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1. INTRODUCTION TO THE SPATIAL STUDY

1.1. The issue of climate change has been of increasing concern for many years.
It is now widely accepted in both scientific and political circles that climate
change is happening, that human activity is contributing to it, and that the
impacts are likely to be dramatic if not for this generation, then certainly
for future ones. Accommodating the impacts of climate change is vital and
this will require adaptation strategies.

1.2. In September 2002, the East of England Regional Assembly and Sustainable
Development Roundtable appointed Land Use Consultants in association with
CAG Consultants and SQW Ltd to undertake a study to provide authoritative
guidance to enable the development of a range of policy initiatives and
practical actions for regional adaptation to climate change.

1.3. This report provides guidance on adapting to climate change in spatial terms
at the regional level, which makes up Stage 1 of the study. This will be
followed by Stage 2 looking at local service provision. The aims and
objectives of the study and the key stages are discussed below.

STUDY AIMS AND OBJECTIVES

1.4. The specific objectives of the study are to:

e Provide decision-makers in the East of England with a synthesis of
evidence on the expected regional effects of climate change over the
next century, this to include regional agencies, local authorities, business
support organisations and where appropriate key businesses within the
East of England;

¢ |dentify appropriate measures to put in place in policies, strategies, and
programmes to address the effects of these changes - when considering
measures thought should be given to any potential conflicts with existing
regional strategy/policy and the likely costs involved in undertaking such
measures;

e Provide authoritative input to the process of producing draft Regional
Planning Guidance (RPG) for the East of England and for the production
or revision of other regional strategies;

¢ Identify local government services which would be affected by climate
change, the degree to which adaptive measures could be taken, and how
these might necessitate changes to service delivery for (each of) county,
district and unitary services, and identify how this pattern might differ
across the region;

¢ |dentify practical and sustainable actions that can be started now, or in
the short to medium term (10-20 years);

Living with climate change in the East of EnglandPregared for the East of England Regional Assembly and

Stage 1 Interim guidance on spatial issues East of England Sustainable Development Round Table

February 2003 by Land Use Consultants in association with
CAG Consultants and SQW Limited



1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

e Provide advice on ways of communicating the likely impacts of climate
change to regional stakeholders and the wider public so as to raise
awareness of the need, and support for, adaptation measures;

e Produce a reference work comprising a range of source materials capable
of use by a wide range of audiences in the private, public and voluntary
sectors, schools and by other learning groups and by the public at large
on climate change in the Eastern Region; and

¢ Inform the development of the Sustainable Development Framework for
the East of England through the identification of performance targets.

KEY STAGES OF WORK

Together the stages of the study address regional and more local level
adaptation measures.

Stage 1: Spatial Study, has involved a scoping exercise and the production
of this guidance on the key spatial decisions, and the strategies and actions
required to address them. The method of approach to Stage 1 is outlined
below.

Stage 2: Local Service Provision, will consider which services are likely to
be affected by climate change; whether the effect is likely to be similar
across the region as a whole; what opportunities might be afforded (e.g.
promotion of environmental technologies, tourism, agricultural
diversification etc.); the key decisions that will need to be made with
respect to these effects and opportunities; and when these decisions will
need to be made by (e.g. short term, medium term, long term).

Stage 3: Final Report will bring together the findings of the work carried out
in the first two stages of the study. It will provide guidance for regional
bodies, local government, the private sector, agencies, support groups and
other service providers, on the local policy decisions, strategies and actions
required to adapt to the effects of climate change and the likely threats and
opportunities presented.

METHOD OF APPROACH TO STAGE 1

Stage 1 has involved the following tasks:

Task 1: Scoping Exercise and Inception Report

The findings of the scoping exercise were set out in an Inception Report,
outlining the key issues to be covered by the study.

Task 2: Literature Review and Data Analysis

. There is a considerable amount of material built up through the work of the

UK Climate Impacts Programme (UKCIP) and through other research, that
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details the potential impacts of climate change. Whilst some of this work is
at the global or national scale, details are now being developed at the
regional level, for example through the Regional Climate Change Impact
Response Studies (REGIS) in East Anglia and Northwest England, and research
by the Tyndall Centre at University of East Anglia (UEA). Our research
sought to establish and confirm the impacts of climate change on the East of
England, including:

(1) Changes affecting the whole region, where decisions will need to be
made at the strategic level (e.g. distribution of development;
infrastructure investment; etc.).

(ii)  Changes affecting specific locations (e.g. the Coast, or the Fens).

(ili)  Changes affecting the whole region where decisions will need to be
made at the local level.

1.12. Stage 1 of the research has concentrated on (i) and (ii). Stage 2 will focus
on (iii).

Task 3: Identifying Key Decisions to be made in Spatial Terms

1.13. Having identified the changes that are likely to affect the East of England at
the regional level, and for specific broad locations, the consultancy team
considered the following:

¢ Which of the changes are likely to require a spatial response;

e Which parts of the region (and, where relevant, economic sectors) these
are likely to affect;

e What key decisions have to be made;
e Level of uncertainty and risk attached.

1.14. Particular attention was focused on the role of RPG14; however, this was not
at the expense of longer-term decisions that may be of equal, if not greater,
importance.

Task 4: Stakeholder Group Workshop

1.15. Having determined the issues and the questions, a workshop with the
Stakeholder Group was held on 29 November to debate the way forward,
with the aim of coming to consensus on the broad spatial decisions that have
to be made. A list of attendees is given at Appendix 5. The project has
been overseen by a Project Steering Group (Appendix 4).

1.16. Attendees took part in two workgroup sessions; the first looked at pressures
and opportunities created by climate change and possible principles and
adaptation strategies for responding to these. The second session looked at
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1.20.

1.21.

1.22.

the implications of climate change for the RPG Options Consultation
Document spatial scenarios.

. The workshop proved to be a very useful and informative day, and many of

the points raised in the workgroups and subsequent discussions have been
used to develop this guidance on spatial issues.

Task 5: Guidance on Spatial Issues

. Having undertaken data analysis and a literature review and consultation

with a wide range of stakeholders. This document, reports on the spatial
implications that are anticipated to result from the effects of climate
change and provides guidance as to the key decisions that will need to be
made in spatial terms and strategies and actions to see these implemented.

SOME KEY ISSUES UNDERPINNING THE GUIDANCE ON SPATIAL
ISSUES

Adaptation versus mitigation

. This study primarily seeks to provide guidance on adaptation strategies to

enable the communities in the East of England to live with climate change.
Whilst mitigation measures will play an important role in a long-term
strategy to reduce our contributions to climate change, these are not the
focus of this study.

Spatial guidance for regional level decisions

The study seeks to provide spatial guidance for regional level decisions, and
as such makes broad recommendations to guide spatial development.
However, local level measures (to be addressed in Stage 2), such as building
design and management of flood risks, will play a very important role. They
will have a major influence in dealing with the impacts of climate change on
existing settlements. But they will be critical in the context of future new
development, which may - in the light of wider sustainability considerations
- be planned in areas, which are likely to be affected by the impacts of
climate change.

Timescales

The study provides guidance for RPG and other strategies, but goes beyond
the medium-term time scales of these strategies to provide guidance to the
end of the century.

Scientific uncertainty and information availability

Good decision-making must be based on sound underlying information;
however, information about climate change is relatively new and evolving,
and information about the impacts of climate change is even less well
established. Research studies, which are seeking to understand the
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potential impacts of climate change, are themselves subject to
methodological uncertainties. Therefore, whilst this report is based on the
best available information, the uncertainties inherent in planning for climate
change must be recognised.

1.23. For some impacts very little information is available, particularly impacts
based on the most up to date research into climate change. For example,
flood risk is a major concern for the East of England, given its low-lying
position and long coastline; however, there is very little available research
to provide an indication of the actual extent of risk. Similarly more research
is needed on the impacts of climate change on fluvial flooding. This
guidance points to work that is being undertaken which will help to improve
understanding of the potential impacts.

