptation actions, which include:
local authorities, devolved administrations, and various other actors. The Government’s
current view is that adaptation to climate change is a local matter (Brisley et al., 2012).
The key bodies and organisations that have been identified as those responsible for
promoting adaptation to climate change include: Defra, the Devolved Administrations, and
the Environment Agency who are responsible for the majority of environmental issues (plus
the Northern Irish and Scottish equivalents and the emerging single environment body in
Wales). The Department of Health (and equivalents in Devolved Administrations) plus the
NHS are responsible for climate change impacts on health and social care (Brisley et al.,
2012). The bodies listed, and their responsibilities have all been outlined in the CCRA
Government Report. Within the UK Government and the Devolved Administrations, climate
change adaptation has risen up the agenda, but this is not reflected (in general) at a local
level due to public funding cuts and a focus on immediate priorities (Brisley et al., 2012)
which needs to be addressed.
While there are National policies, legislation and strategies surrounding Climate Change and
Adaptation, it is the Local authorities (LAs) that play the role in ensuring these are filtered
down to a local level under the Localism Act. In the Brisley et al. (2012) study, it was found
that many LAs have considered the potential impacts, threats and opportunities of climate
change, but few have developed comprehensive adaptation strategies to deal with these
changes. No significant conclusions can be made from this study due to the small response
rate; however from the responses received interestingly the main focus of LA plans was on
building adaptive capacity rather than delivering direct adaptation actions. LAs are no longer
required to report under an adaptation indicator (NI188), which had previously provided
leverage for local action and ensured LA officers involved in performance management, in
addition to those working directly on climate change and sustainability matters were aware of
climate change adaptation.
In the sections below we will discuss some adaptation issues to highlight the potential social
justice considerations related to different ways of addressing them.

National heat wave plan
One of the mains risks of heatwaves are the negative health implications on the vulnerable
society. The Heatwave Plan for England is coordinated by the Department of Health (DOH)
and is the key national policy instrument for managing heat wave risks. It has been
developed by the DOH, so the policy is purely health focussed, thus does not take into
account the wider risks. Further development of the plan requires stakeholders from
numerous departments across government (DOH, 2012).
The Heatwave Plan has been significantly reshaped in 2012; however the underlying
structure remains the same. The plan continues to be made up of a system of heatwave
alerts, developed by the Met Office. The Heatwave Plan describes the Heat-Health Watch
system which operates in England from 1 June to 15 September each year. During this
period, the Met Office may forecast heatwaves, as defined by forecasts of day and night-time
temperatures and their duration. The Heat-Health Watch system comprises four main levels
(Levels 1-4), from summer and heatwave preparedness to a major national emergency.
The Heatwave Plan adds to the administrative and operational workload of a large number of
potential agencies. There is a danger that implementation may not be effective if resources
are limited (Benzie, et al., 2011).
There are many potential ways to respond to heat waves to alleviate their potential health
impacts within the plans, including: 1) early warning systems to alert vulnerable people and
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to enhance the preparedness of involved service providers; 2) building retrofits and financial
support programmes for increasing their uptake; 3) neighbourhood and community-wide
planning and infrastructure measures such as increase of tree cover, green or blue space,
and safe outdoor areas, and; 4) public or voluntary service initiatives to encourage vulnerable
people to leave their homes regularly to avoid overheating.
There are clear social justice considerations involved in choosing a strategy or a combination
of strategies to address heatwaves. While early warning systems may build awareness of
potential hazards for key service delivery organisations, exclusive reliance on them would
mean that the ability of some vulnerable groups to cope with heat stress would be
unchanged. These could include people with limited language skills or limited ability to
change their behaviour because of disability, illness, and lack of means or other reasons.
Retrofits and their support suffer same kind of limitations in the first instance, but over longer
time they do increase the proportion of building stock which makes it easier to cope with heat
stress. Community-wide outdoor space measures may be in principle available to all but
limited mobility, fear of crime and other reasons may again result in unequal access in reality.
Public and voluntary service provision may vary from post code to another and not avail
services where they are most needed. These examples serve to highlight that it is unlikely
that any one adaptation measure will address all aspects of heat stress satisfactorily – a
socially just approach to adaptation is likely to require bundle of complementary measures.

Flood Insurance
Insurance is central for adapting to increased frequency and intensity of flooding, alongside
other measures such as building of hard flood protection infrastructure, increase of
permeable surfaces in urban areas, controlled flooding of low-lying areas and changes in
buildings and infrastructure aimed at minimising the damage caused by flooding when it
occurs. These adaptation alternatives need to be used in combination and the relative weight
placed on any one of them has implications for how well differently situated people are
protected from impacts of flooding or exposed to it. The harder measures can protect a large
number of households to a comparable degree but differences emerge as a result of
decisions on where e.g. flood protection measures are to be implemented. Insurance
presents somewhat different social justice issues and is discussed below in more detail.
Building insurance, which encompasses flooding cover, is a compulsory term/condition for
mortgages. Where they are at risk of flooding, people in the UK may also insure their homes
and other assets for reinstatement and remediation of damage and losses caused by
flooding. The financial impact of floods on households will therefore depend on the degree to
which people are adequately insured (O’Neill, 2012). People on low incomes and in social
housing have much lower rates of insurance take-up. The inability to take up insurance is
also exacerbated by other factors. Living in areas of high crime can make insurance
premiums unaffordable (O’Neill, 2012, Ketteridge, 1998); however it is important to note that
this will not increase the flood element of the premium, but could lead to an overall increase.
Problems in meeting previous losses can render the position worse. According to one report
around a third of uninsured people on low incomes are forced to incur more debt in order to
replace household goods that have been stolen or damaged (ABI, 2007, O’Neill et al., 2012).
The insurance system itself is challenging to negotiate to many groups such as the elderly
and ethnic minority communities. For example, members of Banbury’s Asian community
were found to be less likely to understand the insurance system than their white neighbours
as well as having lower incomes (Walker, et al., 2006, Lindley et al., 2011a).
Low-income households make up approximately a third of the national total; and statistically,
these homes are the least likely to be insured. Social housing makes up 69 per cent of the
low income households. Of these 29 per cent have no insurance at all, and 50 per cent do
not have home contents insurance. The lack of home contents insurance in low-income
households is widespread, and is not limited to any particular area of the country.
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The Association of British Insurers (ABI, 2008) reported that many properties will face the
prospect of becoming uninsurable because of climate change, which could result in the
emergence of neighbourhoods where houses are un-saleable and uninhabitable. Houston et
al. (2011) noted that increased premiums may make more sought after areas the preserve of
the rich. The increased competitiveness for more desirable land will have a negative effect
on other areas, potentially leading to a fall in house prices and the subsequent filtering of
lower income groups into these areas. Houston et al., (2011) further stated that “the
withdrawal of insurance altogether would be likely to blight areas of new development and
cause problems for the resale of existing properties”.
The UK flood insurance regime is in a period of change, with the expiry in June 2013 of the
‘Statement of Principles’ between the Government and the Association of British Insurers
(ABI, 2012, O’Neill, 2012). In considering what should replace this agreement, two
contrasting models can be distinguished:



Individualist, risk-sensitive insurance, provided through a market in which individuals’
payments are proportional to their level of risk;
Solidaristic, risk-insensitive insurance, in which those at lower risk contribute to the
support of those at higher risk.

The O’Neill et al. (2012) study concluded that the UK is currently moving towards an
increasingly individualistic, market-based approach to flood insurance. It further stated that
this “purely market-based insurance threatens to leave many thousands of properties
uninsurable and to cause extensive social blight” (O’Neill, et al., 2012). They suggest that a
Solidaristic model of flood insurance would deliver fairer and more sustainable outcomes.
The study undertaken by O’Neill et al. distinguished three approaches to ‘fairness’ in the
provision of flood insurance:
‘Pure actuarial fairness’ – insurance costs to individuals should directly reflect their
risk level;
2. ‘Choice-sensitive fairness’ – insurance costs to individuals should reflect only those
risks that result from each individual’s choices;
3. ‘Fairness as social justice’ – insurance in the provision of goods that are basic
requirements of social justice should be provided independently of individuals’ risks
and choices.
1.

The social justice implications of market-based insurance approaches also highlight the
importance of making use of other adaptation measures addressing flooding risk. Flood
protection, sustainable urban drainage systems and an increase in permeable surface area
can lower the risk of flooding to all households among their beneficiaries.
We recognise there are inherent social justice issues with insurance premiums and the
implementation across the country. This is an on-going issue and challenge for policy
makers.

Water charging
Water charging is a frequently identified measure to respond to water scarcity and droughts
which climate change is going to exacerbate. Other measures to address the same climate
change impact include, for example, the reduction of leakage in water supply systems, water
transfers between surplus and deficit catchments, demand management, and changes in the
consumer end such as dual water systems, rainwater harvesting and water conserving
appliances. The social justice implications of water charging are worth noting as one of these
measures to address water scarcity (Benzie et al., 2011).
Currently, the majority of households do not have water meters installed in their homes. As a
result, it is not possible to charge for the amount of water consumed in the property and
some households may waste water or use large amounts for discretionary purposes such as
Ref: Ricardo-AEA/R/ED58163/PREPARE R5/Version 1.1

53

PREPARE – Understanding the equity and distributional impacts of climate
risks and adaptation options

watering gardens. Water companies have an interest to promote efficient use of water and
ensure that the water utility system is sustainable. One solution is to install water meters,
which give customers and water companies’ data on the volume of water each household
uses. Instead of paying a flat rate for their water supply, irrespective of how much they
consume, customers on water meters pay per unit (Benzie et al., 2011).
There are four ways in which differential water charging based on usage patterns has the
potential to cause harm and create inequalities in society; these are outlined in Table iii.
Table iii: Potential issues with water charging
Affordability: households may be unable to afford their bills because of
low income or other reasons.
High use: households may have legitimate reasons for using large
quantities of water but be penalised for doing so.
Absolute availability: some regions may have insufficient water while
others are better resourced because of supply and distribution
arrangements.
Approaches to water charging: water poverty may result from
interventions by water companies or authorities.

Source: O’Neill, 2012.
While water metering is fair in one sense (it means that people pay for what they use) and
would benefit some groups such as the elderly who are disadvantaged under the current unmetered system, it has the potential to create vulnerability where households cannot afford to
pay for an adequate water supply (Benzie, et al., 2011). Water metering and differential
charging (i.e. charging that is linked to water usage) are systems that would incentivise more
efficient consumption of water and thereby mitigate drought risk.
Universal water metering is to be introduced by 2020 and it is therefore important to consider
how this shift will affect different social groups. Water affordability is already a big problem in
the UK, in particular in the south-west of England where bills are higher than anywhere else
in the UK (O’Neill, 2012, Benzie 2011). As a result, South West Water has introduced
schemes to protect households from the negative impacts of water charging and to support
customers in debt. Benzie et al. (2011) explored how affordability problems are currently
dealt with and looked briefly at three initiatives that seek to address affordability issues:




The rising block tariff (RBT): a trial of a new tariff that aims to incentivise efficiency
without creating affordability problems;
WaterSure, a national scheme to cap bills for certain qualifying households (those on
low incomes or with special medical requirements);
WaterCare, a scheme to improve water efficiency and provide support to households
in debt.

Although these initiatives are not explicitly motivated by climate change, they are examples
of how water charging may evolve to meet the challenges posed by climate change in
relation to increased drought risk (Benzie, et al., 2011).
Water companies also have the right to apply Drought Orders when their supplies run short this is a last resort measure however.
The problem with water charging is that low-income households, particularly those who live
in social housing, may not have authority over decisions that could increase the efficiency of
water use in their residence. They also lack resources to invest to water-efficient appliances
which are typically more expensive than ordinary ones. That is, water pricing may translate to

Ref: Ricardo-AEA/R/ED58163/PREPARE R5/Version 1.1

54

PREPARE – Understanding the equity and distributional impacts of climate
risks and adaptation options

only limited reduction in water use among the low income groups and simply add to their
expenditure. That is, it may not be effective, or fair. Again, measures such as leakage
elimination or increased storage capacity can buffer all water consumers against water
scarcity and share the financial burden of doing so in proportion to their water bills.

Quantification and costs
In recent years the UK has experienced high financial costs and societal and environmental
impacts resulting from extreme weather events, such as flooding, unusually cold and severe
winters and warmer than average summers including heatwaves. This has highlighted the
fact that aspects of the UK economy and society are already vulnerable to extreme weather
events. Climate change is expected to increase the frequency and severity of such events,
creating a strong economic case for increasing the UK’s resilience and protecting the most
vulnerable (CCRA, 2012).
Annual insured losses from damage to property and business disruption from flooding,
storms and subsidence have been around £1.5 billion on average over the past twenty years
or 0.1% of GDP (CCRA, 2012, ASC, 2011). Figure ii outlines the insurance losses due to
floods, storms and subsistence in the UK between 1989 and 2010. For England and Wales
alone, the figure is projected to rise to between £2.1 billion and £12 billion by the 2080s,
based on future population growth and if no adaptive action is taken (CCRA, 2012).
Figure ii: UK insurance losses due to floods, storms and subsidence.

Source: Association of British Insurers.

The total economic costs of the summer 2007 floods in England were estimated to be around
£3.2 billion (EA, 2010) within a possible range of between £2.5 billion and £3.8 billion.
Overall, about two thirds (£2.12 billion) of total economic costs were incurred by households
and businesses. Impacts on public health (including school education) accounted for about 9
per cent (£287 million) of economic costs. Interestingly, £260 million of this comprises the
cost of mental-health concerns associated with flooding, based on estimates of people’s
willingness to pay to avoid exposure to the distress it causes (Brisley et al., 2012).
Flood protection measures were estimated by the Association of British Insurers to cost
between £2,000 and £6,000 to deal with flash-floods using dry proofing measures, and from
£20,000 up to £40,000 to make buildings resilient for long duration floods. However, flood
resilient repair can save between 50% and 80% of the cost of a future flood (ABI, 2006).
Flood protection measures can bring multiple benefits. Not only are financial costs of
restoring homes greatly reduced (e.g. reductions from £48,564 to £8,560 per household have
been reported) but there are the benefits in well-being from the speedier return of
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householders to affected properties (Lindley, 2011, O’Neill, 2012, Aviva, 2005; Association of
British Insurers and National Flood Forum, 2007).
Local knowledge of past flood events can help some to build resilience to future events.
Nevertheless, there are people with past experience who still feel unable to prepare for future
events. This may be as a result of a lack of material resources. Indeed, some measures,
such as permanent dry-proofing, can be very expensive at around £6,000–£8,000 per house
(Lawson, et al., 2008). On the other hand, temporary dry-proofing (at around £3,000 per
house) or wet-proofing measures (such as waterproofing of the building fabric at £300–
£3,000) can be much more accessible.
Other environmental hazards have had a cost implication for the UK. In 2009 and 2010,
prolonged cold caused wide-ranging problems for UK transport and water infrastructure. For
example, in December 2009, thousands of households in Northern Ireland experienced
difficulties with water supplies; in December 2010, heavy snow across Scotland’s Central
Belt resulted in hundreds of motorists being stranded overnight.
In 2011, parts of the UK experienced a much drier than average spring, resulting in
insufficient rainfall for some crops. Over Easter, the higher temperatures, static weather
pattern and increased sunshine contributed to a pollution warning across England and Wales
unusually early in the year. In Berkshire, forest fires led to the closure of businesses and
schools and evacuation of homes (CCRA, 2012).
Extreme weather events can also disrupt business activities, essential services (energy,
water and information and communication systems) and provision of supplies (transport),
and increase the costs of emergency services. One-off events can have a significant impact
on economic output. Effects can be positive or negative depending on the type of climate
event and the sector (Subak 2000, ASC, 2011), for example:



GDP fell by 0.5% in the last quarter of 2010 primarily as a result of weather-related
disruption of transport and retail services from the heavy snow and ice (ASC, 2011).
Without this disruption, it was estimated that that output would have been broadly flat.
The hot summer in 1995 resulted in gains for the tourism industry of around £240
million, but losses of £385 million for the clothing and footwear industry (Subak,
2000).

Martin et al. undertook a study to examine the historical impact of a range of extreme
weather events on the performance of individual UK manufacturing businesses. They found
a negative relationship between summer heatwaves and labour productivity in the sector
(Subak 2000, Martin, 2011). The chemicals industry was the most strongly affected.




Higher average temperatures over a sustained period of time can affect
manufacturing output by increasing costs (such as operating and supply chain costs),
decreasing worker productivity (either from discomfort and/or increased leisure time)
and reducing demand for some manufacturing goods (Subak, 2000).
Initial calculations suggest that a heat wave of the order experienced in 2003, for
example, would translate into a loss of manufacturing output of around £400 – £500
million.

In all, the evidence base on the costs of weather events related to climate variability and
change is limited, and not comprehensive. A business case for adaptation requires a better
understanding of the benefits of addition and avoided cost, of detrimental impacts caused by
climate change. There is no information available on who bears the cost for adaptation in
developed countries.
The UK will continue to see rising costs for adaptation, mainly as a result from property
damage incurred from changes in the climate, and the more severe weather systems
occurring. A significant upfront cost is required to invest in adaptation measures to minimise
the risk in the long term. Further adding to this issue, the evidence base on the costs of
weather events related to climate variability and change is relatively sparse and not
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comprehensive. A business case for adaptation requires a better understanding of the
benefits of the relationship between the addition and the avoided cost of detrimental climate
impacts.

