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Foreword

During the first six months of 2012, the country suffered first from too little water, and
then from too much water: drought followed by flooding. The year started with a second
dry winter in a row. This together with an unusually hot and dry March caused drought
conditions in many parts of England. Seven water companies imposed hose-pipe bans,
affecting more than 20 million customers.

This was followed by the wettest spring (April — June) on record. Many parts of the country
were affected by flash-flooding. Rivers burst their banks and roads turned to rivers as a
result of surface runoff, after some areas saw a month’s worth of rain in 24 hours. This led
to serious flooding of at least 1,200 properties from Sussex in the south of the country to
Cumbria, Lancashire and West Yorkshire further north. The news reports underlined the
devastating impact of these floods on people’s lives and livelihoods.

It is not possible to attribute current weather events to climate change. However, the latest
climate models tell us that extremes of the kind seen this year are likely to become more
common in the future. The Government’s Climate Change Risk Assessment, published earlier
this year, identified increasing frequency of floods and increased pressure on water resources
as two of the most significant climate risks facing the country now and in the future.

The Adaptation Sub-Committee has analysed how well the country is preparing for
these key climate risks. In this report we use national indicators to show that the country
has become more exposed to future flood risk through continued development in the
floodplain and paving over of front gardens. At the same time, climate change combined
with population growth is likely to increase the risk of water scarcity.

The actions that the Environment Agency, water companies and local authorities are taking
go some way to addressing these risks, for example through investment in flood defences
and water supply infrastructure, and in the design of new development. Current efforts

to manage flood risk, if they were to continue, would not keep pace with the combined
effects of climate change and economic development in the future. Stronger policies may
be required to sustain a continued, but necessary, reduction in household water use.

The Government'’s National Adaptation Programme provides an important step towards
ensuring that the country is preparing well for climate change. The Programme can do this
by encouraging greater action by households and businesses, for example through faster
rollout of water meters to provide a clear incentive to save water. The Programme can also
ensure that those making strategic decisions, such as local authority planners and water
companies, build climate change into their long-term plans in a robust and transparent way.

/JBons ke

Lord John Krebs Kt FRS
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Executive Summary

The Adaptation Sub-Committee (ASC) has a statutory duty to report regularly to
Parliament on the UK Government’s progress in delivering its adaptation programme.

In our first two reports, we developed and piloted a toolkit to assess progress in preparing
for climate change, including use of adaptation indicators.

In this report we apply the toolkit at a national level to two of the largest risks to emerge
from the UK’s first Climate Change Risk Assessment (CCRA): flooding and water scarcity.!
Many of the effects of climate change in the UK will be felt through changes in the
water cycle. Climate change is likely to increase the frequency and severity of floods and
droughts. Without action to prepare, this could lead to increasing costs and unnecessary
damage and disruption.

Key messages

e Exposure to flooding. The Government and local authorities should ensure more robust
and transparent implementation of planning policy in relation to development in areas
at risk of flooding.

— Development in the floodplain grew at a faster rate than elsewhere in England over
the past ten years.

— While much of this development is well protected from flooding by the presence of
community defences, one in five properties built in the floodplain were in areas of
significant flood risk. Design features at the site level should have helped to make this
development more resilient to flooding.

— The current “build and protect” approach to floodplain development will leave a
legacy of rising costs of protection and flood damage in the face of climate change.
These long-term costs may outweigh the benefits of development in some locations.

* Protecting existing properties from flooding. The Government should support
sustained and increased investment in flood defences from public or private sources; or
in the absence of this identify ways to manage the social and economic consequences
of more frequent flooding.

— Current levels of investment in flood defences and uptake rates of protection
measures for individual properties will not keep pace with the increasing risks of
flooding. Climate change could almost double the number of properties at significant
risk of flooding by 2035 unless there is additional action.

1 Our statutory remit under the UK Climate Change Act is to assess progress two years after publication of the UK Government’s adaptation programme.
Because this programme covers UK-wide issues for reserved matters and England only issues for devolved matters, such as floods and water policy, our
assessment toolkit develops specific indicators for England on floods and water. The toolkit is being developed in such a way that it has UK-wide applicability
and could be used for the adaptation programmes in the devolved administrations if so requested.
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— By increasing investment in both flood defences and property protection measures,
the number of properties at significant flood risk could be halved from current
levels by 2035 accounting for climate change. The potential impact of climate change
means that increased investment could lead to a four-fold reduction in risk when
compared with a scenario of no additional action.

¢ Future water scarcity. The Government and water companies should take further
steps to increase efficiency in water use, including through water metering and pricing.
Increased uptake of meters will be particularly important in locations with current and
future risks of supply-demand deficits.

— More efficient use of water is a powerful way to cope with future deficits in water
supply. Improving water efficiency has a triple benefit: (i) it saves consumers money
on water and energy use; (ii) it defers the need for costly investments in new supply
infrastructure; and (iii) it limits damage to the natural environment arising from over-
abstraction of water.

— On current trends average water consumption could be reduced from 145 litres per
person per day to 130 litres or less per person per day by 2035.

— This is readily achievable by uptake of household efficiency measures, wider use of
water metering and raising awareness. Reducing average consumption by 15 litres
per day goes further than current water company plans and could halve the projected
deficit from climate change and population growth.

Flooding: assessing preparedness for a changing climate

Scale of flood risk today and in the future

¢ Around one in seven properties (3.6 million homes and businesses) currently face some
form of flood risk. Under current standards of protection, insured losses from flooding
and other severe weather are modest, on average costing around £1.5 billion or 0.1%
of GDP each year. Such events also cause substantial personal stress and hardship for
affected households.

e Total costs of individual weather events can be much higher through disruption of
essential services (power, water, and ICT) and business supply chains. Around 10% of
critical infrastructure (power stations, water treatment works) and emergency services
(fire, police and ambulance stations) are currently located in the floodplain.

Executive Summary 1




¢ Climate change could increase the number of properties in England with a significant
chance of flooding? from rivers or the sea: from 330,000 now to between 630,000 and
1.2 million by the 2080s, according to the climate change scenarios used in the CCRA.
The annual expected costs of flooding could increase from £1 billion now to between
£1.8 billion and £5.6 billion (present day prices) over the same time period. These
estimates assume no further action to prepare, no population growth and no change
in the property stock.

New development and land use planning

¢ Indicators show that development in the floodplain in England increased by 12%
over the past ten years compared with a 7% increase outside the floodplain. Around
21,000 homes and business premises (13% of all new development) have been built
in the floodplain every year over this time period. Since 2008 there has been a relative
decrease in the rate of development in coastal areas.

¢ Planning policy ensures that this development is generally well protected from flooding.
The majority of floodplain development proceeded in line with Environment Agency
advice, because the developer incorporated adaptation features, such as raised ground
and floor levels or safe evacuation routes.

e However, our analysis raises some questions about implementation of the policy.

— While over 80% of floodplain development took place in locations well protected
from flooding with community defences, one in five properties built in the floodplain
were in areas of significant flood risk under today’s climate.

— In addition, the approval process is not sufficiently transparent or accountable. The
Environment Agency only knew whether or not their advice had been followed in
65% of planning applications where they had objected.

— Development in the floodplain may be a rational decision in cases where the wider
social and economic benefits outweigh the flood risk, even when accounting
for climate change. However, from a review of 42 of the most up to date local
development plans we found mixed evidence on whether or not local authorities
were transparently:

* assessing the potential for accommodating growth elsewhere before deciding
to allocate land for development in the floodplain; or

* accounting for the long-term costs of flooding with climate change, both in
terms of the increasing costs of flood damage and any additional costs of flood
protection.

2 Throughout this report, we use the Environment Agency categories of flood risk. Properties with a “significant” risk of flooding are those with a greater than
1in 75 year likelihood of flooding in any given year.
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Protecting the existing property stock

e [f current investment plans for flood defence continue into the future, the country will
be faced with an increasing risk of flooding from climate change. Greater investment
in flood defences, either from public or private sources, would help to stem this
increasing risk.

— Investment in flood defences has helped to reduce flood risk to 182,000 homes in
the last three years and improved the condition of some defences.

— Planned yearly spend on flood defences is lower for the current period (2011/12 -
2014/15) after taking into account the effect of inflation. This remains the case even
allowing for additional spend generated from Environment Agency efficiency savings
and contributions secured to date from local authorities and businesses.

— The Environment Agency estimates that investment needs to increase by £20 million
above inflation every year to keep risk levels constant in the face of climate change
and deterioration of flood defence assets.

* Property-level protection measures, such as door guards and air-brick covers, could
benefit properties in locations of lower population density where flood defences may
not be cost-effective. However, uptake of such measures is around 20 — 35 times lower
than the rate required to reach all 200,000 — 330,000 properties that could benefit
within a meaningful timeframe (25 years).

e By 2035, the combined effect of increased investment in flood defences (£20 million per
year on top of inflation) and faster uptake of property-level measures could reduce the
number of properties at significant risk by half from current levels accounting for climate
change. The potential impact of climate change means that increased investment could
lead to a four-fold reduction in risk when compared with a scenario of no additional action.

e Managing water at the catchment scale to attenuate flood flows also plays an important
role in adaptation to flood risk. The Committee’s next progress report will look at this in
more detail.

Managing surface water flows

e Surface water flooding in urban areas is already increasing as a result of paving over
green spaces in towns and cities. It may increase further with more intense rainfall due
to climate change. Despite the scale of the risk, knowledge of the impacts of climate
change on surface water flooding remains poor.

¢ Indicators show that in towns and cities the proportion of gardens that have been paved
over increased from 28% of total garden area in 2001 to 48% in 2011. Total garden area
in towns and cities has remained roughly constant at around 340,000 hectares of the
1.3 million hectares of total urban extent in England.
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Our analysis identifies scope for greater use of sustainable drainage in new
developments to slow down surface water flows in urban areas. By itself this is unlikely
to be sufficient to stem the growing risk from surface water flooding. Using roads and
paths as emergency flood channels can help keep surface water away from vulnerable
people and property during extreme downpours.

Water scarcity: assessing preparedness for a changing climate

Risks of water scarcity now and in the future

Over recent decades England has been affected by a drought every seven years on
average. Security of supply has improved through continued investment by water
companies. As a result, significant interruptions to public water supply from drought,
such as those requiring the use of standpipes, are rare. Restrictions such as hosepipe
bans and constraining the level of abstraction are more common. Current levels of
abstraction are putting undue stress on the natural environment.

Climate change is likely to alter annual and seasonal rainfall patterns, but the extent and
timing of changes remain uncertain. Water companies estimate that without action to
prepare nearly half of water resource zones could be at risk of deficit during a drought
by the 2020s due to the combined effect of climate change and population growth.
The CCRA suggests that the supply-demand deficit in the 2020s could range from
negligible to 3 billion litres per day, with a central estimate of 1.2 billion litres per day
(7% of existing supply).?

In their latest plans water companies proposed measures to deal with around 1.4 billion
litres of deficit by 2035. Just over half of their effort focussed on measures to improve
supply, with the remainder of their effort split between reducing consumer demand

or limiting leakage.

Reducing water use and limiting leakage losses

Our analysis identifies scope for greater action to manage demand in the face of the
likely deficit from climate change combined with population growth. Low-regret actions,
such as increased household water efficiency and basic rainwater harvesting, provide
benefits today and against any future deficit. These should intensify given the lead-times
required for altering household fixtures and fittings and behaviour change of consumers
in relation to water use.

3

This is for England and Wales combined and includes the effects of population growth as well as climate change.
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¢ Managing demand has other co-benefits:
— saving consumers money on water and energy use;
— deferring the need for costly investments in new supply infrastructure; and
— reducing over-abstraction of water from the natural environment.

e Indicators show that household use of water per person has declined since 2000.
However, average water consumption in England, at 145 litres per day per person,
remains one of the highest in north-western Europe.

e If the current trend were to continue, water use would be reduced to 130 litres per
day per person by 2035. This could save around 700 million litres of water per day,
according to the CCRA, dealing with around half the deficit in the 2020s. In comparison,
the latest water company plans deliver savings of 440 million litres of water per day by
2035 from reductions in water use.

* A faster pace of reduction in water use could be readily achievable through sustained
rollout of water metering, uptake of water efficiency measures and information
campaigns. Previous ASC analysis suggests that reducing consumption to 115 litres
per day per person could be achieved in a cost-effective way through uptake of water
efficiency measures.

e |Leakage increased slightly to an average of 22% of public water supply in 2010, mainly
due to cold winters causing increases in pipe bursts. Water company estimates suggest
that leakage could be reduced to 20% of current total public water supply with further
investment over the next 25 years, saving a further 240 million litres of water per day.
Taking into account the effects of climate change on the long-run value of water would
make further leakage reductions cost-effective.

Water metering

¢ In order to put in place an effective system to manage demand, the price of water
should reflect its availability and how much is used. Water metering will be a necessary
component of any effective strategy for demand management.

e The number of households with water meters has increased by 2% per year in recent
years, with 40% of households in England and Wales currently metered. If current
trends were to continue, metering could reach 85% of households by 2035. However,
a stronger policy framework may be required to sustain even this rate of rollout.

e A greater prevalence of metering in locations with higher risks of supply-demand deficits
from climate change would provide the right incentive for achieving such reductions.
At present, climate change is not taken into account in designating areas of water stress.
This is a barrier to timely uptake of metering to deal with risks from climate change.
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Improving water supplies

* Reducing water use by households and tackling leakage is unlikely to deal with all of the
deficit expected in the future — for example the mid-range deficit expected in the 2020s
(1.2 billion litres per day) or any plausible deficit in the 2050s (2.1 to 8.2 billion litres

per day).

* The degree of risk that water companies and regulators choose to plan for — and
conversely how much risk to accept — should determine the scale and timing of supply-
side measures required. For example, water sharing could contribute around 100 —
300 Ml/day to reducing the supply-demand deficit, according to the CCRA analysis.
The water company price review in 2014 provides an important opportunity to factor
in uncertainties in future climate transparently into long-term plans.

Abstraction reforms

e The Government’s Water White Paper proposes reform of abstraction licensing by the
2020s to establish a stronger market framework to ensure efficient allocation of water
between all users, including power stations, heavy industry and agriculture.

* In the meantime there is a risk that policy decisions that are sensitive to water availability
(such as in energy and agriculture) do not take full account of future water availability or
the underlying requirement to support the natural environment. Taking climate risks into
account will avoid lock-in to development pathways that lead to unsustainable levels of
abstraction in the future.

Advice on the UK Government’s adaptation programme

* The National Adaptation Programme is an important step for the Government to outline
its long-term approach to preparing for climate change. The programme should take a
systematic and proportionate approach to addressing priority climate risks and assess
existing and proposed policies against this. An important part of this will be to examine
whether current and planned actions of public agencies, local authorities, businesses
and households are sufficient to address the risks of climate change, or whether changes
to the policy framework are required to enable and encourage action.

* The programme should set out tangible steps to remove outstanding barriers to
adaptation action, in order to:

— increase the uptake of low-regret adaptation measures, such as water efficient fixtures
and fittings, sustainable drainage systems and property-level flood protection; and

— ensure that those taking decisions with long-term or systemic consequences, such as
local authorities and infrastructure providers, take account of climate change in a way
that is transparent and acknowledges the uncertainties.
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* Box ES.1 sets out some specific advice on tackling barriers to action based on the
analysis set out in this report.

e The programme should establish an approach to monitoring the effectiveness of policies
to address climate risks, and look to improve the evidence base on the impacts of
climate change.

Box ES.1: ASC advice for the National Adaptation Programme in relation to flooding and water scarcity.

Flooding

e Ensure robust and transparent implementation of planning policy in flood risk areas, so that local authorities
consistently and explicitly take into account the long-term risks of flooding when deciding the location of new
development.

e Support sustained and increased investment in flood defences from public or private sources, given that current
spending plans will not keep pace with increasing climate risk; or in the absence of this, identify ways to manage
the social and economic consequences of more frequent flooding.

e Enable greater uptake of property-level measures to protect against floods and encourage greater use of
sustainable drainage systems to manage surface water.

Water scarcity

e Take further steps to increase household efficiency in water use, including through water metering and pricing.
This could include removing legal barriers to metering in areas with high risk of future deficit.

e Ensure that water companies are transparent about how the risks and uncertainties from climate change are
factored into their long-term investment planning for future water resources.

e Ensure current policy decisions that affect future abstraction levels factor in the risks from climate change to
avoid locking certain industries or regions of the country into unsustainable patterns of water abstraction.

Next steps

e Over the next two years, the ASC will apply its toolkit to other key climate risks and
opportunities identified as priorities by the CCRA, including those affecting agriculture,
forestry and the natural environment, impacts of heat and cold on human health and
energy use, and changes to business supply chains and consumer demand. For each key
risk or opportunity, we will aim to identify an appropriate set of indicators and use them
to help assess how well each priority sector is preparing for climate change.

e This autumn we will also provide advice to inform early thinking on the second risk
assessment, drawing on lessons from the first and from experience in other countries.
This advice will also examine some of the important research gaps that need filling in
the intervening years.
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Chapter 1
Applying the ASC assessment toolkit

1.1 Aims of the report

This is the third report by the Adaptation Sub-Committee (ASC) to assess progress in
adaptation to climate change in the UK. It follows publication of the UK Government’s
first Climate Change Risk Assessment (CCRA) in January 2012.' The CCRA identified some
of the priority climate risks that the UK Government’s forthcoming National Adaptation
Programme needs to address. This report:

e applies the ASC toolkit to assess progress in adaptation for two of the major risks
identified by the CCRA: flooding and water scarcity; and

¢ uses the findings of the ASC assessment to advise on the development of the UK
National Adaptation Programme.

1.2 The ASC role

The ASC has a statutory role under the Climate Change Act to report to Parliament with
an independent assessment of the UK Government’s progress in implementing its National
Adaptation Programme.? This programme should set out the Government’s objectives and
policies for adaptation, addressing the risks and opportunities identified by the CCRA.

In making an independent assessment of progress in its statutory report due in 2015,
the Committee will have to consider whether or not:?

1. the objectives of the adaptation programme address the key climate change risks where
further Government intervention is required;*

2. the policies set out meet the objectives of the programme by addressing outstanding
barriers to adaptation and enabling action to prepare; and

3. the policies are being implemented.

1 HR Wallingford (2012a) for Defra.

2 UK National Adaptation Programme will cover England and reserved matters. The ASC also has a duty to report on progress in Wales, Scotland or Northern
Ireland if requested to do so.

3 Under the Climate Change Act the Committee has a duty to report to Parliament on the Government'’s progress in delivering the programme in the second
year after which it is published, and then every two years after that. The UK Government expects to publish its first National Adaptation Programme in 2013.

4 For some climate change risks identified in the CCRA, the Government may decide that existing policy mechanisms are sufficient or that they are likely to be
addressed by the market (often described as ‘autonomous adaptation’). Further policy intervention may not justified because the risks and their uncertainties
are considered to be acceptable or the costs of addressing them considered to be too great.
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1.3 The ASC assessment toolkit

Previous ASC reports identified the key components for assessing preparedness for climate
change.® Drawing on this analysis and work by other countries on measuring progress, the
ASC has developed an adaptation assessment toolkit.

The ASC assessment toolkit has two main components (Figure 1.1):

1. Monitoring changes in climate risks using indicators. These fall into three broad
categories:

— Indicators of risk. These measure changes in society’s exposure and vulnerability to
weather events. They will be the result of changes in climate as well as in society, such
as economic growth and demographic change.

- Indicators of adaptation action. These aim to measure risk reduction rather than
just the action itself, for example the reduction in household water consumption
rather than the number of households that have installed water-efficient appliances.

— Indicators of climate impact. These track the realised impacts of weather events on
the economy, society and environment. The impacts are a net result of the risk factors
and the effect of adaptation actions. Historic data on some climate impacts are
already collected by certain organisations, but this monitoring is not in place across
all sectors.’

Developing indicators requires locating appropriate and robust datasets that: (i) have a
reliable time series, in order to distinguish long-term trends from year-to-year variability,
and (i) are spatially disaggregated, to identify hot-spots of risk and provide information
relevant at the local, as well as the national, level. The ASC previously scoped the types
of indicators and available data across the broad range of risks identified by the CCRA.2

5 The ASC assessment toolkit is based around the concept of a ‘preparedness ladder’, introduced in ASC (2010), and built on in ASC (2011a). This characterises
progress in adaptation, with the rungs of the ladder indicating increasing levels of adaptation activity.

6 AEA Technology (2012) for ASC.

7 For example, the Centre for Ecology and Hydrology and the Environment Agency already collect and publish indicators on climate impacts. The
Environmental Agency is working with the Living With Environmental Change (LWEC) programme to develop climate change impacts ‘scorecards’ for water
resources and terrestrial biodiversity.

8  AEA Technology (2011) for ASC.
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2. Evaluating preparedness for future climate. This involves analysing decision-making
to assess if the amount of adaptation occurring is sufficient to address climate risks, now
and in the future. As acknowledged in previous ASC reports, early adaptation efforts to
address priority climate risks should focus on the following:®

— Promote the uptake of low-regret adaptation options that deliver benefits
whatever future climate unfolds. Our analysis will identify low-regret adaptation
options, estimate the current level of uptake and evaluate the potential scale of uptake
that would be beneficial nationally given future climate risks. This report focuses on
low-regret options for managing flooding and water scarcity, such as property-level
flood protection and water efficiency measures.

— Ensure that decisions with long-lasting or systemic consequences take future
climate change into account. The benefits of these options depend more strongly
on the future climate that unfolds. They involve managing large uncertainties and
trade-offs between different objectives and over time. In these instances low-regret
options are not always available. This report looks at how climate change is factored
into strategic decisions such as the location and design of new development, or the
long-term planning of water resources.