1.24. Despite these uncertainties decisions still need to be made. The paragraphs
below discuss the approach taken to handling climate change related risks
and uncertainties in decision-making.

Risk, uncertainty and decision making

1.25. Whilst the scientific understanding of climate change and the likely impacts
arising is improving all the time, there is inevitably significant uncertainty
and attendant risks attached. A precautionary approach has been taken in
preparing the guidance in order to reduce the risk of adverse impacts.

1.26. Decision making within the context of climate change inevitably means
dealing with risk and uncertainty. In most instances we have a reasonable
understanding about the consequences of particular climatic events e.g. we
know the consequences of flooding. The uncertainty is related to the
probability and severity of potential events.

1.27. This points to the necessity of making decisions that balance the risks of
climate change impacts against other factors. Uncertainty could strongly
impact on spatial decisions that primarily address issues or risks associated
with present or future levels of climate variability, climate extremes and/ or
future climate change that have major social, environmental or economic
implications.

1.28. UKCIP is soon to publish its recommended decision making framework for
dealing with risk and uncertainty in such instances.” The iterative decision
making framework involves detailed risk assessments. UKCIP recommend
users should investigate a wider range of climate change scenarios than are
set out in the UKCIPO2 scenarios report. UKCIP can provide advice on the use
of scenarios.

1.29. Decision makers will need to be particularly aware of not making decisions
that could constrain or reduce the effectiveness of future options for

1 R. Willows and R. Connell, C/imate Adaptation: Risk, Uncertainty and Decision-Making.
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adaptation e.g. allowing housing developments in areas vulnerable to
flooding, which might prevent effective flood management in the catchment
in the future.

1.30. There will be decisions that can be made because they lead to significant
benefits now, that are unrelated to climate change. These can be described
as ‘low or no-regrets’ measures. For instance a decision to allow the sea to
breach current sea defences might be justified now on the basis of creating
new salt marsh habitats while in the long-term this might be a necessary
adaptation to climate change.

The relationship between climate change perspectives and wider
sustainability considerations

1.31. The guidance aims to provide a recommended spatial approach from one
perspective only: that of climate change. Thus in terms of implementation,
this approach is clearly - and necessarily - partial. Issues relating to climate
change will need to be considered alongside a whole range of other factors
pertaining to sustainability in the round. These being set out in the region’s
framework for sustainable development? (e.g. use of brownfield sites,
imperatives for social and physical regeneration, high and stable levels of
employment, etc.). It is quite possible that the conclusions deriving from a
climate change perspective may run counter to many of those deriving from
these other important considerations. Deciding upon the most sustainable
approach taking all factors into account is the role of other strategies,
particularly RPG14. Whilst this guidance will inform this process, from a
climate change point of view, it is for techniques such as sustainability
appraisal to take a broader perspective.

1.32. The UK Sustainable Development Strategy® contains ten guiding principles
which should shape the development of sustainable policy, and are very
useful when considering how to respond to the impacts of climate change:

e Putting people at the centre;

e Taking a long-term perspective;

e Taking account of costs and benefits;

e Creating an open and supportive economic system;
e Combating poverty and social exclusion;

e Respecting environmental limits;

2 East of England Regional Assembly and East of England Sustainable Development Round
Table (October 2001) Sustainable Development Framework for the East of England.
3 A Better Quality of Life: A strategy for sustainable development in the UK. May 1999.
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e The precautionary principle;

e Using scientific knowledge;

e Transparency, information, participation and access to justice;
e Making the polluter pay.

1.33. Several of these principles are particularly important when considering how
to integrate climate change responses into policy, for example, taking a
long-term perspective, respecting environmental limits, and implementing
the precautionary principle.

STRUCTURE OF THIS REPORT
1.34. The remainder of this report is structured into the following sections:

e Section 2: Climate change in the East of England provides background
on global climate change, and presents data from the UKCIP on climate
changes in the East of England region.

e Section 3: Climate change impacts discusses the key climate change
impacts facing the East of England, the main driving forces causing the
impacts and where these impacts are likely to occur in spatial terms.

e Section 4: Spatial guidance presents a discussion on the issues facing the
East of England, which will need to be considered when preparing
adaptation strategies. It sets out a range of principles and adaptation
measures, that could be applied, in order to live with climate change in
the East of England and considers what these mean in spatial terms and
the implications for the Spatial Scenarios, in the RPG 14 Options
Consultation Document, as well as other strategies.
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2. CLIMATE CHANGE IN THE EAST OF ENGLAND

2.1. One of the biggest challenges of addressing climate change is that it
inevitably requires decision-makers to deal with risk and uncertainty given
that it is not possible to give firm predictions on future climate. Not only is
it difficult to predict what changes will occur to the climate and what
impacts these will bring, but that the changes and impacts are likely to vary
depending upon our ability and willingness to control the emissions which
are causing climate change.

2.2. Itisimportant to recognise that much of the change in the climate over the
next 30 to 40 years has already been determined by historic emissions and
because of the inertia in the climate system. We are likely; therefore, to
have to adapt to some degree of climate change however much future
emissions are reduced.

Global climate change

2.3. Global temperature has risen by about 0.6°C since the beginning of the
twentieth century, with about 0.4°C of this warming occurring since the
1970s. 1998 was the single warmest year in the 142-year global instrumental
record and 2001 was the third warmest (Figure 2.1). This warming could
have been due to a nhumber of causes, some human in origin and some
natural. It is known that the Earth’s climate changes substantially between
an ice age and an inter-glacial period, but these changes occur over time-
scales of a thousand years or more. The Earth’s climate also varies naturally
as a result of interactions between the ocean and the atmosphere, which
causes variations in the climate from year-to-year, from decade-to-decade
and from century-to-century. Reconstructions of Northern Hemisphere
climate over the past 1,000 years reveal such variability. The warming
observed over the past 100 years is larger than these natural variations in
climate, suggesting that the recent rise in temperature cannot be solely due
to natural variability of the climate system.

2.4. So what is causing the warming? There is new and stronger evidence to show
that most of the warming observed over the last 50 years is attributable to
human activities®. Climate Change Scenarios for the United Kingdom (Hulme
et al., 2002) indicates that this change cannot be accounted for by natural
variability alone. Modelling of natural factors, such as changes in the energy
output of the sun and explosive volcanoes, shows that these factors can only
explain some of the decade-to-decade changes in the climate. For example,
warming during the early twentieth century, but not the warming observed
over the last 40 to 50 years (Figure 2.2a).

4 |PCC, 2001: Climate Change 2001: Synthesis Report. A contribution of Working Groups |, Il
and Il to the Third Assessment Report of the Intergovernmental Panel on Climate Change.
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2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

Over the last one to two hundred years, human activities have also affected
climate. Increased concentrations of greenhouse gases such as carbon
dioxide, methane and low level ozone, trap more energy in the lower
atmosphere and thus warm the climate. Changes in such human factors
were used to drive a model, which shows that the recent rise in
temperatures is well replicated (Figure 2.2b). When both human and
natural factors are put together, the model produces a good simulation of
global temperature over a 140-year period (Figure 2.2c). This provides
evidence that humans are playing a major role in causing recent global
climate change.

Climate change in the East of England

For the purposes of this study, use has been made of the UKCIP02 climate
change scenarios® to provide an understanding of the changes that could
potentially be experienced in the East of England. The scenarios reflect a
range of possible future emissions, based on results from a set of
experiments using the most advanced climate modelling capabilities. The
actual level of emissions and hence climate change will depend on actions
taken globally to limit emissions (or otherwise).

For this study the ‘Low Emissions’ and ‘High Emissions’ scenarios have been
considered, as they provide a good range of potential climate changes:

e Low Emissions (increase in global temperature of 2.0°C by the 2080s);
e High Emissions (increase in global temperature of 3.9°C by the 2080s).