Gaps
Although a substantial amount of research has been undertaken on the implications of
climate change, and in particular the need for adaptation measures there are still areas of
limited or lack of understanding.
There is currently a weak understanding on the social implications of both climate, and nonclimate related policies on different vulnerable and spatial groups at all stages of the policy
development cycle. Further examination of socio-spatial vulnerability is required to fully
understand all the factors outlined in the chapters above which have been identified as
having a role in determining uneven outcomes from climate-related hazards.
There are also substantial gaps in our understating terms of the costs of adaptation on
society, in particular the differential proportion of costs on vulnerable groups. There is very
limited, if any, information available in the UK on who bears the end cost of adaptation. The
evidence base on the costs of weather events related to climate variability and change is
relatively sparse and not comprehensive. In order to make a business case for adaptation,
we require a better understanding of the benefits of the relationship between the addition and
the avoided cost of detrimental climate impacts.
Further information gaps, can also be drawn from studies reviewed in this report. Lindley et
al (2011a) identified the insufficient understanding of the relative importance of dimensions of
social vulnerability for determining uneven outcomes. There are multiple ‘conversion factors’
and not all are of equal importance. A number of basic alternative weighting schemes were
tested for Scotland. While they suggested a relative lack of sensitivity to scheme weights for
identifying the most extremely socially vulnerable, this requires more in-depth analysis with
other case-study examples to be conclusive. Possible weighting schemes were explored
through a stakeholder workshop session in the Lindley et al. (2011a) report; the lack of any
consensus also points to the need for more research in this area and for the involvement of
affected communities themselves (Lindley, 2011, Benzie et al., 2011). Therefore future
research needs to address the question of how different conversion factors, and the
dimensions of socio-spatial vulnerability which they inform, should be weighted. Regression
analyses of the health outcomes of heatwave events provide some clues for possible
weighting of some factors. However, the limited scope of indicator datasets in most existing
studies and the inability to analyse more subtle well-being outcomes means that they are of
limited use in a study such as this one. Well-being outcomes are particularly important in the
context of floods, where alternative research approaches would be required. Benzie et al.
(supported by the CCRA) suggested further consideration should be given to the deliberative
participation of affected communities in the weighting of different factors.
Particular gaps in policies currently stand out in the Heatwave Plan; it is currently seen
primarily as a health sector document and this limits engagement from the broader range of
agencies and service providers who could improve and support preparedness for heatwaves.
There is therefore a lack of understanding other than health effects for heatwaves –
stakeholders from health, emergency planning and other relevant local agencies have a
varied understanding of vulnerability to heat and there is a tendency to rely on the
Department of Health’s perspective, which is limited to health factors rather than the wider
social processes and broader identity, place and tenure factors that may cause vulnerability
(Benzie, et al., 2011)
Climate change adaptation should be promoted in terms of risk, community resilience, ethics
and cost efficiency if it is to be taken seriously and made a priority within LAs and other local
organisations. Brisley et al., 2012 stated the need for tools to be developed which are
tailored to LA’s purpose and target. They should enable the user to understand the nature
and incidence of key climate change impacts, the sources and incidence of vulnerability in
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the community, the range of available adaptation strategies and the obstacles and
opportunities for using and implementing them. This would allow climate risks to be identified
at a regional level; with action taken on specific and smaller groups.
In addition, the current revival of climate scepticism, combined with budget cuts, the lack of
data, means that focusing on existing problems on which there is consensus (e.g. protecting
health and providing affordable services) is likely to give the most acceptable strategy for just
advancing climate change adaptation (Benzie et al.,2011).

Implications for this study
The literature review has helped identify and determine the available understanding of the
UK’s assessment and its ability to adapt to climate change. Although the ‘Gaps’ section
above outlines a number of areas where there is a lack of information/data, this final section
of the literature review briefly attempts to ascertain the implications or next steps on future
tasks of the project.
The literature review has provided a ‘state of play’ for the UK, in terms of the key risks from
the changing climate, the vulnerable groups and the implications of policies on such groups.
This will feed into every task within the study; as it will provide the relevant
academic/research information. The literature review has mainly focusses on UK adaptation
– the climate risks, vulnerable groups and policies.
Assessing international best practice may also be a useful task for the UK. Although the
climate and scale of the impacts will not be the same, there may be useful lesson learnt other
countries’ preparedness, and ability to act in times of climate risk (EA, 2007). For example:
In the US, Philadelphia’s heatwave preparedness plan – during the summer heatwaves from
1995 to 1998 the systems in place estimated to save 117 people. The city implemented a
Hot Weather Health Watch Warning System, which comprises the following components:
i.
ii.
iii.
iv.
v.
vi.

Using mass media to encourage friends and neighbours to visit elderly people daily.
Activating a telephone hotline to provide information and counselling.
Organising visits by health authorities to people requiring attention.
Informing care homes of a high-risk heat situation.
Increasing fire department and hospital emergency staffing.
Implementing daytime outreach services to homeless people.

In Australia, the government has identifies the need for clear communication. In the National
Climate Change Adaptation Framework, it was outlined that the Australian Centre for Climate
Change Adaptation will provide governments, industry and the community with clear and
reliable information to assess risks and develop adaptation strategies. The Framework has
also undertaken a review of the further requirements needed to improve this line of
communication. These include:
i.

ii.

Develop and implement a comprehensive communications strategy to raise
awareness of climate change impacts and the advantages of early attention to
adaptation, including partnerships with key national professional and interest groups
to develop best practice networks.
Develop and promote tools for adaptation planning tailored to user’s requirements.
These would include:
a. decision-support tools such as methods for assessing the costs and beneﬁts
of adaptation strategies, and guides for risk management
b. methods for understanding social impacts
c. national ‘one stop shop’ website where decision-makers and their advisers
can access information about climate projections, likely climate change
impacts and tools,
d. guides and approaches to adaptation planning.
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iii.
iv.

Integrate climate change into education and training for key professions, including
engineering, architecture, planners, reserve managers and local government.
Develop a national digital elevation model (DEM) for the whole of Australia, with
vulnerable regions being mapped using very high resolution images. This would
involve linked topographic and bathymetric information at a resolution relevant to
decision-making.

The information gathered in the literature provides us with some clear messages. In the UK
there has been substantial research undertaken on the impacts of climate change and
extreme weather events; saying that, there will always be a level of uncertainty due to the
unknowns in the climate change projections. Understanding these potential impacts has also
allowed the identification of risks; particularly at a national level (further information is still
required at regional levels).
Through the research conducted but the JRF, the UK has also developed a better
understanding between the links of vulnerability and social care with climate risks. Recent
studies have confirmed that current policy responses are not adaptive enough to cope with
climate change, potentially further increasing the differential impacts and vulnerability across
different groups in the UK. Further research is required on the differential impacts to
minimise the negative impact on these already vulnerable groups.
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Appendix 3: The differential impacts of
adaptation policy to flooding on low income
households
Introduction
Climate change is likely to increase the frequency and intensity of all forms of flooding
(surface, riverine & coastal) in the UK (Defra, 2012). Adapting to the risks of flooding should
be a high priority due to its potential to cause substantial economic losses and to affect a
large number of people and businesses.
One in six of all properties – 5.2 million properties in all - are considered to be exposed to
some flood risk in the UK (Environment Agency, 2009, p. 3). Nearly three million properties
are at risk of flooding from traditional sources such as rivers or the sea, four million
properties from newly identified flooding problems including surface water runoff, and around
one million properties are at exposed to all these flood risks combined. About 10 % of
exposed properties are in areas in England and Wales at significant likelihood of river and
tidal flooding. Estimates for the number of people exposed to flooding in the UK vary
between 1.5 - 6 million people (Lindley et al, 2011b)
Damage caused by flooding to buildings and contents of residential and non-residential
properties amounts to about £1.3 billion per annum. In years such as 2007 when flooding is
substantial the damage can double. The above figures exclude for example the loss of
income due to disturbance caused by flooding and additional expenses to make alternative
arrangements for leisure, work or business. These losses can add 25-50% to losses related
to buildings and contents (Lanz et al, 2012; Watkiss & Hunt, 2012). Those suffering
economic losses and disturbance from flooding can also develop health and mental health
problems leading to increased longer-term mortality and morbidity (Lindley et al 2011b).
The risk of flooding is unevenly distributed. Floods have differential impacts across social
groups for several reasons. First, some social groups such as those living in affordable
housing and socio-economically disadvantaged households may be over-represented in
areas exposed to flooding (Houston et al, 2011). Second, some groups may be more
sensitive to flooding because of disabilities, chronic illness, young children or dependence on
public transport. Finally, the capacity of some groups to adapt or recover can be lower
because of low incomes and lack of affordable insurance.
Socio-economic background inequalities have substantial implications for people’s ability to
adapt to and recover from the impacts of flooding: losses to assets cannot be recovered and
repeated exposure to flooding can deplete vulnerable households’ assets and make them
more vulnerable in the future. As will be discussed below, socio-economic inequalities also
influence how benefits and costs of adaptation policies measures themselves are distributed.

Adaptation options and policy responses
The range of adaptation measures that can be taken to avoid damage from riverine or
surface flooding5 or to recover from it is very broad, ranging from anticipatory household
preparedness measures to avoid damage to major hard flood protection infrastructure
projects financed and commissioned by the government (Harries and Penning-Rowsell
2011). These measures have different decision lead times and abilities to deliver protection
against flooding both in physical terms as well as their serviceable life. Hard flood protection,

5

The discussion below is relevant for coastal flooding as well but it presents additional issues that are not addressed here.
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flood insurance and public warnings and preparedness are discussed below as examples of
possible measures for responding to flood risk:
1. Hard flood protection measures include building dams, reservoirs and floodwalls, and the
alteration of discharge channels in order to manage river flows, particularly the peak
flows and how quickly they are reached. Water levels in densely populated urban areas where the potential of economic losses is high – can be managed by retaining water
longer upstream or by discharging it faster downstream. Catchment-level management of
water flows is needed to avoid simply shifting flooding along the rivers from one
community to another further downstream.
2. Flood insurance is important for recovery from flood damage and it can also enhance
preparedness and recovery so as to reduce flood losses in the future. In the UK, flood
insurance has been provided by the competitive insurance market, unlike in the United
States and in some European countries where governments play a role in the provision of
insurance and relief against flood-related losses (O’Neill & O’Neill, 2012). We consider
that the expiry of the current agreement between the UK Government and the
Association of British Insurers (ABI) is likely to lead to reduced availability and
affordability of flood insurance, should future insurance for highly exposed households be
based entirely on a market-based, risk-reflective pricing system.
3. Public warnings and preparedness include e.g. flood warnings to step up preparedness in
public service delivery AND raise awareness amongst the public. Improved preparedness
in emergency services and public service delivery may require the creation of flood risk
maps and preparation of risk management, vulnerability and disaster risk reduction plans.
For example, social services would need to know in advance the location of people with
reduced mobility in case they need assistance for evacuation. Similarly, maintenance
departments would need to develop plans for cleaning up rubbish screens in culverts and
drains after major rainfall events to alleviate surface water flooding risk during
subsequent rainfall events.
It is important to remember that there are several other strategies that could and should be
considered when responding to increased frequency and intensity of flooding in the changing
climate. These include property-level flood protection measures (sand bags, flood-proof
home improvements etc.), increasing the proportion of permeable surfaces in developed
areas, avoiding further development in flood plains, and changes in land management
practices in catchments through land use planning, regulation or voluntary contracts.

Evidence of differential impacts of adaptation options and
policies
Different measures for adapting to increased flooding in a changing climate will distribute
costs and benefits differently across society. The trend in the past few decades has been to
realign flood risk management by reducing the role of government-led hard flood defences
and spreading responsibility through increased reliance on warnings, preparedness and
insurance (Johnson & Priest, 2008; see also Nye et al, 2011). The following discussion by
the project team therefore seeks to highlight differences of hard flood protection defences,
flood insurance, and warnings and preparedness in terms of their social justice implications.
Hard flood protection measures
Hard flood defences may be effective in tackling increased frequency and intensity of
flooding in changing climate but they have long lead times and are expensive to build,
maintain, and repair. The benefits provided by hard flood defences are a public good within
the area they serve, although those who have more to lose to flooding may benefit more in
economic terms. A key social justice issue to do with hard protection is the incidence of costs
and benefits. The costs of hard defences have been borne by the taxpayer, while the
benefits accrue to those who become better protected against floods (Johnson et al, 2007).
Another central social justice issue relates to the incidence of level of flood protection across
different social groups and across locations.
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The relationship between taxpayers and the beneficiaries of flood protection is governed by
allocation of funding for flood protection projects. The project scoring system used by Defra
before the changes introduced by the Flood and Water Management Act 2010 emphasised
economic considerations and demanded a high benefit: cost score for projects to become
funded (Johnson et al, 2007). “Targeting the most vulnerable and delivering procedural
equality is”, as Johnson et al (2007, p. 379) explain, “not the aim here”.
Johnson et al (2007, 381-83) also demonstrate how flood risk management focusing on costbenefit ratios leads to unfair outcomes between locations in terms of different levels of flood
protection. The erection of flood defences can also create what Parker (1995) calls an
“escalator effect”. That is, the sense of security offered by the defences leads to new
development behind the floodwalls. If a flood were to breach the defences the resulting
damage would be larger, justifying further defences in economic terms (ibid). Due to the level
of development protected by the defences it is difficult for other less developed areas either
further downstream or upstream to justify investment to protect them from flooding because
the cost/benefit analysis will always favour the more developed and defended area. This is
marked in the divide between wealthy and poor areas, and rural and urban areas. That is,
some areas, and some communities within them, will always benefit from procedural
cost/benefit allocation of defences over others.
Flood insurance
Reliance on competitive insurance markets as the main source of protection against floodrelated losses poses substantial issues of social justice because many low-income
households are uninsured, and thus cannot recover their losses when they experience
flooding. For example, with regard to insurance generally, the Pitt Review concluded that
(Pitt, 2008):
Of people in low and very low-income households, one-third of all UK
households, 69 per cent are in social housing. Of this 29 per cent
have no insurance at all and 50 per cent do not have home contents
insurance as opposed to 1 in 5 of those on average income.
The increase in premiums and excess payments threatens to make insurance unaffordable
to many more households (O’Neill & O’Neill, 2012). Commercial insurance providers may
also consider flooding risk of some people too high to offer cover: currently the insurability
threshold is 1.3 percent annual probability of flooding or 75 year return period (Johnson et al
2007, 384). Therefore, any increase in flood risk due to climate change in the future may
make increasing number of properties uninsurable. This can potentially create red-lining of
areas where houses become uninhabitable and unsaleable, and where businesses are
discouraged from investing (Houston et al, 2011).
While efforts have been made to improve practices within the UK insurance industry since
2007, reliance on market-based insurance can also lead to variation of recovery times and
recovery experiences across social groups. The examples from the Pitt Review (2008)
suggest that insured owner-occupiers obtain advice and support through their insurance
company after losses, which help them to recover quickly and successfully. Council tenants
in turn obtain support from estate management organisations. Those living in privately rented
accommodation and uninsured owner-occupiers struggled the most with recovery from the
2007 floods. But also other institutional factors influence why some people experience easier
recovery than others. Newcomers to an area can be particularly at risk, because they may
not have local knowledge and experience and their social networks are not in place.
Another matter of social justice, which should be addressed in the provision of insurance,
relates to how differently prepared people are treated in terms of their insurance premiums,
and what kind of incentives these premiums create. Factors such as the location of the
insured property and its associated flood risk are used as a basis to estimate premiums.
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Those who have invested in measures that help to avoid flood damage or to reduce it may
pay the same premiums as those who have not: in effect, they pay twice for avoiding the risk,
which does not create incentives for private flood-protection at property level. Some insurers
do take preparedness into account, but there is not a commitment across the industry to do
so.
Flood warnings and preparedness
Flood warnings and preparedness have varied impacts on different social groups. The
effectiveness of flood warnings and preparedness is partly predicated on the idea of
“community flood resilience”: community networks are thought to be effective at distributing
information and supporting each other after receiving public warnings. However, there are
marked differences among people regarding whom they think is responsible for taking action
to avoid damage from flooding or climate change more generally. For example, results of the
research by Bichard and Kazmierczak (2012) suggest that people consider flood protection
to be the responsibility of the authorities, and that they are unwilling to incur expenditure for
preparedness measures (see also Williams et al, 2012).
Moreover, in order to benefit from flood warnings targeting the general public with advice on
preparedness and taking protective measures, individuals may need to subscribe proactively
to the service and have access to appropriate media and capacity to act. In general,
awareness of flood risk is not good which reduces the effectiveness of public flood warnings
and leads them to have differential impacts across different social groups. Among the public,
there are groups such as the elderly who may have limited experience with and access to
new electronic media. Groups such as those with limited language skills, disabilities or
mobility difficulties, may not be able to benefit from flood warnings either because they may
lack capacity to act. Other groups, such as those living in rented accommodation, may in turn
lack knowledge or authority to undertake preparedness measures.
On the other hand, warnings targeting emergency services and public service delivery
organisations may confer important benefits to vulnerable groups if they lead to improved
preparedness and existence of joined-up contingency and emergency plans in different
service delivery organisations. Johnson et al (2007) suggest that emergency services are
guided by different legislation and priorities than flood risk management, which make them
better aligned to prioritising vulnerable groups (see also Brisley et al, 2012). Therefore, flood
warnings and preparedness may make a particularly valuable contribution to socially just
adaptation if they seek primarily to improve the ability of authorities and public service
organisations to deliver emergency support across all groups.

Conclusions
The project team conclude that flooding impacts upon low-income groups more than the
better off, and key adaptation policy alternatives addressing flooding can disadvantage the
same groups by offering them weaker protection from floods and poorer ability to recover
assets lost due to flooding. While economic vulnerability is one key factor in explaining these
outcomes, other factors such as age, language and other skills, disabilities, and the extent of
social networks, interact with economic vulnerability and can either mitigate or aggravate
outcomes. It is therefore important to understand who have multiple vulnerabilities to
flooding.
All main strategies to respond to risk of flooding have differential impacts on differently
situated social groups. Therefore, socially just adaptation to the increased frequency and
intensity of flooding in the future changing climate needs multiple measures so as to ensure
broad sharing of benefits from flood protection, equitable sharing of its costs, and a good
degree of protection against flood related losses.
Hard flood defences currently offer unequal levels of protection to people in different places,
favouring developed settings and those who have more to lose from flooding. Therefore,
public authorities should give more emphasis to vulnerability considerations in the allocation
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of funding to flood defence projects in order to achieve more equitable levels of protection.
But it is also important acknowledge that in the past a level of investment in hard flood
protection was also needed to keep insurance available to a wider cross-section of people.
Accessible and affordable insurance cover against flood-related losses will remain important
because flood protection or prevention of damage from floods will not be perfect and high
level of protection would be expensive and take time to deliver. Given the current unequal
uptake of insurance, disproportionate flood exposure of low-income groups, and the
projected increase in frequency and intensity of flood risk, the access of low-income and at
risk groups to insurance cover is particularly important. Greater use of differentiated
premiums which reward preparedness and damage avoidance by insured and create
financial incentives for maintaining insurance cover would also enhance equity.
Finally, it is important to maximise the benefits of vulnerable groups from flood warnings and
preparedness. This may need realignment of emphasis from warnings to the public and
private preparedness towards warnings to service delivery organisations and their
preparedness: they have the ability of putting the most vulnerable first and thus importantly
complement other adaptation strategies such as hard flood defences and insurance which
are less well placed to do so. Public engagement is also needed to transform attitudes
towards the responsibility for preparedness so that community flood resilience can be
enhanced and people’s capacity to avoid flood risk can be harnessed alongside other
measures. Private preparedness can be fostered for example by improving public
understanding of flood risk and its management and by establishing grant in aid
programmes, possibly ones tied to insurance cover or its premiums.
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Appendix 4: The differential impacts of
heatwave policy interventions on ethnic
minorities living in urban areas
Introduction
Heatwaves are episodes of sustained high temperatures which are above the normal mean
for the time of year6. Climate change is expected to increase their frequency and intensity.
Strong evidence links excessive heat and health risks. Over 2,000 excess deaths were
recorded England during the 2003 heatwave and the majority were associated with existing
diseases (Department of Health, 2012a).
The elderly are the most vulnerable to heatwaves because they are more likely to experience
long-term illness and disability. Heat increases stress on the cardiovascular system and air
pollution increases with temperature and can aggravate respiratory conditions. Certain
medications can also impede thermoregulation and thirst regulation making them more
exposed to the risks. Infants, pregnant women, the mentally ill, the homeless and those with
an alcohol or drug dependency are also more likely to be either temporarily or permanently
vulnerable because they have a limited ability to adapt autonomously or are highly
dependent upon others.
Health studies have identified a number of contextual and environmental factors related to
the experience of heatwaves which can exacerbate underlying levels of individual risk. In this
case study we have focussed on the experience of heat waves in urban areas by members
of ethnic minority groups. The evidence presented has been supplemented with a
practitioner interview, from a London-based social housing provider.