Figure 1.1: The ASC assessment toolkit

Risk factors

Climate change
affecting weather events Adaptation Impact
actions (realised risks)

Indicator
framework

Exposure and
vulnerability

D:cllsui)n-maklng Low-regret Long-term
analysis adaptation options adaptation decisions
~ ~
: Sets
! framework

Speeds ;
uptake .

Opportunity for
policy to address
barriers to
adaptation

S —————

Notes: The definition of terms is set out in the Glossary, along with examples for the two climate risks examined in this report (flooding and water
scarcity). The indicator framework was developed through work by AEA Technology (2011) for ASC and is aligned with the latest IPCC (2012)
approach. The decision-making analysis component was developed through work by the Ranger et al. (2010) for ASC.

9  Based on the work of Ranger et al. (2010) for ASC.
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In undertaking this analysis, the Committee will identify existing barriers to action,

for example barriers that might be preventing households or businesses from installing
low-regret measures, or preventing infrastructure providers from investing in adaptation.
This analysis will highlight opportunities for Government policy to enable adaptation

by key actors.

1.4 Applying the ASC assessment toolkit

The CCRA identified the major risks the UK faces from future climate change (Box 1.1).
Over the next three years, the Committee will apply its toolkit to assess changes in
exposure and vulnerability to each of the major climate risks and the uptake of actions to
prepare. Doing this will help form a baseline against which progress in the implementation
of the UK National Adaptation Programme can later be evaluated.® This report starts with
two of the largest risks identified by the CCRA: flooding and water scarcity.

Chapter 2 applies the ASC toolkit to assess national progress in adaptation to flood risk
in a changing climate, focussing on the impacts on properties and people. This builds on
indicators we piloted last year for a sample of local authorities.

Chapter 3 updates the ASC’s previous (2011) assessment of preparedness for water scarcity
by reviewing the latest data on measures to address water supply and demand, and
considering the impacts of new policy reforms over the last year.

Chapter 4 summarises the implications of the analysis for the development of the UK
National Adaptation Programme. This chapter also sets out the Committee’s future work
to inform the preparation of the next CCRA and apply the assessment toolkit to the other
main climate risks facing the UK.

10 This approach is in line with HM Treasury (2011) guidance for Government on policy evaluation (Magenta Book). To test the extent to which the policy was
responsible for the change observed, it is necessary to first establish the ‘counterfactual’, namely what would have occurred in the absence of policy. This can
then be compared with the realised outcome of the policy once implemented.
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Box 1.1: UK Climate Change Risk Assessment 2012

The UK’s first Climate Change Risk Assessment (CCRA) considered how climate change will affect important aspects
of UK society, economy and the environment. It sets out projections of risk for over 100 threats and opportunities
from climate change in the UK up to the end of the century. The CCRA allows comparison of a wide range of risks
from across different sectors in a broadly consistent way.

The CCRA assumed that no additional adaptation action is taken on top of current policies, in order to determine
a baseline level of risk. As such, the projections consider the result of a ‘do-nothing’ scenario and are not predictions
of actual future change. However, they highlight where additional action is likely to be required.

Some of the major findings from the CCRA:

e Flood risk is projected to increase across the UK. Expected annual damages increase from a current baseline
of £1 billion to between £1.8 and £5.6 billion by the 2080s for England (not including the effects of projected
population growth).

* Risk of increased pressure on the country’s water resources. The current public water supply surplus of
around 900 Ml/day on average is projected to turn into a water supply deficit of around 1250 Ml/day by the
2020s and 5500 Ml/day by the 2050s, with large regional variations.

¢ Potential health risks related to hotter summer conditions, but potential benefits from milder winters.
There are projected to be between 580 to 5,900 additional premature deaths per year by the 2050s in hotter
summer conditions. Conversely, between 3,900 and 24,000 premature deaths are projected to be avoided per
year with milder winters by the 2050s.

* Sensitive ecosystems that have already been degraded by human activity may be placed under increasing
pressure due to climate change. The main direct impacts relate to changes in the timing of life-cycle events,
shifts in species distributions and ranges, and potential changes in hydrological conditions. While some species
would benefit from these changes, many more would suffer.

e Some climate changes projected for the UK provide opportunities to improve sustainable food and
forestry production. Some agri-businesses may be able to increase yields of certain types of crops and introduce
new crops in some parts of the country, as long as pests and diseases are effectively controlled and sustainable
supplies of water are available.

The UK is at risk of both water supply deficits (too little water) and greater risk of flooding (too much water).

While this can seem counterintuitive, it arises due to changes in the timing and extent of when rain falls. Water
supplies (groundwater and reservoirs) need sustained rainfall over a period of time, particularly in winter, to remain
at required levels. The intense rain that can lead to flooding from rivers and surface water does not necessarily
replenish these large stores, as the water may flow rapidly downstream before it is captured, and not fall in sufficient
quantity over a prolonged period.

The CCRA focussed on risks and opportunities from climate change experienced in the UK, and did not attempt

to quantify the risks to the UK from the impacts of climate change overseas. The Government’s Foresight Group
identified a number of additional risks to the UK at the international scale, including on investment flows,
international supply chains and global health. A lack of evidence meant that these risks could not be quantified in
the same way as the CCRA analysis, and this remains a key evidence gap. In Chapter 4, we point to some additional
work to scope out approaches to filling some of these gaps in coverage in future risk assessments.
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Chapter 2
Flooding: assessing preparedness for
a changing climate

2.1 Overview

This chapter applies the ASC assessment toolkit to evaluate preparedness for the
impacts of flooding on homes, businesses and people in England.’ It also provides
some evidence on the risks of coastal erosion. Flooding was one of the largest risks to
emerge from the UK’s first Climate Change Risk Assessment (CCRA).

In line with the ASC’s approach set out in Chapter 1, this chapter:
e summarises the current scale of risk England faces from flooding and coastal erosion;

e summarises the future risk of flooding with climate change, based on the latest evidence
from the CCRA;

¢ uses indicators to identify how exposure and vulnerability to flooding have changed in
recent years and the amount of adaptation taking place;

¢ evaluates the decision-making of key organisations, such as local authorities and the
Environment Agency; and

* reviews potential barriers to adaptation to flooding.

This analysis, along with the analysis on preparedness for water scarcity in Chapter 3, forms
the basis for the Committee’s advice on the preparation of the UK Government’s National
Adaptation Programme in Chapter 4.

1 The chapter focuses on flooding in England, in line with the ASC's statutory duty to report on progress of the UK Government’s adaptation programme,
which applies to England only for devolved issues like flood management.
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2.2 Risks from flooding in a changing climate

Flooding is one of the largest current risks identified in the UK Government’s
National Risk Register, alongside pandemic human disease and terrorist attacks.? One in
seven homes and businesses, which equates to 3.6 million properties, face some form of
flood risk in England. Of these, 330,000 are located in areas that have a significant chance
of river or coastal flooding, after accounting for the presence of flood defences. Box 2.1
defines the different categories of flood risk used in this report.

Flooding can cause loss of life and injury, damage to properties and infrastructure,
and interruptions to essential services and business supply chains. Under current
standards of flood protection, insured losses from flooding and other severe weather
amount to around £1.5 billion on average each year (0.1% of national GDP).? Total costs
can be much higher. For example, in 2007 widespread flooding in England affected
55,000 homes, killed 13 people as well as costing the economy £3.2 billion (2007 prices).*
Such events also cause substantial personal stress and hardship for affected households,
particularly for the more vulnerable in society. There is evidence that flooding can have

a long-term impact on people’s health and well-being.® Disruptions to the economy are
also felt through interruptions to critical infrastructure (power stations, water treatment
works) and emergency services (such as fire, police and ambulance stations). Around 10%
of such critical infrastructure and emergency services are currently located in the floodplain
(see page 51).

Climate change is likely to increase the chance of flooding and the rate of coastal
erosion, although large uncertainties in the potential scale of the impact remain
(Table 2.1). Current evidence suggests that increases in rainfall intensity and the frequency
of high river flows are likely under a changing climate, leading to an increased risk of
surface water and river flooding in the UK.® There is greater certainty that sea levels

will rise, leading to an increased risk of coastal flooding and erosion. There remains
considerable uncertainty on how climate change may affect storminess in the future,
because it is difficult to predict the position and intensity of storm tracks.

2 Cabinet Office (2010).

3 Data from Association of British Insurers http://www.abi.org.uk [accessed June 2012]. The financial cost of a coastal tidal surge is estimated to be between
£2.5 billion and £6.2 billion (Association of British Insurers 2006).

4 Environment Agency (2009b).

5  The CCRA refers to studies that have found the effects of flooding on the mental health of some victims can be enduring and long-term, and that this burden
adds significantly to the strain on medical services, as well as potentially undermining the capacity of health care systems to respond to emergencies. The
CCRA estimates that currently in the region of 3,500 - 4,500 people in England and Wales suffer a mental health effect due to flooding each year.

6  The CCRA found that changes in peak flow varied from ‘no change’ to increases of 48% for the 2050s under a Medium emissions scenario and increases from
7% to 60% for the 2080s under the full range of emissions scenarios. These results were based on research by the Centre for Ecology and Hydrology (CEH)
which used UKCP09 to estimate change in flood peaks with a return period of 2, 10, 20 and 50 years for one river catchment in each of the nine river basin
districts in England and Wales. The CCRA translated the CEH peak flow results to changes in average flood frequency for each river basin district. The CCRA
caveats that changes in individual catchments may be larger or smaller than the average for a river basin district, but that the approach taken was appropriate
for a national-level risk assessment. If peak flow increases, floods of a given severity will become more frequent. For example flood frequency would increase
to approximately twice its current level in the Thames river basin for the 2080s Medium emissions scenario.
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Flood damages are expected to increase across the UK, according to the CCRA.

The number of properties with a significant chance of river and coastal flooding in England
is expected to increase from around 330,000 today to between 630,000 million and

1.2 million by the 2080s as a result of climate change alone. Damage costs are projected

to follow a similar pattern, increasing from current levels of £1 billion per year to £1.8

— £5.6 billion per year (today’s prices) by the 2080s.” The CCRA did not examine the
implications of climate change for surface water flood risk in the future.® Other studies have
estimated that flood damage from surface run-off could increase by between 60% and
220% over the next 50 years as a result of different rainfall patterns from climate change
and continued urbanisation.’

Climate change is not the only factor changing the risk of flooding in the future. Risk
can change either if the probability of an event occurring changes, or if the consequences
of an event alter. Continuing to locate vulnerable assets in areas that are exposed to
flooding will increase the consequences when a flood occurs, in terms of damages to
people and property. Some studies have found that these social and economic factors
could have a greater impact on flood risk than climate change over the coming decades.°
The next section of this chapter explores the effect of both climate change and socio-
economic factors on future flood risk, and efforts to manage this risk.

Box 2.1: Definitions of flood and coastal erosion risk

River and coastal flood risk. The Environment Agency’s National Flood Risk Assessment (NaFRA) identifies land at
risk from river and coastal flooding, when considering the presence and condition of flood defences. The data are
expressed in terms of likelihood of the onset of inundation and are presented in three categories:

e Significant: greater than 1 in 75 chance in any given year.
e Moderate: 1in 200 to 1 in 75 chance in any given year.
e Low: 1in 1,000 to 1 in 200 chance in any given year.

Surface water flood risk. The Environment Agency has modelled areas that are susceptible to flooding from surface
water under two storm likelihoods; 1 in 30 and 1 in 200 chance of occurring in any year.

Sewer flood risk. Ofwat identifies three risk categories for sewer flooding: 2 in 10 chance, 1 in 10 chance and 1 in
20 chance in any given year.

Coastal erosion risk. The National Coastal Erosion Risk Mapping data, published by the Environment Agency,
estimate zones of land that may be subjected to coastal erosion between the present day, the 2020s, 2050s and
2100s. The data are expressed probabilistically, via upper bound, lower bound and best estimates. The data provide
the rates for all erodible coastline for a theoretically undefended situation known as ‘no active intervention’ and for
the shoreline management plan policy that is expected to be in place at the time of the future predicted rate.

7 These figures do not include population growth or any additional adaptation action. The range represents low and high climate scenarios from UKCP09.

8  This is highlighted as major evidence gap in the CCRA, which recommends that there is an urgent need to develop projections of future surface water flood
risk for the next assessment in 2017.

9  Reviewed in Department for Environment Food and Rural Affairs (2012a).

10 For example, Houston et al. (2011) for Joseph Rowntree Foundation, Ofwat (2011a) and Eigenbrod et al. (2011).
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Table 2.1: Comparison of the scale of a range of severe weather risks and the effects of climate change in England

Current risk

Future risk

Expected Average
Number of annual insured losses
Climate | properties at | damages to to properties Climate change Level of
Hazard risk properties’ (all UK)'2 effect confidence Impact of climate change
River 1.2 million £690 million £350 million Increase in peak Medium Increase in properties at significant risk, from 230,000 today
flooding (5% of stock in (all flooding types) river flows to between 320,000 and 580,000 in 2080s purely due to
England) (7 - 60% by climate change. With population growth this could increase
2080s) to between 350,000 and 1,100,000.
Significant risk:
230,000 Increase in expected annual damages from £0.7 billion
today to between £0.9 billion and £6.9 billion by 2080s
(2011 prices).
Coastal 1 million £310 million Sea level rise High Increase in properties at significant risk, from 100,000 today
flooding (4% of stock in (13 - 76cm by to between 310,000 and 570,000 in 2080s purely due to
England) 2080s) climate change. With population growth this could increase
o ) Low to between 330,000 and 840,000. '
Slgnlflcant risk: Storm surges
100,000 Increase in expected annual damages from £0.3 billion today
to between £1 billion and £3.7 billion by 2080s (2011 prices).
Surface 1.9 million"” £320 million™ Increase in Medium-High | Not estimated by CCRA. Defra estimate increase in expected
water (8% of stock in rainfall intensity annual damages from £320 million to between £510 million
flooding England) (15-30% in and £1 billion over the next 50 years.”
annual maximum
Of these, daily rainfall by
50,000 are at 2080s)
1in 30 annual
chance or
greater
Sewer 4,700at1in 10 | £16 million? Increase in rainfall | Medium-High | Not estimated by CCRA. Ofwat estimate properties at 1 in 10
flooding annual chance intensity annual chance could increase from 4,700 today to between
(<0.1% of stock 4,700 and 8,100 the 2040s purely due to climate change.
in England) With population growth and urban creep, this could increase
to between 5,500 and 8,900.%




Table 2.1: Comparison of the scale of a range of severe weather risks and the effects of climate change in England

e

3

i Current risk Future risk

= Expected Average

% Number of annual insured losses

e Climate | properties at | damages to to properties Climate change Level of

§ Hazard risk properties’' (all UK)'? effect confidence Impact of climate change

é Coastal 61,0002 £17 million? Insurers do not cover Sea level rise High Not estimated by the CCRA. Foresight estimate expected

ke erosion (0.3% of stock coastal erosion annual damages could increase from £17 million to between

E in England) Storm surges Low £55 million and £150 million by 2080 depending on the

é social scenario.?*

5 Storms All properties | Not estimated £460 million Change in Low Not estimated by the CCRA.

Fy and gales are potentially number and

é. at risk severity of storms

«Q

% Subsidence 30,000 Not estimated £290 million Shrink-swell in Medium Increase in properties at significant risk, from 30,000 today

= properties per clay soils to between 28,000 and 40,000 in 2080s purely due to
year at risk climate change.?

11 Expected annual damages are the estimated average economic cost per year of damage from the weather hazard. The costs will not be evenly distributed over years.

12 Figures are averages of UK-wide insured damages 2000 — 2011 in 2011 prices. For household claims, Association of British Insurers report separate categories for ‘flood” and ‘storm’, although damages categorised as ‘storm’ can
include damages from flooding following a storm event. Commercial claims are not split by peril, so have been apportioned between flood and storm in the same proportion as households. Commercial claims also include costs of
business interruption.

13 HR Wallingford (2012d) for ASC. Note that the CCRA reports a higher figure of 340,000 properties. The data that underpin the CCRA (the Environment Agency’s National Receptor Database) includes 5 million more commercial
properties than the dataset used in our assessment (Ordnance Survey’s MasterMap Property Layer 2). The National Receptor Database includes “properties’ such as residential outbuildings that are unlikely to suffer substantial damages
from flooding, which Property Layer 2 excludes.

14 Climate change figures taken from HR Wallingford (2012b) for Department for Environment, Food and Rural Affairs, and apportioned according to results of HR Wallingford (2012d) for ASC. See Footnote 13 for details.

15 HR Wallingford (2012d) for ASC. Note that the CCRA has a higher figure of 146,000 properties (explained in Footnote 13).

16 Climate change figures taken from HR Wallingford (2012b) for Department for Environment, Food and Rural Affairs, and apportioned according to results of HR Wallingford (2012d) for ASC. See Footnote 13 for details.

17 HR Wallingford (2012d) for ASC. Note that the CCRA has a higher figure of 4.2 million (explained in Footnote 13). Defined as a 1 in 200 annual chance ‘shallow’ (>0.1m depth) flood event. Of this total, 278,000 are also located within the
river or coastal floodplain.

18 Evans, E., et al. (2004), updated for 2011 prices.

19 Reviewed in Department for Environment Food and Rural Affairs (2012a). Defra report a potential increase of 60% to 220%. We have applied this to the baseline of £320 million set out in Evans et al. (2004) (updated for 2011 prices).

20 Figures based on Evans, E., et al. (2004) updated to account for the reduction in the number of properties at risk since 2004, and in 2011 prices.

21 Ofwat (2011a).

22 Defined as houses located on erodible coastlines that are predicted to be at risk within the next 100 years under a central scenario.

23 Figures from Evans et al. (2004) updated for 2011 prices.

24 Figures from Evans et al. (2004) updated for 2011 prices.

25 HR Wallingford (2012b) for Department for Environment Food and Rural Affairs.
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2.3 Assessing preparedness for flooding in a changing climate

This section uses indicators to identify how exposure and vulnerability to flooding have
changed in recent years and the amount of adaptation occurring. It then evaluates the
decision-making of key organisations, such as local authorities and the Environment
Agency, with respect to adaptation.

The analysis focuses on a number of key adaptation measures to manage long-term flood
risk in a changing climate, namely:

¢ the location and design of new development;

e actions to protect existing properties from flooding;

e measures for managing surface water flow in urban areas; and
* emergency planning and response measures.

The Committee’s next progress report in 2013 will assess the contribution of non-structural,
catchment-scale approaches to managing flood risk.2¢

The full set of indicators used is set out in the Annex to this report and in more detail in
the accompanying technical report.?”

Location and design of new development

Decisions concerning the location and design of new development are important for
adaptation to flood risk. Land use planning decisions can reduce exposure to current and
future flood risk by avoiding inappropriate development within the floodplain and other
areas at risk from flooding and coastal erosion. Where development in flood prone areas is
considered necessary, the land use planning system can potentially reduce risk by requiring
it to be designed in a way that minimises damages should flooding occur, and does not
increase risk elsewhere. This is, in essence, the Government’s policy on flood risk and
development, as set out in the National Planning Policy Framework.?®

This section starts by using indicators to monitor the amount and type of development

in areas of likely flooding and coastal erosion over the past ten years and the uptake of
measures to protect this development from flood risk.?’ It then evaluates preparedness for
future climate by assessing how local authorities take account of flood risk when making
strategic decisions on new development and the engagement of the Environment Agency
in advising on flood risk.

26 Including measures such as working with natural processes, providing upstream storage and managing water flow.

27 HR Wallingford (2012d) for ASC.

28 Department of Communities and Local Government (2012). Planning policy requires local authorities to apply a sequential, risk-based approach to the
location of development to avoid where possible flood risk to people and property and manage any residual risk, taking account of the impacts of climate
change. The aim of the sequential test is to steer new development to areas with the lowest probability of flooding. Development should not be allocated or
permitted if there are reasonably available sites appropriate for the proposed development in areas with a lower probability of flooding.

29 Our analysis has focussed on the development of new properties rather than new infrastructure due to data limitations.
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Identifying trends in exposure: rate of development in flood risk areas

The river and coastal floodplain®® has been populated for centuries. The floodplain
makes up 12% of England’s total land area and contains 8% of all properties, including
many of England’s major cities, ports and towns.

Development in the floodplain has continued over the last ten years. While the
majority (87%) of all new development in England occurs outside the floodplain,®' the rate
of development in the floodplain between 2001 and 2011 was higher (12%) than outside
the floodplain (7%) (Figure 2.1). There have been some changes in the annual rate of
development since 2008:

¢ the rate has declined slightly in the river floodplain, in line with the national fall in the
rate of development due to the recession;

¢ the decline in the rate has been more rapid in the coastal floodplain, although it still
remains above the national average (0.8% per year versus 0.6% per year); and

¢ there has been a noticeable decrease in the rate of development behind eroding
coastlines, which is now well below the national average.

Most floodplain development has been within built-up areas that are already
protected by flood defences. Just over 80% of development in the floodplain since

2001 has been in locations where the current chance of flooding is low or moderate,
either due to the presence of existing flood defences or because of floodplain topography
(Figure 2.2). In our sample of 42 local authority development plans, 70% of allocations

in the floodplain were on previously developed (‘brownfield’) land within existing
built-up areas.??

Continued development in protected parts of the floodplain increases the total value
of the assets located behind the defences. This in turn makes it more cost-beneficial
to invest in flood defences.** However, this can act to increase the consequences of
flooding (in terms of loss of life and costs from damages and disruption) in the event

of these defences being over-topped or breached. Such activity also locks in a long-

term commitment to flood defence, meaning that higher and stronger defences will be
required when existing defences reach the end of their functional life. This phenomenon
has been recognised for a number of years as the ‘escalator effect’.?*

Just under a fifth (19%) of floodplain development has been in areas that are
exposed to a significant chance of flooding. These are areas of the floodplain that
have a low level of flood protection, or do not have any defences at all. The area at
significant chance of flooding is likely to increase further with climate change.