Even if global emissions of carbon dioxide eventually fall below today’s
level, as assumed in the UK Climate Impacts Programme 02 Low Emissions
scenario (the Low Emissions scenario assumes an atmospheric CO?
concentration of 525ppm by the 2080s), the future rate of global warming
over the present century may be about four times that experienced during
the twentieth century. If the emissions rate increases to approximately four
times today’s level - the High Emissions scenario - the future warming rate
may be about eight times that experienced during the twentieth century.

The UKCIP02 study uses these scenarios to provide information on a range of
climate change variables. These are grouped into seasonal changes, daily
changes and changes in extreme events and marine and coastal changes.

The UKCIP02 scenarios present UK wide data at a 50km resolution. It is
therefore possible to see the range of changes that might take place in the
East of England. The data is also presented in three 30-year time periods
centred on the 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100).

5 Hulme M et al. (2002), Climate change scenarios for the United Kingdom: The UKCIPO2
Scientific Report, Tyndall Centre for Climate Change Research, School of Environmental
Sciences, University of East Anglia, Norwich, UK.
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The changes in climate for each of these periods are calculated as the
changes in 30-year average, with respect to the model simulated climate of
the baseline period, 1961-1990. A summary of some key changes facing the
East of England is provided below.

Temperature changes

2.11. The East of England region will get warmer under all the scenarios, to some
degree. These changes are summarised in Table 2.1a. Temperature
increases will be greatest in summer under the High Emissions scenario. By
the 2080s we may see increases of up to 5°C. Under the Low Emissions
scenario, there will still be increases in summer temperatures of between 2
and 3°C. Changes in average annual temperature are shown in Figure 2.3.
The number of ‘extremely warm’ days® in summer will also increase.

2.12. Temperature changes will lead to a lengthening of the thermal growing
season’, of up to 100 days under the High Emissions scenario by the 2080s. It
is important to note however, that this definition is dependent only on
temperature and does not take account of water availability nor day-length
and will not necessarily lead to year round plant growth. The number of
heating degree days - which relate daily temperature to the demand for
energy to heat buildings and to maintain a comfortable minimum
temperature® will also be affected by temperature changes and will see a
decrease. Conversely the number of cooling degree days- which relate daily

6 Extremely warm days have been defined using the 90th percentile daily-average
temperature modelled for the baseline period 1961-1990, i.e. the daily average temperature
which is exceeded, on average, on 10% of days.

7 Thermal growing season - the length of the thermal growing season is defined as the
longest period within a year that satisfies the twin requirements of: (i) beginning at the start
of a period when daily-average temperature is greater than 5.5C for five consecutive days;
and (ii) ending on the day prior to the first subsequent period when daily-average
temperature is less than 5.5C for five consecutive days.

8 Heating degree days - The number of heating degree days in a year gives an indication of
the amount of time, and by how much, the temperature is below a given baseline. HDD are
important because organisations have a legal obligation to maintain a minimum temperature
in a building. The method used by UKCIP is that adopted by the Met. Office. The baseline
standard is a daily-average temperature, Tmean - usually estimated as the average of the
minimum and maximum temperatures for that day - of 15.5C. Therefore, HDD=15.5 -
Tmean, and is summed for all days in a year, ignoring negative values. For example, if
Tmean on one day is 10.5C, then there are 5 heating degree-days for that day. The formula
for HDD is correct for cases when both the maximum and minimum are below the base. If
this is not the case, various weighted increments are used to correct the basic equation.
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temperature to the demand for energy to cool buildings and to maintain a

comfortable maximum temperature’ - will see an increase.

Table 2.1a: Key climate changes in the East of England (under low and

High Emissions scenarios) by the 2080s - temperature related.

Variable

Summary of changes

Low Emissions scenario

High Emissions scenario

Seasonal Annual warming by the Annual warming by the
temperature 2080s of between 2-2.5°C 2080s of between 3.5-
Summer temperature 4.5°C
increases between 2-3°C Summer temperature
increases of up to 5°C
Temperature Number of ’extremely’ Number of ’extremely
extremes warm days increases, warm’ days increases,

especially in summer and
autumn (an increase of up
to 14 ‘extremely’ warm
days in summer)

Number of very cold days
decreases, especially in
winter

especially in summer and
autumn (an increase of up
to 30 ‘extremely’ warm
days in summer)

Number of very cold days
decreases, especially in
winter

Thermal growing
season

Increases by between 45
and 55 days

Increases by up to 100 days

Heating degree
days (an
indication of the
amount of time,
and by how
much, the
temperature is
below a given
baseline)

Decreases in heating
degree days of between
20-25%"°

Decreases in heating
degree days of between 40
and 45%""

9 Cooling degree days - Cooling degree days perform a similar function to HDD. There is no
officially designated base temperature; in the UKCIP study, 22C has been used on the basis
of building energy management practice. Thus, CDD=Tmean-22 which is summed for all
days in the year, ignoring negative values. The formula holds when both the maximum and
minimum temperatures are above 22C; in other cases weighted increments are used.

10 Compared to a baseline for the south of England of 2100-2300 HDD/year- this baseline is
not available for the East of England, but the south of England baseline still gives a rough
indication of the magnitude of the increase.

11 As previous.
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Variable Summary of changes

Low Emissions scenario High Emissions scenario

Cooling degree Increases in cooling degree Increases in cooling degree
days (which days of between 40 and days of between 80 and
relate daily 150 days'? 200 days"

temperature to
the demand for
energy to cool
buildings and to
maintain a
comfortable
maximum
temperature)

Precipitation changes

2.13. Rainfall patterns will change, with summers getting drier and winters
wetter, leading to a slight decrease in annual rainfall. The frequency of
‘intense’ precipitation events in winter will increase', although they will
decrease in frequency in summer. Soil moisture, which is a product of
rainfall and evaporation, is set to decrease in summer and autumn under the
High and Low Emissions scenarios, and will also decrease in winter under the
High Emissions scenario. These changes are summarised in Table 2.1b.
Percentage changes in average winter and summer precipitation are shown
in Figures 2.4 and 2.5.

Table 2.1b: Key climate changes in the East of England (under Low and
High Emissions scenarios) by the 2080s - precipitation related

Variable Summary of changes

Low Emissions scenario High Emissions scenario

12 Compared to a baseline of 310-330 CDD/year days in the south of England - this baseline
is not available for the East of England, but the south of England baseline still gives a rough
indication of the magnitude of the increase.

13 As previous.

14 A measure of change in intense rainfall days per season is derived from quantile analysis.
This method allows the definition of ‘intense’ to vary across the country. For example,
under baseline conditions, an intense winter day’s precipitation is between 35 and 45 mm in
northwest Scotland, but only about 20 mm in southeast England.
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Variable

Summary of changes

Low Emissions scenario

High Emissions scenario

Seasonal
precipitation

Wetter winters, between
10-20% wetter

Drier summers, between
20-30% drier

Drier overall annually,
between 0 and 10%

Wetter winters, between
25-35% wetter

Drier summers, between
40-60% drier

Drier overall annually
between 0 and 10%

Precipitation
intensity

Increases in winter (around
0.25-0.75 more days of
‘intense’ rainfall in winter)

Increases in winter (around
0.75-1.25 more days of
‘intense’ rainfall in winter)

Soil moisture

Decreases in summer and
autumn soil moisture of
between 10-30%

Decreases in summer and
autumn soil moisture of
between 30-50%

2.14.

2.15.

e Up to 10% drier under the
High Emissions scenario in
parts of the region in
winter

Changes in sea level

Regional changes in sea level are likely to occur. The sea level in the East of
England is predicted to rise due to three factors: isostatic subsidence (on-
going readjustment of the land to the de-glaciation that followed the last ice
age - as a result much of southern Britain is sinking whilst much of northern
Britain is rising relative to the sea) and climate-induced glacial melting and
thermal expansion of ocean water. In the East of England a sea level rise of
between 22cm and 82cm is predicted to occur, depending on the emissions
scenario used.