Ethnicity
According to the 2011 census, a fifth of the UK population are not part of the majority White
British group. The non-white population has grown from 3 million to 7 million in 10 years and
now account for 14% of the population (JRF, 2012). Projections suggest that the ethnic
population will continue to grow Coleman (2010).
Only a small number of heatwave mortality studies have considered ethnicity as a potential
risk factor and the relationship appears to be complex. While there is no evidence of different
physiological heat loss responses for different racial groups, ethnic minorities often suffer
higher rates of mortality than the predominant population group during heatwave episodes. It
should be noted that the studies are not always in agreement and the disparity between the
groups varies significantly. For instance, one study (O’Neill, 2003) of seven US cities found
that the mortality rate was higher for the black community but that it varied greatly between
individual cities, with the white majority population more at risk in one city. The quality of
some studies has been questioned, either because they are dated or because of the
statistically small sample size representing minority ethnic groups (Yardley et al, 2011).
There is a correlation between ethnicity and low socio-economic status in recorded heatwave
mortality data, which may be responsible for all or part of the disparity rather than ethnicity
itself. While causal relationships between individual socio-economic characteristics and
vulnerability have not been made conclusively, members of minority groups are more likely to
suffer from multiple deprivations like economic poverty, lower educational attainment and
poor quality housing which are all thought to affect ability to cope during heatwaves (Benzie,
2011). For instance, following the 2003 heatwave a spatial analysis of mortality data in Paris
identified a relationship between areas of excess mortality and its socio-economic
The Met Office’s definition of a heatwave varies between regions, but an average threshold temperature is 30 °C by day and
15 °C overnight.
6
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characteristics. More deprived areas were found to be more vulnerable (Canouï-Poitrine,
2005). Also, while religion has not been linked directly to heatwave vulnerability, some
experts consider that it is reasonable to assume that fasting during a heatwave will increase
levels of risk.

The urban heat island
In the UK, ethnic minority communities are concentrated in urban areas and are therefore
more likely to be exposed to the urban heat island effect (JRF 2011). This is a growing trend.
For instance, over the past 10 years London has become majority-minority, with the share of
the White British population falling from 60% to 45% (ONS, 2012).
The 'Urban Heat Island' describes the increased temperature of air in urban areas compared
to its rural surroundings. Urbanisation and human activities essentially alter the balance
between the energy from the sun absorbed by the surface, then stored in the building mass
and later released to the surrounding air. The strength of the effect is influenced by urban
land-use, the size and shape of buildings, the materials in the public realm and
anthropogenic heat from cars and building services. During the European heatwave in 2003
the maximum recorded temperature difference between urban London and surrounding rural
areas was 9°C. The magnitude of a heatwave is strongly linked to its impact on mortality and
the urban heat island effect is an important risk factor.
Urban areas also tend to have a higher level of background air pollution and the hot, sunny
and still conditions that usually accompany heat waves further increase concentrations. Both
ozone and particulates are associated with respiratory and cardiovascular mortality.

Overcrowding
Evidence suggests that members of ethnic minority groups are much more likely to live in
overcrowded homes. The 2001 census suggested that 44% of Bangladeshi and 42% of
Black African households were overcrowded, compared to 6% of White British households
(Race Equality Foundation, 2010). It has been linked to larger average family sizes and the
prevalence of multi-generational living arrangements in some minority communities. In 2001
22% of Pakistani and 24% Bangladeshi households included multiple families, compared to
6.1% for White British Households (Race Equality Foundation, 2010). It has also been
suggested that an unwillingness to move away from support networks can mean that families
remain in unsuitable social or private housing in inner city areas with limited housing choices.
Overcrowded living conditions can have an impact on the physical and mental health of
occupants and has been strongly linked with respiratory conditions, gastric conditions,
meningitis and tuberculosis. The evidence also suggests that overcrowding in childhood can
affect aspects of adult health which could influence long-term vulnerability among minority
communities.
Overcrowding can add to vulnerability by increasing the prevalence of health risk factors but,
conversely, the prevalence of multi-family and multi-generational households may increase
the level of available care for vulnerable individuals and a lower likelihood of isolation (JRF,
2011). The overall effect of overcrowding is unclear.

Adaptation measures and policy options
At present many deaths due to excessive heat exposure are preventable if a few simple
precautions are taken, like staying indoors during the hottest part of the day and drinking
plenty of water. Heatwaves are projected to become more prolonged and intense in future
and the health effects are expected to increase over time. Warming temperatures may
contribute to some increased risk from air pollution, increased exposure to UV radiation,
water-borne and food-borne diseases as well as diseases carried by insects and parasites
(HPA, 2012).
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The Department of Health recognise the need to integrate public health with other policy
areas like social care and housing and that heatwave planning should be delivered by
multiple agencies working together (Department of Health, 2012b). Taking these
opportunities into account, available adaptation measures and policy options can be
categorised as:
1. Health and social care
2. Property level measures
3. Community-scale green infrastructure

Health and social care
The Heatwave Plan for England (2012) is the key national policy instrument for managing
heat wave risks to human health and was developed in response to the record heatwave in
2003. It aims to raise awareness and increases the preparedness of health and care services
in advance of forecast heatwaves. The Heat-Health Watch system alerts health and care
organisations to heatwave forecasts and triggers increased preparedness as well as public
health broadcasts through the media. The Plan relies to some extent on a civic response by
neighbours and social networks, raising awareness and monitoring of those who are
vulnerable.
The Health and Social care Act 2012 will create Health and Wellbeing Boards, which will
bring a range of agencies in the health and care system together at the local level. The
Boards will be responsible for assessing the health risks and priorities locally and can put in
place measures to increase the preparedness for heatwaves through the professional health
social care system.
Overheating is currently a low priority for the social housing provider we spoke to but the
health and social services which they offer to their tenants could also provide support during
a heatwave. As well as monitoring by housing officers, additional services are targeted at
those suffering from mobility issues and mental health problems and a ‘handyman’ service
could be extended to deal with high internal temperatures.

6.1.10 Property level measures
Overheating in homes is caused by an excess of accumulated heat gains. A number of
factors can be at work and the design and character of the home will influence the likelihood
of overheating and the ways in which it can be reduced. There is documented evidence that
temperatures currently being reached in some existing dwellings are harmful to occupant
health and well-being. A case study included in a National House Building Council
publication on overheating (NHBC, 2012) presents an example:
‘The flats were built to a high standard of fabric insulation and airtightness. A large
proportion of these were single aspect and located near to a busy railway line.’
‘…surveys carried out in the 267 flats in 2010 found an ‘excess heat hazard’, with
temperatures peaking at 37°C, nearly 10°C higher than the recommended safe
temperature for homes. At night, the rooms remained so hot that tenants claimed
their children suffered nose bleeds as a result.’
‘It emerged from the survey that residents were not given proper advice about the
operation of the mechanical ventilation system in their homes with most assuming
this would provide cooling.’
A number of studies have explored passive property level measures which could be applied
to new buildings or in retrofit to help manage overheating which have been reviewed as part
of the PREPARE Local and Household Adaptation Report (Kent et al. 2013). They are most
effective when installed in packages and typically improve insulation, shading and ventilation.
In practice, this could include improved insulation under the roof, external shutters on south
facing windows and windows that can opened securely. In periods of extremely hot weather,
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high external air temperatures reduce the effectiveness of passive measures. In such cases
active cooling systems like air-conditioners and fans are effective options and could be useful
in providing temporary relief to the most vulnerable, particularly in urban areas.

Community-scale green infrastructure
An important determining factor in the strength of the urban heat island effect is the
proportion of green and blue space in the urban environment. Trees and water features
provide shade, increase rates of evapotranspiration and offer comfortable shared space
outside the home.
Increasing the number and size of trees in urban areas is recognised as a cost effective way
to make urban environments more hospitable during heatwaves. A study by Gill et al (2007)
on Greater Manchester estimated that adding 10% green cover to dense urban areas could
help avoid all increases in maximum surface temperatures due to climate change in the
2050s and reduce the impact in the 2080s. Removing 10% would make overheating
significantly worse. In addition to the evidence that demonstrates the role of trees in
mitigating the urban heat island effect, they can also provide a wide-range of further
environmental, social and health benefits, notable air quality improvements. As a result, trees
are recognised as having an important role to play in urban climate change planning.

Evidence of differential impacts of adaptation measures
and policy options
Health and social care
The Heatwave Plan relies on communication through the media being translated into action
by friends, family and social groups. The strength of social networks and the ability of
network to reach, and effectively communicate with vulnerable individuals is therefore
important.
According to the 2011 census, English is not the first language in 4% of households (JRF,
2012). While many ethnic households will be bilingual, language could be a barrier to
dissemination of the Heatwave Plan. The practitioner interviewed suggested that a perceived
lack of trust in communications from the authorities by some residents was attributable to
cultural and language barriers. Residents have been known to avoid seeking help from
housing officers when required and have refused it when offered. While language and culture
can be a barrier to implementation, anecdotal evidence suggests that solidarity within ethnic
groups and strong community ties makes them well placed to monitor and support vulnerable
members during a heatwave (JRF 2011).
In developing the 2012 version of the Heatwave Plan the Department of Health sought to
improve co-ordination and planning with ethnic groups and has made translations available.
Nevertheless the number of languages spoken in some local authority areas can make
dissemination of timely warnings difficult (Department for Health, 2012c).
Health and Wellbeing Boards take on their statutory responsibility from April 2013 and their
impact on health outcomes during heatwaves remains to be seen. However, in areas with
substantial ethnic communities they could conceivably include a representative who could
help develop a strategy that can overcome cultural barriers to dissemination and
implementation.

6.1.11 Property level measures
A package of property level measures can reduce the likelihood of overheating but the high
upfront cost would be a barrier for many families and is unlikely to be a viable option for lowincome households. Additional barriers to uptake of overheating measures by individuals and
households are explored in more detail Kent et al. 2013.
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Residents of shared buildings do not have responsibility for maintaining common areas and
building fabric, and therefore have limited capacity to implement property level measures.
Tenure rights for social housing tenants can also reduce adaptive capacity. At present, social
housing refurbishment programmes prioritise affordable warmth measures. Funding for
overheating measures would need to compete for budget but could be influenced by
amendments to the Decent Homes standard7 which does not include any technical
requirements for overheating.
Active cooling systems are an effective solution to managing high temperatures and could be
useful in providing temporary cooling to the most vulnerable. Although cheaper and easier for
householders to implement, limited disposable income may mean that they may not be
accessible to all. Mass up-take however could have serious disadvantages, in terms of noise,
waste-heat, cost, carbon emissions, urban design and electricity grid stability.

6.1.12 Community-scale green infrastructure
The cooling effect of an individual tree is small and benefits are best realised when green
infrastructure is introduced at the neighbourhood scale. As a result, programmes of street
tree planting are likely to provide some level of benefit to the whole community, experienced
at home or in the public realm. However, there is limited evidence of the distance and
directional effects of green infrastructure and households which are some way from green
features, suffer from low ventilation rates or are in top floor flats are unlikely to benefit
significantly. As a result, ethnic groups may benefit disproportionately less from communityscale green infrastructure because of the prevalence high density social housing. The
effectiveness of green space during prolonged hot, dry conditions has been questioned.
Evapotranspiration slows down when vegetation becomes parched and the cooling effect
can cease during prolonged hot and dry periods, when it is needed most.

7

Decent Homes is a technical standard for public housing which requires homes to be in a reasonable state of repair, warm and
with modern facilities.
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Social housing provider experiences
In existing housing overheating is currently a low priority for the social housing provider
we spoke to but there is awareness that high temperatures could become an issue in
future. At present, available funding for housing improvements are directed towards
energy efficiency measures and improving heating systems.
Overheating is an existing issue in their newer, high fabric efficiency housing. High
internal gains from communal heating pipework in circulation spaces have been a
particular issue. New build is typically procured through design and build contracts with
no requirements in relation to overheating so they have little control over the issue.
The social housing provider delivers a range of health and social services beyond purely
meeting housing need. They provide trained staff to help improve social and financial
inclusion as well as the health and wellbeing of tenants. Additional services are targeted
at those suffering from mobility issues and mental health problems and a Warm Homes
Healthy People ‘handyman’ offers 2 hours of free help around the house.
They are working to improve these services, which make the link between health and
housing. The practitioner interviewed suggested that a perceived lack of trust in
communications from the authorities by some residents was attributable to cultural and
language barriers. Residents have been known to avoid seeking help from housing
officers when required and have refused it when offered.
They have commissioned an 18 month research project in partnership with a university
which will help them understand how the wellbeing of older residents can be
strengthened and how they can support the NHS. The project will also explore the
communication and engagement issues they have experienced with tenants.
Cuts to social housing grants may lead to budget restrictions on the services that
address social and health issues. The cap on housing benefit was also discussed and
the impact it could have on cohesion within urban ethnic minority communities and
possible implications for overcrowding and informal care provision was considered a
risk.
If overheating became a bigger problem in their social housing stock, the social housing
provider would consider extending the handyman service to spot overheating risks
initially. The social and care services they provide could also be used to support
vulnerable groups during a heatwave, who have already been identified through ongoing liaison by housing officers. They would not provide fans or air conditioners to
tenants as tenants are responsible for paying the utility bills and running cost are
assumed to be unaffordable.

Conclusions
Evidence of the role ethnicity plays in the vulnerability of minority communities to heatwaves
is currently inconclusive but the fact that in the UK, minority communities predominantly live
in inner city areas, in poor quality and often overcrowded homes clearly increases their
exposure to the risks. Economic poverty and lower educational attainment mean that the
adaptive capacity of some ethnic communities is limited, reducing their ability to cope with
the impacts. However, the strength of family networks and social cohesion can provide
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support to those in the community who are most vulnerable. Whether by choice or not, these
networks can augment, or even replace state health and social services.
Social housing tenants may not have individual rights to implement property level measures
but the duty on housing providers to manage their homes can provide improvements that
might otherwise be unaffordable. The interview demonstrated how a housing provider is
going beyond its immediate remit and is delivering additional health and social services
voluntarily.
The adaptation measures and policy options reviewed suggest that there are ways in which
resilience to more intense and prolonged heatwaves can be increased. However, the
reviewed adaptation measures and policy options may have a lesser impact on ethnic
minority groups, and could leave them more exposed and less able to adapt than other
groups. However, greater social equity can be achieved where complementary measures are
undertaken which increase access to services, improve housing quality and promote
measures that reduce the urban heat island effect.
The literature review has identified a number of specific areas in which further research could
assist in the development of socially just climate change adaptation policies:










Use of heat related mortality and syndromic surveillance to better understand the
cultural, economic and environmental factors of ethnic minority vulnerability during
heatwaves.
Cultural and social barriers to communicating health messages to ethnic minority
groups and to the uptake of available services in the social housing sector.
Integrating the perspective of ethnic minority groups into local health planning and
decision-making.
The role of social housing providers can play in delivering health and social services
to vulnerable individuals in their homes.
Understanding the impact of living in an overcrowded home on vulnerability during
heatwaves.
Opportunities to use the Decent Homes standard to deliver property level measures
that reduce the risk of overheating for social housing tenants.
Costs and benefits of temporarily providing portable air-conditioners to highly
vulnerable individuals during heatwaves
Distance and directional effects of cooling from community-scale green infrastructure
in dense urban neighbourhoods
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Appendix 5: The differential impacts of water
scarcity responses on vulnerable users
Introduction
Issues of water scarcity and effective water management in a changing climate are
acknowledged in a range of policy documents, research and assessments, including the
Climate Change Risk Assessment and the 2011 Water While Paper. The latter states that:
“the combined effects of climate change and a growing population are likely to increase
pressure on water quality; and on our water supplies” (HM Government 2011). In the UK,
household access to sufficient, clean water, on demand, is something all citizens expect; it is
perceived as a universal resource with universal access. In this sense, vulnerability and
differential costs have long been factored into policy responses. For example, the law does
not allow for a household to be cut off from its water supply for non-payment of bills and
individual households in remote areas are not expected to meet the costs of additional water
infrastructure. However, the increasingly common policy water metering as means of
encouraging efficient water use raises a new set of challenges for the water sector with
respect to vulnerable groups. This report examines the implications of water scarcity and
water-metering (as an adaptation response) for vulnerable groups and identifies some of the
measures currently being implemented to ensure these groups are not adversely affected by
these changes. In completing this report a selection of national policy responses are
considered, alongside the policy responses of four undertakers, namely Thames, Anglian
Water, South West Water and United Utilities.

Water scarcity and social vulnerability
Water scarcity varies temporally and spatially across the UK and is influenced by a range of
complex, interacting factors including climatic conditions, topography, geology and demand
for water (which in turn is shaped factors such as population change and commercial and
domestic use patterns). Projected seasonal decreases in rainfall may increase the
probability of hydrological drought in some areas, which combined with population growth,
may increase the risk of water scarcity. Reductions in water availability, particularly during
the summer, may lead to water shortages and more frequent water use restrictions,
potentially threatening the security of affordable water supplies. In some regions the gap
between demand and availability could widen, impacting homes, businesses, schools and
hospitals, thus placing greater environmental pressure on river and groundwater aquifers.
Warmer, drier conditions could also increase water demand for some crops, including those
not currently irrigated.
In England, only 8% of water resource zones are currently at risk of falling short of demand
during a severe drought, however this could increase to around 45% by 2035 without
remedial action, with climate change contributing to the deficit in at least 80% of these
cases. This is a potential consequence of climate-driven changes in hydrological conditions,
as well as population growth and the desire to improve the ecological status of rivers. By the
2050s, between 27 million and 59 million people in the UK may be living in areas affected by
water supply-demand deficits (based on existing population levels). Adaptation action will be
needed to increase water efficiency across all sectors and decrease levels of water
abstraction in the summer months (CCRA, 2012). Water charging is a frequently identified
measure to respond to water scarcity and droughts which climate change is likely to
exacerbate. Other measures the reduction of leakage in water supply systems, water
transfers between surplus and deficit catchments, demand management, and changes in the
consumer end such as dual water systems, rainwater harvesting and water conserving
appliances. Many of these measures have implications for consumer bills, consequently the
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implications of water scarcity for vulnerable groups in both research and policy responses is
commonly framed in terms of affordability.