30 Defined as the area that would naturally be affected by flooding if a river rises above its banks, or high tides and stormy seas cause flooding in coastal areas,
taking no account of existing flood defences. This area could be flooded from the sea by a flood that has a 1 in 200 or greater chance of happening in any
given year, or from a river by a flood that has a 1 in 100 or greater chance of happening in any given year. The Environment Agency’s Flood Map also shows
the additional extent of an extreme flood from rivers or the sea. These outlying areas are likely to be affected by a major flood, with up to 1 in 1000 chance
of occurring in any given year.

31 On average, 21,000 properties were built each year in the floodplain between 2001 and 2011. This equates to 13% of annual development in England.

A further 11,000 properties per year were built in areas at risk of surface water flooding and 500 properties in areas at risk of coastal erosion.

32 Arup (2012) for ASC.

33 Under Defra’s Partnership Funding formula introduced in May 2011, the amount of national funding provided towards projects does not take account of new
development after January 2012, in order to avoid a possible incentive to develop in the floodplain to boost local flood defence funding levels.

34 See Parker (1995) and Hallegate (2011).
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Figure 2.1: Development in the river and coastal floodplain and in areas at risk from coastal erosion,

compared with all development in England outside the floodplain, shown as:
(a) annual growth rate for two time periods (2001-2008 and 2008-2011)
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Source: HR Wallingford (2012d) for ASC.

Notes: GIS mapping was used to identify the number of properties in three time periods (2001, 2008 and 2011) for all England and within the river
and coastal floodplain (not accounting for the presence of flood defences) and within areas of eroding coastline. The datasets used were Ordnance
Survey MasterMap Address Layer, Environment Agency’s Flood Map, and the National Coastal Erosion Risk Map. OS MasterMap is updated every
six weeks and ground-truthed through aerial photography and site visits. The Address Layer gives the grid reference, type, address and other
parameters for around 27 million properties in Great Britain (but not Northern Ireland). The data include residential and non-residential properties
and buildings without postal addresses, such as factories, halls and churches. The data include upper floor addresses, therefore a proportion of the
observed development in flood risk areas will include properties such as high-rise flats and apartments that would not be at risk of damage from a
flood event (although they would still suffer disruption). It was not possible to estimate the proportion of upper floor property in the above data.
However, according to the National Receptor Database, there are around 25,000 registered upper floor residential properties in England.
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Figure 2.2: Number of properties built in the floodplain over ten years (2001 to 2011), by flood risk

category (defined in Box 2.1), accounting for the presence of flood defences

Significant flood risk
40,000

Low flood risk
112,000

Moderate flood risk
69,000

Source: HR Wallingford (2012d) for ASC.

Notes: GIS mapping was used to identify the number of properties in three time periods (2001, 2008 and 2011) in significant, moderate and low
flood risk categories, accounting for the presence and condition of flood defences in 2011. This provides a slightly conservative estimate because,
for example, a property built in a significant risk area that was subsequently protected by a defence and moved into the moderate risk category
would be recorded as being built in a moderate risk area. These areas are identified by the Environment Agency’s National Flood Risk Assessment
(NaFRA) dataset.

Uptake of actions: minimising flood risk to and from new development

This section examines whether or not the development occurring in the floodplain is
being designed in a way that will make it safe and resilient to flooding. Although there
is some evidence of local authorities requiring safety and resilience measures for floodplain
development (Box 2.2), there is no national dataset available to assess uptake. In our last
report, we reviewed flood mitigation measures in a sample of development applications.>*
For this report, we assessed the outcomes of all planning applications that the Environment
Agency advised on in relation to flood risk from 2005/06 to 2010/11.3¢

35 ASC (2011a).. We sampled major applications in areas of flood risk within two local authorities.

36 In future reports we may also be able to assess the outcomes of applications for Nationally Significant Infrastructure Projects (such as power stations, major
transport projects and wind farms) that have been considered by the Planning Inspectorate to understand how they have accounted for climate change and
incorporated resilience measures. To date only around 20 schemes have been through the application process.
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Box 2.2: Two examples of managing flood risk in the re-development of the urban waterfront: Leeds and

Southampton

The waterfronts in the cities of Leeds and Southampton have a long history of development and both City Councils
have long-term aspirations for the regeneration of these areas.

As part of its regeneration scheme along the River Aire, Leeds City Council has delivered a number of developments
with resilient design features, including requiring that the lowest floors are used as garages or other unoccupied use.
The City Council is also taking forward a major Flood Alleviation Scheme for new and existing properties at risk of
flooding along an 18km length of the waterfront.

Southampton City Council requires the incorporation of a suite of measures for development along the

waterfront, such as appropriate resistance and resilience measures within buildings, raised floor levels in residential
developments above the projected flood level over the lifetime of the development, and completion of a Site Flood
Plan detailing how users of the site can avoid being placed in danger from flood hazards.

The City Council’s long-term approach to the regeneration of the waterfront is to raise land along much of the
lower lying areas of the tidal frontage, rather than rely on traditional flood defences, which could be unsustainable
in the long-term if the projected sea level rise is realised. The Council aims to take a long-term managed adaptive
approach to reducing tidal flood risk without creating an unsustainable legacy of development behind ever-
increasing defences.

Source: Leeds City Council, Southampton City Council

Where the outcome is known, we found that only a very small number of planning
applications had been approved in the face of a sustained objection from the
Environment Agency (Figure 2.3). Between 2005/06 and 2010/11, the Environment
Agency advised on around 11,000 planning applications per year on flood risk grounds.

In more than half of these applications the Agency raised no objection (around 6,000 per
year on average). The Agency objected and were notified of the outcome for around 3,000
applications per year.*” For these:

* 65% of applications were either withdrawn by the developer, or were resolved through
negotiations between the Agency and the developer.

* 31% of applications were either refused by the local authority, or approved with
conditions that mitigated the Agency’s concerns.

* 4% of applications (around 100 per year on average) were approved by the local
authority contrary to the Agency’s sustained objection.

37 The Agency will generally object if the applicant has not properly assessed flood risk, or has not proposed sufficient flood mitigation measures. The Agency
is more likely to object to development that has vulnerable users (such as housing) and where flood damage is likely to occurin a 1in 100 annual chance
flood event.
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Figure 2.3: Outcomes of Environment Agency advice on planning applications on flood risk grounds

(2005/06 to 2010/11)
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Source: Environment Agency (2011a).

Notes: In some cases there may be a time-lag between an Agency objection and the outcome of the application being decided, and so the
outcome may not be reported in the same year as the original objection. The Agency do not separately record the number of applications refused
and applications approved with conditions, and so this is displayed as one category in the chart. Similarly, it reports objection not sustained and
application withdrawn as one category. The 2010/11 Annual Monitoring Report provides a breakdown of the outcomes of Agency objections
(where notified) for 2010/11, which was as follows:

- Applications refused: 18%.

— Applications approved with conditions: 8%.

- Applications withdrawn by developer: 23%.

- Objection not sustained by Agency following negotiations with developer: 48%.

- Applications approved contrary to sustained Agency objection: 3%.

The Annual Monitoring Report notes that where an application is withdrawn, the developer will often re-submit the proposal at a later date with
revised designs.

The low level of planning applications proceeding against a sustained Agency
objection suggests that the majority of development in areas of flood risk has been
designed in ways that:3®

¢ ensure human safety in the event of a flood, for example by including evacuation routes
that do not flood (so-called ‘dry routes’);

e minimise damages from a flood event, for example by raising floor levels;

e manage surface water run-off, for example by requiring sustainable drainage systems;
and

e allow for sufficient water flow during a flood event so as not increase risk downstream,
for example by incorporating compensatory flood water storage areas.

However, this development will still be subject to residual risk and will require on-going
investment in flood protection.

38 National planning policy requires local authorities to demonstrate that development in flood risk areas will be safe for its lifetime taking account of the
vulnerability of its users, without increasing flood risk elsewhere, and, where possible, will reduce flood risk overall.
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Some floodplain development may not be designed to the standards required by the
Agency. Between 2005/06 and 2010/11, the Agency were only notified of the final decision
for around two-thirds (65%) of their objections, despite the Government’s good practice
guidance encouraging local authorities to inform them.** Where the Agency was not
notified of the outcome, it is possible that applications may have been permitted that were
contrary to the Agency’s advice.*

Evaluating preparedness: local authority decision-making

The evidence indicates that in general, local authorities are implementing national
planning policy by continuing to build with protection in the floodplain. Local
authorities are generally allowing development in the floodplain, but ensuring either that
the development is well protected by flood defences or that it is being designed in ways
that will minimise the impact of flooding to individual properties and the surrounding area.
To understand better whether local authorities were proactively choosing this model for
floodplain development in the face of climate change, we examined the most up-to-date
development plans available (Box 2.3).

Box 2.3: Approach taken to evaluate local authority decision-making

We assessed how local authorities had applied national planning policy on flood risk, including how they assessed
the implications of climate change on future flood risk. We focused on assessing strategic allocations of land for
development, rather than decisions on individual planning applications. To do this, we undertook a high-level
review of the publicly available evidence base informing 42 local authority development plans:*

e We assessed the 18 Site Allocations Development Plan Documents that have been adopted to date in England
and a further 9 that are currently going through the examination stage. We also identified 2 additional plans that
included strategic allocations in a slightly different format. Most of these 29 plans were from local authorities in
the South-East and London.

e We assessed a further 13 plans produced in a slightly older format, but which included site allocations (Unitary
Development Plans that were adopted in 2006 and 2007) for other parts of the country. This was to ensure that
our analysis covered a wide geographical range.

e In addition, we explored the Sustainability Appraisals of 12 of the 42 authorities to assess how they had weighed
up flood risk in a changing climate against the range of wider objectives that influence strategic decisions on the
growth of the locality when preparing their development plans.

See Arup (2012) for ASC for a map of the location of these local authorities, a description of their characteristics, and
further details on the approach taken.

The local authorities studied had developed a good understanding of current
flood risks and had started to explore the implications of climate change. Of the 42
development plans assessed, 10 were adopted without having a Strategic Flood Risk

39 The Environment Agency (2011a) notes that Decision Notices are being increasingly posted on-line and not formally submitted to the Agency by local
authorities.

40 Environment Agency (2011a) points to unpublished research that shows no significant difference in outcome between cases where they are notified and cases
where they are not. The Agency have informed us that they have recently commissioned further research to better quantify this.

41  Evidence reviewed by Arup (2012) for ASC included any Strategic Flood Risk Assessments, the Core Strategy, development plan policies and the
corresponding narrative in the Inspectors report (where relevant).
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Assessment.*? These were all older plans produced between 2005 and 2007. The flood

risk assessments of the remaining 32 local authorities were informed by a variety of data,
including Catchment Flood Management Plans and historic flood maps, generally with the
support and advice of the Environment Agency. All of the Strategic Flood Risk Assessments
included contingency allowances to account for expected increases in sea level rise, rainfall
intensity and river flow as a result of climate change.”* Some local authorities have taken
more innovative approaches to accounting for future flood risk.**

There was mixed evidence that local authorities were using their improved
understanding of flood risk to inform development plans. A key component of
planning policy is the requirement that local authorities should strategically assess whether
some or all of their growth needs can be accommodated outside the floodplain before
deciding to allow floodplain development (known as the ‘sequential test’).

e Less than a quarter of the development plans studied (10 out of the 42) had a
clear audit trail setting out how they had applied the sequential test (Table 2.2a).*
One-third of the authorities (14 of the 42) referred to the sequential test in other
documents, such as the Strategic Flood Risk Assessment, but did not explicitly
demonstrate its application. The remaining 18 authorities did not document how, or
whether, they had applied the sequential test in their development plan.*¢ We did
not find evidence of the Environment Agency objecting to any of these plans on the
grounds of the sequential test not being applied robustly.

¢ For some authorities (6 out of 42), the sequential test is unlikely to have resulted
in the identification of alternative locations. These authorities either had limited land
outside the floodplain or had other constraints, such as green belt, nature designations
or high-grade agricultural land, potentially reducing the amount of ‘reasonably available’
land for development.*’

¢ The majority of flood risk management policies in the plans reviewed focussed on
making floodplain development safe once the strategic decision to allocate land in
the floodplain has been made. (Table 2.2b).

42 National planning policy requires that Strategic Flood Risk Assessments (SFRAs) should refine information on the probability of flooding, taking other sources
of flooding and the impacts of climate change into account. They provide the basis for applying the sequential test. Where, following application of the
sequential test, an authority concludes that development in the floodplain is necessary, they should carry out a Level Il SFRA to consider the impact of flood
defences on the frequency, impact, speed of onset, depth and velocity of flooding. The SFRA should be prepared in consultation with the Environment
Agency and, where appropriate, internal drainage boards.

43 Strategic Flood Risk Assessments should use contingency allowances for the rates of relative sea level rise and national precautionary sensitivity ranges
for peak rainfall, peak river flows, offshore wind speeds and wave heights. These are set out in the Technical Guidance to the National Planning Policy
Framework. The guidance also notes that sensitivity testing of the Flood Map using the 20% peak flow allowance suggests that changes in the extent of
inundation are negligible in well-defined floodplains, but can be dramatic in areas of flat topography. This means that a site currently located within a lower
risk zone could in future be re-classified within a higher risk zone.

44 For example, Bristol City Council’s Strategic Flood Risk Assessment redefined the extent of flood zones to account for the predicted impact of climate
change (with advice from the Environment Agency). The Environment Agency further advised Bristol City Council that both the current and future areas of
flood zones must be accounted for when making strategic development allocations, to ensure protection from flood risk over the development’s lifetime, in
accordance with national policy. The Core Strategy included supporting text specifically stating that no development within future Flood Zone 3 would be
necessary to facilitate the delivery of the local authority’s housing target.

45 These authorities produced a separate technical paper setting out how they applied the sequential test. Different approaches were applied which ranged
from filtering out constrained land (such as green belt, open space and nature conservation designations) to directly comparing sites within and outside the
floodplain.

46 10 of the 18 plans were adopted in 2006 and 2007 and so would have been prepared before the publication of PPS25 in 2006, and therefore may not have
been expected to explicitly document their application of the sequential test. However, previous planning policy on flood risk (Planning Policy Guidance 25,
published in 2001) also expected that local authorities should apply a risk-based approach through a sequential test.

47 Defined in planning policy good practice guidance as sites that are ‘developable’ and ‘deliverable’.
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Table 2.2: Results of review of local authority development plans in relation to flood risk

(a) Demonstration of application of sequential test in the 42 plans assessed Number of plans
Separate technical paper documenting application of sequential test 10
Sequential test is referred to in other development plan documents (Strategic Flood Risk 14
Assessment or Sustainability Appraisal), but not explicitly applied

Not explicitly documented 18

(b) Types of policies to manage flood risk in the 32 plans that were informed Number of policies
by a Strategic Flood Risk Assessment

Avoid development in strategically identified areas of flood risk 2

Within a development, locate vulnerable uses in areas of lower flood risk 17

Require flood resilience measures in new dwellings 24

Require developer contributions for flood defences 5

Require compensatory flood storage areas to reduce risk down stream 1

Source: Arup (2012) for ASC

Note: Some plans had more than one policy. There were a total of 49 separate flood risk policies in the 32 development plans that had been
informed by a Strategic Flood Risk Assessment.

A key question when assessing preparedness for climate change is whether a ‘build
and protect’ approach is the most rational adaptation response, given climate
change. Continuing to develop and protect some parts of the floodplain is likely to

be rational because of the scale of social and economic benefits that result, even after
accounting for climate change. Avoiding development altogether in these areas may
not be a proportionate adaptation response. Equally, however, continuing to develop in
other parts of the floodplain may not be sensible where the costs associated with future
flood events and the ongoing costs of flood protection outweigh the benefits. This will
particularly be the case if infrastructure assets, or even whole communities, have to be
relocated at some point in the future. If these long-term implications are not taken into
account, some development decisions will inadvertently increase the costs of adaptation
in the future.

There was limited evidence of the local authorities studied transparently accounting
for the long-term costs of floodplain development. In a well-preparing society, we
would expect to see local authorities explicitly assessing the long-term costs and benefits
of developing in the floodplain and weighing up the need to manage flood risk against
other objectives when planning the future growth of their communities. Local authorities
are required to set out and consider such trade-offs when preparing their development
plan through the Sustainability Appraisal process.*® None of the Sustainability Appraisals
studied had attempted to estimate the long-term costs from development in the floodplain
in a quantified way.*

48 The purpose of the sustainability appraisal process is to appraise the social, environmental and economic effects of a development plan from the outset.
The sustainability appraisal is integral to the plan making process. It should perform a key role in providing a sound evidence base for the plan by evaluating
alternative options for development and help demonstrate that the plan is the most appropriate given the reasonable alternatives.

49  See Arup (2012) for ASC for further details on the approach taken to review the 12 Sustainability Appraisals.
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We have explored an approach that could help planners understand the costs of
developing in the floodplain when explicitly accounting for climate change across

a range of scenarios (Box 2.4). If local authorities were to undertake this type of
assessment as part of their Sustainability Appraisal, then we would have more confidence
that appropriate decisions are being made which balance the long-term costs of flooding
against the short-term benefits of development.

Box 2.4: Assessing the costs of developing in the floodplain

Our approach considers the long-term costs of developing in the floodplain, such as costs of property-level flood
protection, maintenance of existing community flood defences and potential damage costs in the event of a flood.

For example:

* One-off costs to make the development safe and resilient, for example £3,250 for property-level
protection measures in areas where there is a greater than a 1 in 100 chance of flooding in any given year.
In other areas, site design could be used to achieve the same effect, for example raising floor or ground levels.

e Ongoing flood risk costs include the residual damage should a flood occur weighted by the chance that
it occurs. These costs will be determined by the standard of protection of the flood defence and its
condition, and also the scale and intensity of climate change. For example, annual average flood damages for
a property built behind a 1 in 50 annual chance flood defence are £180 today, rising to £220 with climate change
by the 2050s (under the medium emissions scenario). For a property built behind a 1 in 200 annual chance flood
defence, annual average damages are £50 today, rising to £65 with climate change by the 2050s (under the
medium emissions scenario).

e Ongoing flood protection costs include the annual contribution to community flood defence, and the
annual maintenance and replacement of property-level protection measures, estimated to be approximately
£300 per property.

See Arup (2012) for ASC for further detail on the approach taken and the results from the analysis.

In summary, the findings of our analysis in relation to the location and design of
new development are as follows:

e Development in the floodplain grew at a faster rate than elsewhere in England over
the past ten years, although the rate has declined in coastal areas.

¢ Most floodplain development has been in areas that are already protected by flood
defences, but around a fifth has been in locations that currently face a significant chance
of flooding, which is likely to increase further with climate change.

¢ Although development in the floodplain generally appears to be well protected from
flooding, it will leave a legacy of rising costs of protection and residual flood damage
in the face of climate change.

¢ The local authorities studied generally assume that the benefits of continuing to develop
in the floodplain outweigh the costs rather than looking at alternative locations first.

¢ These long-term costs may outweigh the short-term benefits of development in some
locations. This means that some development decisions being taken today are likely
to be inadvertently increasing the costs of adaptation in the future.
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Protecting existing properties from flooding

Climate change is expected to increase the costs of flooding to the existing property
stock. 3.6 million properties (17% of the building stock in England) are located in areas

at risk of all sources of flooding. With no additional action beyond maintaining existing
defences, flood risk to this stock is likely to increase due to the effects of climate change,
as set out in Section 2.2.

This section assesses the uptake of measures to manage the risk of flooding to
existing properties from rivers and the sea. The focus of the analysis is on the provision
of structural flood defences and on the uptake of property-level protection measures. We
analyse how the number of properties at risk of flooding in the future could be reduced by
investment in flood defences, when accounting for climate change.

Investment in structural flood defences

Over the period of the last spending review (2008/09 to 2010/11), investment in
new flood defences reduced the chance of river and coastal flooding for 182,000
households, 21% of the housing stock at significant or moderate risk.>° Capital
investment of £1 billion in new or enhanced defences during the period resulted in 61,000
households moving from having a significant to a moderate chance of flooding, and a
further 121,000 households moving from a moderate to a low chance. This reduction

in the number of properties with a significant or moderate risk has been greater than

the number of properties added to these categories as a result of new development
(Figure 2.4).5

Over the same period, there has been investment in maintaining the condition of
existing flood defence infrastructure. The Environment Agency invested £780 million
on maintenance of flood defences and flood warnings over the period of the last spending
review. As a result, only 6% of the Environment Agency'’s structural defences are currently
classified as being in a poor condition.>?

The Environment Agency, under the direction of Defra, has taken a more strategic
approach to how funding is allocated, targeting investment towards communities at
greater flood risk and with the highest social vulnerability. Over the last spending review
period, investment in new flood defences achieved an average benefit-cost ratio of 8:1,
that is every £1 spent on flood defences is expected to reduce the long-term cost of flood
damages by around £8 on average.** This compares well with the return on most other
types of public-private infrastructure investment, for example the benefit-cost ratio of
Cross Rail is estimated as 2:1.>

50 The Environment Agency and Defra only measure change in risk from the capital investment programme to households, not all properties.

51 The number of households in each risk category are from HR Wallingford (2012d) for ASC. The numbers differ from those reported by the Environment
Agency'’s. For an explanation, please see Footnote 13.

52 The Environment Agency are only responsible for around half of England’s structural flood defence infrastructure, with the remainder being the responsibility
of local authorities, internal drainage boards, water companies and private individuals. There is no single register or database that records the condition of
these defences. See HR Wallingford (2012d) for ASC for more information.

53  The impact of climate change on future flood risk is accounted for when assessing different options of potential flood defence schemes.

54  Department for Transport (2005).
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Figure 2.4: Change in number of households in each flood risk category due to investment in new flood

defences and new development (2008/09 to 2010/11)
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Source: Environment Agency (2011a), HR Wallingford (2012d) for ASC.