Extreme sea levels due to storm surges are expected to increase in size and
frequency. The data shows that simulated changes in the 50-year return
period water levels, taking into account possible increased storminess,
increased sea level and vertical land movements, are by 2080 between 1 and
1.4 m higher than experienced currently in the East of England. However,
there are high levels of uncertainty associated with these predictions due to
the assumptions used in the modelling. The regional model used in the
UKCIPO2 scenarios cannot produce simulations of surge height directly.
Instead atmospheric winds and pressures have been used to drive a separate
high resolution (30km) model with an ocean component. Different patterns
and magnitude of change in surge height would be produced by using
changes in climate extracted from another model, or by applying them to a
higher resolution (12km) surge model. Earlier modelling work using a 12km
surge model found the 50-year return period surge height off South East
England to be much less. Figures relating to frequency and size of storm
surges is presented in Table 2.1c below, and in Figure 2.6 a and b.

Living with climate change in the East of EnglandPregared for the East of England Regional Assembly and

Stage 1 Interim guidance on spatial issues
February 2003

East of England Sustainable Development Round Table
by Land Use Consultants in association with
CAG Consultants and SQW Limited



2.16.

Table 2.1c: Key climate changes in the East of England (under Low and
High emissions scenarios) by the 2080s - sea level

Variable Summary of changes

Low Emissions scenario High Emissions scenario

Sea level change Net sea level rise of Net sea level rise of
approximately 22 cm approximately 82 cm
(taking into account the (taking into account the
effects of vertical land effects of vertical land
movement) movement)
Extreme sea e 50 year return surge height | e 50 year return surge height
levels (storm will increase by up to 1 m will increase by up to 1.4
surges) e Present ‘once-in-50-year’ m
storm surge will occur e Present ‘once-in-50-year’
once every 10 years storm surge will occur
e Although high level of more often than once per
uncertainty in these year
predictions e Although high level of
uncertainty in these
predictions

Seasonality and variability

The East of England will also see changes in seasonality and variability.
Seasonality is a measure of seasonal difference, for example between
summer and winter. Seasonality will increase in terms of precipitation and
temperature. Inter-annual variability provides an indication of the variation
in seasonal temperature or precipitation that can be expected to occur from
year-to-year as the climate warms. In the East of England, summer and
autumn temperatures will become more variable as will winter and spring
precipitation. Understanding the likelihood of experiencing anomalous
seasonal temperatures and precipitations together can be useful. For
example, the occurrence of high temperatures in a summer of low
precipitation enhances drought conditions, while a warm and wet winter can
result in building and flood damage. Winter depressions will also become
more frequent leading to possible increased storminess, although there is a
relatively low level of confidence associated with this result. Similarly
winter wind speeds may increase somewhat, but there is, again, a high level
of uncertainly associated with this result.

Table 2.1d: Key climate changes in the East of England (under Low and
High Emissions scenarios) by the 2080s - seasonality and variability

Variable Summary of changes

Seasonality e Precipitation: greater contrast between summer (drier) and
winter (wetter) seasons
e Temperature: summers warm more than winters

Living with climate change in the East of EnglandPrepared for the East of England Regional Assembly and
Stage 1 Interim guidance on spatial issues East of England Sustainable Development Round Table
February 2003 by Land Use Consultants in association with

CAG Consultants and SQW Limited



Variable Summary of changes

Variability e Years as warm as 1999 (1.2°C warmer than average) become
very common

e Summers as dry as 1995 (37% drier than average) become
very common

e Winter and spring precipitation becomes more variable

e Summer and autumn temperatures become more variable

Storm tracks e Winter depressions become more frequent leading to

possible increased storminess, but high uncertainty in this

result

Windiness e Slightly stronger winds (up to 10% stronger) may be

experienced during winter, but again, high uncertainty in

this result.
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In summary, the East of England will experience:

e Hotter drier summers; milder wetter winters
e Significant decrease in soil moisture content
e Extreme high temperatures more frequent

e Extreme winter precipitation more frequent
e Increase in thermal growing season

¢ Net sea level rise and increase in sea storm surge height.
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CLIMATE CHANGE IMPACTS

3.1.

3.2.

CLIMATE CHANGE IMPACTS WITH A SPATIAL DIMENSION

Changes in climate variables will result in climate change impacts. The
focus of this study is to identify and address those impacts, which have a
spatial dimension. Stage 1 is concentrating on those impacts that will affect
the whole region and will require decisions to be made at the strategic level
(e.g. distribution of development, infrastructure investment etc.) and
changes affecting specific locations (e.g. the coast, or the Fens) which
again, require a regional level spatial response. Stage 2 will consider
changes affecting the whole region where decisions will need to be made at
the local level (for example, changes to building structures to cope with
subsidence, intense rainfall and hotter temperatures).

NOTES ON INFORMATION SOURCES ON CLIMATE CHANGE
IMPACTS

A key source of information used to identify impacts facing the region is the
REGIS study. Some background to this study is presented below.

Background information on REGIS - Regional climate change impact and response
studies in East Anglia and North West England

The REGIS study is the first attempt to produce an integrated snapshot of possible
futures for specific regions of the UK. It takes into account both climate change
and socio-economic trends. The study presents some of the most regionally specific
information available on the potential impacts of climate change, focussing on two
regions of the UK: the North West and East Anglia. The latter, which covers
Norfolk, Suffolk and Cambridgeshire, is very useful for informing this study,
although the remainder of the East of England (Bedfordshire, Essex and
Hertfordshire) is not covered. Nevertheless the study provides some useful findings
in relation to flood risk, water resources, biodiversity and agriculture.

The REGIS scenarios

REGIS looks at how these regions might respond under two contrasting storylines of
climate and socio-economic change. These two storylines are based on:

e The UKCIP98 Low and High climate change scenarios (whereas this study is
based on the UKCIP02 Low and High scenarios) - the key differences between
these scenarios is detailed below;

e REGIS socio-economic scenarios (using as a starting point the national scenarios
commissioned by DETR for UKCIP). This is an important part of the project,
because the future world will change even in the absence of climate change.
They provide direct numerical model inputs of some parameters, as well as a
qualitative and quantitative context within which to interpret the outputs of the
integrated modelling and alternative policy visions of the future.
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3.3.

These are combined to provide two storylines, where:

e Climate change is at the upper end of the expected range and socio-economic
development follows a ‘regional enterprise’ scenario, based on laissez-faire
planning, individualism and global markets - A Regional Enterprise future;

¢ C(Climate change is assumed to be at the low end of the expected range, while
socio-economic development follows a ‘global sustainability’ scenario, with
heightened concern for the environment, and policies designed to encourage
low-impact development and social cohesion - A Global Sustainability future.

Overall findings of REGIS

The findings represent a first attempt at an integrated assessment and should be
considered indicative of broad trends, rather than concrete forecasts of an
inherently uncertain future. Overall the study found that:

e Climate change is likely to have a noticeable impact at a regional level in the
UK, but there is still considerable uncertainty about the scale and nature of the
impacts;

e Socio-economic developments are likely to have a major influence on the scale
of climate change impacts and will be crucial in determining the future of the
two regions. Society has an important opportunity to manage the impacts
through policy choices and adaptation.

As noted above, the REGIS study is based on the UKCIP98 scenarios, rather
than the recently updated UKCIPO2 scenarios, which are detailed in Section 2
of this study. Due to the relatively recent publication of the UKCIP02
scenarios (April 2002), much published research on the impacts of climate
change is based on the earlier scenarios. Therefore, it is important to
highlight the differences between the two sets of scenarios, to provide an
understanding of how the climate change impacts identified in studies may
be exacerbated or lessened. The key differences are summarised below,
and the scenarios used by different studies are noted in the text.

Key differences between the UKCIP98 and UKCIPO2 climate change scenarios

e The UKCIPO2 scenarios provide greater regional detail;

e The UKCIP02 scenarios show slightly greater warming rates, especially for the
Low Emissions scenario;

e The UKCIP02 scenarios show slightly smaller rates of sea-level rise than the 1998
scenarios, especially for the High Emissions scenario;

e Summers may become drier by a larger amount than under the 1998 scenarios;

e Spring and summer are likely to become slightly drier (the UKCIP98 scenarios
suggested they would become wetter);

e The UKCIPO2 scenarios suggest different patterns of change in average wind
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speed compared to the 1998 scenarios, but there is still little confidence in the
simulated changes;

e UKCIPO02 includes a more comprehensive analysis in changes in some aspects of
extreme weather and extreme sea levels and hence UKCIP has more confidence
in the UKCIPO2 results.