Water charging regimes as adaptation
It is broadly accepted that traditional water pricing and charging approaches fail to recognise
the true value of water resources, do not incentivise efficient water use or reflect the scale of
investment required to protect our water resources in the face of a growing population and a
changing climate. The need for pricing and efficiency measures which reflect the true value
of water is widely recognised (HM Government 2011). However efforts to align costs with
use immediately raise issues of affordability and fairness. For example, those who are
unaware of how to reduce use, unable to reduce use or are vulnerable to broader
affordability issues may be left more vulnerable as a result of charging regimes which relate
costs to volume of water consumed. This can mean than policies which appear ‘fair’, such
as water metering, do not necessarily result in socially just outcomes.
Currently, absolute access to clean water at household level is rarely an issue, because
water is viewed as universal right and a supply is a requirement of all dwellings. Instead, it is
the affordability of water which may become a growing challenge if water scarcity becomes a
problem as a result of climate change. A review of key literature suggests that three main
factors appear to shape affordability, and thus vulnerability to water scarcity; ability to pay
(linked to income and poverty at household level); water use patterns (some households are
less able to reduce use due to health conditions, family size etc); and differences in water
charges (spatially variable, often driven by the absolute availability of water, extraction
practices, infrastructure investment requirements and seasonal population spikes
experienced in areas dependent on tourism). These drivers of ‘water vulnerability’ mean that
universal policy responses which seek to ensure that water is appropriately valued and
conserved have differential impacts on low income households who are unable to easily
reduce usage.
6.1.12.1 Water metering
Water metering is viewed as a key tool to helping customers understand the value of water
and to provide incentives for water efficiency, potentially reducing bills in the process. To
date, less than 40% of households are metered meaning that for the majority of the UK there
is no direct link between water as a critical and limited resource, and its cost. By making this
connection, metering can have a positive effect on affordability, enabling users to manage
their own use and thus spend. Metering is expected to reach 50% nationally in 2015, (HM
Government 2011) while Thames Water target 80% meter penetration by 2020, hence the
connection between household level water efficiency and debt management initiatives and
water metering will become increasingly important. Yet as mentioned above, the blunt nature
of charging regimes as tools for efficiency savings immediately raises issues of social
justice.

Adaptation options and policy responses
The connected challenges of vulnerability and affordability are now recognised within the
water sector by Government, the regulator and the water companies, resulting in the
establishment of a number of initiatives and programmes which seek to adjust or re-weight
broader efficiency programmes to avoid adverse impacts on vulnerable households. The
following examples illustrate the range of approaches which can be employed and the
differential impacts which such policies can have for vulnerable groups.

WaterSure
WaterSure is a national scheme to cap bills for certain vulnerable customers who already
have a water meter. The purpose of the scheme is to ensure that these customers do not cut
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back on essential water use because they are concerned about their ability to pay (OFWAT,
2013). In order to qualify for WaterSure, customers need to either be responsible for three or
more children or medical condition which requires significant additional use of water. In
addition, they must qualify for one of a number of benefits (such as housing benefit, Job
Seeker’s Allowance, Pension Credit etc). WaterSure caps bills at the average for a given
region not based on the national average bill, meaning that people qualifying for the cap in th
South West (where bills are historically high) will still pay significantly over the national
average.

Social Tariffs
Section 44 of the Flood and Water Management Act 2010 enable water and sewerage
undertakers in England and Wales to incorporate social tariffs into their charging schemes. A
social tariff requires customers who are not eligible to cross-subsidise the bills of those more
are eligible i.e. those who struggle to afford their water bills. The benefits of this approach
include assisting low income households to afford water charges, helping to prevent new
cases of bad debt arising and protecting low income households from unaffordable bills in
areas of serious water stress where universal metering is brought forward (Defra 2012). The
latest guidance of Company Social Tariffs stresses that it is the responsibility of each
undertaker to decide whether to bring forward such a tariff, ensure that the decision on who
will benefit is evidence based and that the tariff is acceptable to their customer base
(including those who will be required to pay extra). As these social tariffs are voluntary, the
timing and nature of these schemes will vary across the country, with some companies (e.g.
South West Water and Wessex Water) having schemes in place in 2013, while others may
wait until as late as 2015/16.
In addition, the Water Companies (Social Tariffs) Bill 2012-13 is expected to have its second
reading in March 2013 and, if enacted, would require a social tariff for those customers who,
as a household, spend 5 per cent or more of their income on water and sewerage services.
By using the percentage of income and a determinate, the Bill removes cross-regional
differences evident in the WaterSure scheme. However, enforcing a social tariff may raise a
new set of challenges and is likely to meet resistance from within the industry. Firstly,
enforcing the tariff as described above would act to predefine a potentially large beneficiary
group, making it difficult to align the principle of ensuring acceptability amongst nonqualifying bill payers with a reduction which makes a significant enough difference to those
who are ‘water poor’.
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Case Study: South West Water – developing a social tariff
From the 1 April 2013 South West Water will operate a social tariff scheme
which will be known as the WaterCare Tariff. This will be available for metered
customers who are in receipt of one or more of the following benefits (or who
have someone else resident in their household in receipt of the benefit(s)):






Housing Benefit
Income Support
Income-based Job-seeker’s Allowance
Income-related employment and support allowance (or Income Support if
still being paid)
Pension Credit (Guaranteed element only)

In addition, the tariff also uses equivalised incomes to assess customers
eligibility and to determine the level of tariff reduction. Equivalisation is a
technique for adjusting actual money incomes according to the size and
composition of a household. The Tariff is made up of three bands offering a
percentage reduction off the standard metered charges. The WaterCare Tariff
will then be charged according to the services that the customer receives so
beneficiaries can see how the Tariff will support different element of their bill.

Equivalised weekly
household income level
Tariff reduction

Band 1
<£150

Band 2
<£215

Band 3
<£275

50%

25%

15%

South West Water is among the first of the water companies to introduce a
Social Tariff. The development of the WaterCare tariff has raised a number of
issues relating to social vulnerability. Firstly, acceptability to existing customers
(i.e. non-recipients) lies at the heart of the initiative, therefore South West Water
consulted to determine an acceptable level of subsidy. Given the region already
bears higher bills than other areas of the UK, this meant that while the need for
such a tariff was recognised, the amount that was deemed acceptable was
relatively low (£2-3 per household per year). This creates an interesting paradox
as existing high bills create both a strong need for support for vulnerable
households and a disincentive for others to contribute. The consultations
undertaken by South West Water also highlighted the importance of perceptions
of vulnerability. There was strong feedback that all pensioners should qualify,
even though many retired people do not face financial hardship.
The case of the South West highlights the challenges that may result from any
proposals for a compulsory social tariff linked to the percentage of people living
in water poverty. In this region, a significant percentage of people may fall in
this category, thus reducing the number of customers who can ‘pay into’ the
cross-subsidy. This means that a smaller funding pot is spread ever more thinly
and thus it may not make a material difference to people in need.
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Targeted government support
Households in the South West face the highest bills in the country. This is because at the
time of privatisation the water and sewerage infrastructure was less developed than in other
regions, thus South West Water has had to fund a major upgrade leading to high bills for
customers. Furthermore, the coastal nature of the region places additional burdens upon the
undertaker. In order to address what the Government terms a ‘historic anomaly’, they have
funded South West Water so that they can cut customer bills by £50 a year per household
until the end of the next spending review period (HM Government 2011). This unusual step
is not targeted towards vulnerable people but does have aide affordability for a given period.

Water company initiatives
As with nationally applied measures, individual water companies appear to focus on issues
of affordability through a range of specific initiatives, a selection of which are considered in
greater detail below:
South West Water
WaterCare Plus evolved from the WaterCare scheme launched by South West Water in
2007 to improve water efficiency and provide support to households in debt. It is targeted at
customers who are in arrears with their bills and combines a range of free measures to
increase affordability (by moving customers to more appropriate payment plans and
ensuring they are receiving all possible financial support and benefits) alongside efficiency
measures (e.g. installation of water saving devices, basic repairs and assessing the
appropriateness of meter installation). This twin-track approach of improved financial
management and water use management addresses both the cause (water scarcity) and
effect (water poverty). WaterCare Plus extends the scheme to cover a home energy audit
element on the basis that those with affordability problems may be able to making savings in
the energy they use to heat water.
The Rising Block Tariff trial took a different approach and did not seek to differentiate water
users but instead differentiated ‘types’ of water into three charging blocks with different rates.
‘Block 1’ is considered as ‘essential water use’ thus had the lowest tariff (73% of standard
rate), ‘Block 2’ or the ‘standard’ tariff (the current price) and ‘block 3’ was identified as
‘premium’ or non-essential use and thus was charged at a higher rate. The ‘size’ of each
block was then tailored to the size of household, ensuring that the incentive for saving water
reamined for all participating households. The trial targeted 1,000 homes in Devon and
Cornwall, however only 176 signed up, of which only 125 remained on the scheme without a
change in occupancy or moving house. The trial was discontinued in 2011 on the grounds
that there was no statistically significant evidence of significant changes in behaviour. The
trial also revealed a number of practical challenges of such policies including the need for
reliable, up-to-date occupancy data and challenges of reading meters at the same time to
enable seasonal adjustment to be made.
South West Water also has a ‘Fresh Start Fund’ run by the Plymouth Citizens Advice
Bureau. This aims to asset households which have fallen into debt, often due to a particular
circumstance, such as a bereavement or redundancy. In these cases, the beneficiaries are
‘back on their feet’ and able to meet ongoing financial commitments but are held back by the
remaining debt. In these cases, the fund is used to write off the debt to give these people a
‘fresh start’.
Thames Water
Thames Water’s Vulnerable Tariff which broadly follows the structure of WaterSure, capping
bills at the average level for customers with specific medical conditions for large families and
who claim benefits. The scheme is complemented by a customer assistance fund which was
established to help lower income customers reduce existing debts through improved
budgeting and payment plans. Thames Water also invest in research into different charging
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mechanisms working alongside the Consumer Council for Water, Greater London Authority,
Environment Agency and others to support their affordability modelling and research.
United Utilities
United Utilities run an Arrears Allowance Scheme which helps customers to bring their water
account up to date and get them back on track with payments. The scheme has two tiers; for
the first 6 months on the scheme United Utilities will match customer payments £1 for £1,
and then after this period they match every £1 paid with a £2 allowance to the account,
assuming payments are made in line with the agreed payment schedule. Eligibility for the
scheme assessed individually based on the level of arrears and does not appear to actively
encourage reduced usage. Alongside this scheme the company also run a Trust Fund,
rather like the Fresh Start Fund, targeting those in hardship and unable to pay water charges
(for example due to illness, family crisis or losing a job) which takes the form of a one-off
payment to start again. They also run a Water Direct Scheme, run in conjunction with the
Department of Work and Pensions (DWP), enabling direct payments to be made from
benefit payments and they are also trialling a Support Tariff.

Conclusions
As we have seen, evidence that changes to water charging has differential impacts on
vulnerable groups has stimulated both legislative and policy responses. In this sense, the
water sector is well advanced; it has begun to adapt to a climate-related risk and, in turn, has
begun to adapt these responses to tackle issues of social justice. These policy responses
often take the form of targeted support mechanisms which focus all of which focus upon
affordability and payment management with some also actively encouraging improved water
efficiency at household level. As is illustrated above, these policy responses can raise their
own issues of fairness and social justice, highlighting that there is no one-size-fits-all
measure which provides a perfect balance between water efficiency and affordability in all
cases. In examining attempts to address vulnerability to water poverty a number of themes
emerge:

Sharing the burden
The principle of cross-subsidy which underpins the Social Tariff has long been embedded
within water service charging, for example, ensuring that rural areas have affordable access
to water despite the far greater cost per head of infrastructure. The requirement placed on
water companies as part of the Flood and Water Management Act 2010 places the
responsibility of defining and justifying the tariff on individual water companies. On, one hand
this allows for locally relevant policies that reflect differential water stress and socioeconomic conditions, however it may also reflect different perceptions of justice and fairness.
This potentially raises the debate of ‘local appropriateness’ vs ‘regional inconsistency’; a
vulnerable household in one area may receive support while a household facing the same
challenges in another location may not. The proposed Water Companies (Social Tariff) Bill
introduces a new dimension into legislation in the form of a de facto ‘water poverty’ definition
set at 5% of household income. This would appear to be a fairer than a universal cap and
accounts for differences in bills across water company boundaries, however raises further
implementation challenges.

Capping bills for vulnerable customers
The WaterSure scheme provides a good example of how the water industry has begun to
consider the implications of affordability for high use customers who are unable to
significantly reduce water consumption. Capping schemes appear to provide a targeted
response to issues of affordability for vulnerable groups, however we were unable to find
evidence detailed supporting its effectiveness to date. Capping raises an interesting
challenge in terms of whether the cap should be set against regional or national average
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use, which could differ considerably. It will also be interesting to see if and how such
measures might sit alongside Social Tariffs, which more overtly recognise the issue of crosssubsidies between customer groups.

Whose voice counts?
The Social Tariff requires water companies to consult core customer base who will help to
determine a) who should receive assistance and b) how much per household bill should be
used to cross subsidise the tariff. In some ways this is an example of local democracy in
action and allows for locally determined responses to vulnerability. However, it does raise
the question of who should determine and define both vulnerability and the required
response?

Inter-regional justice
Since privatisation of the water industry there has been a general acceptance that the cost of
water provision can and should vary across the country; if customers benefit from
infrastructure improvements in their area they will be the ones to meet the cost. The
exceptional Government decision to support South West Water in reducing customer bills by
£50 from April 2013 cannot be considered a precedent (it largely concerns historical costs
associated with sewerage rather than water supply) but it does raise some interesting issues
regarding fairness and justice. In medium to longer term, climate-driven water scarcity will
vary geographically thus so will the burden of adaptation costs. Assuming these costs are
passed on to customers this has the potential to increase the number of people vulnerable to
water poverty and increase regional inequalities in terms of water affordability.

Research opportunities
A number of gaps exist in our understanding of the differential impacts of adaptation to water
scarcity (e.g. water metering) and of the effectiveness of subsequent policies to ensure
‘fairness’ and ensure affordability of water. In particular:





We found no research which examines full the range of measures implemented at
national and regional level;
The Social Tariff is at an early stage, however efforts need to be made to ensure
experiences are shared, especially in terms of the consultation process. This seems
to happen within existing industry forums, but could this learning be shared with a
broader audience?
Greater research is required to understand the potential costs of adaptation to water
scarcity and whether this can realistically be borne by individual undertakers and
passed on the customers.
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Appendix 6: Lessons from existing policies for
rough sleeping and the homeless in cold
weather
Introduction
Cold weather results in approximately 25,100 excess deaths in England and Wales each
year (Department of Health, 2012a). Winters are projected to become warmer, with the
number of days with freezing temperatures reducing over time, but climate variability means
that periods of extreme cold will continue to occur. Cold weather is likely to continue as the
primary cause of temperature-related mortality throughout the first half of the 21st century
(HPA, 2012).
“Cold weather increases the risk of heart attacks, strokes, lung illnesses, flu and other
diseases. People slip and fall in the snow or ice, suffering serious injuries. Some groups,
such as older people, very young children and people with pre-existing medical
conditions, are particularly susceptible to the effects of very cold weather.“
Cold Weather Plan for England 2012, Department of Health
The health impacts of cold weather are relatively well understood and a combination of
policies is used to provide protection to vulnerable groups. For example, targeted subsidies
for energy efficiency improvements reduce exposure over the long term, winter fuel
payments help people cope with the cost of heating and health and social care services are
prepared to respond to increasing demand during extreme winter weather.
Many of these policies do not address rough sleepers and the homeless. Without a
permanent residence and socially marginalised, they are unable to benefit from common
mechanisms through which social support is provided, increasing their exposure to weatherrelated impacts. Estimates from autumn 2012 suggest that there were 2,309 rough sleepers
in England, with about a quarter of those in London (DCLG 2013). Drug, alcohol and mental
health problems are highly prevalent. From what is known, only a fifth of rough sleepers do
not suffer from one or more of these health problems (Homeless link 2011a). The prevalence
of these underlying health issues means they are sensitive to cold weather and less able to
react.
Unsurprisingly, exposure to the elements, underlying health issues and a limited capacity to
respond mean that they are already highly vulnerable and cold weather can be a serious
threat to survival. In recognition of their unique and multi-faceted vulnerability, specific
provisions have been made for multi-agency responses.
In this case study we explore how the statutory duty of care for rough sleepers and the
homeless is being met during cold weather. In contrast to our approach to the other 3 case
studies, which look at the differential impact of policy options on a vulnerable group, we aim
to draw parallels between existing cold weather provision and how we might respond to
other climate hazards like heavy rainfall and flooding, heatwaves and incidents of diseases
carried by insects and parasites, what useful lessons we might learn and the barriers to
successful policy responses.
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Cold weather policies
The Cold Weather Plan
The Cold Weather Plan 2012 sets out the public health response to severe cold weather in
England. It sets out actions for health services and partner organisations to increase their
preparedness in response to Cold Weather Alerts issued by the Met Office. The Alerts are
also used to raise awareness among the general public (Department of Health 2012a).
The Cold Weather Plan identifies vulnerable groups considered to be at increased risk and
includes the homeless and people sleeping rough. Actions for preparing and responding to
their health needs during cold weather are identified.




Health and social care providers: In preparation, they are asked to identify
vulnerable people and check that arrangements are in place to support and protect
them. They should also consider partner organisations that might themselves be
vulnerable to the effects of severe winter weather.
During severe weather, providers are expected to ensure that vulnerable people are
contacted, with daily visits for high-risk individuals where necessary.
Community organisations and the voluntary sector: In preparation they are asked to
review emergency housing and hostel provision and to recruit and train volunteers.
During severe weather they should establish a rota of volunteers to check on
vulnerable people, in coordination with other agencies, and should check on the
welfare of at-risk individuals regularly.

Severe Weather Emergency Protocols
Severe Weather Emergency Protocols (SWEP) are activated by local authorities during cold
weather and aim to prevent serious illnesses and deaths of the homeless and rough
sleepers. The Civil Contingencies Act 2004 places a duty on all local authorities to maintain
plans that ensure they can respond in an emergency. SWEPs typically make suitable
accommodation available at short notice and will give some access to social services. A
local area’s SWEP is triggered where three consecutive nights below freezing are forecast.
An important aspect of SWEP is that client assessments are simplified and the usual rules
on entitlement to housing eligibility and social services are waived. It therefore provides relief
to those who have previously been refused support or do not have a connection to the local
area.
SWEP protocols are developed by each local authority’s homelessness services in
partnership with the voluntary sector but delivery requires a broader multi-agency response
and is co-ordinated with outreach services, police, health, faith groups and mental health
services.
Emergency accommodation is provided using existing facilities like day centres and
communal spaces in hostels. Private accommodation can be used where needed but is a
comparatively expensive option.

Extended Extreme Weather Provision
Extended Extreme Weather Provision attempts to find longer-term solutions during cold
weather. Faith-based and community volunteer organisations already open emergency
access accommodation throughout winter, operating in a rotation.
In London, cold weather accommodation is provided throughout the winter. Most of the
shelters are small, with 10 to 30 spaces, but additional provision, 1200 spaces across 5
centres, are opened for the Christmas period. Referrals are usually co-ordinated by a local
organisation, often working in partnership with the local authority. In addition to serving a
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demand for shelter throughout winter, it creates opportunities for a longer-term engagement
with entrenched rough sleepers and for making arrangements for more permanent housing
and care (Homeless Link 2012b).