Notes: Chart presents stock of households in 2008 and 2011 in significant, moderate and low flood risk categories (purple and blue bars).
Households moved down a flood risk category between 2008/09 and 20010/11 due to flood defences are shown by the orange and green bars.
Environment Agency reports the number of households that moved out of significant risk, and it reports total number of households moved

down a risk category. The Agency does not report the impacts on commercial properties. We have assumed that the households either move

from significant to moderate, or from moderate to low risk on the basis that it is unlikely that the return would be sufficient to justify Environment
Agency spending on projects that move households from low to very low likelihood. Red bars show increase in each flood risk category due to new
development (HR Wallingford (2012d) for ASC).

The funding allocated for flood defences in the current spending review period
(2011/12 to 2014/15) has fallen by one fifth compared with the past four years when
accounting for inflation (in real terms).>* This is due to the constraints on public finances.
Capital funding for new flood defence schemes and improvements to existing defences

has fallen from £300 million to £260 million per year on average, a reduction of 22% in
real terms. Revenue funding for flood defence maintenance, emergency response, and
mapping/modelling flood risk has reduced from £260 million to £240 million per year on
average, a reduction of 14% in real terms. In addition to this funding:

e The Environment Agency has committed to deliver 15% efficiency savings on its capital
investment programme,*¢ which would equate to around an additional £54 million over
the four year period.

e Defra’s new policy to draw in contributions from local communities and the private
sector has secured £72 million to date (most of which has come from local authorities
that have been flooded in recent years). More may be achieved over the spending
review period. This compares with £13 million secured during the last spending review,
of which £3 million was from the private sector.

55 Inflation adjustments have been made using the GDP Deflator series.

56 A 15% efficiency saving is planned for the capital funding allocated for flood defence grant in-aid which goes towards building new and improved defences.
Total capital spend is £260 million for each year of the current spending review period, and of this, grant in aid is planned to be £160 million in 2011/12, £170
million in 2012/13, £140 million in 2013/14, and £130 million in 2014/15.
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Here we compare this level of investment with two scenarios of investment produced
by the Environment Agency.*’

* Investment Scenario A is closest to the current spending level.>® This scenario
holds the 2008/09 cash spending level constant out to 2035. If this spend level were to
continue over the next 25 years, the Environment Agency estimate that properties in
significant risk would increase from 330,000 today to 570,000 in 2035.°

¢ Investment Scenario B delivers the greatest net benefits to society. This scenario
increases investment in flood defence investment by £20 million year-on-year on top of
inflation out to 2035. This spend would keep the number of properties at significant risk
broadly in line with the number today. The additional spending above inflation would
prevent deterioration of existing assets and provide better protection to properties
whose risk is increasing from climate change.

The gap between these scenarios will grow over the course of the spending review
period. The combination of efficiency savings and external contributions already secured
would only cover a small proportion of the gap (Figure 2.5). The Government could
address the shortfall in several ways:

¢ Use external contributions to fill the gap. Third-party contributions would need
to increase from the £72 million already secured to £230 million over the period to
prevent total effective spend falling below the 2008/09 level in cash terms (Investment
Scenario A).%° External contributions would need to increase substantially— to £860
million — to keep spend in line with the increase required to keep pace with climate
change (Investment Scenario B).®' Innovative ways of partnership working between the
Environment Agency and local authorities could help (Box 2.5).

* Increase spending in future years to make up the shortfall. Even if additional public
funding could be secured when fiscal constraints eventually ease, it could be challenging
to ramp up the Environment Agency’s capital programme fast enough to make up the
shortfall. This is because most capital schemes span across multiple years from approval
to completion. If spending drops off for a period, it takes time and resource to build up
a portfolio of capital schemes again.

e Accept an increase in frequency of flooding and shift emphasis to manage the
social and economic consequences, such as property-level measures and better
emergency planning (see next sections).

57 Environment Agency (2009a) have developed five Long Term Investment Strategy (LTIS) scenarios that set out the effect of flood defence investment on the
number of properties at significant and moderate risk in 2035. Investment scenarios A and B in this report correspond to LTIS scenarios 1 and 4 respectively.
These scenarios do not account for any increase in number of properties at risk as a result of new development. LTIS is currently being updated by the
Environment Agency in light of new information, including the CCRA.

58 Current spending level refers to both the last spending review period (2008/09 to 2010/11), and the current spending review period (2011/12 to 2014/15).
This accounts for the net effect of having had higher spend in the last period and lower spend in the current period.

59  Taken from Environment Agency (2009a) and apportioned according to results of HR Wallingford (2012d) for ASC. See Footnote 13 for explanation of
differences in numbers.

60 Effective spend refers to the effect of purchasing 15% more with the same capital funding through the 15% efficiency savings.

61 The £230 million or £860 million external contributions needed to meet the shortfall includes the net effect of having had higher spend in the last period and
lower spend in the current period.
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Figure 2.5: Investment in flood defences for past and current spending periods compared to two

long-term investment scenarios
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Source: National Audit Office (2011), Environment Agency (2009a), calculations by ASC.

Notes: This chart presents outturn 2007/08 to 2010/11 and planned spend 2011/12 to 2014/15 on flood defences, when compared with two of
the five Long-term Investment Strategy (LTIS) Scenarios modelled by the Environment Agency. The bar on the left shows capital, revenue and
external contributions over the last spending review (2008/09 to 2010/11) and the previous year (2007/08). The bar on the right shows analogous
information for the current four year spending review, but also includes the effective spend of 15% efficiency savings on flood defence grant in
aid capital spend. LTIS scenarios assume 2% efficiency savings each year and 2.7% inflation. LTIS is currently being updated with a new long-term
funding needs assessment, and is due to be published later this year by the Environment Agency.

Box 2.5: Delivering a partnership approach to funding new flood defences in Woking, Surrey

The town of Woking in Surrey has a history of flooding, with around 70 homes damaged in a flood event in 2000.
Furthermore, some parts of the floodplain within the town were historically used for waste disposal resulting in
contaminated land.

Woking Borough Council and the Environment Agency worked in partnership to develop the Hoe Valley Scheme,
a £40 million regeneration project. This included a £11 million upgrade of the existing flood defences, comprising
a series of flood walls, embankments, storage areas and the replacement of three bridges that restricted the
river’s capacity.

The project has:
e reduced flood risk to 198 existing properties, two schools and community buildings;

e set back defences to make space for water and re-connect people with the river environment, providing 27 acres
of new parkland; and

e reclaimed land from a former landfill site for 100 new houses, so removing contaminated land from the
floodplain.

Having gained planning permission, the Environment Agency entered into a legal partnership with Woking Borough
Council. This included a £3.7 million contribution towards flood defence elements of the scheme provided through
the Regional Flood and Coastal Committee Local Levy. The Borough Council funded the remainder of the scheme,
in part through requiring developer contributions from the new housing.

The scheme incorporated a ‘managed adaptive’ approach, whereby the defences can be raised by 300mm without
any additional strengthening and 500mm with minor strengthening work if it is found to be necessary as a result of
future climate change.

Source: Environment Agency, Woking Borough Council
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Uptake of property-level protection

Property-level protection can work alongside structural flood defences to help
manage the risks from flooding. Structural flood defences provide protection to entire
communities and in general offer a better return on investment than property-level
protection. This is particularly true in densely populated areas where a flood defence
systems protect a range of assets, including homes, businesses and infrastructure.

However, in rural, less populated locations, structural defences may be a more costly
solution than property-level protection, as each flood defence system protects fewer
properties. In addition, structural flood defences do little to protect properties at risk
from surface water flooding. However, individual property-level protection is only effective
against relatively shallow flooding, not extreme events that will overtop the door guards
and cause structural damage to the property.

The current uptake of property-level protection is low. Around 1,100 households were
retrofitted with property-level measures as part of a Government grant scheme between
2008 and 2011.52 An estimated 50 additional properties (mostly commercial) have been
retrofitted outside of the scheme over the same period, based on a survey of suppliers.®
There may be a range of policy barriers preventing or discouraging the uptake of property-
level measures. This is discussed further in Section 2.4.

Our analysis has identified packages of low-cost measures (around £4,000 per
property) that could reduce flood damages to properties with a greater than 1 in 50
chance of flooding in any given year across England (Figure 2.6).5* This builds on our
pilot analysis for one catchment last year.®> These packages include measures such as door
guards, airbrick and vent covers, non-return valves on sewer pipes, re-pointing of external
walls with water-resistant mortar, silicone gel sealant around cables passing through
external walls, and pumps to remove water.

Around 190,000 properties with a greater than 1 in 50 chance of flooding in any
given year of flooding stand to benefit from property-level protection under

the current climate and given existing flood defences (Figure 2.6). The number of
properties that could benefit in the future from property-level protection will vary with the
level of investment in structural flood defences.

* |n a scenario where investment in flood defence remains constrained (Investment
Scenario A), property-level measures could benefit around 330,000 properties by 2035
(Figure 2.7a). Uptake rates would need to increase 35-fold to 14,000 properties per year
to achieve this.

62 See HR Wallingford (2012d) for ASC for the location of these 1,100 properties.

63 HR Wallingford (2012d) for ASC.

64  This refers to ‘manual’ measures, requiring physical deployment ahead of each flooding event, which are currently more cost-beneficial than ‘automatic’
measures. However, they are less reliable and do not provide residents with the same piece of mind. Manual measures may not be appropriate in areas at risk
of flash floods where there is little advance warning of where the flood will hit (unlike river flooding). Packages of £4,000 per property include capital cost of
around £3,000 plus maintenance over 20 years (discounted) of around £1,000.

65 Davis Langdon (2011) for ASC.
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Figure 2.6: Cost curve to show potential for uptake of property-level flood protection in England
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Source: Royal Haskoning (2012a) for ASC.

Notes: Chart plots benefit-cost ratio of installing the manual package against number of properties. Each coloured block represents a different level
of flood risk, and each bar within the block represents a different property type (of which there are four residential and two commercial). The width
of each bar corresponds to the number of properties of a particular type and at a particular level of flood risk. It is cost-beneficial to install property-
level protection for properties that face at least a benefit-cost ratio of one (above the dashed line).

* Property-level protection still has a role even in a scenario where spend on structural
flood defences has increased faster than inflation to keep pace with climate change
(Investment Scenario B, Figure 2.7b). Together structural flood defences and property-
level protection reduce the number of properties at significant risk by one-half by 2035
(from 330,000 to 160,000) and deliver net benefits of £193 billion. Uptake rates would
need to increase 20-fold to 9,000 properties per year to protect all those properties over
that timeframe.

The balance between structural flood defences and property-level protection could
affect the distribution of costs between the public purse and private beneficiaries.

¢ Historically flood defences have largely been funded by government spending because
of the wider benefits that accrue to society. The Government’s new partnership funding
arrangements seek to increase contributions from local beneficiaries.

e In principle individual households and businesses should be willing to cover the costs
of property-level flood protection because they receive the benefits. However, the
upfront costs and uncertain benefits mean that households and businesses may not be
willing to invest in these measures on a significant scale. The Government has recently
provided a limited number of grants for households to contribute to the costs, in order
to encourage further uptake. The Government’s new partnership funding could provide
households with additional financial assistance.
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Figure 2.7: Combined effect of climate change, varying levels of flood defence investment and take-up of
property-level protection by all properties where it is cost-beneficial to do so on the number of properties

in the significant risk category in 2035.
(a) Flood defence spending constrained to 2008/09 cash level (Investment Scenario A)

Properties at significant risk today _ 330 Net present value = £148 billion

Increase due to climate change (2011-2035)
based on CCRA estimates

]

I

p10-p90
uncertainty
. range
Reduction from flood defences (2011-2035) I
e
I
Additional reduction from property-level
protection (2011-2035)
l I
Current rate of property-level protection
Remaining properties at significant risk (2035) 260 uptake (10,000 over 25 years)
0 100 200 300 400 500 600 700 800

Number of properties at significant risk (thousands)

(b) Flood defence spending increased by £20 million year-on-year, over and above inflation, for greatest

net benefits (Investment Scenario B)
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Source: Environment Agency (2009a), HR Wallingford (2012b) for Department for Environment Food and Rural Affairs, HR Wallingford (2012d) for
ASC, Royal Haskoning (2012a) for ASC.

Notes: Properties at risk today is taken from HR Wallingford (2012d) for ASC. All subsequent numbers have been apportioned for the results of HR
Wallingford (2012d) for ASC. Please see Footnote 13 for an explanation of different data. Increase in risk due to climate change (CCRA mid emissions
p50 scenario with error bar for p10 and p90) does not account for asset deterioration, new defences or new development. Reduction in risk from
flood defence investment is based on Scenario 1 (Figure 2.7a) and Scenario 4 (Figure 2.7b) in Environment Agency (2009a). Additional reduction in
risk from potential property-level protection is taken from Royal Haskoning (2012a) for ASC.
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In summary, the key findings of the analysis in relation to the protection of existing
properties are as follows:

e Current levels of investment in flood defences and uptake rates of protection measures
for individual properties will not keep pace with the increasing risks of flooding. Climate
change could almost double the number of properties at significant risk of flooding by
2035 unless there is additional action.

e By increasing investment in both flood defences and property protection measures, the
number of properties at significant flood risk could be halved from current levels by
2035 accounting for climate change. The potential impact of climate change means that
increased investment could lead to a four-fold reduction in risk when compared with a
scenario of no additional action.

Managing surface water flows in urban areas

In towns and cities, urban design can play a critical role in managing the flow of
surface water and the risk of surface water flooding. Every millimetre of rainfall deposits
a litre of water on a square metre of land. A day of even modest rainfall can deposit several
million litres of water on a town or city.® Managing the resulting surface water

run-off will be increasingly important as climate change is likely to increase the frequency
of intense rainstorm events. Key measures include:

¢ Minimising urban creep. The paving over of permeable green space within existing
developed areas results in an expansion of hard impermeable surfacing.®” Urban creep
can increase the risk of surface water flooding®® by exacerbating the impacts of intense
rainstorms.®® Hard surfacing can also intensify the urban heat island effect, potentially
magnifying the effects of heatwaves, with harmful consequences for the health and
well-being of vulnerable people, particularly the elderly.”®

e Managing surface water at source or above ground, and keeping rainwater out
of sewers. This can involve using sustainable drainage systems (SuDS) to slow down
surface water flows and store water above ground. This will reduce loads on existing
sewerage systems and control peak rates and volumes of run-off on site, so reducing the
risk to properties downstream. Using roads and paths as emergency flood channels and
designating low value land for temporary flood storage can keep surface water away
from people and property.

¢ Maintaining or upgrading conventional sewers to help deal with some of the most
persistent cases of sewer flooding caused when surface water overwhelms urban drains.
This can provide a remedy for some sewer flooding. However sewers have fixed capacity,
meaning they still overflow when the intensity of rainfall exceeds this capacity.

66 Ofwat (2011a).

67 This is different from ‘urban development’, which is the creation of urban areas from previously rural areas.

68 As well as increase the risk of river flooding, particularly in rapid response catchments where there is less infiltration and run-off attenuation.
69 Houston D et al. (2011) for Joseph Rowntree Foundation, Ofwat (2011a) and Eigenbrod et al. (2011).

70 HR Wallingford (2012b) for Department for Environment Food and Rural Affairs.
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In addition, wider flood risk management measures will also provide some benefits for
managing surface water, such as:

¢ Avoiding new development in areas prone to surface water flooding. Our indicators
show that the annual rate of development in these areas has increased since 2008 from
0.5% to 0.7% per year.

e Use of property-level flood protection measures. These can help to minimise the
damages from surface water flooding to both new and existing properties. There can
be difficulties in deploying manual protection measures given the lack of warning
associated with surface water flooding. Structural flood defences have minimal effect on
protecting from surface water flooding and in some circumstances can even exacerbate
the problem by constraining the natural surface water flow.

* Emergency planning and response. This can help reduce loss of life and the costs of
damages when floods occur. It is usually more difficult to predict surface water flood
events compared to river and coastal flooding.

In this section, indicators are used to identify trends that may be increasing exposure to
surface water flooding in urban areas and the uptake of adaptation actions.

Identifying trends in exposure: changes in surfacing

Our indicators show that the area of hard surfacing has increased in England’s towns
and cities over the last ten years. The increase has primarily been in areas that contain

a mixture of hard and soft surfaces (defined as ‘multiple’ in the data), such as domestic
gardens and road verges. The proportion of this area that was paved over increased from
28% of total ‘multiple’ area in 2001 to 48% in 2011. Total ‘multiple’ area in towns and cities
has remained roughly constant at around a quarter (340,000 hectares) of the 1.3 million
hectares of total urban extent (Figure 2.8).”" This trend is consistent with other studies of
land cover change in a particular number of towns and cities across the country.”?

A small proportion of the hard surfacing installed since 2001 will have been
permeable.” The use of permeable paving has increased in recent years, with sales
accounting for roughly 2.5% of the total UK block paving market in 2011 compared to
less than 1% in 2001.” This equates to around 370 hectares of permeable surfacing, out
of the 70,000 hectares of gardens and verges that have been paved over since 2001. This
level of uptake is significantly lower than in some other countries.”

71 This is consistent with other studies of urban land cover. For example, the National Ecosystem Assessment (2011) notes that domestic gardens make up 24%
and 29% of the total land area of London and Birmingham respectively.

72 Details and references in HR Wallingford (2012d) for ASC. An example of another study with similar findings is Brent, north London. They found that more
than half of properties have converted front gardens into driveways. A study in a suburban area of Leeds found that impermeable surfaces increased by
13% between 1971 and 2004 due to the paving of residential front gardens. A UKWIR study in 2010 of five urban areas in England using remote sensing
technology identified that impermeable surfacing increased at a rate of 0.38 to 1.09 m?per house per year between 1999 and 2006. A study of three
residential areas of Edinburgh observed that 61% of properties had increased the area of hard standing in front gardens since initial construction (circa 1970)
with 56% making the surface completely impermeable. The National Ecosystem Assessment (2011) refers to a 2005 study which found that an estimated
3,200 hectares of front gardens in London have been covered in surfacing other than vegetation.

73 Permeable paving can be installed on private driveways as well as in larger areas such as car parks. It provides functional hard standing through which run-off
can infiltrate. Surface water can then be stored and treated below the surface.

74 Survey of block paving manufacturers by HR Wallingford (2012d) for ASC.

75 For example, 2000 hectares of permeable paving were installed in Germany in 2011. See HR Wallingford (2012d) for ASC for further details.
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Figure 2.8: Change in area of permeable and impermeable surfaces for urban areas in England
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Source: HR Wallingford (2012d) for ASC.

Notes: GIS mapping was used to assess change in the area of permeable and impermeable land within all urban areas in England. For the purposes
of this study, ‘urban’ was defined as those Tkm grid cells that had with a property density of >500 properties per km? in 2011. The analysis does not
pick up land use change outside existing urban areas, for example from out-of-town greenfield development. The approach was validated by cross-
checking the data against the Ordnance Survey 1:10,000 Raster Map for a sample of urban areas. The dataset used to assess change in surfacing
was the OS MasterMap Topography Layer. This has three broad categories of land:

¢ Natural - features that are not man-made but possibly man altered, for example parkland, areas of water and uncultivated/cultivated vegetation.
* Manmade - features that have been constructed, for example, areas of tarmac or concrete including roads, paths and buildings.

¢ Multiple - features that contain a mixture of surfaces but are not depicted separately within the data, for example, residential gardens and road verges.
For the purposes of this study, it was assumed that ‘natural’ surfaces are permeable and ‘man-made’ are impermeable. These were measured
directly via analysis of the MasterMap Topography Layer. The permeable area of the multiple category was more difficult to determine
quantitatively since the MasterMap data does not sub-categorise the proportion which is paved. There is a considerable amount of variation in the
proportion of impermeable surfaces within the multiple category, ranging from approximately 90% in densely urban areas to 40% in the suburbs.
A methodology was developed that estimated the impermeable fraction of multiple land for low, medium and high density development and the
rate of change of permeability (‘urban creep’) in this fraction, based on the results of a number of studies in different parts of the country that

have used aerial photography and site surveys. The analysis has not directly accounted for the uptake of permeable surfacing measures. As such,

a proportion of the observed increase in hard surfacing in the man-made and multiple land categories will have been permeable. However, our
survey of paving manufacturers suggests this is likely to be low.

Uptake of actions: sustainable drainage systems (SuDS) and above-ground
flow routes

Sustainable drainage systems (SuDS) moderate surface water run-off at source,

store water above ground and limit flows into sewers, naturally filtering the run-off further
downstream.”s SuDS reduce the flow of polluted water, mitigating the risk of flooding and
its consequences on the natural environment.

Urban design and land use planning often provide the best options for implementing
such solutions. The focus in this report is on the uptake of SuDS in new development as
an indicator of action on managing surface water. In the future, we may look to indicators
of action at a more strategic scale, for example through analysis of local authority Surface
Water Management Plans.

76 Examples of source control measures include permeable surfaces, rain water butts, swales and ponds.
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Currently 40 — 50% of new development incorporates some form of SuDS.”’

Planning policy requires local authorities and developers to give priority to the use of SuDS
in new development.”® However, it is difficult to assess the effectiveness of this policy given
the absence of any comprehensive national, regional or local datasets tracking the uptake
of SuDS.