CLIMATE CHANGE IMPACT TOPICS

3.4. The East of England faces a range of climate change impacts, which will
require regional level responses. In order to gain a better understanding of
what sort of responses might be required, we have broken down our analysis
into four ‘impact topics’ that capture the significant issues:

e Agriculture and forestry;

e Environmental assets - natural and cultural;

e Housing and the economy;

¢ Infrastructure - water resources, flood defence, energy and transport.

3.5. The key impacts facing the region are summarised in the box below. The
impacts have been identified from a comprehensive literature review (see
Appendix 1) and through consultation with stakeholders. At the end of each
of the four sections on the climate change impact topics the findings from
the stakeholder workshop are presented.
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Summary of key climate change impacts facing the East of England

Agriculture and forestry

e Agriculture is likely to see an increased growing season; but decreasing soil
moisture and availability of water supply for irrigation may constrain
opportunities to capitalise on warmer temperatures;

e Access to land in winter may be constrained by increased precipitation, and
possible increased storminess, causing waterlogging and flooding;

e Livestock production systems could be affected by higher temperatures, leading
to increased requirements for drinking water, water wallowing sites for pigs and
water to cool livestock units;

¢ Inshore and inland fisheries could be affected if low lying land is allowed to
permanently flood. Impacts on coastal fisheries are uncertain, but external
pressures on declining fish stocks are likely to exert far greater pressures on the
industry;

e Favourable forestry species may change e.g. yields of Corsican Pine are
predicted to increase, whilst Scots Pine is likely to decrease.

Environmental assets - natural and cultural

e Habitats and species may be affected by both direct loss through physical
changes to the environment, e.g. from flooding and indirectly by temperature
increases. The coast and wetland habitats will be particularly subject to change
and the nature of change will depend greatly on management decisions (both in
terms of flood defence and agriculture);

o Flood defence decisions may have implications for habitats e.g. potential
‘coastal squeeze’;

e Certain woodland species are likely to grow better whilst others will lose
ground. Establishment of young trees is likely to be particularly affected;

o Water, soil and air quality may deteriorate to some extent;

e Built cultural assets may be affected by damage from contaminants, mobilised
by higher temperatures, attacking foundations, subsidence and structural
damage from possible extreme storm events;

e Historic sites in coastal and fluvial floodplains could be at risk of flooding.
Housing and the economy

e Housing and the economy are likely to be primarily affected by flood risk and
availability of water supply and increases in occurrence of weather extremes
such as storminess;

e Temperature increases may create opportunities for expanding the tourism
industry in the East of England;

¢ Climate change may also create opportunities for other sectors e.g. civil
engineering for provision of flood defences and opportunities for developing
renewable energy such as solar power.

Infrastructure - water resources, flood defence, energy and transport
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3.6.

3.7.

e Climate change is likely to cause demand for water to increase;

e Uncertainty over implications for water availability for public water supply
systems, but especially under the High Emissions scenario there may be adverse
impacts on availability;

e Water infrastructure may not be able to cope with long dry spells in summer,
and there may be shortages of water available for direct summer abstractions;

e Combined potential supply pressures and demand increases could lead to supply
deficits especially in the south-eastern part of the region;

e Increased climatic variability and increased winter rainfall could put pressure on
drainage systems;

e Coastal and fluvial flooding will have impacts on many aspects of the regional
economy, society and environment. Existing flood defences will face increased
pressure and the costs of flood damage to built property, without increased
defences, could be significant;

e Flood risk is likely to be the most important factor affecting existing energy and
transport infrastructure and in future locational decisions;

e The nuclear energy plants on the coast will require continued coastal defence at
least until fully decommissioned (a period beyond the time frame of this
guidance).

Agriculture and forestry

Existing conditions

Agriculture is an important activity in the East of England in terms of land
use and economic activity. Primary agriculture contributes 2.1% to GDP in
the East of England compared to England's average of 1.8%. The East of
England has 26% of England's cereal hectarage, over a third of its pig
population and 21% of the total poultry population'. Figure 3.1 shows the
areas of Grade 1 and 2 agricultural land in the region. It can be seen that
this is concentrated in the western side of the region, with the largest areas
of Grade 1 land in the Fens. There are also pockets of Grade 1 and 2
agricultural land along the north Norfolk coast.

The East of England has 7.3% woodland cover'®, compared to the highest
cover of 14.1% in the South East, and the lowest cover (outside of London) of
5.1% in the East Midlands. Woodland is scattered throughout the region, bar
the Fens, which have little or no wooded areas. There are concentrations of
woodland in, for example, Thetford on the Norfolk-Suffolk border, and in the
southwestern corner of the region in Hertfordshire, as illustrated in Figure
3.2

15 ACCELERATES East Anglia case study from www.geo.ucl.ac.be/accelerates

16 National inventory of woodland and trees. Forestry Commission. 2001.
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3.8.

3.9.

3.10.

Climate change impacts

Agriculture and forestry in the East of England may be affected by climate
change in a number of ways. Temperature changes and water availability
are likely to have implications for arable, livestock and poultry farming and
for forestry. Fisheries may be affected by increased flood risks and sea level
rise. The possible impacts are elaborated on below.

The potential impact of climate change on arable farming is a key topic
covered by the REGIS study. Temperature increases will lead to an
enhanced growing season, as detailed in Section 2. This could benefit arable
crop yields. However, reduced summer soil moisture is likely to prove to be
a key constraint limiting the potential created by an increased growing
season. REGIS found that under the REGIS High Emissions climate change
scenario (i.e. UKCIP98 scenario), yields would eventually decline due to drier
soils and lack of water available for irrigation, for example, yields of winter
wheat would suffer from drier soils and early maturity'’.

The water resource strategies produced by the Environment Agency indicate
that agriculture is putting pressure on water supplies, particularly in the
southern part of the region, where water resources are already subject to
over abstraction (in terms of summer surface water and year round
groundwater). Much of the remainder of the region has no additional
summer surface water or year round groundwater available (more detail is
provided on this in the section below on Infrastructure - existing conditions).
Environment Agency research'®, undertaken prior to the UKCIPO2 scenarios,
shows that irrigation demand for certain crops could increase by between
12% and 27% over the next 25 years. This would put pressure on water
supplies in those times when water is likely to be scarce (namely in long
summer dry spells). The Environment Agency has indicated that further
research on irrigation needs is ongoing. The REGIS study'® similarly found
that water supply could be a limiting factor, depending on winter storage
and demand management measures. The study concluded that water
availability issues are likely to be particularly acute in the southern half of
the region, in south Suffolk and Essex, and more so under the REGIS High
Emissions climate change scenario (ie. UKCIP98 scenario), althou%h the main
pressure in the south will be from housing and populat1on growth®. It is also

17 REGIS - Regional climate change impact and response studies in East Anglia and North
West England. UKCIP and DEFRA. 2002.
18 Research by Cranfield University at Silsoe reported in the Environment Agency 25 year

strategies for the Thames and Anglian regions - Water resources for the future: A strategy
for the Thames region March 2001 and Water resources for the future: A strategy for the
Anglian region March 2001].

19 REGIS as above.

20 Pers comm. Paul Hart, Environment Agency
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3.11.

of note that whilst some of the greatest demand for irrigation has been in
the Fens, these are areas where winter storage is most cost effective?'.