6.1.13 Syndromic surveillance
Syndromic surveillance is the real-time monitoring of data captured by the health service. It
can provide an early warning of a health incident from reporting of symptoms or it can be
used to interpret and assess the effects of an event. There is evidence from the international
academic literature that surveillance is being used to monitor indicators that are likely to be
related to homelessness. We have not identified any existing research in the UK and present
information about an indicator currently under development in France below.
In France, Extended Extreme Weather Provision is also provided throughout winter. A
health surveillance system for the homeless is being developed by the Institut de Veille
Sanitaire which would be used to alert decision-makers if an unusual increase in cold
weather related effects is observed and to evaluate the effectiveness of the Extreme
Weather Provision. Data from the Coordinated Health Surveillance of Emergency
Department network, which collates emergency department medical files, is used to
identify cases of hypothermia and frostbites among 15 to 69 year olds, a proxy indicator
used for homeless patients. The indicator was found to have a positive predictive value
when tested in Paris, supporting its use as a health indicator in the French context
(Rouquette 2011).

Lessons for responding to other climate hazards
National Plans
The Heatwave Plan for England 2012 (Department of Health 2012b) and the National Flood
Emergency Framework for England (Defra 2011) are analogous to the Cold Weather Plan
and also identify the homeless as a vulnerable group. They don’t include any specific
recommendations or actions for their care but do provide a similar framework for increasing
preparedness in the health and social care sector and raising public awareness in advance
of severe weather forecasts.

Local service provision
While SWEP and Extended Extreme Weather Provision are primarily used to respond to
periods of severe cold in winter, they could potentially be initiated in advance of any extreme
weather event that poses a serious risk of death, meeting the duty of care under the Civil
Contingencies Act 2004.
The SWEP is currently triggered by a report from the Met Office to local authority homeless
co-ordinators but the SWEP could potentially be initiated by the Heat Health Watch system
or the Environment Agency’s Flood Warning service. Use of the SWEP for other events may
require that the emergency accommodation is resilient and can continue to operate during
floods or heatwaves. Considerations might include:





Indoor overheating risks
Availability for use as emergency accommodation during the daytime
Flood risk
Accessibility to staff and volunteers
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Good practice guidance on delivering SWEP and Extended Extreme Weather Provision to
the homeless in cold weather is provided by Homeless Link (Homeless Link, 2012b) which
highlights a number of practical barriers to implementation, which are summarised below.
They will need to be taken into account in developing services in response to other climate
hazards.
6.1.13.1 Personal safety
Access to SWEP accommodation is based on need and is not restricted. Removing the
barriers and limiting the time taken to undertake a risk assessment for each individual is
important when a quick response is the priority but this can also increase the level of risk to
personnel. Emergency accommodation needs to be manned by experienced staff and
volunteers who are able to manage potentially violent or abusive people. Bullying, racism
and exploitation may also occur inside the shelter and a working relationship with the police
can be useful.
Funding
A sample survey of those who planned and delivered SWEP and Extended Extreme
Weather Provision was undertaken for the 2010/11 winter (Homeless Link 2011b). The
majority of accommodation provided was in hostels but approximately 25% of beds were in
B&Bs which are likely to be more expensive, and at least 70% of responding organisations
rely to some extent on paid staff. Over half of the survey respondents (64%) fund the
provision from homelessness grants or other local authority funding. Others rely upon
charitable donations, other budgets or have no specific funding.
The services provided to the homeless are minimal and costs are kept down by use of
volunteers, charitable support and donations. It is unclear from the available information how
much current cold weather demand is unmet or whether existing budgets could be used to
meet an increase in demand for emergency accommodation.
Refusal of support
Individuals who might consider using emergency winter accommodation may refuse the
support offered by the authorities and the reasons may be complex. Women and young
people may fear the threat of violence and exploitation while asylum seekers may fear the
authorities themselves. Refusal could be related to mental health or drug abuse.
In addition to active engagement with the homeless in advance of cold weather, to
encourage them to make use of the service, providing facilities for couples who are sleeping
rough and for dogs can help remove barriers to uptake.

Syndromic surveillance
In the UK, The Health Protection Agency’s Real-time Syndromic Surveillance Team (ReSST)
uses morbidity data from GP practices and phone calls received at NHS Direct from
members of the public to monitor health incidents (Elliot, 2010). This data is already used to
monitor weather-related health effects. In summer, indicators of heat related morbidity are
used to inform the Department of Health’s Heat-Health Watch system and an equivalent
Cold Watch system was launched for the 2011/12 winter. These existing weather-related
health surveillance systems could potentially be developed further, to monitor syndromes
and indicators that are sensitive to range of weather-related health effects on the homeless.
Evidence from one study in the UK suggests the homeless are much less likely to make use
of hospital emergency departments than the general population and that the rate of
attendance does not increase during cold weather (Brown 2010). A health surveillance
indicator based on data from emergency departments (such as that under development in
France) may therefore be unrepresentative of this vulnerable group. While we are not aware
of evidence for a UK specific indicator, an alternative could conceivably be developed using
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existing health surveillance data or novel data sources, potentially from social or
homelessness services.

Conclusions
Protocols for responding to threats to the homeless are a statutory duty on local authorities
under the Civil Contingencies Act 2004. The Severe Weather Emergency Protocols and
Extended Extreme Weather Provision together provide a practical framework for activating
multi-agency responses to help the homeless and rough sleepers cope during cold weather.
While these responses primarily focus on cold weather, the current priority climate hazard,
the provisions could be extended to cover other climate hazards.
Exposure to the elements, underlying health issues and a limited capacity to respond are the
key drivers of vulnerability for the homeless. While existing measures help the homeless
cope during cold weather, they do not reduce vulnerability to similar events in future.
Addressing the root causes of homelessness would result in a more sustained reduction in
their vulnerability.
Severe Weather Emergency Protocols and Extended Extreme Weather Provision are often
delivered on an ad hoc basis with a reliance on limited resources and voluntary services and
donations. The potential for the services to meet the duty of care during other climate
hazards could be put at risk without further resources, funded by Government or charitably.
Only a small number of relevant academic papers were identified in the literature and many
of them were dated. Our review of existing policies for rough sleeping and the homeless in
cold weather has identified a number of priorities for further work:





Undertake an assessment of how cold weather provision could be used/extended
to respond to other climate hazards
Providing information to faith-based and community groups who support the
homeless on hazards in a changing climate
Capacity of existing funding streams to homelessness organisations to support
extended use
Investigating the role syndromic surveillance systems could play in monitoring the
vulnerability of the homeless and rough sleepers to climate hazards
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Appendix 7: Scaling of Differential Risks
Introduction
This task focuses on issues of measurability and quantification of differential risks to
vulnerable groups. It first outlines some general issues regarding measurability of risks to
these groups identified in the literature. It then presents an overview of key factors
determining vulnerability to the four key climate hazards of flooding, water scarcity,
heatwaves and cold weather events, including an indication of measurability of these factors.
Key existing studies that have aimed to provide some quantification of these factors are
discussed, in particular, those that have attempted to take account of the complexity of
multiple factors of vulnerability that determine climate risk to individuals and households.
Finally, we look at possibilities for quantification of the combinations of climate risk category
and particular vulnerable groups or sets of vulnerability characteristics identified in section 3
of the main report. The focus here is in on the scale of risks for vulnerable groups rather than
differential impacts of adaptation policies/options which are addressed in section 5 of the
main report and in Appendix 8.

Overview on Quantification of Vulnerability Factors
A number of factors determine vulnerability of individual/households to climate hazards:
(i)
(ii)

(iii)

Sensitivity to impact. Personal factors such as age and health which affect the
likelihood that a climate change event will have negative welfare impacts.
Exposure to impacts. Environmental factors that affect the level of exposure to a
climate change event (e.g. location in an area prone to flooding or urban heat
island effect). Enhanced exposure may also refer to aspects of the local physical
environment, such as the availability of green space or housing characteristics,
which may affect the severity of impacts of climate events (Lindley, 2011b).
Capacity to adapt. This includes ability to prepare, respond and recover from
extreme events. It is interlinked with sensitivity in that personal and social factors,
such age, disability and race, may determine to some extent the ability of an
individual or community to prepare, respond and recover.

There are, however, a number of reasons why quantification of vulnerability of
individual/households to climate hazards is not a straightforward task. The limitations and
challenges of measuring vulnerability factors include the following (as discussed in Benzie et
al, 2011).
(i)

(ii)

Clustering of factors. A complex combination of factors, including personal,
social (community) and environmental, will generally determine the level of risk to
individuals. Therefore, we cannot simply focus on simple single indicators to
measure vulnerability. For example, being an older person does not necessarily
result in higher vulnerability but in combination with other factors such as poor
health and low income may indicate increased vulnerability.
Interlinked components of vulnerability. In categorising vulnerability factors the
conceptual distinction between exposure, sensitivity and adaptive capacity is
often not so clear cut in practice. For example, health is a personal factor in
determining sensitivity to harm from flooding as well as adaptive capacity to a
flooding event. Furthermore, the existence of one factor may affect likelihood or
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(iii)

(iv)

extent of another, e.g. increased risk of exposure due to location in flood risk area
may decrease access to insurance.
Challenges of combining social and climate hazard data. In quantifying the scale
of vulnerabilities the relevant geospatial datasets for social and climate hazards
may not be easily integrated if they have been produced by different agencies for
different purposes (Lindley et al, 2011).
Measurability of factors/data availability. There are two aspects to measurability.
First, is the possibility of measuring the typical differential risk of an individual or
household resulting from specific vulnerability factors (e.g. increased risk to an
older person of mortality due to a coldwave event that could be expressed as a
probability and compared to the average probability). For some vulnerability
factors such differential risks can be measured (e.g. in the case of income, this
could be represented by a household being below an income threshold, such as
below 60 percent of the average UK household income, as is commonly used).
For other vulnerability factors differential risk is not so easily measured or may
not have available data (e.g. social isolation and personal outlook on risks). For
most vulnerability factors the most readily available measure of differential risk is
whether or not an individual or household qualifies under a standard definition
(e.g. being registered as disabled or being registered as unemployed), rather
than a gradation of the differential risk. Second, is the possibility of scaling up
the number of individuals or households that have the specific vulnerability factor
to regional or national level (e.g. the number of older people in the UK that have
the increased risk of mortality due to a coldwave event). Some vulnerability
factors are clearly scalable given available data (e.g. population of older people
or registered disabled people in a given flood risk area) while others factors
discussed in the literature, such as some neighbourhood/community factors, are
not easily measurable and therefore are not readily scalable with available data.
This may result in less readily measurable but nonetheless important vulnerability
factors being omitted from quantitative assessments.

Table 1 presents an overview of vulnerability factors determining the degree of individual
/household risk for the four broad areas of climate hazard: flooding, water scarcity,
heatwaves, and cold weather events. These have been derived from the discussion and lists
of factors in the Literature Review (Benzie et al (2011) and Lindley et al (2011b). The
assessment of measurability for each vulnerability factor is based on review of available data
and expert judgement, and is intended as an indication of potential for further quantification
research.
The measurability information given in Table 1 indicates that it would be possible to calculate
order of magnitude estimates for numbers of people or households falling within most of the
specific sensitivity and exposure factors identified. In some cases this can be very location
specific, such as combining Census data with information on different types of flood risk
areas as was done in the Lindley et al (2011b) study. It is more difficult to measure the scale
of some aspects of adaptive capacity, such as access to information and services, and
indications of scale may depend on availability of case study data. In the absence of direct
data such vulnerability factors can be indicated by reference to data on interlinked
contributory factors. For example, restricted access to information about flood risks and
protection (including insurance) is linked to factors such as health, ethnicity, access to social
networks, previous experience of flooding and being new to an area. A key indicator of
restricted adaptive capacity for all climate hazards, and for which data are available, is
numbers of population with low income, as this affects many aspects of adaptive capacity,
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such as ability to invest in property resilience for flooding or cooling adaptation measures for
heatwaves.
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Table1: Measurability of Vulnerability Factors8
Vulnerability
Factor

Flooding

Relevance
Sensitivity (personal factors)
Older people
Increased
sensitivity
to
impacts when
combined with
other factors.
Gender
Indicator
of
increased
sensitivity
when
combined with
e.g.
income,
household
composition
and age.
Household
Some types of
composition
household may
have
Increased
sensitivity (e.g.
single parent,
large families)

8

Water Scarcity

Heatwaves

Coldwaves

Measurability

Relevance

Measurability

Relevance

Measurability

Relevance

Measurability

Census data
on
age
structure
by
local authority
(KS102EW)
Census data
on
gender
structure
by
local authority.

Possible
greater water
requirement.

Census data
on
age
structure by
local authority
(KS102EW)

Increased
sensitivity
to
impacts when
combined with
other factors.
Indicator
of
increased
sensitivity
when
combined with
factors such as
living
alone
and age.

Census data
on
age
structure by
local authority
(KS102EW)
Census data
on
gender
structure by
local
authority.

Increased
sensitivity
to
impacts
when
combined
with
other factors.
Indicator
of
increased
sensitivity
when
combined
with
factors such as
living alone and
age.

Census data
on
age
structure by
local authority
(KS102EW)
Census data
on
gender
structure by
local
authority.

Census data
on Household
composition
by
local
authority
(KS105EW)

Number
of
residents per
household
affects water
demand.

Census data
on Household
composition
by
local
authority
(KS105EW)

Relevant when
linked to other
factors such as
income
and
social isolation.

Census data
on Household
composition
by
local
authority
(KS105EW)

Relevant
when
linked to other
factors such as
income and social
isolation.

Census data
on Household
composition
by
local
authority
(KS105EW)

Limited
relevance?

Cells marked in yellow indicate combinations of climate risk category and vulnerable groups discussed in next section.
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Vulnerability
Factor
Health

Race/languag
e

Flooding

Water Scarcity

Heatwaves

Relevance
Physical and
mental health
conditions
affect
sensitivity.
Linked
to
adaptive
capacity.

Measurability
Scale
estimates from
NHS
health
indicators but
crude linkage
to sensitivity.

Relevance
Possible
greater water
requirement.

Measurability
Scale
estimates
from
NHS
health
indicators but
crude linkage
to
water
requirements.

Relevance
Existing health
conditions
affect
sensitivity
to
heat
related
mortality and
morbidity.

Access
to
information
when English
is
not
first
language and
in cases of
new migrants.

Census data
on
ethnicity
(KS201EW)
and
main
language
(KS206EW).

Access
to
information
when English
is
not
first
language and
in cases of
new migrants.

Census data
on
ethnicity
(KS201EW)
and
main
language
(KS206EW).

Ethnicity linked
to
urban
location,
access
to
information
when English
is
not
first
language and
in cases of
new migrants.

Coldwaves
Measurability
Estimates
from
NHS
health
indicators.
Linkage
needed
to
heat related
mortality and
morbidity
data.
Census data
on
ethnicity
(KS201EW)
and
main
language
(KS206EW).

Relevance
Existing
health
conditions affect
sensitivity to cold
related
mortality/morbidity
.

Access
to
information when
English is not first
language and in
cases
of
new
migrants.

Measurability
Estimates
from
NHS
health
indicators.
Linkage
needed
to
cold
related
mortality and
morbidity
data.
Census data
on
ethnicity
(KS201EW)
and
main
language
(KS206EW).

Exposure (Environmental factors)
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Vulnerability
Factor
Location

Housing status

9

Flooding

Water Scarcity

Heatwaves

Coldwaves

Relevance
Resident
and/or work in
flood
risk
areas.

Measurability
Local authority
population
estimates from
Census. Flood
risk
areas
9
from NaFRA .
See Indicators

Relevance
Resident
and/or work in
affected
by
water supplydemand
deficits.

Measurability
Mapping
of
supplydemand
deficit by river
basin region
in
CCRA
(Defra, 2012).

Relevance
Resident
and/or work in
urban areas/
urban
heat
island. Vicinity
to
green
space.
Regional
differences in
climate.

Measurability
Population
data
is
a
crude
indicator
of
local
exposure but
can
be
matched with
regional
climate
differences.

Relevance
Resident in areas
with
greater
frequency
of
coldwaves,
remote
rural
areas.

Measurability
Population
data
is
a
crude
indicator
of
local
exposure but
can
be
matched with
regional
climate
differences.

Type
of
property
affects
exposure (e.g.
mobile home,
bungalow,
ground floor)
Residential
status:
homeowner,
tenant (social
housing
and
private letting),
care
home,
homeless.

Census data
on residential
status,
including
lowest
floor
level
(CAS057)
collected
in
Census.

Residential
status
may
impact ability
to implement
water
efficiency
measures.

Census data
on residential
status.

Types
of
property may
enhance
exposure (e.g.
mobile home,
top floor flat)
Residential
status
may
impact
adaptive
capacity.

Data on type
of
property
(KS401EW)

Types of property
may
enhance
exposure
(e.g.
mobile home, old
properties).
Residential status
may
impact
exposure
and
adaptive capacity,
e.g .homeless

Data on type
of
property
(KS401EW)

See indicators 1 to 5 from HR Wallingford (2012) study which gives number of properties within flood risk areas by local authority based on Environment Agency flood map and Ordnance Survey Mastermap property dataset.
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Vulnerability
Factor
Neighbourhood

Social
isolation

Flooding

Water Scarcity

Coldwaves

Relevance
Quality
of
neighbourhood
infrastructure
(e.g.
local
drainage).

Measurability
Difficult
to
measure
in
relation
to
vulnerable
groups?

Relevance
Quality
of
neighbourhood
infrastructure
(e.g.
leaks
contributing to
water scarcity)

Measurability
Difficult
to
measure
in
relation
to
vulnerable
groups?

Relevance

Measurability

Relevance
Neighbourhood
provisions by local
authorities,
e.g.
gritting
of
pavements.

Measurability
Limited data?

Limited access
to
social
networks
(linked
to
adaptive
capacity)..

Difficult
measure?

Limited access
to
social
networks may
impact access
to information.

Difficult
measure?

to

Limited access
to
social
networks may
impact access
to information.

Difficult
measure?

to

Limited access to
social
networks
may
impact
access
to
information.

Difficult
measure?

Low income
household
data
from
Understandin
g
Society
Survey.
Water
charges
projections.

Level
of
income/saving
s determines
adaptive
capacity, e.g.
investment in
ventilation,
thermo
insulation.

Low income
household
data
from
Understandin
g
Society
Survey

Level
of
income/savings
determines
adaptive capacity,
e.g. investment in
heating,
cavity
wall
insulation,
etc.

Low income
household
data
from
Understandin
g
Society
Survey

to

Adaptive capacity (prepare, respond and recover factors)
Income
Level
of Low
income Level
of
income/saving
household
income/saving
s determines data
from s determines
adaptive
Understanding affordability of
capacity, e.g. Society
water charges
investment in Survey
(taking
into
resilience
of
account
property,
policies
to
access
to
protect
low
insurance
income
cover
and
households).
ability
to
10
recover .