The question for adaptation is whether or not this level of uptake is sufficient to
manage the rising risks from surface water flooding. To understand better the potential
for using SuDS to manage the risk of surface water flooding, we reviewed studies that
compare the capital and maintenance costs of SuDS (net of conventional drainage costs)
with the flood damages avoided in different locations.”®

¢ The studies reviewed found that SuDS were cost-effective for most new
developments, with the benefits around three times the costs over the lifetime of
the scheme. Studies have been patchy in their attempts to value the costs and benefits
of SuDS. But in general they show that both capital and maintenance costs for SuDS are
similar on average to those for conventional drainage, although more variable given the
different types of SuDS available (Figure 2.9).8°

* Most studies do not consider the cost of land used for SuDS. An initial assessment
suggests that any additional space for SuDS can usually be accommodated within
existing open space requirements, resulting in no additional land cost to the developer.?'
SuDS such as ponds and infiltration basins sit above ground and use space that might
otherwise have been developed. Based on a case study site in Scotland,®? SuDS are
estimated to take between 2.5% to 8% of a medium density development site. Land
take will be minimised if included in design at an early stage.

There is scope for greater use of sustainable drainage in new developments in urban
areas. The available evidence suggests that the costs of SuDS are rarely greater than
conventional drainage costs, even when accounting for land take. Greater use of SuDS

in new development would help to offset some of the increase in flood risk from paving
over green space and increased intensity of rainfall from climate change. But given that
new development only comprises around 1% of land use change within the urban areas
each year, there is also likely to be a need for some retrofitting of SuDS within the existing
building stock (see Box 2.6). Strategic approaches to managing surface water above-
ground across local authority catchments will also be required.

77 Department for Environment Food and Rural Affairs (2012a).

78 Department for Communities and Local Government (2012). Following publication of the Floods and Water Management Act, the automatic right for
developers to connect to the existing surface water sewers has been removed. Local authorities have been given responsibility for leading the co-ordination
of flood risk management in their areas.

79 Department for Environment Food and Rural Affairs (2012a).

80 Each SuDS is highly site-specific and varies considerably in its components. This makes it difficult to identify ‘typical’ cost ranges of systems and
corresponding reduction of surface water run-off. Department for Environment Food and Rural Affairs (2012a) estimates that capital costs of SuDS are
between -30% and +5% of that of conventional drainage systems if constructed to the same standard.

81 Royal Haskoning (2012b) for ASC.

82 Royal Haskoning (2012b) for ASC.
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Figure 2.9: Total costs and benefits of incorporating SuDS schemes for all new developments across

England
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Source: Department for Environment Food and Rural Affairs (2012a).

Notes: The Impact Assessment monetises costs and benefits over 50 year period. Here we present the scenario that all new major and minor
developments install SuDS, in line with the current policy. The benefit and cost numbers show the total values for England based on assumptions
of flood damage reduction. The assessment assumes capital costs are the same for SuDS and conventional drainage which is why those costs are
not presented here.

Box 2.6: Retrofitting sustainable drainage systems in built-up areas in Counters Creek, west London

Counters Creek is a drainage area covering seven west London boroughs. Most of the area was originally a low-
lying, marshy floodplain, drained by several rivers. Since the late 1800s the watercourses have been incorporated
into the sewerage system. Continued development and urban creep has resulted in an increase in impermeable
areas. The loss of natural rivers and permeable areas means that the sewers are now the only means of drainage
in the area. As such they can overflow during storms.

The Counters Creek area has a large number of inhabited basements, with cellars in new and extended properties
commonly below the level of the sewers. Around 2,000 properties have been confirmed to have suffered basement
flooding in recent years and up to 7,000 are modelled to be at risk of flooding.

Part of the solution will involve increasing the capacity of the sewer system, by building tunnels and pumping
stations. Thames Water are also seeking ways to address the problem by reducing both the amount of rainwater
that runs off the area and the speed that it enters the sewers. A range of measures could help to achieve this, for
instance: replacing concrete and tarmac with permeable paving; increasing the amount of vegetation; installing
rainwater butts; and constructing storage basins in public places.

There are few examples of SuDS being retrofitted in a dense urban environment such as Counters Creek. To explore
the feasibility and effectiveness of the approach, Thames Water are conducting a series of pilot trials in which they will
retrofit SuDS to selected streets and monitor their impact on flows into the sewers. As well as testing effectiveness,
the trials will also identify the challenges involved in delivering SuDS and the attitudes of the public and other
stakeholders towards them. This is particularly important because the SuDS will be highly visible and in many cases
installed on customers properties, therefore the support of the community is essential to the success of the project.

Source: Thames Water
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Developers need the right incentives to act. SuDS maintenance costs can fall to either
the developer or the local authority, whereas maintenance for conventional drainage is
paid for by the water company. As benefits such as reduced flood risk will accrue to those
downstream and not always to the developer, developers may opt to connect to existing
drainage systems rather than provide SuDS. These barriers are discussed in more detail

in Table 2.3.

Uptake of actions: maintaining or upgrading sewers

The existing drainage system will continue to have an important role in helping
manage surface water flood risk in the face of climate change. England’s towns and
cities have a complex network of underground sewerage and drainage infrastructure that
has evolved over time. These systems, many of which were built in the Victorian era, can
often reach full capacity in times of heavy rainfall, leading to sewer flooding.

Maintaining and refurbishing conventional drainage infrastructure is necessary, but
can be expensive and often does not produce a particularly high return. Water and
sewerage companies have invested £150 million each year on enhancing the existing
drainage system since 2000, reducing the risk of sewer flooding to more than 15,000
properties, where the benefits outweigh the costs. These endeavours should continue, in
order to deal with the most persistent cases of sewer flooding in towns and cities across
the country. In practice, a combination of investment in conventional drainage along with
retrofitting above ground SuDS will deliver the greatest benefits.

In summary, the key findings of the analysis in relation to the protection of existing
properties are as follows:

e Surface water flooding in urban areas is increasing a result of paving over green spaces
in towns and cities, and may increase further from more intense rainfall due to climate
change. We found that the area of gardens that has been paved over increased from
28% of total garden area in 2001 to 48% in 2011.

¢ We have identified scope for greater use of sustainable drainage in new developments
in urban areas, but this by itself is unlikely to be sufficient to stem the growing risk
from surface water flooding. Better urban design to manage more surface water above-
ground will also be required.

¢ Despite the scale of the risk, knowledge of the impacts of climate change on surface
water flooding or appropriate responses remains very poor.
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Emergency planning and response

Extreme weather events are likely to become more frequent and severe under a
changing climate, increasing the chance of flood defences being overtopped or
breached. Continued development in areas already protected by flood defences drives
higher levels of investment in flood protection (the ‘escalator effect’), as described earlier
in the chapter. This increases the potential scale of damage from flooding if the defences
are overtopped or breached. Emergency planning and response have an important role
in reducing loss of life and the costs of damages when floods occur.

A single statutory framework for civil protection in the UK has been in place since
2004. It includes planning for and responding to flood emergencies (Box 2.7).
Key measures to prepare for, respond to and recover from flood events include:

¢ Forecasting and early warning systems, including flood forecasting and warnings,
disseminating information via the media, and auto-dialling warnings.

¢ Raising public awareness of how to proceed in the event of a flood, for example
through publicity campaigns and community groups.

¢ Managing the flood event, including assisted evacuation of vulnerable members of
the community and maintaining the provision of critical services during a flood event.
Planning for the mass evacuation of vulnerable people can be challenging, especially
when there is minimal warning of a flood event. The majority of fatalities from Hurricane
Katrina in 2005 and the Japanese tsunami in 2011 were aged over 60. 30% of recovered
victims in New Orleans were located in medical centres, hospitals or nursing homes.®?
Schools can also be very vulnerable if a flood event occurs when they are occupied,
as was also seen in Japan.?*

¢ Post-event recovery, including through the provision of affordable insurance.

Box 2.7: Statutory framework for emergency planning and response

The Civil Contingency Act (2004) established roles and responsibilities for those involved in emergency
preparation and response at the local level, including the emergency services, local authorities, NHS bodies
and utility companies. The Act emphasised the importance of co-operation by creating Local Resilience Forums,
generally based on local police areas. These forums bring together all the organisations who have a duty to
co-operate. They are required to publish and maintain a Community Risk Register that reflects the unique
characteristics of each local area, including risks from natural hazards such as flooding.

The Government published the National Flood Emergency Framework in 2010. The framework aims to
provide a strategic approach for all those involved in the planning for and response to flood events. The
need for such a strategy was one of the recommendations of the Pitt Review following the 2007 floods. The
framework encourages Local Resilience Forums to develop Multi-Agency Flood Plans for their areas to complement
more generic Major Incident Plans. The Pitt Review also recommended the setting up of a national flood response
exercise. This was delivered in March 2011 with Exercise Watermark, which tested all aspects of severe wide area
flooding across England and Wales, making it the biggest civil emergency exercise to take place at national level.

Source: Cabinet Office, Department for Environment Food and Rural Affairs

83 Records of the Japanese tsunami show that over 65% of victims were aged over 60. Similarly, over 50% of victims from Hurricane Katrina were aged over 75
years. See HR Wallingford (2012d) for ASC for further details.
84 For example, 70% of pupils lost their lives in a single elementary school.

Chapter 2 | Flooding: assessing preparedness for a changing climate 53




Vulnerability to flooding is high in some communities and locations, so emergency
planning will continue to be an important part of managing flood risk in the future.

* National critical infrastructure. The temporary loss of critical and emergency services
due to flooding can have far-reaching consequences, as was seen during the 2007 floods
(see Box 2.8). A proportion of nationally important infrastructure is located in areas
with a significant or moderate chance of flooding in England, including around 18,000
electricity infrastructure assets (7% of the national total), 1,400 sewage assets (25% of
the total), 119 ambulance stations (10% of total) and 192 fire stations (9% of total).®
Since 2009, the Government has been producing Sector Resilience Plans on an annual
basis for the different categories of critical national infrastructure.

e Deprived communities. 650 of the 3,500 properties built in areas of significant flood
risk between 2008 and 2011 were located in the 20% most deprived communities in
England.?¢ These communities generally have a lower capacity to prepare, respond and
recover from flood events.?’

¢ Vulnerable groups - care homes and schools. There are over 1,000 care homes
(6% of the total in England) and 1,600 schools (7% of national total) located within
the floodplain in 2011. Together some 30,000 care home residents and 500,000 school
pupils occupy these buildings.

* Flood warnings. Less than one-quarter of all properties in the floodplain have
registered for the Environment Agency’s Flood Warning Direct service. The figure has
increased from 18% in 2008. This service automatically telephones homes when a
flood is forecast.®® Take-up of the warning service is particularly low (less than 20%
of properties) in many built-up parts of the floodplain, including London, Hull and
Newcastle-upon-Tyne. This may reflect a lower awareness of flood risk amongst urban
populations. The Agency is in the process of changing its approach to flood warnings.
In 2008 the Extended Direct Warnings service was introduced. The Agency obtains the
contact telephone numbers of properties at risk directly from the emergency services,
giving occupants the opportunity to opt-out.®

¢ Insurance. Around 90% of owner-occupied houses have buildings and contents
insurance, which includes cover for flood damage. The availability of flood insurance
is covered by an agreement between the Government and the insurance industry.
However, this agreement will end in June 2013, and the Government and industry have
yet to agree how they will proceed after this time. The insurance industry estimates
that up to 200,000 homes could face problems when seeking insurance cover after the
agreement ends.

85 See HR Wallingford (2012d) for ASC for further details.

86 Based on the Multiple Index of Deprivation. See HR Wallingford (2012d) for ASC for further details.

87 Lindley (2011) for Joseph Rowntree Foundation.

88 Note that uptake may be higher within those areas of the floodplain at significant and moderate risk, but the Environment Agency does not provide
a breakdown.

89 Only 1% have opted out to date. See HR Wallingford (2012d) for ASC for more details.
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Box 2.8: Learning the lessons from 2007 in Gloucestershire

Much of Gloucestershire was adversely affected by the 2007 summer flooding, including major towns such as
Tewksbury and Cheltenham. The flooding caused significant disruption to critical services, with 140,000 properties
without a piped water supply over a two week period.?® The emergency services were under major pressure, with
the possibility of mass evacuations being seriously considered.

Since then, the Gloucestershire Local Resilience Forum, made up of key emergency responders, has published the
Gloucestershire Community Risk Register, which includes planning for flood events. Gloucestershire County Council
has also created a Civil Protection Team, which is embedded within the Fire and Rescue Service and co-ordinates the
County Council’s response to emergencies.

The County Council is working to improve understanding and resilience to the impacts of climate change,

which is identified as a corporate Strategic Risk. For example, data on projected sea-level rise from the Shoreline
Management Plan have been used to identify local critical infrastructure likely to be affected by flooding within the
Severn Estuary in order to prioritise resilience planning.

Source: Gloucestershire County Council

2.4 Conclusions

This chapter has applied the ASC toolkit to assess progress in preparedness for flood
risk in England in a changing climate by:

¢ Using indicators to identify how exposure and vulnerability to flood risk have changed
in recent years and establish the current level of adaptation action underway in England.

e Evaluating preparedness for future flood risk by assessing how key decision-makers
are accounting for climate change, and whether or not their decisions are leading to
adaptation action that is proportionate to the scale of risk.

Indicators show a number of socio-economic trends increasing exposure
and vulnerability to flooding. At the same time adaptation actions are being
implemented that could be offsetting the risk.

¢ Development in the floodplain is continuing and at a faster rate than that for
development elsewhere. However, the reduction in the development rate in the coastal
floodplain and in areas at risk from coastal erosion could be evidence that decision-
makers are starting to site new development away from higher-risk areas in some parts
of the country.

¢ The majority of floodplain development is in areas that are already well-protected
by flood defences. Investment in new or enhanced flood defences has reduced the
net number of households at significant risk since 2008, even after accounting for new
development in these areas. However, continued development in the floodplain is
locking in a commitment to long-term investment in flood protection. Furthermore,
if these defences fail, the consequences of a flood event will be increasingly severe.

90 Severn Trent Water (2007).
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¢ One fifth of floodplain development is in unprotected or poorly protected areas.
Here the probability of flooding is already high and is likely to get even higher with
climate change. Development in these areas may have incorporated resilient design
features, although property-level measures are not likely to be effective in the case of
major flood incidents. Some of the country’s most vulnerable communities are located
in areas with a significant chance of flooding, and so are at disproportionate risk. This
could have an impact on the affordability of flood insurance.

* The majority of floodplain development is likely to be safe and not increasing flood
risk downstream. The Environment Agency’s advice appears to be influencing decisions
on individual development applications, although the outcome is not known in more
than a third of the cases where they raise an objection.

e Hard surfacing is continuing to replace permeable greenspace in urban areas,
mainly through the paving over of gardens. This will increase the risk of surface
water flooding. Continued development in areas at risk of surface water amplifies the
consequences of these types of floods, which cannot be predicted and planned for in
the same way as river and coastal flooding.

¢ The current deployment of sustainable drainage systems is unlikely to be
sufficient to reduce the increasing risk from surface water flooding. Around half
of all new development includes SuDS and there has been on-going investment in the
conventional drainage network. But given new development only comprises around 1%
of the urban environment each year. This by itself is unlikely to mitigate the risk from
continued urban creep.

Adaptation action to reduce the consequences of flooding can moderate some of the
effects of increasing exposure and vulnerability on risk. However, these actions each
have their own set of strategic challenges.

* Trade-offs with other objectives. The floodplain is generally still seen as a desirable
location for development, in part because established and productive communities are
already located there. The costs of relocating to areas of lower risk are seen as prohibitive
or undesirable for other reasons. Local authorities and the Environment Agency mostly
interpret policy to mean that development in the floodplain should continue, but in a
way that minimises damages. As a result, relatively little effort is taken to strategically
identify alternative locations at lower risk. Continuing to build in the floodplain will leave
a legacy of rising costs of protection and flood damage in the face of climate change.
These long-term costs may outweigh the benefits of development in some locations.
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¢ Adaptation action commensurate with the scale of risk. Flood management in
England was one of the first sectors to embed an understanding of climate change into
its policies. However, given the latest evidence from the CCRA on the scale of future
flood risk and its uncertainty, our analysis raises questions about whether sufficient
action is underway to manage the risks from flooding. We observed:

— Low uptake of some sensible low-regret measures, such as property-level flood
protection, sustainable drainage systems and flood warnings. There are likely to be a
number of market, institutional and behavioural barriers could be preventing uptake
(summarised in Table 2.3).

— Current investment in flood defences will not keep pace with the increasing
risk of flooding. Climate change could almost double the number of properties at
significant risk of flooding by 2035 unless there is additional action. The Government
should either support increased investment in flood defences from public or private
sources, or identify ways to manage the social and economic consequences of more
frequent flooding.

Chapter 4 explores these findings further in the context of the UK Government’s National
Adaptation Programme.
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Table 2.3: Assessment of barriers to uptake of SuDS and Property Level Protection Measures, taken from

ASC (2011a) and Department for Environment Food and Rural Affairs (2011a).

Property-Level Protection

Sustainable Drainage Systems (SuDS)

Insufficient
information
and
externalities

Consumers feel they do not have
information about the best products.
Consumer awareness of products is still very
varied. In addition, consumers often do not
know the severity of the flood risk that their
property faces. Acquiring and processing
information incurs a hidden cost in terms

of time and money spent finding the right
product, sourcing reputable providers, costs
of disruption, and differences in quality of the
product and service.

In new builds and rented accommodation,
there is a misalignment of incentives
between developers/owners and occupiers.
It is the occupiers who may bear most of the
cost of flood damage and so developers/
landlords are not motivated to invest in
property-level measures. Similarly, homeowners
are unlikely to remain in the same home
throughout the lifetime of the products. This
means they will not accrue the full benefits

of measures, although they incur the full cost
(assuming that the benefits are not reflected
in the property value).

There is a lack of consistent standards for
developers to identify affordable drainage
that is fit-for-purpose. The perception that
SuDS are expensive persists.

The benefits of SuDS usually accrue
downstream, rather than to the individual
making the upfront investment. This leads to
little incentive for an individual to retro-fit.

Misaligned
policies and
institutional
arrangements

Households will be more likely to take action
early if there are clear financial incentives to
do so, for example if they face a reduction in
the costs of insurance or if they avoid uninsured
and non-monetary losses (such as distress).
Insurers may reduce the excess for properties
that install flood-resistant products, but rarely
the premium, in part because the measures
have not yet been tested in real floods.

There is a lack of a coherent policy
framework to address ownership and
ongoing maintenance arrangements.
Currently, developers or local authorities

have to finance maintenance throughout the
lifetime of the SuDS, whereas the maintenance
cost is picked up by the water company for
conventional drainage.
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Table 2.3: Assessment of barriers to uptake of SuDS and Property Level Protection Measures, taken from

ASC (2011a) and Department for Environment Food and Rural Affairs (2011a).

Property-Level Protection Sustainable Drainage Systems (SuDS)
Behavioural Many residents and business owners There is evidence of behavioural inertia
barriers feel that managing flood risk is not their among developers. Surface run-off has

responsibility. Householders may not invest traditionally been drained into sewers, which

in property-level flood protection measures means that foul water and surface run-off are

if they are already protected by structural often viewed as one problem and SuDS are not

flood defences, or believe the Government seriously considered.

will provide such protection in the future.

Flooded households are much more likely to

take flood management steps than non-flooded

households (27% and 6% respectively).

Residents often express concerns about

impacts on the appearance and resulting

saleability of the property and not wishing

to be reminded of flood risk. Community

engagement for the Defra Grant Scheme was

found to be key.
Lack of Many residents and business owners find Developers are faced with the whole-life
adaptive the upfront cost of protection is too high cost of SuDS (where ongoing financing is
capacity and outweigh the uncertain benefits. Many not possible) a disincentive to the use of

lack the funds to afford the capital cost of fitting | SuDS compared to conventional drainage,

their home with a full package of property- for where maintenance is automatically taken

level measures. More vulnerable people located on by water companies. In some cases, the lack

in areas of flood risk are less able to afford of maintenance arrangements has given rise to

protection. ‘orphan’ SuDS.
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Chapter 3
Water scarcity: assessing preparedness for
a changing climate

3.1 Overview

This chapter updates the ASC’s 2011 assessment of progress in preparing for climate
change in the water sector. The focus is on England, although the lessons may be
relevant to other parts of the UK." Together with risks from flooding, water supply-
demand deficits driven by the combined effects of climate change and population growth
were identified as a significant risk in the Climate Change Risk Assessment (CCRA).?

They were also highlighted as significant in the Environment Agency’s Case for Change
report.® There have been important developments in water policy since the ASC’s last
report in 2011, including the publication of Defra’s Water White Paper.*

In line with our analytical framework (Chapter 1), this chapter:
e summarises vulnerability of the public water supply system to the current climate;

e summarises future risks of supply-demand deficits from climate change, based on the
latest evidence from the CCRA and Environment Agency analysis;

e compares the scale of risk outlined by the CCRA with current water company plans for
addressing future water scarcity;

e examines further adaptation action that could be important for dealing with a range of
plausible future deficits, focussing on indicators for water efficiency, uptake of metering
and losses from leakage; and

¢ considers the latest evidence on future demand from water users outside of the public
water supply system (such as power stations, heavy industry and agriculture) and the
implications for the natural environment.

In Chapter 4, we draw on this evidence and analysis to provide advice on where the UK
Government'’s National Adaptation Programme could enable further action.

In most cases, data have been provided for England and Wales together as it is difficult to separate out.
HR Wallingford (2012a), for the Department for Environment, Food and Rural Affairs.

Environment Agency (2011b).

Department for Environment, Food and Rural Affairs (2011a).

AwWN =
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Box 3.1: Management of water supply (England and Wales)

Water resources management in England and Wales is governed by a number of different regimes:

Public water supply is managed through private water companies, and regulated by Ofwat (economic regulation),
the Environment Agency (environmental regulation), and the Drinking Water Inspectorate (drinking water

quality). Climate change must be taken into account in Water Resources Management Plans, which are produced
by each water company every 5 years and look 25 years ahead. Some water companies have opted to do longer
term planning (for example as part of the Adaptation Reporting Power process). Companies also have to produce
business plans, which are used by Ofwat to set water prices in 5-year blocks. The next Periodic Review due in 2014
will dictate how much companies can invest in supply and demand-side measures over the coming 5 years (see
section 3.4). Water companies have in the past also reported annually to Ofwat on numerous metrics related to
their business operations through the June Returns process. From 2012 this has changed to a shorter set of Key
Performance Indicators.®

Other abstractors outside of the public water supply system (such as power stations, irrigation, and fish farms)
are subject to the abstraction licensing regime operated by the Environment Agency. The current system was
designed in the 1960s. The Water White Paper included proposals for reforms to ensure that the system is flexible
enough to deal with the future challenges of water scarcity, particularly from climate change. More details are
given in section 3.6.