The REGIS study found that some crops will probably become more popular,

such as sugar beet, and the area of irrigated potatoes could double (although socio-
economic changes, such as increases in water pricing due to scarcity could limit
this). The potential for new crops is likely to be limited. For example, new crops
such as sunflowers that have been widely tipped to spread from France as far north
as East Anglia under global warming will make little progress. Unless new varieties
are bred, yields would remain too low under all scenarios at least until the 2050s.
Beyond this date there could be opportunities, but no studies have investigated
this. The Assessing Climate Change Effects on Land use and Ecosystems;

from Regional Analysis to The European Scale (ACCELERATES) programme should

3.12.

3.13.

3.14.

3.15.

further inform the opportunities for agriculture.

The increased temperatures and enhanced growing season will be likely to
affect planting and harvesting dates.

The REGIS study also found that flood risk could have significant implications
for agriculture, and that the Fens could be particularly affected. The REGIS
study modelled the likely extent of coastal and fluvial flooding under the
REGIS High and Low climate change scenarios (UKCIP98 scenarios) and
interpreted the results in relation to the agricultural sector. The Fens are
particularly at risk, due to the fact that they will be subjected to the
combined effect of higher sea levels and increased river flow, as well as
consideration of the drainage implications for this low-lying area, including
ongoing subsidence. Higher mean sea levels will raise the base level and
hence exacerbate the impacts of river flooding across the Fens.

The study found that under the REGIS High Emissions climate change
scenario (i.e. UKCIP98 scenario) the degree of flood risk, without substantial
augmentation of flood defences and land drainage, would be significant. It
found that arable farming would be impossible on 86% of the Fens and 10% of
the remainder of East Anglia. The study concludes that: ‘any flood event
could be catastrophic, potentially drawing seawater into the inland Fens and
flooding large areas to significant depths’. It notes that even with 1 in 500
year defences the impacts would only be delayed for up to 30 years (from
the 2050s to the 2080s). Nevertheless the study came to the conclusion that
larger scale socio-economic trends, such as changes in the Common
Agricultural Policy (CAP), would exert greater forces for change on
agriculture in the region.

The REGIS study concluded that arable fields subject to increased flooding,
may revert to wet grazing marsh under the REGIS High Emissions climate
change scenario (i.e. UKCIP98 scenario) and in the case of the Fens, to

21 Pers comm. Paul Hart, Environment Agency
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natural Fenland habitat, as these areas become unsuitable for arable
agriculture.

3.16. Under the REGIS Low Emissions climate change scenario (i.e. UKCIP98
scenario) the study found that, on the other hand, the Fens would remain
largely unaffected, since the present standard of service for the 100-year
event would remain adequate. Although it notes that if widespread
managed realignment was adopted, this would lead to some relatively small
losses of arable agricultural land.

3.17. Higher temperatures could also affect livestock production systems, with
increased requirements for animal drinking water and water wallowing sites
for pigs. Indoor livestock units may require cooling, adding an additional
demand for water??.

3.18. Temperature and rainfall, which determine water availability, are likely to
have the greatest impact on woodland?. Certain species will fare poorly
whilst others will do well. For example, in terms of productive woodland,
yields of Corsican Pine are predicted to increase, whilst Scots Pine is likely
to decrease. Pests and diseases may become more prevalent, although
complex interactions between trees, pests/pathogens and their predators or
natural controls make predictions hard (the likely implications of pests and
diseases are discussed further in the section below on Environmental Assets).

3.19. Scope for commercial forestry could be limited by water availability, as
woodlands typically have higher water demands than other land uses.
However, trees could play a role in adapting to climate change and
mitigating potential impacts. For example, through providing shelter belt
functions and as a means of stabilising river banks and reducing erosion in
riparian habitats.

3.20. Short rotation coppice (Poplar and Willow) also has a higher water demand
than other species, which may limit the opportunity for bioenergy.
However, varieties are being developed to withstand drier conditions. There
are also likely to be opportunities for new bioenergy crops e.g. Switch Grass
as cultivated in the USA, Prairie Grass and Giant Reed. Miscanthus will
continue to be suitable, as it is reasonably drought tolerant®. It will also be
important to strategically consider which areas are most suitable. For
example, due to water demand bioenergy crops may not be suitable in main
tributaries and key aquifers, but could be located outside of these areas.
Clay soils may also be better suited due to their ability to hold water.

22 Environment Agency 25 year strategies for the Thames and Anglian regions - Water
resources for the future: A strategy for the Thames region March 2001 and Water resources
for the future: A strategy for the Anglian region March 2001].

23 Broadmeadow (2002) A review of climate change implications for trees and woodland in
the East of England.. Forest Research.

24 Pers comm. Peter Nixon, ADAS.
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3.21. The East of England has several inshore fisheries of note, such as Oyster beds
in the Blackwater Estuary. These may be affected by sea level rise and flood
defence decisions. For example, the fishery in the Blackwater Estuary may
be affected by the largest coastal realignment project in Europe at Abbots
Hall Farm in Essex. Here Essex Wildlife Trust has converted 84 hectares of
arable farmland into saltmarsh and grassland as part of a nation wide
initiative to restore the UK’s rapidly declining coastal wetlands. Also inland
freshwater fisheries may be affected if low lying land is allowed to
permanently flood. Marine fisheries could be affected by increases in sea
surface temperatures or possibly by sea level rise and extreme events.
However the Environment Agency consider these risks to be minor compared
to the major threats posed, for example, by over fishing®.

3.22. Impacts facing agriculture and forestry are summarised in Table 3.1 below.

Table 3.1: Main climate change impacts facing agriculture and forestry

Main impacts facing agriculture and forestry Spatial extent of impact

e Agriculture is likely to see an increased growing Region wide
season; but decreasing soil moisture and availability of
water supply for irrigation may constrain opportunities
to capitalise on warmer temperatures;

¢ Reduced summer soil moisture will be a key Region wide, south of region in
constraint, especially in the south of the region; particular

e The pressures which agriculture puts on water supplies | Region wide, south of region in

is already felt in the Anglian region, which is the particular, where water supply
driest in the UK. Similarly the Thames region is facing | pressures are already more
great pressures; pronounced

e Irrigation demand for key irrigated crops could Region wide, south of region in

increase by between 12 and 27% in the next 25 years particular
according to Environment Agency research (the
scenarios used to make these predictions is not
evident);

e Arable crop yields could initially benefit from Region wide
temperature changes but would potentially eventually
decline under the REGIS High Emissions scenario
according to the findings of the REGIS study;

e Some crops will become increasingly commercially Region wide
attractive e.g. sugar beet and potato;

e The REGIS study found that potential for new crops Region wide
would be very limited as yields would remain too low
under all scenarios (UKCIP98 scenarios) at least until
the 2050s;

e Livestock production systems could be affected by Region wide
higher temperatures, leading to increased
requirements for drinking water, water wallowing

25 Pers comm. Paul Hart, Environment Agency.
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Main impacts facing agriculture and forestry Spatial extent of impact
sites for pigs and water to cool livestock units;

e Access to land in winter may be constrained by Region wide
increased precipitation, and possible increased
storminess, causing waterlogging and flooding;

e Some agricultural land is likely to be lost due to fluvial | The Fens will be particularly
and coastal flooding; the extent of which would affected; will also affect
depend on the climate change scenario and extent of coastal areas and other areas
flood risk. Increased flood risk may lead to changes in | subject to fluvial flooding
land use as farmers abandon arable cropping on such
land;

e Woodland planting may be limited due to its higher Region wide
water usage;

e Favourable woodland species may change (e.g. yields Region wide
of Corsican Pine are predicted to increase, whilst
Scots Pine is likely to decrease);

e Increased risk of forest fires; Region wide

e Certain short rotation coppice tree species (Poplar Region wide
and Willow) have higher water demand than other
tree species which may limit opportunities; however,
varieties are being developed to withstand drier
conditions. There are also likely to be opportunities
for new bioenergy crops e.g. Switch Grass as
cultivated in the USA, Prairie Grass and Giant Reed.
Miscanthus will continue to be suitable as it is
reasonably drought tolerant;

e Inshore fisheries and inland fresh water fisheries could | Coastal and low lying land e.g.
be affected if low lying land is allowed to permanently | Fens
flood as in the Fens;

¢ Impacts on coastal fisheries are uncertain, but Coastal
external pressures of declining fish stocks are likely to
exert far greater pressures on the industry.
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Stakeholder workshop discussion

Key climate change impacts facing agriculture and forestry

Using the above information, regional stakeholders were asked at the workshop to
prioritise what they saw as being the key impacts facing agriculture and forestry.
The biggest concern was impacts on the agricultural and woodland economy arising
from:

e Changes in species ranges (impacts on biodiversity, changes in species
distribution due to change in habitat, pests/diseases, possible benefits of trees
and woods for conservation and biodiversity);

e Changes to crops;

¢ Water demands/inputs (implications for storage, supply, demand and quality,
possible benefits of trees for water quality);

e How managed retreat might affect agricultural practices.