10

Heatwaves

to

Households with annual income of less than £20,000 reported higher levels of stress and anxiety and more adverse health impacts after flooding’ (Werritty, et al., 2007).
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Vulnerability
Factor
Employment
status

Access
to
Information
and
community
support

Flooding
Relevance
Linked to low
income
vulnerabilities
but lack of
employment
may
affect
credit
status
and ability to
access finance
for
flood
protection
measures
Linked
to
ethnicity,
health, access
to
social
networks,
previous
experience of
flooding
and
being new to
an area.

Water Scarcity

Heatwaves

Coldwaves

Measurability
ONS
labour
market
statistics
by
region

Relevance
Linked to low
income
vulnerabilities

Measurability
ONS labour
market
statistics
by
region

Relevance
Linked to low
income
vulnerabilities

Measurability
ONS labour
market
statistics
by
region

Relevance
Linked
to
low
income
vulnerabilities

Measurability
ONS labour
market
statistics
by
region

Proxy
indicators
such
as
signing up for
flood warning
11
system
and
case studies
e.g. Lawson et
12
el (2008)

Impact
on
water scarcity
adaptive
capacity.
Linked
to
ethnicity,
health, access
to
social
networks.

Difficult
measure?

Impact
on
heatwave
adaptive
capacity.
Linked
to
ethnicity,
health, access
to
social
networks.

Difficult
measure?

Impact
on
coldwave adaptive
capacity. Linked
to
ethnicity,
health, access to
social networks.

Difficult
measure?

to

to

to

11

Indicator of Uptake of Environment Agency Flood Warning Service given in HR Wallingford (2012). See also Environment Agency Flood Awareness survey which gives percentages of respondents undertaking a list of
preparatory actions (quoted in HR Wallingford, 2012).
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Vulnerability
Factor
Access
adaptive
services

to

Flooding
Relevance
Access
to
insurance,
available cover
and take up
important
in
determining
adaptive
capacity.

Mobility/
Disability

Limitations on
adaptive
capacity

Crime

Actual
and
perceived local
crime risk may
affect take up
of
flood
adaptation
measures.

Water Scarcity
Measurability
Data
on
insurance take
up
available
(e.g.
Pitt,
2008) and can
be used to
give
scale
estimate
for
flood
risk
areas.
Scale estimate
possible
based on ADL
and IADL data
from
NHS
Health Survey
and
Census
data.

Relevance
n/a?

Area
crime
statistics
available from
Constabularie
s but crude
link
to
adaptive
capacity.
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Heatwaves
Measurability

Coldwaves

Relevance
Access
to
medical
services and
cooler
environments
outside
the
home.

Measurability
Difficult
to
measure?

Relevance
Access to medical
services
and
warm
environments
outside the home.

Measurability
Difficult
to
measure?

n/a?

Limitations on
adaptive
capacity

Scale
estimate
possible
based on ADL
and IADL data
from
NHS
Health Survey
and Census
data.

Limitations
on
adaptive capacity

Scale
estimate
possible
based on ADL
and IADL data
from
NHS
Health Survey
and Census
data.

n/a?

Limited
relevance

Limited relevance
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Given the clustering of vulnerability factors discussed above it is more meaningful to assess
vulnerabilities according to composite assessments of factors, rather than focusing on
scaling of single combinations of climate risk and vulnerability factor, which may give an
oversimplified impression of direct causation. This composite approach is the approach
taken in the studies by:


HR Wallingford (2012). This has developed spatial indicators to monitor changes in
exposure and vulnerability to flooding. Included among these are indicators for:
(i)
The number of households in deprived areas and areas of flood likelihood (i.e.
area of fluvial, tidal and coastal floodplains (Indicator 6). Deprived areas are
defined as those in highest 20% of ranked deprived areas based on the Index of
Deprivation. The main factors included in the index are income and employment,
with health, education and training access to services, living environment/housing
and crime also included with less weighting (Payne & Abel, 2012).
(ii)
Vulnerable populations in areas of different flood likelihood (Indicator 7). The
vulnerability factors considered were rather narrow and specific as the focus is on
those in care homes and school pupils. The results for 2011 show, for example,
57,000 pupils in schools and 5,100 care home places situated in areas of
significant flood risk.
 Lindley et al (2011a) for the Joseph Rowntree Foundation which aimed to measure
socio-spatial vulnerabilities and map geographical distributions of disadvantage for
flooding and heatwave events. The analysis developed a socio-spatial vulnerability
index which included a number of dimensions of sensitivity, enhanced exposure and
ability to prepare, respond and recover. This was mapped onto potential hazardexposure areas in order to assess which UK neighbourhoods currently experience
greatest climate disadvantage.

The study provides a great variety of data at national, regional and local scales for flood and
heat related social vulnerability in the UK. The conclusions highlight that most extremely
socially vulnerable neighbourhoods for both flooding and heat are in the large urban areas of
the UK. Coastal areas are also notable for scoring highly for socio-spatial vulnerability.
Overall, combining measures of flood hazard-exposure with maps of socially derived flood
vulnerability it is estimated that extreme flood disadvantage affects some 7.5% of
neighbourhoods in English and Wales.

Quantification
Combinations

of

Climate

Risk

and

Vulnerability

This section focuses on possibilities for quantification of the combinations of climate risk
category and particular vulnerable groups or sets of vulnerability characteristics identified in
section 3 of the main report. It provides greater detail on the scale of risks for vulnerable
groups with some illustrative order of magnitude estimates provided. Differential impacts of
adaptation policies/options to address these risks are addressed in Appendix 8..

Flooding and Economic Deprivation
As recognised in Table 1 above, vulnerability to flooding is greatly determined by economic
circumstances. A complex set of interlinked factors define economic deprivation and the
associated enhanced vulnerability. These factors include income, employment status, health
and housing.
Focusing first on low income as a key factor of differential risk, a commonly used threshold
of low income is a household income that is below 60 percent of the average British
household income in a given year. In 2008/09 an estimated 13½ million people in the UK, or
around 22 per cent of the population, were living in households with incomes below this
threshold. This is comparable to the ONS figure of 20 percent of UK households living on
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very low incomes (under 10,000 pa) in 2006 (quoted in Pitt, 2008). Table 2 gives some order
of magnitude estimates for numbers of very low income households living in flood risk areas
in England based on this 20 percent figure. This assumption is likely to underestimate
numbers given the uneven geographical distributions in climate related social vulnerability
for flooding, including higher than average levels of poverty and deprivation (Lindley et al,
2011 and Sniffer, 2011)13. The Table also includes an estimate of the number of these
households that have no contents insurance based on an average figure of 56 per cent of
very low income households having no contents insurance (from Pitt Review, 2008).
Table 2: Order of magnitude estimates for very low income households in flood risk areas.

Significant risk of river
or coastal flooding
Some form of flood risk

Households in risk
areas
(England)
(ASC, 2012)
330,000

Very low income
households in risk
areas
66,000

Estimate of number of
households
without
contents insurance
37,000

3.6 million

720,000

403,000

A more complex assessment of deprivation that is wider than income alone has been
included in the indicators of exposure and vulnerability to flooding developed by HR
Wallingford (2012). This includes an indicator for: “The number of households in deprived
areas and areas of flood likelihood” (i.e. area of fluvial, tidal and coastal floodplains). The
definition of deprived areas is based on the Index of Deprivation as described above14. The
results for 2008 and 2011 are summarised in Table 3. The figures compare with the estimate
of about 70,000 properties in the most deprived areas that are currently at significant risk of
flooding given in the CCRA (2012) flooding sector analysis. This indicator is not directly
comparable to the income estimates given above (we cannot assume that all properties in
deprived areas house residents classified as having low or very low incomes). However, it is
interesting to note that the estimates for numbers of very low income households in areas of
significant flood risk is of the same order as the number of residential properties in deprived
areas in areas of significant flood likelihood.
Table 3: Number of Residential Properties in Deprived Areas at Risk of Flooding
Flood likelihood

Number of residential properties (England)
2008

2011

Significant

53,000

55,000

Moderate

131,000

136,000

Low
Total Property

266,000
22,266,000

274,000
22,679,000

Source:

HR

Wallingford (2012)
These order of magnitude estimates should be seen in the context of predictions of
increasing numbers of properties in areas with risks of flooding in future years. It is estimated
that in the number of properties with a significant chance of flooding from rivers or the sea
will increase from 330,000 to between 630,000 and 1.2 million by the 2080s (ASC, 2012).
This would imply a 100 percent or greater increase in the number of households in economic
deprivation living in areas with a significant chance of flooding, all other factors being equal.
Estimates showing a more rapid increase in the number of properties at risk in the most
deprived areas are given in the CCRA (2102) floods sector analysis. This suggests a twofold increase (approximately 1.5 to 2.8 times) for the 2020s; and a three-fold increase (~1.7
13
14

One estimate quoted in SNIFFER, (2009) is that deprived people are 62% more likely to be living in areas at high risk of flooding.
https://www.google.com/fusiontables/DataSource?dsrcid=622724#rows:id=1

Ref: Ricardo-AEA/R/ED58163/PREPARE R5/Version 1.1

99

PREPARE – Understanding the equity and distributional impacts of climate
risks and adaptation options

to 3.7 times) for the 2050s. Moreover, these estimates are based on current population
assumptions and would be significantly higher under the principal and high population
forecasts.
The literature analysing vulnerability (Lindley et al, 2011a and HR Wallingford, 2012 & 2013)
does not as yet estimate changes in vulnerability due to future scenarios for climate change
(increased average rain fall and flooding, and changing demographics). In the case of
insurance this may result in decreased insurance availability and increased premiums, and
will be dependent on the future agreement between ABI and Government after expiry of the
‘Statement of Principles’. The insurance industry estimates that up to 200,000 homes could
face problems when seeking insurance cover after the agreement ends (ASC, 2012).
The scale of future risks to vulnerable groups also depends on how planning impacts on
these groups. It may be the case that these groups are disproportionately located in new
build in flood risk area. 650 of the 3,500 properties built in areas of significant flood risk
between 2008 and 2011 were located in the 20 per cent most deprived communities in
England (ASC, 2012).

Water Scarcity and Low Income Users
The differential risks to low income households of water scarcity mainly relate to affordability
of water charges where demand is managed by higher flat rate charges and higher per unit
tariffs for metered water users. Other possible impacts of water scarcity such as water use
restrictions (e.g. hose pipe bans), increased risk of forest and grassland fires, and
subsidence are not considered further here as we do not have evidence of differential risks
of these for vulnerable groups. If we assume that restrictions on essential household uses
are rare even during severe shortages, the key issue is affordability of the water supply.
A threshold of 3 per cent of disposable household income on water bills has been used by
DEFRA and others including OFWAT to determine when water affordability becomes
problematic. The study on water poverty by Huby, & Bradshaw (2012) found that in 2009-10
about 24 per cent of households spent more than 3 per cent of their disposable income on
water. The study found that according to this definition water poverty was much higher for
single adult and lone parent households (an average of 40%) and households dependent on
benefits (average of 46.6%) than for couples and multi-unit households (an average of
14%). Also, having a water meter was found to reduce rates of water poverty, with bills on
average £1 a week lower.
Interestingly, the Huby, & Bradshaw study also assessed some clusters of factors
determining water poverty and found, for example, that one-adult households which are in
receipt of benefits and without a water meter have the highest probability of being in water
poverty (nearly 70 per cent). Assessing future scenarios it found that sustained water bill
increases could have a significant effect on the proportion of households classed as in water
poverty. For example, an increase in water bills of 3 per cent per year above income would
result in more than half of all households (almost 54 per cent) being above the poverty
threshold by 2033.
At present in England only 8 per cent of water resource zones are at risk of falling short of
demand during a severe drought. The areas were some risks to supply currently exist are in
the South East, South West, Midlands and North Wales (Rance et al, 2012).
In future, there is the potential for a much greater proportion of water resource zones to be at
risk of water supply-demand deficits. It is estimated that by the 2020s about 37 million to 55
million people will be living in these areas based on different population projections and
assuming that no intervention takes place. This estimate increases to between 27 million
and 59 million people in the UK living in these areas by the 2050s (CCRA, 2012). Clearly,
this would also greatly increase the total numbers of low income households facing water
affordability issues due to the need to pay for improved water supply through water bills and
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in the absence of protection measures. Even if we were to assume that the current estimate
of 24 percent of UK households in water poverty still applies in these scenarios (i.e. there
are not higher percentages of the population in water poverty resulting from water price rises
or other factors) these estimates imply in the range of 6.5 million to 14 million population in
water poverty in areas of water deficits by the 2050s.
There is much regional variation in these estimates of risks of supply-demand deficits. For
example, Most of the populations in the Thames, Neagh Bann and Western Wales river
basin regions are projected to be at risk of deficits by the 2080s, while there a much lower
risks for regions Clyde and North West England.
Appendix 8 we will address the possibilities of differential impacts on vulnerable groups of
policy options to manage water demand in areas of water scarcity. The issue of affordability
for low income groups is already the subject of water companies schemes to protect the
most vulnerable and there is on-going discussion on the introduction of social tariffs to
protect poorer customers and the role of Government funding in this (Defra, 2012).

Heatwaves and Ethnicity
Although by itself ethnicity may not be a key determinant of vulnerability to heatwaves, it
may indicate increased vulnerability when in combination with a number of other factors
including income, access to information (especially by not having English as a first
language), living in urban areas, and being a new arrival.
Ethnicity is a measurable factor with ethnic populations broken down by local authority area
in ONS Census data. Table 4 gives numbers of different ethnic groups living in urban and
other areas in England and Wales in 200115 that may represent greater vulnerability to
heatwaves. The Table demonstrates the higher proportions of ethnic group populations than
average living in urban areas with about 90 percent of the general population, 99 percent of
Black and Asian groups and 97 percent of Chinese. There is correspondingly lower
proportions of non-urban ethnic groups populations. The Table also includes data on the
very low ethnic group populations in hamlets and isolated dwellings as a possible indication
of social isolation.
The vulnerability of ethnic populations in this context becomes more meaningful if it can be
matched to data on other specific vulnerability factors, such as:





Proficiency in English. The 2011 census recorded 863,000 residents in England and
Wales who stated that they could not speak English well or at all. This represents
about 1.6 per cent of all residents over 3 years old. Numbers for whom English is not
their first language but stated that they could speak English well or very well were
about 3,290,000. This is broken down by region but not urban and non urban
location.
Being a New Arrival. The 2011 census records 1,224,000 new arrivals in England
and Wales between 2007 and 2009 and 612,000 between 2010 and 2011. This is
broken down by local authority but not by ethnic populations.
Low income. The DWP (2012) Households Below Average Income report includes
data on ethnic groups and concludes individuals living in households headed by
someone from an ethnic minority were more likely to live in low income households.
Overall About 40 percent of people from ethnic groups live in low-income
households, twice the rate for white populations. This is particularly the case for
households headed by someone of Pakistani or Bangladeshi ethnic origin.

The most useful further quantification in this context would come from combining of available
data sets of these risk factors with data on ethnic groups population and urban/rural
residency to understand the extent to which these factors intersection and the scale of the
15

Equivalent information does not seem to be available in this form yet from the 2011 Census.
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most vulnerable ethnic populations. This is challenging where datasets for social and climate
hazard data are not easily integrated as discussed above.
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Table 4: Number of Ethnic Groups in Urban and Other Areas in England and Wales (2001).

All people

White:
British

White:
Irish

Other
White

Mixed

Asian

Black
Caribbe
an

ENGLAND

49,138,831

42,747,136

624,115

1,308,110

643,373

2,248,289

561,246

475,938

95,324

220,681

214,619

Urban

44,421,681

38,203,747

596,047

1,226,644

619,438

2,230,425

556,767

472,556

94,007

214,162

207,888

Remainder

4,717,150

4,543,389

28,068

81,466

23,935

17,864

4,479

3,382

1,317

6,519

6,731

145,644

142,382

536

1,817

417

123

38

53

11

166
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Hamlet & Isolated Dwelling
- Less Sparse

1,380,543

1,316,865

8,907

30,953

7,751

6,875

1,408

1,403

509

2,989

2,883

WALES

2,903,085

2,786,605

17,689

37,211

17,661

25,448

2,597

3,727

745

6,267

5,135

Urban

2,373,258

2,270,395

14,715

30,361

15,988

24,469

2,471

3,517

701

5,929

4,712

Remainder

529,827

516,210

2,974

6,850

1,673

979

126

210

44

338

423

Hamlet & Isolated Dwelling
- Sparse

122,062

118,812

730

1,819

364

144

33

38

3

47

72

Hamlet & Isolated Dwelling
- Less Sparse

93,399

90,983

515

1,165

297

204

41

36

17

53

88

Hamlet
&
Dwelling - Sparse

Black
African

Other
Black

Chinese

Other
ethnic
group

Isolated

Source: ONS Census Data
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6.1.14 Cold Weather Events and Homelessness
To quantify differential risks to the homeless during cold weather events we are interested in
the recorded numbers of the different categories of homeless and data related to morbidity
and mortality of homeless people during cold weather events.
The key categories of homeless are: Rough sleepers, Statutory Homeless (Applicants
Accepted as Owed a Main Homelessness Duty) and People aged 25 and over in 'concealed
households' (i.e. households who do not own or rent the property they are living in nor are
the spouse of that person). There are differential risks between types of homeless with rough
sleeper at most risk. Statutory homeless in hostel, bed and breakfast or other
accommodation will be in less risk than rough sleepers but, since they may not have access
to accommodation during the day, will be at more risk than the general population. Similar
risks may apply to the concealed household to the extent that they are housed in
substandard and badly heated accommodation.
The total of rough sleepers estimated in England was 2,309 in autumn 2012, up 128 (6%)
from Autumn 2011. London accounted for 24 per cent of the national figure (DCLG, 2013).
The total number of households in temporary accommodation due to being accepted as
statutory homeless was 52,960 in September 2012. This is an 8 per cent increase from the
same date in 2011 (DCLG, 2012). These figures are an underestimate of the total numbers
who may be effectively homeless as local authorities have no general duty to house single
people.
Health data for homeless people illustrates that they have a much higher likelihood of
morbidity and mortality than the general population. The average age of death for a
homeless person is about 4716 and the average age at death of a rough sleeper is 40-42
years17. In 2007/08, there were around 17,400 inpatient episodes coded as No Fixed Abode
(NFA) in England (15,800 different patients). The ‘episode rate’ per head is higher for NFA
patients at ‘0.3 inpatient episodes per person per year than for the comparison population
(0.19 per patient). However, the real disparity is likely to be much higher due to the
incomplete coverage of NFA (DH, 2010). Homeless people are also much more likely to be
admitted as emergencies with 89 per cent of all NFA episodes recorded as emergencies,
compared to 41 per cent in the general population.
However, the available data on hospital admissions of homeless people does not refer
specifically to admissions during cold weather events. This means that we cannot analyse
any increases in admissions of the homeless during these events and differences of
admission rates with the general population during these events.