Natural environment issues are covered largely under the EU’s Water Framework Directive. They are implemented
through River Basin Management Plans, for which the current cycle ends in 2015. The Government reports
annually on the environmental status of freshwater bodies through a number of environmental and chemical

status indicators.

For a more detailed description of the policy landscape, see the CCRA Water Sector Report (2012).6

3.2 Vulnerability to current climate

There are multiple demands on the total water supply available in the UK. Demand from
people (household and business water supply, agriculture, and industry) needs to be
balanced against the underlying requirement to maintain a healthy natural environment.
Finding the right balance is not straightforward, and current levels of abstraction are
putting undue pressure on the natural environment in some catchments.”

Drought events® currently occur every 7 years on average in England and Wales.? In
recent years, drought conditions have tended to coincide with annual rainfall totals under
800mm, as shown in Figure 3.1.

Standpipes have not been required to a significant extent since 1976. Less restrictive
measures such as hosepipe bans and drought orders have been implemented more
frequently, including in this year’s drought (Box 3.2).

http://www.ofwat.gov.uk/regulating/prs_web201203regcompliance

HR Wallingford (2012c) for the Department for Environment, Food and Rural Affairs.

Environment Agency (2010).

“Drought” and “water scarcity” have different meanings. Droughts occur where there is a temporary decrease in water availability due to low rainfall over a
given period. Water scarcity occurs where there is insufficient water to meet demand, and can be influenced by the prevalence of drought conditions, but also
other factors such as high population density. Water scarcity is quantified in terms of the supply-demand balance. A comparison of the two terms is available
here http://ec.europa.eu/environment/water/quantity/about.htm.

9 There have been no significant trends in rainfall over the observed record, unlike for temperature, and it is not possible to attribute the 2012 or other
droughts to climate change. See Jenkins et al (2008).

0NN
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Figure 3.1: Annual, plus summer and winter observed precipitation for England and Wales (1970-2011)
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Source: Met Office.
Notes: Recent drought years (1976, 1991, 1995/6, 2003, 2011/12) are characterised by annual rainfall of less than 800mm (circled years).

The risk of more serious problems increases when winter rainfall is low for more than

one year in a row, as this prevents reservoirs and aquifers from being replenished. While
the impacts of the 2012 drought have been relatively modest due to spring rain, water
companies, the Environment Agency and the Government are concerned that a third dry
winter could bring increased pressure on water resources, including public water supply,
in some areas.'"”

There is a lack of systematic data on the costs to businesses, agriculture and the natural
environment from droughts, though studies have been conducted on individual events.
For example:

* In the drought of 1976, standpipes had to be introduced as demand increased up to
140% above average levels. This was coupled with vastly reduced supply."

e The drought and associated heat wave of 1995 resulted in estimated economic losses
worth £180 million for agriculture, £96 million for water supply and £380 million for
the retail sector.’

¢ Economic impacts from the 2012 drought included reduced farm incomes due to
changes in cropping practice. Some small businesses suffered in the horticulture,
swimming pool and domestic cleaning sectors due to temporary use restrictions
introduced in some areas. No discernible impacts on GDP, prices or inflation have
so far been detected.”

10 http://www.environment-agency.gov.uk/news/138916.aspx

11 Rodda and Marsh (2011).

12 Palutikof et al. (1997).

13 Department for Environment, Food and Rural Affairs, upcoming report on the economic impacts of the 2012 drought.
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As well as potential restrictions on water use for customers, the natural environment can

be severely affected during drought events. Water scarcity has impacts on the availability
of food and habitats for certain species, both through reducing water availability and water
quality." The Environment Agency and Natural England undertake continuous monitoring
to assess the adequacy of measures in place to limit the impacts of droughts on the

natural environment.'

Box 3.2: Examples of reported impacts on the environment, people and businesses from the

2012 drought

e Seven companies imposed hosepipe bans on customers in spring 2012. This is roughly in line with the number
of restrictions imposed in previous droughts.

e Dry winter conditions meant that many winter storage reservoirs on farms were only partially filled, causing
farmers in some locations to apply to the Environment Agency for additional abstraction allowances to increase
their water supplies for crops and livestock.

e “Hands Off Flows” abstraction license restrictions were also put in place for some farmers in the Midlands,
East Anglia and the South-East.

e Reports of watercourses drying up were received from locations in Herefordshire, Gloucestershire, Oxfordshire
and Yorkshire.

e Severn Trent and Anglian Water are discussing the option to transport water, if required, from the Birmingham
groundwater sources to help ease water shortages in the Anglian Water region. This system could transport up
to 30 million litres per day (Ml/day).

e Drought permits were granted to several water companies. This included measures to help Southern Water refill
Bewl Reservoir, which was down to 40% capacity in early March, using water from the Medway.

e There were a series of reports on adverse impacts on wildlife from the drought conditions.’® The Environment
Agency undertook several exercises to move fish in distress in Derbyshire, Hertfordshire and North Yorkshire.

Source: Environment Agency Drought Management Briefings.

16

3.3 Future risks to the supply-demand balance in public water supply

The Climate Change Risk Assessment (CCRA) identified a high level of uncertainty
associated with risks to future water availability, but with some risk of a deficit in
most regions in the near-term."”

The projected supply-demand deficits in the CCRA for England and Wales range from
-15 to -3100 million litres per day (Ml/day) for the period 2010 — 2039 (characterised as
the “2020s”).'® There are regional variations, with the largest deficits in the Thames and
Humber river basins (Table 3.1). These calculations use the probabilistic information in
the UK Climate Projections (UKCP09), which gives a much more detailed treatment of
uncertainty than previous projections used in water resources planning."”

14 http://www.rspb.org.uk/news/306161-drought-warning-for-wildlife

15 Environment Agency (2012).

16 http://www.environment-agency.gov.uk/news/138161.aspx

17 It should be noted that like other climate modelling studies the CCRA does not quantify all possible uncertainties, and therefore the projections themselves
are uncertain. The supply-demand deficit projections in the CCRA were assigned a medium confidence rating in the final Evidence Report. There is more
confidence in projections of future changes in average supply-demand deficits than in future changes in drought frequency and intensity, so this is the focus
of our analysis looking into the future.

18 These baseline projections assume no additional adaptation, including no water sharing, and are based on an average consumption per person of 150 I/day.
Population growth is included in the projections, using a principal population growth projection from the Office for National Statistics. The CCRA river basin
areas are different to those areas used in water company plans.

19  http://ukclimateprojections.defra.gov.uk/
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Table 3.1: CCRA regional projections of supply-demand deficit (Ml/day) for England and Wales

Surplus (positive values) or Deficit (negative values) in Ml/day
UKCPO9 river CCRA low projection | CCRA mid-projection | CCRA high projection
basin region Baseline (2009/10) 2010-2039 2010-2039 2010-2039
Anglian 96
Humber 105 -643
Northumbria 212 no deficit no deficit no deficit
ENnongt:n\éVest 63 no deficit
Severn 106 no deficit
South East England 162 no deficit no deficit
Ez;lt:n\(/jVest 68 no deficit
Thames 59 no deficit
Western Wales 50 no deficit no deficit
:ﬂ;aw;’ga"d No Deficit 1245

surplus or no deficit

deficit = -1 to -499 Ml/day
deficit = -500 and over Ml/day

Source: HR Wallingford (2012c) for the Department for Environment, Food and Rural Affairs.

Notes: These projections assume:

* no sharing of water, meaning surpluses in some regions do not cancel out deficits in others,

® average consumption per person of 150 |/day, and

e total population size of 61 million for England and Wales. For the 2020s, the effects of population growth contribute to around 70% of the deficit
for the mid projection, but only 30% for the high projection (with climate change contributing to the remainder).

All results for the period 2010-2039 (“the 2020s") use a medium greenhouse gas emissions scenario only, as there is no difference between different

emissions scenarios for this time period. For the 2050s, the total deficit increases to between -2100 Ml/day (low projection under a low emissions

scenario) to -8200 Ml/day (high projection under a high emissions scenario).

The high levels of uncertainty in predicting the impact of future climate change on water
availability present a challenge for adaptation planning (Box 3.3).%° This is particularly
problematic because water infrastructure is very long-lived, and therefore decisions made
now have consequences far into the future.?’

20 Climate change is not always the largest source of future uncertainty for water companies, but is generally amongst the top five key sources of uncertainty.
21 Ranger et al. (2010).
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Box 3.3: Uncertainties in projections of rainfall

The latest set of climate projections for the UK (UKCP09) show increases in winter precipitation and decreases
in summer rainfall on the whole. UKCP09 goes much further than the previous set of scenarios (UKCIP02) in
quantifying uncertainties in these results. There are four important caveats to interpreting the outputs:

1 the projections for summer rainfall show modest probabilities of increases, alongside the much larger
probabilities for decreases. This means there is uncertainty around the sign of change;

2 there is a very large range for both summer and winter rainfall as shown below;

3 the effects of short-term climate variability are not taken into account, as all of the results are thirty-year
averages; and

4 the projections are likely to underestimate the effects of processes not well simulated in the models, such as the
effects of the stratospheric circulation on surface climate, and the impacts of possible changes in the frequency
of multi-year droughts or blocking episodes. Therefore, not all uncertainties are quantified.

Water resources planners have to bear in mind that the actual future climate could fall outside of these projections,
and therefore even planning for this full range does not entirely cover every eventuality. In addition, transferring
climate projections into impacts models for processes such as groundwater and river flows introduces further
uncertainties.

The Met Office plan to assess the reliability of the UKCPO9 projections in the light of more recent climate model
projections run for the IPCC Fifth Assessment Report in 2013.

Source: Met Office.

3.4 Current action to prepare for future supply-demand deficits

The latest water company plans from 2009 calculated a baseline supply-demand
deficit for England and Wales of about 1300 Ml/day in 2035 (about 7% of total
public water supply for 2010), which is roughly equivalent to the CCRA mid-range
scenario.?? The analysis suggested that around half of water resource zones would have

a supply-demand deficit in 2035 if no action was taken to reduce the risk, with the largest
deficits in the Thames and Severn Trent regions.?* (In 2012, water companies calculated
that around 13% of water resource zones were at risk of supply-demand deficits).*

Water companies also put forward proposals to deal with the deficit in their regions.
Collectively, these increase supply by around 720 Ml/day, reduce demand by around
440 Ml/day, and decrease leakage by around 240 Ml/day across England and Wales

by 2035. These potential measures are sufficient to cancel out both the low and medium
CCRA deficit projections at the national scale, though not the high-end estimate of

risk (Figure 3.2).

The next round of Water Resource Management Plans, due in 2014, provides an
opportunity to review the proposals in light of UKCP09, which was used in the CCRA.»

22 These deficits, and those described for the CCRA, are for public water supply only (and do not include other types of abstraction). They assume no additional
action to reduce the deficits over and above the situation in 2009. The projections include the effects of population growth. The supply-demand balance
is taken to be the difference between water available for use, and demand in a dry year (with head room built in which estimates, among other things,
uncertainties in future climate change).

23 Data taken from 2009 Water Resources Management Plans. Baseline per capita consumption levels for 2035 varied across companies from 128 to 166l/d.
The climate information used was based largely on the UKCIPO2 climate scenarios.

24 Data taken from 2009 Water Resource Management Plans.

25 The CCRA projections themselves are not intended to be used in the place of the more detailed models used in water resources planning. They give an
indication of the scale of uncertainty that will be present in the updated climate information which water companies will use in the next round of water
company plans in 2014.
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Generally speaking, water companies are being directed to consider a mid-range climate
scenario out to 2040, or a high-end scenario for those more vulnerable to future deficits.

Ofwat must decide what proportion of the proposals put forward by water companies
should be funded in each 5-year Price Review. This presents a difficult balancing act,

as much of the cost for new measures has to be recouped from customer water bills. In the
last Price Review in 2009, Ofwat allowed water companies to invest in supply and demand
measures (including leakage) worth £1.8 billion between 2010 and 2015. This is equivalent
to around 320 Ml/day, or 23% of the total proposals put forward for 2035.%¢ The allowance
did not include specific measures to address the risks from climate change, as the UK
Climate Projections (UKCP09) had only just been published in 2009, and water companies
had not had time to analyse the new information.

Both the CCRA and Environment Agency’s Case for Change analysis show a marked
intensification of supply-demand deficit risk for the 2050s and 2080s (see notes under
Table 3.1). Considering long-term climate change is important for ensuring that plans are
put in place early enough to respond adequately to the range of risks that may materialise
in the 2050s and beyond. Although there is no legal requirement to look beyond 25 years
in their plans, some water companies have opted to undertake longer term planning

(for example as part of the Adaptation Reporting Power process).

Figure 3.2: Comparison of CCRA projected supply-demand deficit risk (left) with water company

proposals out to 2035 for supply and demand measures to reduce the deficit (middle three columns).
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Source: HR Wallingford (2012c) for the Department for Environment, Food and Rural Affairs; and 2009 Water Resources Management Plans.
Notes: The far left box plot shows the mid-range CCRA deficit projection for the 2020s (2010-2039) in red, with the error bar showing the range of
deficit from the low to the high projection. The blue boxes show the total effect in Ml/day of proposals to reduce demand and leakage, and increase
supply from the 2009 Water Resource Management Plans (these do not include the effects of autonomous adaptation). The residual surplus/deficit
under each of the three CCRA projections, having applied the combined water company proposals for England and Wales, is shown on the right in
green. Population growth estimates for England and Wales for the 2020s are included in the CCRA estimates. They give an increase in population to
61.3 million in the 2020s compared to 55 million in 2010.

26 Ofwat (2009).
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Scenario planning for a high impact, low probability scenario would also be useful in
order to identify when in the future decisions should be made on whether more extensive
adaptation measures are needed, and to compare the robustness of long-term plans
against uncertainties.?”

3.5 Using indicators to assess the potential for further adaptation

Managing demand for water is about both reducing unnecessary consumption, and
making consumption more responsive to changes in supply. Demand management
is a low-regret strategy to take in the face of large uncertainties regarding future
water availability.?®

Demand measures such as low-flow showers or taps, basic rainwater harvesting and dual-
flush WCs are classed as a low-regret adaptation option as they:

¢ provide benefits today and against any future deficit;

¢ defer the need for costly investments in new supply infrastructure which is more
vulnerable to future uncertainties in climate change and population growth;? and

e provide co-benefits by reducing costs of water supply to metered households, reducing
the amount of energy required to heat water in the home,*° 3! and decreasing pressure
on freshwater habitats from abstraction.

Supply-side measures such as the amount of water shared between water companies
are also useful to monitor, as demand measures are unlikely to be sufficient on their
own to address the risks from climate change. In future, the ASC plans to collect more
data for indicators for supply measures, including total reservoir capacity and extent of
water sharing.

A summary of the latest trends is presented here, followed by a discussion on implications.

Water consumption per person

Current consumption per person®? in England is around 145 I/day on average

(Figure 3.3). It has fallen from around 150 I/day in 2000. There was a slight increase in
overall consumption in 2011 compared to 2010. While metered consumption is lower than
the average and is generally falling, unmetered consumption appears to have risen to its
highest level for the last 11 years.** Regional averages vary significantly from around 110
to 185 l/day.>*

27 Research is underway more widely to look at how the water resources system might react to more extreme climate change through research programmes
such as the EPSRC’s Adaptation and Resilience to a Changing Climate programme.

28 ASC (2011a). A case study with Thames Water showed that understanding the full range of climate change uncertainty builds the case for low-regret
measures such as increasing water efficiency by households.

29 Ranger et al. (2010).

30 There is work going forward through the Green Deal, and by the Bathroom Manufacturers Association, to incentivise these win-win benefits of reducing
water consumption.

31 Three Regions Climate Change Group (2008).

32 Consumption per person (per capita consumption) is the average amount of water consumed per person in their household from e.g. washing, drinking,
cooking and gardening. It does not include water consumed outside of the household supply, or the water consumed which is embedded in products such
as food.

33 This may be due to a flow of population with lower average consumption moving from the unmetered group to the metered group, which would drive up
the average; but it could also be due to an actual rise in consumption.

34 This range is the lowest metered regional average to the highest unmetered regional average.
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Figure 3.3: Trends in consumption per person — England (2000-2011)
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Source: Ofwat.
Notes: Metered consumption is measured; unmetered consumption is estimated based on measurements of deployable output, metered
consumption and leakage. Those households that choose to fit a meter tend to be those who have lower consumption. As there is a flow of
population from the unmetered to the metered category, the average consumption of the unmetered category can increase as the more
efficient customers move into the metered category, without changing overall consumption (purple line). It is not known if the rise in unmetered
consumption is due to those with lower consumption moving to the unmetered category, or an actual increase overall.

If the trend seen since 2000 continues, consumption would fall to 130 I/day by 2035.
This is both realistic and desirable as outlined by the three points below.

1. Reducing average consumption per person by 15 |/day or more appears readily
achievable through uptake of water efficiency measures. ASC analysis from 2011
suggested that uptake of cost-effective water-efficiency measures, such as low flow
showers and dual flush WCs, could reduce consumption to 115l/day from a baseline of
160l/day (which is higher than current average consumption). Empirical trials*> suggest
that water efficiency measures can reduce household consumption by an average of
20-40 litres, which roughly equates to 9 to 17 |/day per person.

2. Other north-west European countries tend to have lower consumption levels
(Figure 3.4), suggesting there is scope for further efficiency improvements in England.
Variations in socio-economic conditions, infrastructure systems and policy frameworks
may explain this difference. All countries shown in Figure 3.4 with the exception of
England have universal metering.

3. According to the CCRA, reducing average consumption per person by 13 |/day (from
150 I/day to 137 I/day)*¢ in the 2020s could reduce the deficit by around 700 Ml/
day; half of the deficit in a mid-range climate scenario, and around one quarter in a
high climate scenario (Figure 3.5). This level of reduction is higher than current water
company proposals for demand reduction measures of 440 Ml/day (see Section 3.4).

35 Waterwise (2010).
36 This is roughly equivalent to reducing consumption per person from today’s average of 145 |/day to 130 I/day (i.e. a reduction of 15 I/day).

Chapter 3 | Water scarcity: assessing preparedness for a changing climate 69




Figure 3.4: Comparison of consumption per person in England with other North-Western European

Countries (2008)
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Source: Environment Agency (2008).
Notes: The climate of the countries chosen for comparison by the Environment Agency are relatively similar to England, but differences in water
management policies, infrastructure systems and socio-economic conditions makes it difficult to make direct comparisons.

Figure 3.5: The effects on supply-demand deficit of a reduction in per capita consumption (pcc) from

150l1/d to 1371/d for England and Wales (2010-2039)
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included in the CCRA estimates.
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Trends in water metering

Having a price for water that reflects the volume used provides a foundation for
effective demand management. Metering is required to achieve this. This will be
particularly important in locations with a growing risk of supply-demand deficits.
There are legal barriers to water companies rolling out universal metering® in these
areas now, and wider concerns over affordability for some customers.

One important lever for demand management is effective pricing, which is needed to act
as a signal of the value and availability of water to consumers. A necessary condition for
effective pricing in public water supply is metering.*® Water meters allow customers to pay
for the water they use, rather than a flat rate tied to house size or value. This in turn means
that the price paid can be tied to consumption, providing households with a financial
incentive to reduce water use. It provides a better mechanism to link the price of water

to its scarcity, because the price can respond to how much a customer uses against how
much water is available in a particular region or at a particular point in time.* It also offers
the flexibility to react to seasonal or regional supply-demand imbalances.

We know from other sectors (such as energy) that consumers react to price signals,
although this may have to be complemented with flanking measures (such as information
and advice) to increase responsiveness on demand (“elasticity”) to price changes.*°

Around 40% of households in England and Wales are currently metered, with the uptake
of metering increasing at a rate of about 2% per year (Figure 3.6). If this trend were to
continue, 85% of households would be metered by 2035.

Given the risk of supply-demand deficits in the 2020s, this rate of progress would help
enable effective demand management if concentrated in areas most at risk (see Table 3.1).
We will continue to monitor trends in the uptake of metering. Further policy intervention
may be required if the rate of uptake starts to level off, for example because high-use
consumers of water choose to stay unmetered.

The current legal framework that determines where water companies can roll out universal
metering may act as a barrier to effective adaptation. There are two main issues:

1. Factoring in climate change when identifying regions with a supply-demand
deficit. As supply-demand deficits vary across the country, the regional pattern of
metering is as important as the total level of metering. Under current legislation,
universal metering can only be considered by water companies in areas that are
designated as seriously water stressed, as the costs and benefits of installing them
universally elsewhere are not clear cut. The current definition of water stress includes
consideration of population growth and resource availability, but not the effects of
future climate change.*' Some areas with high projected deficits in the future due
to climate change have a relatively low uptake of metering at present (Figure 3.7).
Under the current system, some of these areas cannot undertake universal metering
now, even though the risk of supply-demand deficits in the near-term is high.

37 “Universal metering” implies that the vast majority of households (e.g. over 90%) are fitted with water meters. It does not imply that every single household
has a meter installed, as some dwellings such as blocks of flats are difficult to fit with individual meters.