Environmental assets - natural and cultural

Existing conditions

3.23. The East of England has a rich natural heritage, with a large number of
internationally and nationally designated wildlife sites, and nationally
designated landscapes. Some of the largest designated areas are located on
the coast, including The Wash and Norfolk Coast Special Area of
Conservation (SAC). Other important areas include the Brecks Special
Protection Area (SPA). The Broads are also designated as a National Park,
which is the only wetland based National Park in the UK. The North Norfolk
coast and Suffolk coast are both designated as Areas of Outstanding Natural
Beauty (AONBs) on account of their landscape value. These designations are
shown in Figure 3.3. English Nature and the Countryside Agency have split
the whole of England down into joint character areas, which represent areas
with similar landscape and habitat types, shown for the East of England in
Figure 3.4. English Nature delineated natural areas, which are less detailed
and just look at areas in terms of similar habitats, shown in Figure 3.5.

3.24. The East of England also has a rich historic legacy, reflected in the many
Scheduled Ancient Monuments (SAMs), English Heritage sites, historic towns,
National Trust sites, cathedrals and Heritage Economic Regeneration areas,
as shown on Figure 3.6. These are scattered throughout the region, with
numerous sites found on the coast.

Climate change impacts
Natural assets
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3.25. Habitats and species may be affected in a number of ways. Some will be
affected by direct loss, for example, due to flooding, whilst others will be
affected indirectly by temperature increases and changes in water
availability. The MONARCH study®®, which like REGIS, is based on the
UKCIP98 scenarios, provides a good source of information on potential
climate change impacts on habitats and species throughout Britain and
Ireland. The REGIS study, undertaken after the MONARCH study, provides a
regionally specific investigation of climate change impacts on biodiversity in
East Anglia.

3.26. The MONARCH study found that climate change impacts on habitats and
species can be explained by several principal factors: related to rainfall
variables, temperature variables, wind speed variables and sunshine and
evapotranspiration variables. Key findings include:

e Terrestrial environments:

e The response of plant, insect and amphibian species is likely to be
highly variable;

e The range of some plant species could decline whilst others could
expand;

e Generally plants and insects with a southern distribution are likely to
gain climate space;

e The response of bird species is also likely to be highly variable. For
example, Nightingale and Nuthatch may show a positive response to
moderate climate change, but with severe climate change their
distributions may either contract significantly or become fragmented
in southern and eastern England;

e The degree to which species are able to realise these changes varies.
If their climate space is contracting then this is more likely to happen
than if they are expanding, as the latter is dependent on migration
and the availability of suitable habitat.

e Freshwater environments:

o Water availability is likely to increase in winter which could benefit
raised bogs, wet heaths and coastal dune slacks;

e In summer there is likely to be a decrease in water availability in the
south of Britain, which could lead to drying of wetland habitats with
changes in their species composition;

26 Harrison et al (eds) (2001) Climate change and nature conservation in Britain and Ireland:
Modelling natural resource responses to climate change (the MONARCH project). UKCIP
Technical Report, Oxford.
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e Raised bogs, wet heaths, coastal dune slacks, drought-prone acid
grassland and Beech woodland could be adversely affected by the
lower water availability in southeast England. Some chalk grassland
species which will lose suitable climate space in the south-east could
be further affected by decreased water availability;

e Overall it is important to combine the effects of predicted changes in
climate on species with those for hydrology in order to understand the
potential impacts of climate change on wetland habitats.

e Coastal environments:

e Rising sea levels may affect the shape of estuaries, particularly where
isostatic subsidence is occurring (as in the East of England). This will
determine intertidal sediments and hence the numbers of waterbirds
an estuary can support;

e Managed realignment of sea defences may result in more extensive
intertidal flats at the expense of marshes. This is likely to lead to
detrimental changes in habitat quality for most species. Loss of salt
and freshwater marshes due to coastal squeeze is likely to be a
serious problem for waterbirds, in particular those species that do not
feed on the intertidal flats;

e Warmer weather expected with climate change is likely to drive
further changes in wader distributions. As winters in Britain become
milder a greater proportion of the East Atlantic Flyway populations of
some species may over-winter further north and east on the continent
of Europe;

e Increases in sea level will encourage erosion of many salt marsh, sand
dune and vegetated shingle areas, especially if coupled with increases
in storm activity. Climate change is likely to introduce additional
stress on coastal habitats, especially within the southern part of
Britain where the highest rises in sea level are predicted to occur.

3.27. The REGIS study found that, in East Anglia, salt marshes will be under
particular threat from both temperature increases (in parts of East Anglia,
there is a loss of suitable climate space for all of the modelled species -
Atriplex Portulacoides, Puccinellia Maritima and SuaedaMaritime), with
certain species facing extinction and also from coastal flood risk. ‘Holding
the line’ against sea level rise would put all the salt marshes at risk from
‘coastal squeeze’, as habitat space is reduced as sea level rises and marshes
are unable to migrate inland due to hard defences. The study found that the
greatest loss of salt marshes is likely to be seen under the REGIS High
Emissions climate change scenario (i.e. UKCIP98 High Emissions scenario), as
sea level rises will be greater. But it is the response in terms of coastal
defence that will ultimately affect the habitat. The REGIS High Emissions
climate change scenario combined with hard sea defences could see huge
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3.28.

3.29.

3.30.

3.31.

3.32.

losses, for example over 50% in Suffolk by the 2050s. However, as noted
above, predicted sea level rises under the UKCIP02 scenarios are slightly less
than under the UKCIP98 scenarios, which would temper this impact to some
extent. Managed retreat and utilising salt marshes as natural flood defences
would potentially allow salt marshes to expand.

The REGIS study indicates that the Fens also face radical change. They are
likely to be lost to wetlands and salt marshes as sea level rises and could
also see a loss of species due to loss of climate space. The study predicted
that much would be lost if sea level were to rise by 1.5m. Again, the
UKCIPO2 scenarios do not predict such a high level of sea level rise (82cm
under the High Emissions scenario and 22cm under the Low Emissions
scenario), so the losses would be tempered to some degree.

The REGIS study found that lowland heath is likely to be threatened by land
use changes more than direct effects of climate change. Grazing marshes
may increase as farmers abandon land vulnerable to flooding.

As noted above in relation to commercial forestry, the combined effects of
rising temperature, falling summer rainfall, lower relative humidity and
longer growing season is likely to make water an increasingly scarce
resource. A study by Forest Research? in relation to woodland planting,
indicates that species choice will become increasingly limited as a result of
rising summer soil moisture deficits. Some species are likely to lose ground,
such as Beech and Upland Oak. Others may gain ground, such as Lime,
White Poplar and Holly. Establishment of young trees, and survival of
hedgerow and urban trees are likely to be most affected by climate change.

Pests and diseases may also pose a threat to woodlands as the climate
changes. However, predictions as to future trends in damage to woodland
caused by pests and diseases are difficult to make. Particularly because of
the complex interactions between the trees, pests/pathogens and their
predators or natural controls and how climate change affects these
relationships. It is likely that trees will become more drought stressed
during the summer months and hence susceptible to attack and that
development of pests and pathogens will accelerate due to warmer
temperatures possibly leading to higher population growth. Certain
pathogens may cause root infections across a range of species. Pests are
likely to gain ground from climate change making damage more prevalent,
while exotic pests could establish devastating populations in the region. The
population density of mammalian pests is also likely to increase as a result of
milder winters and increased forage availability during Spring.