Summary
Table 6 provides a summary of quantitative indicators of differential risks for the four
combinations of climate risk category and particular vulnerable groups discussed above. The
quantitative data given are order of magnitude estimates in order to provide an indication of
relative numbers affected across the different combinations and should be treated with
caution. This is not intended as a direct comparison of the severity of risks to a vulnerable
individual or household between different climate hazards. For example, while the numbers
of homeless people at risk of cold weather events are much lower than for the other

16

From Crisis news: “Crisis calls on all councils to protect rough sleepers from ‘deadly’ cold”:
http://www.crisis.org.uk/news.php/582/crisis-calls-on-all-councils-to-protect-rough-sleepersfrom-lsquodeadlyrsquo-cold
17

Homeless Link: “Homelessness and Rough Sleeping: some key facts”:

www.homeless.org.uk/sites/default/files/Londonkeyfacts_0.doc
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combinations the severity of the risk may be extreme for the most vulnerable groups
affected. The table shows that for each combination there are significant numbers of
individuals and households with some enhanced differential risk and a smaller sub set of
those with higher differential risks due to their specific set of vulnerability factors.
Table 6: Overview of differential risk estimates for combinations of climate risk and
vulnerable groups
Measurement
of differential
risk

Scaling
Current high risk

Flooding
and
Economic
Deprivation

 Low income
status
 Number
of
households in
deprived
areas
according to
Index
of
Deprivation

 66,000 (Very low
income in high flood
risk areas)
 55,000 (Properties
in deprived areas at
significant risk of
flooding)

Water Scarcity
and
Low
Income Users

 Water poverty
(A threshold
of 3 per cent
of disposable
household
income
on
water bills).

Heatwaves and
Ethnicity

Cold Weather
Events
and
Homelessness

Current
enhanced risk
 720,000 (Very
low income in
areas
with
some flood risk)
 410,000
(Properties in
deprived areas
at medium or
low
risk
of
flooding)

Future risk

 Average of 46% of
households
dependent
on
benefits.
 Average of 40% of
single adult and lone
parent households.

 24 per cent of
all households


Estimate of 6.5
million to 14
million population
in water poverty
in areas of water
deficits by the
2050s
even
without
price
rises.

 Numbers
of
ethnic groups
in
urban
areas.
 Proficiency in
English.
 New Arrivals
 Low income.

 1.6 per cent of
England and Wales
residents
cannot
speak English well
or at all.
 About
1,836,000
new
arrivals
in
England and Wales
between 2007 and
2011.
 About 40 percent of
people from ethnic
groups live in lowincome households

 99 % of Black
and
Asian
groups and 97
% of Chinese
live in Urban
areas
compared
to
90% of the
general
population

Not estimated

 Statutory
homeless and
rough
sleepers.
 No
fixed
abode
hospital
admissions

 2,309
(Rough
Sleepers)
 No data for hospital
admissions during
cold
weather
differential risk is
likely
to
be
significant.

 52,960
(Statutory
homeless)
 No data for
hospital
admissions
during
cold
weather
differential risk
is likely to be
enhanced.

Not estimated
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Increase
in
properties at risk
in
the
most
deprived areas of
1.5 to 2.8 times
for the 2020s;
and 1.7 to 3.7
times for the
2050s.
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Appendix 8: Quantification of
Impacts of Adaptation Responses

Differential

Building on the assessments of previous discussion on differential risks to vulnerable groups
of climate hazards, this section addresses quantification of differential impacts of adaptation
responses to these risks. It focuses on the set of four climate hazards: flooding, overheating,
water scarcity and extreme cold weather and in each case discusses:
(i)
The costs of adaptation options at household level for vulnerable
groups. Where possible we have developed worked examples of adaptation
scenarios to demonstrate where possible differential costs of undertaking
adaptation actions may be borne by vulnerable groups.
(ii)
Quantitative analysis of the case studies of differential impacts of
adaptation options To the extent possible we have included further
quantification of differential impacts to inform the case studies examined in
section 3 of the main report (and appendices 3 to 6).
In each case we have suggested research questions for which further quantification may be
useful in understanding the nature and scale of differential impacts of adaptation options and
inform further policy development.

The differential impacts of adaptation measures for
flooding on low income households
Analysis outline
This section aims to assess differential cost impacts on households with varying ability to
afford investment in flooding resilience and resistance measures, and restoration of homes
in the event of flooding. Resistance measures18 are defined as those that prevent flood water
from entering properties and resilience measures19 as those that reduce damage to properties
when water has entered the property. Specifically, the exercise highlights the cost implications
for households that cannot afford adaptation measures. It also serves to emphasise that
those households who would need to borrow finance in order to make the flood prevention
investments are likely to pay more in absolute terms for equivalent investments by more
wealthy households.
We develop five scenarios for households living in high flood risk areas as follows:





Scenario 1: No adaptation measures undertaken due to low income and savings.
This represents the lowest income groups.
Scenario 2: Investment in a package of flood resistance measures financed through
loan finance on which interest is paid. This represents low and medium income
groups with some access to finance.
Scenario 3: Investment in a package of flood resistance measures financed through
savings. This represent medium income groups with some savings.

18

Resistance measures include: airbrick covers, door-guards, water proofing external walls, main sewer non-return valves, drainage bungs and
toilet pan seals.
19

Resilience measures include: Replace plaster, doors, windows and frames with water resistant
alternatives, mounting boilers on walls, moving washing machine to higher floors, moving electrics
and service meters above likely flood level and replacing chipboard kitchen/bathroom units with
plastic units.
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Scenario 4: Investment in a package of flood resilience measures financed through
loan finance on which interest is paid. This represents low and medium income
groups with some access to finance.
Scenario 5: Investment in a package of flood resilience measures financed through
savings. This represents higher income groups with savings20.

The analysis is intended to provide illustrations only of possible differential costs between
scenarios. Analysis of the above cost scenarios has been undertaken in the case of a typical
terrace house/flat (Table 1) and a typical semi-detached house (Table 2). The data sources
and assumption used are as follows:


Cost of packages of adaptation measures: Scenarios have been calculated based on
the cost of retrofitting measures rather than end of life upgrades or new build costs.
Indicative current costs for packages of resistance and resilience measures with 20
year lifetime have been used from the study of property level measures by
Haskoning UK (2012) and from the TRCCG (2008)21 study. The chosen costs are in
line with a range of figures for adaptation packages given in the literature and
discussed further in the quantification assessment element of the PREPARE Local
and Household Adaptation Report (Kent et al. 2013). For scenarios 2 and 4 we have
used the total cost of a bank loan for the full amount of resistance and resilience
measures repaid over 10 years22. It should be noted, however, that interest costs
may be much higher if the household are unable to gain a bank loan and seek other
sources of finance. This is likely to be the case for a large proportion of very low
income households.



Restoration costs: The range of indicative current costs of restoration are based on
ABI estimates23 for flood depths of less than one metre. We have assumed in this
example that if resistance packages have been put in place these are successful and
there are no restoration costs. In the case of resilience measures being in place we
have calculated low and high restoration costs based on ABI estimates that resilience
measures can save between 50 and 80 percent of the restoration cost. These are
likely to underestimate the financial impact on the household since no account is
taken of lost earnings or additional housing cost if the household temporarily
relocates. The restoration costs would be met either directly by the household or
through an insurance premium that is equivalent to the restoration costs.



Overall financial costs to households: The range of total costs in the case of
experiencing one and in the case of experiencing two flooding events during the
lifetime of the adaptation measures (20 years) have then been calculated based on
each of the five scenarios.

Results
The results illustrate where, under the given assumptions, there are differential overall cost
impacts between low income and other households that are unable to invest from savings in
20

It could be argued that there is an opportunity cost associated with using savings, i.e. the lost interest. This would mean that the actual
difference in costs between those with savings and those without is the difference in interest rate costs.
21
Costs data are mainly from the Haskoning UK study. These are discounted whole life financial costs for retrofitting the adaptation measures
using an 8 percent discount rate over a 20 year period with 20 percent VAT. However, the low range resilience measure costs are from TRCCG
(2008) as the ranges given in Haskoning UK are all above £25,000 and out of the range of lower income groups even through loans. This allows
us to include simple resilience measures which are known to still rsignificantly reduce the damages from up to one metre of flooding (ASC, 2011)
22
Based on http://www.natwest.com/personal/loans/g1/personal-loan-calculator.ashx and cross checked with
http://www.moneysavingexpert.com/loans/cheap-personal-loans#calc
23
See: http://www.defra.gov.uk/environment/flooding/funding-outcomes-insurance/insurance. In the case of semi-detached houses the range
used is £20,000 to £30,000 and for terrace houses and flats the range used is £10,000 to £20,000.
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resistance and resilience measures or to pay for these through loans. We should stress that
changing key assumptions, such as lifetime costs and frequency of floods, would modify our
conclusions. The results given here are intended as realistic case studies rather than
covering scenarios more comprehensively.
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Table 1: Indicative differential household costs of scenarios (£ per household): Terrace house/flat
Indicative
Indicative
cost
of Total cost of one flooding
investment cost
restoration per flood
event (20 year frequency)

Total cost of two flooding
events (10 year frequency)

Scenarios

Low

High

Low

High

Low

High

Low

High

1. No adaptation

0

0

10,000

20,000

10,000

20,000

20,000

40,000

1. Resistance with loan

8,775
3911

12,600
9,245

0

0

2. Resistance

0

0

8,775
3911

12,600
9,245

8,775
3911

12,600
9,245

3. Resilience with loan

3,700

40000

2000

10000

5,700

50000

7700

60000

4. Resilience

2,280

28,378

2000

10000

4,280

38,378

6280

48378

Table 2: Indicative differential household costs of scenarios (£ per household): Semi detached house
Indicative
Indicative
cost
of Total cost of one flooding
investment cost
restoration per flood
event (20 year frequency)

Scenarios

Low

High

1. No adaptation
2. Resistance with loan

Total cost of two flooding
events (10 year frequency)

Low

High

Low

High

Low

High

20,000

30,000

20,000

30,000

40,000

60,000

16000
11638

10800
4802

16000
11638

16000
11638

0

0

3. Resistance

10800
4802

0

0

10800
4802

4. Resilience with loan

10,126

40000

4000

15000

14,126

55000

18126

70000

5. Resilience

4,500

30,340

4000

15000

8,500

45,340

12500

60340
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Key conclusions are that:


In the event of flooding the estimated total costs to households with no adaptation
measures were in all cases considerably higher (usually by over 100 per cent) than
those who were able to invest in low or high cost resistance packages. The
differential becomes is exacerbated when there are repeated flooding events.
 Total costs to households that are able to finance resistance measures through
banks loans were also lower than for those with no adaptation undertaken, though
still over 50 percent higher than households paying for resistance measures without
loan finance.
 When households are able to invest in resilience measures in the lower cost range in
order to reduce impacts of flooding, including through a bank loan, their total costs
were again much lower than the no adaptation option. However, the high cost
resilience packages (including extensive replacement of surfaces and movement of
fixtures and appliances to higher levels) have a much higher payback period and do
not recoup costs under the given scenario assumptions. Moreover, for low income
households the costs of finance for such high level resilience measures are likely to
be prohibitively expensive.
 The result show the extent to which, under the given flooding preparedness and
restoration cost assumptions, those households that cannot afford to pay for
adaptation measures are in most cases worse off in terms of total costs of
flooding events than those that can pay for adaptation (except in the case of high
cost resilience measures require). The scale of restoration costs mean that these low
income groups are unlikely to have the means to pay for these and will face going
into debt and/or relocation and/or potential homelessness, with implications for public
finances where there is entitlement for alternative social housing and welfare benefits
for these vulnerable groups.
Flood Insurance: These worked examples represent cases where there is no insurance,
whether due to affordability or availability. It is estimated that the average annual premium
for combined buildings and contents insurance in areas of high risk is about £340 per year,
or £58 more than the national average estimate (ABI 2011). This would amount to a net
present value of about £3,40024 assuming the premium is paid at the same rate over 20
years. In many cases this will be an underestimate, especially for properties which have
already been flooded25.
It has been noted in this report (section 3.1) that the proportion of very low income
households that have no contents insurance was about 56 per cent (estimated by the Pitt
Review, 2008). We have estimated that this may include about 400,000 households in areas
with some form of flood risk and 37,000 in areas of high food risk. The differential in total
cost for households with and without flood insurance in the case of a flooding event is stark.
Based on the assumptions given above for restoration costs and insurance premiums over
20 years we estimate that the difference in total costs between having insurance and not
having insurance, for households in a semi detached house with no investment in protection,
would be in the range £17,000 to £27,000 for flooding frequency of one every 20 years and
£37,000 to £57,000 for flooding frequency of two every 20 years. Clearly, a low income
household without insurance and without savings will be faced with the prospect of
unaffordable restoration and recovery expenses.

24

NPV calculated based on £340p.a. with an 8% discount rate, the same as that used in the Haskoning UK study for whole life financial costs for
retrofitting adaptation measures.
25

See for example the O’Neill, J. & O’Neill, M. (2012) report which reports evidence from the Morpeth
Flood Action Group Insurance Survey. This gives examples of average increases in buildings and
content insurance premiums of 71 per cent for flooded households compared to 9 per cent for nonflooded properties in the same area.
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It has been noted in (section 3.1) that flood insurance, while important in protecting
households from the financial implications of a flooding event, does not provide incentives to
invest in protection measures when premiums are the same regardless of whether protection
measures have been installed26. This is because, in cases where building and contents
insurance policies pay for full flood restoration costs to the household, there will be no
financial advantage in investing in protection measures, even if these reduce damage from a
flood. However, this calculation does not take into account the costs of temporary rehousing, loss of income and all the important effects on wellbeing and mental health.
Link to differential impacts of adaptation policy to flooding case study
The results given above provide some background for the case study on differential impacts
of flooding across social groups (section 3.1). In particular, this concerns the issue that the
capacity of some groups to adapt or recover can be lower because of low incomes.
Also among factors determining flood preparedness is access to information and knowledge
about flood protection and risks. A quantitative measure of the level of preparedness is the
indicator of Uptake of Environment Agency Flood Warning Service developed in the HR
Wallingford (2012) study. This reports that for the period between 2008 and 2011 there was
an increase in uptake of the service from 304,000 to 427,000. This represents a rise from 17
to 23 percent for those total properties within the natural floodplain. It is noted that the
majority of those registered will be in areas of significant and moderate risks where there are
890,000 properties. Therefore the percentages quoted are likely to underestimate uptake in
these areas. Since 2008 the Environment Agency has also started an extended direct
warning database which target unregistered properties. These currently number about
688,000 in England.
A key conclusion here is that the basis of these figures about three quarters of people in
areas at some risk of flooding are not yet registered for flood warning and around a half in
areas with significant and moderate risks are not yet registered. If registration is considered
a proxy of flood awareness this suggested that a significant proportion of households may
not be sufficiently aware of the opportunities for protecting themselves through resistance
and resilience measures. This implies also that there may be further potential for policies to
promote increases in uptake of these measures.

The differential impacts of heatwave adaptation measures
Exposure to overheating is determined by a complex set of factors. This includes type and
condition of dwelling, occupancy details (in particular, whether and how long the dwelling is
occupied during the day), and dwelling orientation, which should be taken into account along
with the specific vulnerability characteristics of the occupants. The Community Resilience to
Extreme Weather project studies (Hallett ed., 2013) found, for example, that dwellings
including semi-detached houses built in the 1930s, ground floor flats from the 1960s and
terraced houses from the 19th century typically experienced less than half the overheating
exposure of dwellings such as a top floor flat build in the 1960s and a modern detached
house. It further concluded that overheating exposure associated with daytime occupancy is
much greater than for dwellings unoccupied in the daytime and could be over twice as high.
This means that the effectiveness of single or combined measures to protect against
overheating is highly dependent on these exposure factors and there is not a simple general
relationship between cost of protection measures and effectiveness of protection. The
CREW project (Hallett, 2013) has modelled the effectiveness of selected single and
combined passive adaptations in reducing overheating during a heat wave for a range of
26

We note that some insurers do take installation of protection measures in to account when setting premiums, but this practice is not widespread
across the industry.
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dwelling types, building orientations and occupancy profiles. It found, for example, that
external shutters are the single most effective adaptation for all the property types studied
and that there is great value in behavioural adaptations with no costs. Simple practices of
refraining from opening windows when the outside temperature is greater than the indoor
temperature can result in a 30 percent reduction in overheating exposure during the daytime.
External insulation was found to perform better in reducing overheating than internal
insulation in all the dwelling types, occupancies and orientations considered.
Available cost estimates for packages of adaptation measures per property have been
reviewed in Kent et al. (2013). These estimates for packages of passive measures are quite
consistent. For example, a package of measures for a typical unadapted house are
estimated in the range of £8,000 (if winter warmth measures already present) to £16,000 by
TRCCG (2008) and a package of passive retrofit measures are given in the range from
about £2125 (flat) to £4575 (detached house) in Davis Langdon (2011) and ASC (2011).
The CREW study (Hallett, 2013) suggests that the costs of significantly reducing overheating
will vary significantly with type of property due to the exposure factors explained above. For
example, a package of adaptations reducing overheating by 85 percent (and reducing winter
heating energy by 20 percent) in a semi-detached house would costs about £3000, with
similar results for ground floor flats built in the 1960s and Victorian terraced houses. To
achieve about the same order of reduction in overheating in the case of the top floor flat and
a modern detached house was found to cost about £23,000.
This variation in adaptation costs between types of property results in a complex picture
when considering differential cost to vulnerable groups since there will not necessarily be a
pattern of groups with particular vulnerabilities residing in properties with similar exposure
characteristics for overheating. Their costs of adaptation will vary greatly according to where
they live, for example, between a ground or top floor flat, or between a terrace or detached
house. The evidence suggests, however, that for people who live in the most exposed
property types there are significantly higher adaptation costs if they spend a large part or all
of the daytime at home compared to those who are away during the daytime. For example,
for similar levels of overheating reduction the cost of retrofitting a top floor flat when
unoccupied during the day was estimated at about £13,000 compared to £17,000 if the
dwelling is occupied during the day. This differential was insignificant in the cases of semidetached houses, ground floor flats and terraced houses.
Where a difference in costs for daytime occupancy exists this is likely to apply
disproportionately to vulnerable groups such as the elderly, those with restricted mobility and
unemployed people. The cost differential may be exacerbated when these vulnerability
factors are combined with low income and savings. Consequently, a vulnerable daytime
occupant of a property with these higher estimated retrofitting costs may be faced with a
choice of not investing in adaptation measures with consequential increased overheating
during a heatwave or seeking loan finance. We calculate the cost of a bank loan for the full
£17,000 adaptation cost given in the above example would be about £24,00027 compared to
about £15,300 for the full cost of a loan for the £13,000 adaptation cost for the non daytime
occupant. This illustrates the escalation of differential adaptation costs that can apply to
vulnerable groups in cases where there is a combination of exposure and adaptive capacity
factors.
The overall cost of adaptation measures to households is further complicated by their effect
also on winter energy use. Many adaptations provide potential savings on winter energy bills
with the CREW analysis estimating that there can be over 40 percent reductions. However,
low-cost adaptations can also result in greater winter energy use. This points to further

27

Bank loan of 17,000 will currently cost approximately £24,000 in total based on 10.9% APR repaid over 7 years at £285 per month.
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potential differential impacts for low income groups who may rely on low cost overheating
adaptations which then result in greater winter energy bills.