38 See Section 3.6 for a discussion on non-public water supply.

39  Walker (2009).

40 Waterwise (2011).

41 Defra and the Environment Agency are currently reviewing the definition of water stressed areas.
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Figure 3.6: Percentage of households with Water Meters in England and Wales
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Figure 3.7: Percentage of households with meters in 2012 compared to 2035 supply-demand balance

projections from 2009 water resource management plans, by Water Company (England and Wales)
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Notes: Each point on the graph represents a different water company region. Note that this plot only uses the Water Resource Management Plan
estimates of supply-demand deficit, and not the CCRA analysis, as the regions differ in the CCRA and cannot be directly compared against water
company areas. 1 Veolia Water South East; 2 Anglian; 3 South West; 4 Veolia Water East; 5 Southern; 6 Cambridge; 7 Sembcorp Bournemouth;

8 South East (including Mid Kent Water); 9 Essex & Suffolk; 10 Wessex; 11 Dee Valley; 12 Thames; 13 Severn Trent; 14 Bristol; 15 United Utilities;

16 Sutton & East Surrey; 17 Veolia Water Central; 18 Yorkshire; 19 Dwr Cymru; 20 South Staffordshire; 21 Cholderton; 22 Portsmouth;

23 Northumbrian.
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2. Exploiting economies of scale in rolling out water meters. The Walker Review*
concluded that near-universal metering could be achieved by 2030 without a planned
rollout if there was enough voluntary uptake. However, the review highlighted that the
lower installation costs (economies of scale) under a systematic rollout of metering could
save between £600 million and £1.5 billion nationally compared to the current system.
Allowing companies to consider universal metering now in order to deal with the risks
from climate change in the short-term could allow these cost savings to be realised.

The Government is concerned about the impacts of metering on water affordability

for some customer groups.** Without some flexibility in the tariff, large households in
properties with low rateable values would see their bills rise to reflect their actual water
consumption if they transferred to a meter. To address this issue, water companies are
trialling more innovative approaches, such as seasonal tariffs and rising block tariffs,**
as well as social tariff schemes.*> These would lower charges for customers who might
otherwise struggle to afford their bills. The outcomes of these trials will help to establish
how metering can be rolled out without adversely affecting some households.

Leakage

Leakage rates*s fell sharply after the drought of 1995 (Figure 3.8) but have since
levelled off at around 22% of total public water supply. There was a slight increase

in leakage rates in 20710 and 2011 when cold winters caused more pipes to burst.*” Leakage
rates in cities in England and Wales (around 25% of supply) fall within the range of other
European cities, where leakage levels vary from 5% to 50% of total supply.*®

Ofwat has approved investments to provide a modest reduction in leakage of 97 MI/ day*
(or 2% of current leakage) between 2010 and 2015, stating that more ambitious targets
would represent poor value for customers and the environment based on current
evidence.’® Current water resource management plans suggest that leakage rates could be
reduced further to deliver water savings by around 240 Ml/day by 2035 (about 9% of total
current leakage, and around 20% of the deficit for a mid-range CCRA projection).

Ofwat's targets on leakage are designed to move companies to a Sustainable Economic
Level of Leakage (SELL). A zero leakage level is unlikely to be economically viable due to
the increasing expense of finding and fixing smaller leaks, once significant leaks are dealt
with. The cost of eliminating leakage would outweigh the costs of balancing water supply
and demand by other means. However, the Water White Paper noted that the current
methodology for calculating SELL does not consider the long-term sustainability of the

42 Walker (2009).

43  Department for Environment, Food and Rural Affairs (2011a).

44 https://southeast.veoliawater.co.uk/stepped-tariff.aspx . Increasing block tariffs require consumers to pay more per unit of consumption when they consume
more. This helps to ensure that all consumers, irrespective of household income, are not deterred from using the water they need, whilst at the same time
providing a disincentive to profligate use.

45 Department for Environment, Food and Rural Affairs (2012b).

46 Leakage is counted by water companies as a demand measure, but it can also be thought of as a supply measure as it relates to how much water can be
delivered to customers, rather than how much they use.

47  http://www.ofwat.gov.uk/mediacentre/pressnotices2008/prs_pn0311performance

48 European Environment Agency (2003).

49  Ofwat (2010).

50 Ofwat (2009).
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Figure 3.8: Measured leakage losses for England and Wales (1992-2011) and projected leakage out to 2035
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Notes: The dashed line shows the effects of reducing leakage by a further 240 MI/day by 2035 from 2009 as set out in Water Resource Management
Plans. Distribution losses refer to losses from companies’ distribution networks; supply pipe losses refer to losses from customers’ pipes.

water supply system, including the risks from climate change.>' Taking into account the
effects of climate change on the long-run value of water would make further leakage
reductions cost-effective.

Supply Measures

Supply-side options are also likely to be needed to help prepare for future deficits,
especially in the longer term. The Environment Agency has calculated that supply-
demand deficits still remained in the 2050s even under an assumption that consumption
per person decreased to 110 I/day.>? Although this chapter emphasises demand measures
as an effective strategy to deal with climate change uncertainties, implementing demand
measures alone is unlikely to reduce the risk of water shortages to an acceptable level in all
locations, particularly when considering a high-end deficit projection in the longer-term
(2050s and 2080s). The ASC’s 2011 report®® has demonstrated how analysis of a wider
range of climate scenarios can help to identify critical decision points in the future for
identifying appropriate water supply options.

The CCRA analysis suggested that water sharing®> between regions (moving water from areas
of surplus to areas of deficit) could contribute approximately 100-300 Ml/day to reducing

the deficit for a mid-range scenario in the 2020s. This analysis found that water sharing

was less effective in a high climate change scenario or in the 2050s, as more regions begin

51 Department for Environment, Food and Rural Affairs (2011a). Work is underway to review how the SELL is calculated.

52 Environment Agency (2011b). Note that these deficits were calculated for public and non-public water supply combined, unlike the CCRA analysis presented
above which is for public water supply only.

53 ASC (2011a).

54 Water sharing was also highlighted in the Water White Paper as a measure that water companies should consider first, before submitting proposals for new
supply measures.
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to experience supply-demand deficits. Some water sharing schemes, and other supply
mechanisms such as desalinsation plants, may also carry high carbon emission costs.

Summary of indicators for supply and demand

Our analysis suggests that the potential benefits from demand reduction measures
are not being maximised. According to the CCRA, a reduction in average water
consumption per person of around 15 |/day could save around 700 Ml/day across England
and Wales. This represents a 60% increase over the 440 MI/day contribution to the deficit
from demand measures in latest set of water company plans in 2009.

On the basis of current trends, consumption per person levels could fall to

130 I/day by 2035. Reaching this level over 25 years is cost-effective and readily
achievable according to our 2011 analysis, as well as empirical trials. Our analysis also
suggested that further reductions to 115 |/day would be cost-effective.

Reducing demand is a low-regret strategy to managing future supply-demand
deficits in the face of large climate change uncertainty. However, supply measures
appear to have been favoured in the last round of water company plans. This raises a
question over whether there is a systematic bias within the current regulatory framework
away from measures to manage demand.>?

Greater uptake of metering will be needed in order to provide the right price
incentive for achieving these reductions, particularly in locations with higher risks
of supply-demand deficits from climate change. At present, climate change is not
taken into account in designating areas of water stress. This is a barrier to timely uptake
of metering to deal with risks from climate change.

Leakage targets are currently based on achieving the sustainable economic level of
leakage (SELL). On the basis of these plans, leakage reductions could contribute around
240 Ml/day to reducing the deficit by 2035. However, the classification of SELL does not
currently include how the value of water will change if it becomes an increasingly scarce
resource. Taking into account the effects of climate change on the long-run value of water
would make further leakage reductions cost-effective.

Supply-side measures are also likely to be required alongside demand measures to
help reduce future deficits. Implementing demand measures alone would be unlikely to
leave an acceptable level of risk of supply-demand deficits, especially in the longer term.
Planning for supply-side measures should consider a wide range of climate scenarios and
seek to identify options that are robust to future uncertainties.

In future, the ASC plans to develop indicators for uptake of water efficiency
measures, and supply measures such as total reservoir capacity and water trading.
We also plan to look at indicators for water quality and quantity as part of our work in
2013 on agriculture, forestry and the natural environment.

55 Ofwat (2011b). Ofwat have indicated that they will use a consistent method to treat capital (supply infrastructure) and operational (demand management)
investments for the 2014 process for the first time. This may remove any systematic bias for one type of measure over another.
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3.6 Non-public water supply

Users of water that are not supplied through the public water supply system account
for around 40% of total abstraction (Figure 3.9). Putting in place an effective framework
that assists these users of water to manage risks from climate change will be an important
part of ensuring that water is shared effectively between different users with the least
possible damage to the natural environment.

The Government’s Water White Paper included a commitment to reform the
abstraction system to deal more efficiently with allocation of water between water
companies, power stations, heavy industry and agricultural users.’¢ Reviewing and
reforming the abstraction regime will be a critical adaptation measure in anticipation

of climate change. The new regime should establish a pricing framework that is more
responsive to changes in water scarcity through time and takes into account the needs of
the natural environment. Abstractors outside of the public water supply system, such as
the energy, industrial and agriculture sectors, are managed by the Abstraction Licensing
Regime operated by the Environment Agency. The current system was designed in

the 1960s. The proposed timetable for the reform process is for a consultation in 2013,
followed by legislation and implementation by 2027.>

In the meantime there is a risk that policy decisions that are sensitive to water availability
do not take full account of the risks to future water supply or the underlying requirement
to protect the natural environment. The Environment Agency is undertaking research on
demand scenarios for different sectors. For example:

* Energy sector. Greater reliance in the future on biofuel production, fracking (pumping
a water mix underground to extract shale gas) or carbon capture and storage could
markedly increase overall demand for water from the energy sector. Some studies have
been conducted looking at future water demand scenarios for the energy sector outside
of the UK (such as in Spain and California)®®, but there is currently little evidence on how
the future energy mix will affect the sector’s water demand in this country.>® °

e Agriculture. Use of water in farming currently accounts for a low proportion (~2%) of
total abstraction in England, though it may be increasing.®' It is higher seasonally in
some regions. For example, abstraction for irrigation in the Anglian region is around
16% of total abstraction in the summer. Abstraction for irrigation could increase
under a more arid climate,®? through intensification, or from expansion of the sector.
Better time series data will help to monitor changing demand.¢

56 Ofwat and Environment Agency (2011c¢).

57 http://www.utilityweek.co.uk/news/news_story.asp?id=196978&title=Abstraction+reforms+'completed+by+2027"

58 National Energy Technology Laboratory (2010).

59 At present, around half of the cooling water abstracted for use in power stations is recycled into rivers, although a substantial amount (30-60%) is
evaporated, and therefore consumed in the cooling process. It is not yet known how this compares to other types of energy production in the UK.

60 The Environment Agency is undertaking research on future demand from the energy sector which should be published later in 2012, including exploring
how demand for water changes under different scenarios of electricity demand and supply. DECC is also working with Defra and the Environment Agency
to include water demand in the 2050 Calculator tool.

61 Department for Environment, Food and Rural Affairs (2011b). Recent monitoring has found that water consumption per hectare increased across several crop
types between 2005 and 2010. This was despite 2010 being a wetter year.

62 Downing et al. (2003).

63 Defra have recently commissioned a project to explore a range of future scenarios in potential crop distribution and associated water use and abstraction
requirements in England and Wales, taking into account projected changes in climate and commodity prices. The project will inform assessments of future
water demand in England and identify options for adaptation in agriculture, and how these can be promoted.
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Figure 3.9: Total abstractions for England (1995-2010)
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The amount of water abstracted affects the health of the natural environment, which in
places is already under stress from over-abstraction. The Environment Agency has identified
263 schemes where it may have to undertake work under the Restoring Sustainable
Abstraction programme. In 2011, only 26% of rivers in England and Wales were classified
as having good ecological status under the Water Framework Directive classification,%* with
about 4% of rivers thought to be failing due to pressures from over-abstraction® and 11%
at possible risk from abstraction and subject to further investigation.®¢

3.7 Conclusions

The water sector has seen improvement in some key adaptation indicators.®” The rate
of progress should be sustained to cope with growing demand and the rising risks
from climate change.

* \Water availability for public water supply is currently fairly resilient to drought events,
in that water shortages requiring measures such as standpipes are rare.

e However, only 26% of rivers in England and Wales are currently meeting the requirements
for good ecological status set out in the Water Framework Directive. Over-abstraction is
causing at least 4% of rivers to fail, and 11% are under investigation.

e Average consumption of water per person has fallen from 150 I/day to 145 |/day over
eight years.

64 http://www.environment-agency.gov.uk/research/planning/34383.aspx

65 http://www.environment-agency.gov.uk/business/topics/water/135357.aspx
66 Ofwat and Environment Agency (2011c).

67 Chapter 4 Annex contains an updated list of the ASC’s water indicators.
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¢ The number of households with water meters is increasing by 2% per year, with 40% of
households in England and Wales currently metered.

e Leakage rates have largely levelled off at 22% of public water supply per year, after a
sharp drop between 1995 and 2000.

Climate change is likely to alter annual and seasonal rainfall patterns, but the extent
and timing of changes remain uncertain. The latest evidence from the CCRA finds that
the risk of demand outstripping supply in public water supply is likely to increase from the
combined effect of climate change and population growth.

e Deficits for the 2020s (2010-2039) range from about -15 Ml/day to -3100 Ml/day
(19% of existing supply) across England and Wales. These projections are themselves
uncertain, but give a sense of the scale of risk.

Managing demand for water is a necessary and low-regret strategy to take in the
face of large uncertainties about future supply. Demand management is about both
reducing unnecessary consumption, and making consumption more responsive to changes
in supply. It provides benefits today and against any future deficit. Demand measures can
take time to implement, so early action is required.

e Our analysis suggests that decreasing average national water use per person from
145 I/day to 130 I/day by 2035 is readily achievable through wider uptake of water
efficiency measures, supported by metering and awareness raising.

e This pace of reduction would be faster than proposals in the latest water company plans,
achieving savings of around 700 Ml/day, compared to 440 Ml/day under current plans
for reducing demand.

e Water companies are also planning further reductions in leakage rates, which would
contribute around 240 Ml/day to reducing supply-demand deficits by 2035. Taking
into account the effects of climate change on the long-run value of water would make
further leakage reductions cost-effective.

Managing demand requires the increased uptake of water metering, particularly in
areas with growing supply-demand deficits. In order to put in place an effective system
to manage demand, the price of water should reflect its availability and how much is used.
This is only effectively possible through metering. However, we found no relationship
between the current proportion of metered households in water company areas, and their
projected future supply-demand deficits.

* The percentage of households with water meters could reach 85% by 2035 if current
trends were to continue. However, a stronger policy framework may be required to
sustain even this rate of rollout, if the trend slows in the future.

e The risks from climate change are not currently taken into account in the rules that
govern where water companies can roll out universal metering. This could act as a
barrier to targeted uptake of metering in areas of future water stress.
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¢ Allowing for systematic rollout of metering is also likely to be much more cost-effective
for water companies.

¢ Social and stepped tariffs would help to ensure that water remains affordable for more
vulnerable households under a metered system.

Supply-side measures would also be necessary to deal with any remaining risk after
low-regrets action to reduce consumption and tackle leakage.

e The degree of risk which water companies choose to plan for (and conversely, how
much risk to accept) will determine the scale of supply-side measures required and the
timing of their deployment.

e For example, water sharing could (according to CCRA analysis) contribute around
100 - 300 Ml/day to reducing the supply-demand deficit.

Public water supply, although accounting for 60% of the total, is one of several
sources of water demand. Adaptation in the water sector will have to cover all
sources of demand.

¢ Overall demand from non-public water supply has been fairly stable over the last 15
years. However, future demands are very uncertain, particularly from the energy sector.

¢ Planned reforms to the water abstraction system should put in place a more effective
price mechanism across all sectors that responds to water scarcity, by the mid-2020s.
This is a necessary prerequisite to allow effective demand management of a vital
resource under increasing pressure.

e Strategic decisions made in the meantime will affect water demand in the future.
Examples include the potential role of fracking in energy supply, the use of low-carbon
technologies like carbon capture and storage, and the scale of intensification in the
agriculture sector. These sectors should consider the effects of a changing climate on
water availability in order to avoid lock-in to unsustainable levels of abstraction. The
ASC will review preparedness for climate change in agriculture, energy and provision
of infrastructure in future reports.
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Chapter 4
Advice on the UK National Adaptation
Programme and next steps

4.1 Introduction
This chapter sets out the:

e ASC advice to the UK Government on the preparation of its National Adaptation
Programme, based on our analysis of preparedness for changes in the risk of flooding
and water scarcity:

¢ process for formulating ASC advice to the Government to inform early thinking on the
second statutory assessment of the risks to the UK from climate change, due in 2017;
and

e ASC forward work programme for applying its toolkit to assess preparedness for the
other major climate risks facing the UK.

4.2 Principles for developing the UK National Adaptation Programme

The National Adaptation Programme is an important step for the Government in setting
out the UK'’s long-term approach to preparing for climate change. The programme should
take a systematic and proportionate approach to addressing the priority risks from climate
change, and assess existing and proposed policies against this. An important part of this
will be to examine whether the current and planned actions of public agencies, local
authorities, businesses and households are sufficient to address climate risks, or whether
changes to the policy framework are required to enable and encourage action.’

The programme should set out tangible steps to remove outstanding barriers to adaptation
action, in order to:?

* increase the uptake of low-regret adaptation measures; and

* ensure that those taking decisions with long-term or systemic consequences, such as
local authorities and infrastructure providers, take account of climate change in a way
that is transparent and acknowledges the uncertainties.

Section 4.3 sets out opportunities to do this for adaptation to future flood risk and water
scarcity, based on the analysis in this report.

1 The Government’s Economics of Climate Resilience project, to be published in 2012.

2 For some climate change risks identified in the CCRA, the Government may decide that existing policy mechanisms are sufficient or that they are likely to be
addressed by the market (often described as ‘autonomous adaptation’). Further policy intervention may not justified because the risks and their uncertainties
are considered to be acceptable or the costs of addressing them too great.
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The programme should establish an approach for monitoring the effectiveness of
Government policies and actions to address climate risks. The indicator framework that
the ASC has developed could provide a basis for doing this. Section 4.4 considers this in
more detail.

One component of the programme should be to improve the evidence base on future
climate risks. The UK’s first Climate Change Risk Assessment (CCRA) began to identify some
of these key evidence needs, including a better understanding of the scale of the risk from
surface water flooding and the risks to the UK from the impacts of climate change overseas.
Such evidence gaps should be investigated further as part of the on-going process leading
to the next risk assessment in 2017. Section 4.5 considers these issues in more detail.

4.3 Implications of ASC analysis for the UK National Adaptation Programme

The analysis in this report has highlighted where the National Adaptation Programme
could help tackle barriers to promote adaptation action in relation to the risks from
flooding and water scarcity.

Flooding

Development in the floodplain continues to grow at a faster rate than elsewhere in
England. Over the past ten years, most floodplain development has been in areas that are
already protected by flood defences, but around a fifth has been in locations currently

at significant risk of flooding. This risk is likely to increase further with climate change.
Development in the floodplain will leave a legacy of rising costs from protection and
residual flood damage in the face of climate change. These costs may outweigh the
benefits of development in some locations.

Current levels of investment in flood defences and protection measures for individual
properties will not keep pace with the increasing risks of flooding. Climate change could
almost double the number of properties at significant risk of flooding by 2035 unless
there is additional action. By increasing investment in both flood defences and property
protection measures, the number of properties at significant flood risk could be halved
from current levels over the same time period.

Hard surfacing is continuing to replace permeable greenspace in urban areas, for example
through the paving over of gardens. The current rate of deployment of sustainable
drainage systems and other adaptation measures is unlikely to be sufficient to offset the
increasing risk from surface water flooding.

In order to remove outstanding barriers and enable effective adaptation to tackle
rising flood risk, the Committee advises that the Government should:

e Ensure more robust and transparent implementation of planning policy in flood
risk areas, so that local authorities consistently and explicitly take into account the
long-term risks of flooding when deciding on the location of new development.
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e Support sustained and increased investment in flood defences from public
or private sources, given that current spending plans will not keep pace with
increasing climate risk; or in the absence of this, identify ways to manage the social
and economic consequences of more frequent flooding.

e Enable greater uptake of property-level measures to protect against floods, and
encourage greater use of sustainable drainage systems to manage surface water.

Water scarcity

Public water supply is fairly resilient to periodic drought under the present-day climate,
though abstraction levels are putting undue pressure on the natural environment in some
locations. The risk of water scarcity is likely to increase in the future due to climate change
and population growth. Suggested measures to increase supply and reduce demand from
water company plans from 2009 only meet a low and mid-range level of climate risk. These
plans rely more heavily on supply-side measures than measures to reduce demand for
water, and limit leakage.

Water companies could be missing opportunities to bring forward low-regret adaptation
measures to reduce inefficient water use. Demand measures provide immediate benefits
today to water consumers, and are a good adaptation response in the face of large
uncertainties from the combined effect of climate change and population growth.
Metering is required to price water based on the quantity used and provide consumers
with an incentive to reduce inefficient water use.

In order to remove outstanding barriers and enable effective adaptation to tackle
increasing water scarcity, the Committee advises that the Government should:

¢ Take further steps to increase household efficiency in water use, including through
water metering and pricing. This could include removing legal barriers to metering
in areas with high risk of future deficit.

* Ensure that water companies are transparent about how the risks and uncertainties
from climate change are factored into their long-term investment planning for
future water resources.

e Ensure current policy decisions that affect future abstraction levels factor in the
risks from climate change to avoid locking certain industries or regions of the
country into unsustainable patterns of water abstraction.

4.4 Monitoring the implementation of the National Adaptation Programme
Our analysis has demonstrated that it is feasible to:

e Monitor changes in the magnitude and direction of climate risks. This involves
monitoring changes in (i) exposure and vulnerability to flooding and water scarcity,
(ii) current levels of adaptation action, and (iii) climate impacts.
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¢ Evaluate preparedness for climate change. This involves analysing decision-making
to assess if the amount of adaptation occurring is sufficient to address the risks from
climate change.