Link to differential impacts of heatwave policy interventions case study
The discussion of differential costs of adaptation above provide some context for the case
study on differential impacts of heatwave policy interventions (section 3.2 and Appendix 4),
particularly regarding the potential scale of increased summer morbidity and mortality due to
higher temperatures in the future. There are currently about 100,000 hospital admissions in
the UK per year due to heat and about 1,100 premature deaths Defra (2012). The CCRA
forecasts an increase in hospital admissions and mortality due to heat of about 60 percent in
the 2020s and 200 percent by the 2050s.
These figures underline the importance of the ability of vulnerable groups to obtain
adaptation measures for reducing overheating in their homes in order to reduce risks of
hospital admission and mortality. Since it is likely that a high proportion of admissions are
from vulnerable groups, especially elderly and those with existing health conditions, then
there is also a cost differential to society between reducing risks of hospitalisation due to
overheating through health and social care provision and NHS treatment due to overheating
related morbidity. Current average costs for a stay on an NHS general or surgical ward is
around £400 per day rising to £1,500 per day for intensive care. Further research in this area
would need to compare total potential hospitalisation costs with the total costs and
effectiveness of health and social care system measures that reduce the rate of
hospitalisation and provision of other health treatment by increasing the preparedness of
vulnerable groups for heatwaves.

Differential impacts of water efficiency measures for low
income users
This section first considers the differential water supply cost savings for metered households
between different packages of water saving adaptations across different regions. The
findings are then discussed in the context of impacts on vulnerable low income groups who
may have restricted ability to invest in adaptations and therefore benefit from these cost
savings. It then considers quantitative research that would further inform questions of design
and effectiveness of schemes designed to ensure affordability of water supply for vulnerable
users.

Regional assessment of cost savings from adaptation options
A comparative assessment has been made of typical household water supply cost savings
achievable from three different water saving adaptation packages. In order to show interregional differences in cost savings from adaptation packages we have used metered water
supply volume charges (£/cubic metre) for three water companies representing high,
medium and low metered water charges. Current water charge information (for 2012/13) has
been used from Wessex Water (representing high volume charge), Anglia (representing
medium volume charge) and Portsmouth (representing lowest volume charge)28.
Calculations were made for typical household savings per year based on the different
volume charge rate in each area and typical water savings (cubic metres per year) for three
adaptation packages.

28

Ofwat data on average total water bill totals (2012-13) across water companies shows Wessex Water as highest (£195), Anglia as mid range
(£167) and Portsmouth as lowest (£88). http://www.ofwat.gov.uk/regulating/charges/prs_web_charges2012-13
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The adaptation packages are based on information on household water efficiency measures
analysed in the ASC (2011) study29. A breakdown on typical water savings and costs of
individual adaptation measures for retrofit, upgrade and new build are given in Table 3. In
the source study some simple measures have no additional cost when they are end-of-life
replacement upgrades or for new-builds.
Table 3: Summary of Water Efficiency Measures Data











Type
Measures
Shower
WC
Taps

Garden
Appliances

of













Rainwater/
greywater





Total

Measures Detail
Low
flow
shower

Dual flush

Low flow taps 
Click
lock
kitchen tap

Water butt

Low
water
washing
machine

Low
water
dishwasher

Low
volume,
gravity
rainwater
system

Short retention
grey
water
system






Water
Saving 
(m3/year)

Typical Costs (£)
Retro
(Low)



Retro
(High) 



New 
build
(Low)

Upgrade

New
build
(High)

1.3
4.6
4.9





250
230
100





430
540
210





0
0
0









4.9
0.4




100
50




100
50




0
0




50




50

10



490



490



110



100



100

0.4



550



550



150



130



130

n/a



1000



1000



0



900



900

11.4



1920



2220



0



1730



2000

37.9



4690



5590



260



2910



3180

Source: ASC (2011)

A summary of total costs of adaptation packages and associated annual water savings used
in our calculations is given in Table 4. The simple retrofit package includes: Low flow
shower, dual flush WC, low flow taps, click lock kitchen tap and water butt. The standard
retrofit package includes the same measures as simple but also with low water washing
machine and low water dishwasher. The full retrofit package includes same measures as
standard but also with low volume, gravity rainwater system and short retention grey water
system. The upgrade package includes only the additional cost of low water washing
machine and low water dishwasher as other measures are assumed to have no additional
cost. The costs of packages for new-builds are generally much cheaper than full retrofits.

29

From study undertaken and reported by Davis Langdon (2011)
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Table 4: Summary of Cost Estimates for Household Adaptation Packages



Adaptation Packages 

Indicative additional cost of

packages per household (£)
 Low
 High
Retrofit (simple)
 730
 1330

30
Retrofit (standard)  1770
 2370

Retrofit (full)
 4690
 5590

31
Upgrade
 260


32
New Build
 2910
 3180

Sources: ASC (2011), Davis Langdon (2011).







Typical
water
savings
(cubic
metres/year)
16
26
38

Based on the costs and water savings data outlined above we have made illustrative
estimates of metered water supply cost savings for combinations of: (i) simple, standard and
full packages of water saving adaptation measures, (ii) high, medium and low volume
charges and (iii) household size (one, two and five people). Calculations for the larger
household size may overestimate cost savings since we have assumed no economies of
scale with water use.
Calculations have been made for annual cost savings for households under these
combinations. In each combination we have also given estimated total savings over a period
of 20 years (assumed to be the average lifetime of the package of measures). It should be
noted that these calculations are based on current costs of water and that higher than
inflation rises in metered charges by volume in the future would increase the real savings to
be made from adaptation packages. Thus there is potential to develop these calculations
under a variety of possible scenarios for future changes in charges.

30

Retrofit costs in the TRCCG (2008) analysis total about £1370. This includes a similar range of items as the ASC analysis for standard retrofit
but also includes saving on garden watering and car washing.
31
Upgrade includes only the additional cost of low water washing machine and low water dishwasher. The other standard measures are assumed
to have no additional cost when upgraded at end of life of existing items.
32
New build includes only the additional cost of water butt, low water washing machine, low water dishwasher gravity rainwater system and short
retention grey water system.
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Table 5: Comparative Assessment of Metered Water Supply Cost Savings (2012-13 prices)
High volume charge
Wessex

Medium volume charge
Anglian

Low volume charge
Portsmouth

Average metered water supply charge (2012-13) (£)

195

167

88

Volume charge (£/cubic metres)

2.05

1.45

0.84

WaterSure fixed charge (£)

235

185

95

Household Size (occupants)

1

2

5

1

2

5

1

2

5

Simple adaptation package savings per year (£)

32.8

65.6

164

23.2

46.4

116

13.44

26.88

67.2

Savings over 20 years (£)

656

1312

3280

464

928

2320

268.8

537.6

1344

Standard adaptation package savings per year (£)

53

106.6

266.5

38

75.4

188.5

22

43.68

109.2

Savings over 20 years (£)

1066

2132

5330

754

1508

3770

437

873.6

2184

Full adaptation package savings per year (£)

78

155.8

389.5

55

110.2

275.5

32

63.84

159.6

Savings over 20 years (£)

1558

3116

7790

1102

2204

5510

638

1276.8

3192

Figure 1: Comparison of Cost Savings from Retrofit Packages for Range of Metered Volume Charges (Two Person Household)
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Based on the findings of the comparative assessment in Table 5 our tentative conclusions in
relation to differential impacts for vulnerable groups are as follows:












The possible overall cost savings to be achieved by investment in water saving
packages varies significantly between different regions due to variability in metered
volume charges, as illustrated in Figure 1 for a two person household. For example, a
two person household that invests in a simple adaptation package will gain an annual
saving of £65 on an average annual metered charge of £195 as customers of Wessex
Water. A similar household in the Anglia region would save £46 on an annual £167
charge while in Portsmouth the household would save about £27 from a water charge
of £88. These disparities are much more marked with larger households. Due to
these differences in savings, investments in adaptation measures have different
payback periods between regions. For very low income households with limited ability
to pay for adaptation such differences may influence the decision on whether it is
worthwhile to purchase simple adaptation measures. If the item does not payback
within the first year the household with necessarily short term financial planning
horizons may decide it would be better to pay the unadapted charge. Thus a low
income household in an area with higher potential for water charge savings may
decide to pay for adaptation measures whereas a similar household in an area with
lower water charge savings may not.
Packages of adaptation measures can produce significant cost savings over their
lifetime with payback achieved even at the high end of the cost range. This is
particularly the case for larger households and those in the higher volume charge
areas. For example, the simple adaptation package costing £730 to £1330 would
achieve a 20 year saving of £3280 for a 5 person household in the Wessex Water
area. Low income households unable to afford such investments would not have
these savings available to them. In the long term this would amount to a significant
cost saving differential between low income non adapters and higher income
adapters.
Where low income households with water meters are able to make zero or low cost
water saving adaptations, this assessment supports the evidence that metering can
be beneficial. For example, the study on water poverty by Huby & Bradshaw (2012)
found that having a water meter reduced rates of water poverty (defined at a
threshold of 3 per cent of disposable household income spent on water bills), with
bills declining on average by £1 a week.
When vulnerable households have restricted ability to save water, for example, when
there are essential uses of higher than average volumes for reasons of health, the
generally positive conclusion given above may not apply. In such cases the
differentials in water supply cost between non adapters and adapters become even
more significant.
As the cost of upgrade packages of adaptation measures are much lower than retrofit
packages the payback period is also much lower, boosting net cost savings. To the
extent that low income households with limited finances are more likely to delay
essential upgrades, for example replacing leaking taps and faulty showers, they will
also delay benefiting from these water cost savings compared to other income
groups.
Tenants will generally not have as much scope as owner occupiers to implement
adaptation measures and therefore will have reduced prospects to benefit from
metered water supply charge savings outlined in Table 5. This applies, in particular,
to tenants of private landlords but also to social housing tenants.

Link to differential impacts of water scarcity responses on vulnerable users
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Currently, there exist alternative schemes and initiatives that are designed to ensure that
certain social groups are able to access affordable water, including WaterSure and the Social
Tariff. In broad terms, WaterSure effectively caps water bills at average regional levels for
certain low-income households whilst the Social Tariff is designed to introduce an increasing
tariff, the rates of which can be adjusted according to established household vulnerability
criteria. In the latter, any downwards adjustment may be met through cross-subsidisation by
other customers who are judged not to be vulnerable. Details of these schemes are given in
Appendix 5.
A number of issues regarding the future impact of these schemes for which further research
could be developed including:
 How the design of specific schemes, in terms of qualifying criteria and level of
assistance and protection given to vulnerable groups, translates into numbers of
households qualifying by region. In the case of the proposed Social Tariffs how will
the definition of water poverty as 5 per cent or more of income spent on water and
sewerage services translate into numbers of beneficiaries and levels of cross subsidy
for those in water poverty? Varying assumption about the design of the scheme can
illustrate a number of outcomes for the size of the beneficiary group by region and the
level of reduction in water bills.
 The extent of regional inconsistencies in water bill capping schemes. This is evident
from the case studies data given on the Watersure fixed charge in Table 4 which
ranges from £235 in Wessex Water region to £95 in Portsmouth. How would varying
the level of the cap according to regional and national average use change the
numbers of qualifiers and distribution of the beneficiary group.
 Supporting uptake of water saving measures. To what extent could existing and
proposed schemes further promote water saving adaptation as part of addressing
affordability? In some cases, such as South West Water’s WaterCare Plus scheme,
promotion of adaptation is included alongside affordability (see Appendix 5). In other
cases adaptation is not included. An example is the Watersure scheme which
focuses on ensuring that vulnerable customers qualifying for certain benefits and with
three or more children or a medical condition requiring significant additional use of
water can afford to pay their water bills. In its current design there are circumstances
in which adopting water saving adaptations, appropriate for the specific vulnerability,
may be more financially beneficial to the household over the lifetime of the
adaptations than relying on cost saving available from Watersure. From the data in
our case study in Table 4 we have calculated example thresholds of household water
use below which investing in some water saving adaptations would be more
financially beneficial for the household than remaining un-adapted and benefiting
from the cap on bills. For example, based on the current Watersure fixed charge for
Wessex Water of £235 (equivalent to a metered water supply charge for 115 cubic
metres/year) investing in a low cost simple retrofit package may provide more cost
savings over a 20 year period than the saving provided by the Watersure cap up to a
level of water use of 177 cubic metre per year. There is an argument that in this
range of water use assistance for qualifying vulnerable households would be more
beneficial if targeted on uptake of appropriate water saving adaptations, although
caps would remain in place for cases where water saving did not reduce bills below
existing cap levels.
More comprehensive future analysis of the effects of water supply affordability schemes on
vulnerable and non-vulnerable households would need to be placed in the context of climate
change scenarios and their impacts for these schemes across regions. These changing
impacts need to be placed in the context of other socio-economic changes – most obviously
demand patterns over the next few decades which are also uncertain. Whilst the schemes
appear to be designed primarily with current water supply and demand conditions in mind,
their acceptability is likely to be influenced by the concerns of customers regarding these
future changes. Consequently future research should establish the following:
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The effects on the water supply costs on vulnerable and non-vulnerable households in UK
regions over the next 10-30 years resulting from alternative combinations of:
a) climate scenarios; water scarcity and supply costs
b) water demand scenarios;
c) alternative intra- and inter-regional water trading arrangements;
d) alternative rules limiting the extent of cross-subsidisation;
e) alternative definitions of “water poverty”; numbers qualifying.

Differential impacts of cold weather adaptation actions
Scenario-based projections which suggest milder winters in the UK in future decades means
that, unlike the other climate hazards considered in this report, there may be reduced overall
key risks to households from cold weather in terms of winter mortality and winter morbidity,
as well as reduced energy demand for heating, as outlined in the CCRA (Defra, 2012).
However, the frequency of extreme cold weather events remains uncertain with some
research suggesting that there could even be an increased probability of cold winter
extremes in some regions of Europe (see the quantification assessment element of the
PREPARE Local and Household Adaptation Report Kent et al. (2013)). Therefore, cold
weather risks will continue to be an important challenge with differential impacts of these
risks on vulnerable groups remaining an issue to be addressed in policy.
Vulnerability of households to health and financial impacts of cold weather is determined by a
combination of factors. As in the case of overheating in heatwaves, these include sensitivity
factors such as existing health conditions, exposure factors such as type and condition of the
dwelling, and adaptive capacity factors such as income. Consequently, there is not a simple
response relationship between cost of adaptation actions and the extent of protect against
cold weather risks. The variation in exposure according to the condition and types of property
in particular complicates any assessment of differential cost of adaptation for vulnerable
groups.
A range of household adaptation actions for coldwaves have been categorised according to
coping responses, planned adaptation and other measures in the quantification assessment
element of the PREPARE Local and Household Adaptation Report (Kent et al. 2013). These
range from simple no or low cost responses such as wearing more clothing to a range of
more costly adaptations ranging from insulation, glazing and draft proofing measures.
Energy demand: Energy demand for heating is a key impact of cold weather event and can
add significantly to winter heating bills33. With inflation in energy prices extreme cold weather
has potential to seriously exacerbate fuel poverty. Moreover, vulnerable groups such as
those with restricted mobility and older people may have further increased demand heating
during cold weather due to spending higher proportions of their time in their homes during
the day. This highlights the importance of energy saving planned adaptation measures that
can make significant savings in household energy costs as illustrated in Table 6.
While a number of low cost measures are available to low income households there is
potential for even greater energy saving from higher costs measures such as wall insulation
and double glazing. To the extent that these higher cost measures are not within the budget
of low income households there will be a differential in potential for cost saving on energy for
heating. We have not, however, undertaken worked examples of differential outcomes for

33

Each one-degree drop below the typical temperature for the time of year was estimated to add 29p a day in average extra heating costs
(National Energy Action, 2010).
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low income groups that may only afford the low and no costs adaptation actions, as has been
done in the case of flooding preparedness and water saving adaptations. The proportion of
annual cost savings from these measures that can be related to heating during cold weather
events34 will varying significantly according to exposure factors, frequency and severity of
these events and other factors and therefore we have not been able to made confident
estimates of savings scenarios with the available data.

Table 6: Indicative Costs and Savings from Energy Efficiency Measures35
Measure

Cost (£)

Annual
saving

Payback
Period

Loft insulation

300

180

<2 years

Cavity wall insulation

500

140

<4 years

Solid wall insulation (internal)

5,500-8,500

460

12 to 20 years

Solid wall insulation (external)

9,400-13,000

490

20 to 25 years

Timber floor insulation

530

60

<10 years

Filling gaps between floor and skirting board

13

25

<1 years

Draft proofing

up to 100

55

<2 years

Double glazing full house

3,000-5,000

170

18 to 30 years

Hot water tank jacket

15

45

<1 years

10

15

<2 years

Primary pipe insulation
Source: Energy Saving Trust

Health risks: There are currently in the range 2.6 to 5,8 million patient-days in hospital per
year due to winter morbidity in the UK with CCRA forecast for a 30 per cent reduction by
2050 (medium emissions scenario, central estimates). There are also about 26,000 to 57,000
premature deaths per year with CCRA forecasts for a reduction in the range 3,900 to 24,000
by 2050 (medium emissions scenario, central estimates). However, there is high uncertainty
in the extent to which these estimates can be attributed to extreme cold weather events.
To the extent that low income groups have restricted ability to invest in adaptation measures
for extreme cold weather they will have disproportionate risks of winter mortality and winter
morbidity. However, we have found limited data available on the effect of cold weather
adaptation actions on reducing mortality and winter morbidity risks on which to base
quantitative analysis of adaptation and no adaptation scenario and the extent of differential
effects for vulnerable groups.
Affordability policies: There are a number of policies that assist vulnerable households to pay
for heating bills and invest in energy saving measures. These include: cold weather
payments (£25 per week for cold weather period if eligible for selected welfare benefits), the
Winter Fuel Allowance (not specifically targeted at extreme cold weather or vulnerable
groups), the Warm Front scheme36 (providing grants for insulation) and the Home Warm
Discount Scheme37. Although there is information on the uptake and cost of these schemes
34

Adaptations such as insulation provide potential savings for both winter heating energy and summer cooling
energy as outlined in the heatwave adaptation section.
35
Estimates based on insulating a gas-heated, semi-detached home with three bedrooms.
36

To be replaced by Green Deal Scheme.
(ONS, 2012) The Government has also established the ‘Warm Homes, Healthy People’ fund from winter
2011/12, which aims to make funds available to local authorities and charities to help them reduce illness and
death caused by living in cold homes. An estimated 130,000 to 200,000 people in England (62 per cent of them
elderly) received assistance including help with loft insulation and emergency repairs, provision of warm goods,
benefits advice and fuel vouchers. However, the impact of this fund on cold-related mortality has not yet been
assessed.
37
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there is further potential for research into the extent to which vulnerable groups have
benefited overall, for example, via savings in energy bills and estimated reductions in
morbidity through installing energy saving measures.
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