There are, however, a number of evidence gaps that need to be filled to allow for a more
comprehensive assessment. For example, there is a lack of data on the uptake of property-
level adaptation actions and water efficiency measures in households, and on the uptake
and effectiveness of sustainable drainage systems. Box 4.2 summarises the key gaps we
have identified. These are set out in more detail in the Annex to this chapter.

Working with the Government and its delivery partners, the Committee will continue to
refine and improve its suite of adaptation indicators. This work will inform the Committee’s
first statutory assessment of how the National Adaptation Programme is addressing the
risks from flooding and water scarcity over time, due in 2015.

Box 4.1: Conclusions from ASC work to develop indicators for flooding and water scarcity

In all cases, we have used existing datasets held by a variety of organisations, such as the Ordnance Survey,
Environment Agency and Ofwat. For flooding, we have combined spatial datasets to identify appropriate indicators
that provide more local information on climate risks.

Risk indicators

Risk indicators measure changes in society’s exposure and vulnerability to weather events. These will be the result
of changes in the climate, as well as in society, such as from economic growth and demographic change.

Good national data sets on the number and location of properties are generally available, primarily from the
Ordnance Survey’s Mastermap series. It has been possible to overlay the property data with the Environment
Agency’s flood probability maps. These are generally regarded as robust, although the underlying models represent
certain flooding situations better than others.

Assessing changes in surfacing requires significantly more computer processing than that required to assess changes
in the number of properties, and requires for assumptions about the rate of ‘urban creep’. These indicators could be
improved by the wider use of remote sensing technology. There is also a need for better indicators of water supply
capacity in England and Wales.

Action indicators
These are measures of adaptation action, which aim to measure risk reduction.

It has been challenging to obtain robust, national level data on the uptake of measures such as SuDS, property-level
flood protection, and water efficiency.

In most cases, we have relied on local data to estimate uptake of these measures. The Local Government
Association’s Climate Local initiative* may support the gathering of data on the uptake of adaptation actions from
those local authorities who sign-up to the scheme once it has been fully launched later in 2012. Ofwat holds most
of the data for action indicators related to water.

Impact indicators

These track the realised impacts of weather events on the economy, society and environment. We have found that
some national data sets are available (such as on insured losses, environmental flow indicators), but other important
impacts are not directly measured or measured in a consistent way (such as disruption to energy/water supply due
to flooding).

3 Climate Local is the Local Government Association’s initiative to support councils to reduce carbon emissions and to improve resilience to the changing
climate. The initiative was announced in June 2012 and includes suggested indicators that local authorities can choose to adopt to benchmark and measure
their progress. See: http://www.local.gov.uk/climate-change
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4.5 Next steps
This section sets out the work the Committee will do to:
¢ develop its advice to inform early thinking on the next CCRA;

e apply the ASC assessment toolkit to the other major risks identified by the first CCRA,;
and

¢ engage with the devolved administrations so that the ASC assessment toolkit can be
used across the UK if requested.

Advising on the next UK Climate Change Risk Assessment

Following the publication of the UK’s first CCRA in January 2012, the ASC commissioned
two reviews to understand how well the assessment had fulfilled its objectives, and to
inform the preparation of future risk assessments.

* Professor Rob Wilby assessed the method and outputs of the CCRA. This review
compared the UK'’s approach with approaches taken by other countries, and examined
the role of risk assessment in helping to support adaptation activity in the UK.*

e Paul Watkiss Associates assessed the coverage of economic impacts in the CCRA. This
assessment recognised that there were additional risks that were not considered, but
which are important for estimating the potential impacts of climate change on the UK.
The review drew on the existing evidence base to estimate the scale of these risks.*

This autumn, the ASC will provide advice to the Government to inform early thinking on
the second statutory assessment of the risks to the UK from climate change, due in 2017.
Our advice will draw on a broader assessment of costs associated with climate change than
in the first CCRA (Box 4.3). It will also identify the research gaps that should be addressed
ahead of the next CCRA, for example the magnitude of potential impacts in the UK arising
from international climate risks.

4 Wilby (2012) for the ASC.
5  Paul Watkiss Associates (2012) for the ASC.
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Box 4.2: Insights from the ASC commissioned review of the coverage of economic impacts in the UK

CCRA (Paul Watkiss Associates (2012))

The ASC commissioned a review of the coverage of the economic impacts in the UK's first CCRA to understand what
the CCRA can tell us about the potential costs of climate change and the scale of the adaptation challenge in the UK.
In doing so the review identified where the evidence base for key impacts should be improved.

The figure below outlines the key components for a comprehensive assessment of the economic costs of climate
change, and maps the coverage of the CCRA analysis against this matrix. The matrix assesses the various risks from
climate change to the UK, splitting these into:

e direct effects — for example, damage to property following a flood event;

e indirect effects — for example, the impacts on households and businesses of rising costs of insurance in areas
at risk of flooding or the disruption to business supply chains caused by flooding; and

* major effects — for example, from tipping points in the climate system such the melting of the Greenland Ice
Sheet and resulting sea level rise.

These effects are then mapped against the geographic coverage of the risk; that is whether the risk originates in
the UK, originates elsewhere in the world and the impacts are imported to the UK, or is a broader international risk.
This final category might not directly lead to effects in the UK, but these risks are relevant to the UK in the context
of international policy, development and security.

Coverage of economic impacts in the UK’s first CCRA

Geographic coverage of risk

Type of effect

Key insights from the review:

e The review suggests that the CCRA monetisation and quantification analysis largely focused on direct domestic
risks to the UK. Many of these are likely to represent the priorities for early action. However, the analysis only
valued around 100 of the approximately 700 risks identified by the CCRA. It also did not consider the wider
impacts of these risks beyond their direct effects. These omissions suggest the CCRA has understated the
economic costs of climate change to the UK.

e Areview of the literature suggests that indirect effects could be as large as, and possibly larger than, the direct
domestic impacts for a country such as the UK. At the same time, some adaptation responses could dampen the
effects of climate change on the wider economy. For example, in the agricultural sector, farmers may change the
type and timing of crops in response to climate risks.

e The increasingly global nature of UK economic activity increases exposure to international climate risks.
International trade links spread local impacts across wider geographies. This is particularly the case for climate
impacts in countries with established links, for example key UK trading partners and other international
financial centres.

The CCRA acknowledged many of these other effects, but found that quantification in these areas was either more
challenging or drew on a weaker evidence base. These knowledge gaps need to be addressed now, in preparation
for the second statutory risk assessment in 2017.
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Applying the ASC assessment toolkit

This report has applied the ASC assessment toolkit to review preparedness for flooding
and water scarcity, two of the major risks to emerge from the CCRA.

The Committee’s next two progress reports in 2013 and 2014 will apply the toolkit to
assess progress in preparing for other key climate risks facing the UK, including:

e risks to and opportunities for agriculture and forestry, including the implications of
global climate change on UK agricultural production and food security;

¢ changes to the natural environment and the functioning of ecosystems, including the
role that ecosystems play in enabling adaptation;

e risks to and opportunities for human health and well-being, for example the increasing
risk of heat stress and decreasing risk of winter mortality on vulnerable populations;

¢ implications for energy demand and supply, such as reduced winter heating demand,
increased summer cooling demand and weather-related impacts on energy supply and
distribution; and

¢ implications for UK business supply chains and consumer demand, at both a national
and international level.

Assessing progress for the devolved administrations

The ASC assessment toolkit has the potential to be applied across the UK in order to
assess progress in the implementation of adaptation programmes of the devolved
administrations, if the Committee were requested to do so.

e Wales: the Committee made an initial assessment of the implementation of Wales’
Adaptation Framework in the Committee on Climate Change’s (CCC) first annual
progress report to the Welsh Government in 2011. The ASC is currently developing a
similar set of flooding indicators to those developed for England, which will be published
as part of the CCC'’s second progress report to Wales, later in 2012.

¢ Scotland: the Committee reported on Scotland’s progress in preparing for climate
change in 2011, and are currently in discussions with the Scottish Government on the
role the Committee might play in future progress reporting required on Scotland’s
statutory adaptation programme. This includes discussions with ClimateXChange, who
are developing indicators to monitor the statutory adaptation programme, to ensure
compatibility with the ASC toolkit.

¢ Northern Ireland: the Committee is holding initial discussions with the Northern
Ireland Executive on a possible role for the Committee to assess progress in the
implementation of their forthcoming statutory adaptation programme.

6  ASC (2011b).
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Annex: ASC indicators to monitor progress

As set out in Chapter 1, the first step in the ASC assessment toolkit is monitoring climate
risks using three broad types of indicator (risk, action, impact). Developing indicators
requires locating appropriate and robust datasets.

The ASC previously scoped the types of indicators and available data across the broad types
of risks identified by the CCRA.” For this report, there has been more detailed work to locate
datasets that can be used to develop indicators for assessing changes in flood risk.?

The indicators for which data were identified are shown in Tables 4.1 (flooding) and 4.2
(water scarcity), along with the key data sources, the direction of trend and time series.

Data availability can be a limiting factor when developing indicators. Table 4.3 summarises for
both flooding and water scarcity the data that were available, as well as where improvements
are needed to allow for a more comprehensive assessment of progress in the future.

7 AEATechnology (2011) for ASC.
8  HR Wallingford (2012d) for ASC.
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Table 4.1: ASC indicators to assess change in risk of flooding (England only unless otherwise stated)

Note on arrows: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or

no significant trend). The colour of the arrow depicts the implications of that direction of trend in terms of

risk (red = risk is increasing; green = risk is decreasing; yellow = risk is neither increasing nor decreasing).

Indicator of Indicator name Source Trend Time series
Indicators of risk (exposure and vulnerability)
Number of properties in river floodplain f
Number of
properties o . Environment
E)hoyses and Number of properties in coastal floodplain Agency
puanese)
and 2011
flood or coastal I .
S Number of properties in areas at risk of coastal oS
erosion risk (not erosion
accounting for MasterMap
defences)
Number of properties in areas at risk from
surface water flooding (1 in 200 year event)
Rate of development in river floodplain *
Annual rate of
development Environment
(houses and Rate of development in coastal floodplain Agency
busnese)
and 2011
flood or coastal
erosion risk (not | Rate of development in areas at risk of coastal (&N
accounting for erosion MasterMap
defences)
Rate of development in areas at risk from surface
water flooding (1 in 200 year event)
Number of
properties Environment
(houses and Proportion of floodplain development in areas at | Agency 2001, 2008
businesses) built significant risk of river/coastal flooding and 2011
in floodplain, oS
accounting for MasterMap
defences
Change in hard Area of impermeable surfaces in urban areas 0S 2001 - 2011
surfacing MasterMap
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Table 4.1: ASC indicators to assess change in risk of flooding (England only unless otherwise stated)

Note on arrows: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or

no significant trend). The colour of the arrow depicts the implications of that direction of trend in terms of
risk (red = risk is increasing; green = risk is decreasing; yellow = risk is neither increasing nor decreasing).

warning systems

floodplain

Agency

Indicator of Indicator name Source Trend Time series
Office for
Number of households within highest 20% National
of ranked deprived communities in areas of Statistics
significant flood risk (accounting for defences) Environment
Agency
Vulnerable Environment
populations at Number of care homes in areas of significant Agency 2008 - 2011
flood risk flood risk (accounting for defences) Care Quality
Commission
Environment
Number of schools in areas of significant flood Agency
risk (accounting for defences) Department
for Education
Indicators of action
Design of new Proportion of Environment Agency objections
developmentin | to planning applications on flood risk grounds 2005 - 2010
areas at flood risk | that are over-ruled by local authority
Number of households at reduced risk due to Environment 2008 — 2011
construction of new or enhanced defences Agency
Provision of flood
defences Effective spend in flood risk management
activities (capital and revenue) from public and 2008 - 2011
private sources
Retrofitting - . .
property-level Numper of existing properties at flood risk Defra 2008 — 2011
retrofitting property-level measures
measures
Management of Proportion of new development with sustainable
surface water in P P Defra 2008 - 2011
. drainage systems
built-up areas
Provision of early | Uptake of flood warnings by properties in the Environment f 2008 — 2011
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Table 4.1: ASC indicators to assess change in risk of flooding (England only unless otherwise stated)

Note on arrows: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or

no significant trend). The colour of the arrow depicts the implications of that direction of trend in terms of
risk (red = risk is increasing; green = risk is decreasing; yellow = risk is neither increasing nor decreasing).

Indicator of Indicator name Source Trend Time series
Indicators of impact
Association )
Flood damages Annual insured losses from flooding (UK) of British 1990 - 2011
Insurers
, )
Number of deaths caused by flooding events, 1950 — 2011
per year l_'
Deaths and L . )
injuries from N:rmE:rr of injuries caused by flooding events, CCRA 1950 — 2011
flooding pery
Number of Lill db '
umber of mental illness cases caused by 1950 — 2011
flooding events, per year

Table 4.2: ASC indicators to assess change in risk of water scarcity (England unless otherwise stated)

Note on arrows: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or
no significant trend). The colour of the arrow depicts the implications of that direction of trend in terms of
risk (red = risk is increasing; green = risk is decreasing; yellow = risk is neither increasing nor decreasing).

Long-term Most
(10yr +) recent year
observed | trend (2011 | Time Series

Indicator of Indicator Name Source trend or 2012) Length

Indicators of risk (exposure and vulnerability)

Supply Security of Supply Index (SOSI) | Ofwat 2002 - 2012
Fresh Ab i Envi '

Overall demand reshwater Abstractions (non- nvironment 1995 — 2009
tidal) by sector Agency

Household Average per capita

demand consumption - all households Ofwat 2000 - 2011

Household Average per capita consumption

demand — metered households Ofwat 2000 - 2011
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Table 4.2: ASC indicators to assess change in risk of water scarcity (England unless otherwise stated)

Note on arrows: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or

no significant trend). The colour of the arrow depicts the implications of that direction of trend in terms of
risk (red = risk is increasing; green = risk is decreasing; yellow = risk is neither increasing nor decreasing).

Long-term Most

(10yr +) recent year

observed | trend (2011 | Time Series
Indicator of Indicator Name Source trend or 2012) Length
Indicators of risk (exposure and vulnerability) (continued)
Household Average per capita consumption
demand — unmetered households Ofwat 2000 - 2011

. Average volume of water
Agricultural applied for irrigation per Defra 7 2005 and 2011
demand h .
ectare by crop type
Indicators of action
Reducing % of properties with water
Demand meters (England and Wales) Ofwat 2000 -2012
Increasing Total Leakage (England and Ofwat 1992 — 2011
Supply Wales)
Indicators of impact
Water )
Availability % of Reservoir capacity filled
(Public water (England and Wales) Defra l_’ ? 1988 - 2009
supply)
Water Catchments where water Environment |
Availability is available for abstraction Adenc ? 2009 - 2011
(Economic) (England and Wales) gency s
Water Compliance with Environmental Environment |
Availability Flow Indicators (England and Agenc 2009 - 2011
(Environmental) | Wales) gency °
Water
Availability Number of drought orders Defra 1976 - 2012
(Social)
Water Number of water companies Environment |
Availability issuing hosepipe bans (England Agenc 1974 - 2012
(Social) and Wales) gency
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Table 4.3: Summary of indicator availability and areas for data improvement

Available data

Areas for data improvement

Flooding

Water

Flooding

Water

Risk Factor

e Development trends:
number of residential
and non-residential
properties.

e Location of areas at risk
from flooding/coastal
erosion: both defended
and undefended.

e Area of hard (‘'man-
made’) surfacing,
greenspace (‘natural’
land) and multiple land
use (such as gardens).

e Security of supply
index (used by
water companies in
determining risks in
not meeting levels
of service).

* Average per capita
consumption (metered
and unmetered
households).

e Total freshwater
abstractions.

* Type of development:

can only distinguish
between residential and
commercial. It would
be useful to understand
number of upper floor
flats within floodplain.

Number of non-
residential properties:
substantial discrepancies
between different
datasets.

Data on surface water
flood risk are less
advanced than for river/
coastal flood risk.

Infrastructure in areas
of flood risk: lack of
time series.

Surfacing: no clear
record of proportion of
multiple land use (such
as residential gardens)
that is impermeable and
how this is changing
over time due to urban
creep.

e Security of supply index
is hard to understand
for those outside of the
sector, and is relative
to a set level of service
(which varies between
water companies)
rather than an absolute
measure of supply;
comparison between
areas and through time
is difficult.

e Lack of data found
on total capacity
from supply measures
e.g. total volume of
water traded, total
groundwater and
reservoir storage.

e Lack of data on
agricultural water use
(e.g. how much water
is used to produce a

hectare of a given crop).
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Table 4.3: Summary of indicator availability and areas for data improvement

Available data

Areas for data improvement

Flooding

Water

Flooding

Water

Action

¢ Design of floodplain
development: proxy
indicator of Environment
Agency objections
to applications.

Flood defence
investment: data on
number of households
benefitting.

Flood defence asset
condition: data available
on EA assets.

Retrofitting of property-
level measures: data on
number of properties
benefitting through
Defra/EA grant scheme.

Uptake of SuDS in
new development:
data from surveys of
local authorities and
manufacturers.

Uptake of Flood
Warnings: data on
number of registered
properties by local
authority.

e Uptake of water
metering (percentage
of homes with water
meters).

e Number of household
water efficiency
measures installed by
water companies.

e Total leakage

(supply and
distribution pipes).

* No nationally available
data on uptake of
resilience and safety
measures in actual
developments (both
properties and
infrastructure).

* Benefits of flood defence
investment: lack of
spatially aggregated
data on change in flood
likelihood for properties
following completion of
flood defence projects.

¢ No data available on
condition of non-EA
flood defence assets or
time series on condition
of EA assets.

* No national data on
uptake of SuDS in
new development or
retrofitting of existing
properties.

¢ Data on uptake of
flood warnings is not
categorised by flood risk
area, only for whole of
the floodplain.

e Data on availability
of insurance is not
accessible.

e Data on uptake of water
efficiency measures on
households is limited
and does not include
measures installed in
new build properties
or private installations
by homeowners. Water
efficiency devices
can be replaced after
installation, which
also makes indicators
of uptake alone an
unreliable measure of
total use of efficient
devices.
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Table 4.3: Summary of indicator availability and areas for data improvement

Available data

Areas for data improvement

Flooding

Water

Flooding

Water

Impact

¢ Insured losses: national
data available, but not
spatially aggregated.

¢ Some data on health
impacts.

* % of reservoir capacity
filled (@ measure of
how the supply from
reservoirs varies with
changes in rainfall).

e Compliance with
environmental flow
indicators.

e Number of drought
orders issued (can also

be an action indicator).

e Number of water
companies imposing
hosepipe bans.

* No data on disruption
to critical services from
flooding.

e Lack of systematic data
collected on economic
impacts of droughts on
businesses, people.

Lack of systematic or
quantified data on
impacts of droughts on
natural environment.

® The definition of good
ecological status is
unlikely to remain static
over time.

e The rules and incentives
for water companies to
issue drought orders
and hosepipe bans
will change over time,

meaning trends may not
be due to climate.
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Glossary

Term Definition Flooding examples Water examples

Adaptation The adjustment of behaviour Avoiding development in Reducing water

action to moderate harm, or exploit high flood risk areas. consumption.
beneficial opportunities, arising
from climate change. Flood defences/protection. | Increasing water storage

through more reservoirs.
Adaptation actions can directly Deployment of SuDS
reduce exposure and/or vulnerability | (sustainable drainage
to climate change or can minimise systems)
the impacts. Emergency planning/
warnings.

Exposure The extent to which a recipient Population located in areas | Population located in areas
(people, livelihoods, infrastructure, of flood risk and behind of supply-demand deficit.
economic, social, cultural and eroding coastline.
environmental assets) comes into
contact with a climate impact.

Low-regret A measure that is cost-effective to Property-level flood Water efficiency measures

adaptation implement today; where the benefits | protection measures (e.g. low-flush WCs,

action are less sensitive to precise projections (e.g. door-guards, low-flow showers).
about the future climate; and where non-return valves).
there are co-benefits or no difficult
trade-offs with other policy objectives.

Realised The results of climate impacts Number of deaths/injuries. | Decline in habitat

impact on society, the economy and the condition due to reduced
environment, taking into account Disruption to critical water availability.
current and planned adaptation services.
actions. ) Number of hosepipe bans.

Economic losses due to
disruption.
Post-traumatic stress/
mental health problems.

Risk Combines the likelihood that an event | Expected annual damages | Supply-demand deficit
will occur with the magnitude of from flooding
its outcome. Consequences may be
defined according to the economic,
social or environmental impact.

Residual risk is the risk which
remains after taking into account
an adaptation action.
926 Climate change - is the UK preparing for flooding and water scarcity? | Adaptation Sub-Committee | Progress Report 2012




Term

Supply-
demand deficit

Definition

The difference between water
available for use and demand at any
given point in time. The balance may
be expressed as an overall surplus

or deficit. The unit of measurement
is megalitres (MI); 1 megalitre is
equivalent to 1 million litres.

Water companies typically present
projections of supply-demand deficits
in a dry year scenario to ascertain the
risk of falling short of supply when
conditions are drier than normal.

Flooding examples

N/A

Water examples

N/A

Uncertainty

A characteristic of a system or
decision where the probabilities that
certain outcomes will occur are not
precisely known.

N/A

N/A

Vulnerability

The degree to which a recipient

is affected, either positively or
negatively, by exposure to a climate
hazard. Includes the ability of the
recipient to prepare, respond and
recover from a climate hazard

(and conversely to benefit from
positive impacts).

Deprived populations
in areas of flood risk.

Water consumption
per person.

Glossary
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