As noted in the findings of the MONARCH study, outlined above, water
availability combined with temperature increases will have major

27 Broadmeadow (2002) A review of climate change implications for trees and woodland in
the East of England. Forest Research.
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implications for habitats. The water resource strategies produced by the
Environment Agency?® provide an indication of water resource availability,
which is based on an assessment of needs for environmental assets. These
indicate that water resources are already subject to over abstraction (in
terms of summer surface water and year round groundwater?) in the
southern part of the region. Much of the remainder of the region has no
additional summer surface water or year round groundwater available (more
detail is provided on this in the section below on Infrastructure). Climate
change may well worsen this situation, due to a shortened period for
recharge of groundwater supplies and lower precipitation in summer. This
could particularly affect wetland and riverine habitats.

3.33. There are also likely to be opportunities to create habitats. For example,
there might be opportunities to re-create coastal grazing marshes as more
intensive agricultural production is abandoned due to increased flood risk.

3.34. Soil quality may be adversely affected. Reduced soil moisture in summer
could lead to increased erosion caused by wind, whilst higher winter
precipitation could lead to increased runoff and hence erosion into
watercourses.

3.35. Water quality may also be adversely affected due to saline intrusion, algal
blooms and less dilution of effluent.

Cultural assets

3.36. Cultural assets could be affected in a number of ways. Built assets could be
affected by damage from contaminants attacking foundations as higher
ground temperatures lead to ground contaminants becoming more active®.
There might also be disturbance to the chemical equilibrium leading to
changes in preservation conditions®'. Cultural assets (e.g. historic buildings
and monuments) could be affected by subsidence and structural damage
from possible extreme storm events. Below surface sites, such as buried
SAMs, could be damaged by changes in soil moisture levels, water table
height and chemical/biological processes. Changes in wind speeds/gustiness
could lead to erosion of dry sites, such as barrows*.. However, as noted in

28 Environment Agency 25 year strategies for the Thames and Anglian regions - Water
resources for the future: A strategy for the Thames region March 2001 and Water resources
for the future: A strategy for the Anglian region March 2001].

29 |t is not appropriate to separate an assessment of groundwater availability between
summer and winter, because the characteristics of most aquifers mean that rainfall stored in
the winter is released to rivers and wetlands gradually throughout the year.

30 UKCIP Briefing note: Climate change impact on buildings

31 English Heritage (2002) unpublished research on the impacts of climate change on the
historic environment.

32 As above.
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Section 2, wind speeds may increase slightly, but there is a high level of
uncertainty associated with this result. These impacts would occur region
wide. Coastal and floodplain areas, which contain a wealth of historic sites,
would be at additional risk of coastal and fluvial flooding.

3.37. The main impacts facing environmental assets are summarised in Table 3.2.

Table 3.2: Main climate change impacts facing environmental assets

Main impacts facing environmental assets - natural and

cultural

Spatial extent of impact

Natural assets

Habitats and species may be affected by direct habitat
loss (e.g. due to flooding) and also by the effects of
temperature increases and changes in precipitation.
Some species will experience a loss or reduction of
suitable climate space, whilst others will see an
increase in climate space;

Salt marshes will be under pressure, with certain
drought sensitive species facing extinction;

The response to coastal flood risk will also have a
major bearing on salt marshes: ‘holding the line’
against sea level rise would place all the region’s salt
marshes at risk;

The Fens face major changes due to sea level rise
leading to reversion to wetlands and salt marsh,
depending on the management response to flood risk;

Lowland heath may be threatened by land use changes
more than direct effects of climate change;

Opportunities for re-creation of grazing marshes as
farmers abandon land vulnerable to flooding;

Opportunities for creation of other habitats;

Species found in cereal field margins will continue to
find suitable climate space in the region;

Some woodland species e.g. Beech and Upland Oak
woodland are expected to lose ground in the East of
England, whilst others may gain ground e.g. Lime,
White Poplar and Holly;

Reduced summer rainfall and increased temperatures,
in conjunction with increased demand for water
resources, could have a detrimental effect on river and
wetland ecology;

The increase in frequency of extreme events, such as
storms and droughts, may increase the likelihood of
local extinction’s;

Pests and diseases are likely to become more prevalent
due to warmer summers and milder winters, which
could affect some plant species, particularly trees

Habitat losses due to flood risk
likely to affect coastal areas
and the Fens and Broads in
particular; temperature change
will exert a regional pressure

Coastal, Suffolk in particular
(according to findings of REGIS)
and also in Essex, which was
not covered by the REGIS study
Coastal

The Fens

Region wide (?)

Region wide (?)

Region wide

Arable areas

Region wide

Rivers and wetlands

Region wide

Region wide
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Main impacts facing environmental assets - natural and

cultural

which are likely to become more drought stressed in
summer and susceptible to attack;

Establishment of young trees and survival of urban
trees likely to be particularly affected;

A shortened period for recharge of groundwater
supplies, and lower precipitation in summer could
affect habitats, particularly wetland and riverine
habitats by limiting water availability;

Soil quality may be affected due to drier soils and
increased erosion;

Air quality likely to deteriorate, particularly in terms
of ozone, which could have health implications;

Water quality may suffer due to saline intrusion, algal
blooms and less dilution of effluent. This could also
affect water dependent habitats. For example, salt
tolerant species found in the Fens and Broads towards
the coast are likely to fare better than less tolerant
species.

Cultural assets

Potential damage from mobilised contaminants
attacking foundations;

Increased risk of subsidence;

Historic sites subject to fluvial and coastal flood risk;

Changes in soil moisture levels and water table height
and chemical/biological processes may damage buried
sites; wet-dry cycles most damaging;

Changes in wind speeds/gustiness could lead to erosion
of dry sites e.g. barrows. However the UKCIP02
scenarios only predict a small increase in wind speeds
and do not have a high level of certainty in the
predictions;

Structural damage from extreme storm events,
including erosion damage.

Spatial extent of impact

Region wide, urban areas in
particular

Southern part of region in
particular, spreading to whole
region depending on scenario

Region wide

Region wide

Region wide and Broads
particularly vulnerable to
saline intrusion

Region wide

On clay soils (across the
southern and central part of
the region)

Coastal

Region wide

Region wide

Region wide
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3.38.

3.39.

Stakeholder workshop discussion
Key climate change impacts facing environmental assets - natural and cultural

The regional stakeholders at the workshop identified the following as being of most
concern:

e Biodiversity (loss/change, particularly coastal habitats, loss of woodland,
impacts on designated sites, possible changes in Biodiversity Action Plan (BAP)
priorities);

e Agriculture (changes to agricultural practices, changes in the Fens due to
uncertainty in the future of agriculture, possibilities for habitat creation);

o Water resources (availability, quality, implications for habitats e.g. wetland
sites, management of storms);

e Landscape (changes in landscape character and distinctiveness, changes likely
to affect region as a whole and AONBs and Broads and coast, changes in
vegetation, tree cover e.g. possible loss of Beech and changes in crop types,
impact on amenity and economic value of the countryside and coast).

Housing and the economy

Existing conditions

The region lacks major conurbations and much of the region is characterised
by a strong network of historic cathedral cities, county and market towns
and surrounding villages. Major towns in the East of England are found
mainly to the south, with the other major towns being Peterborough, in the
northwest, Norwich in the northeast and Cambridge towards the centre and
a string of towns on the coast, including Great Yarmouth, Lowestoft,
Clacton, Southend-on-Sea and Ipswich and Colchester towards the coast
(Figure 3.7). Southend-on-Sea is the largest urban area with a population of
250,000. The more rural and coastal areas are more sparsely populated.
The East of England has a quarter of England’s market towns, which
illustrates the rural character of much of the region.

The East of England has a £76 billion per annum economy employing 2.7
million people in 350,000 businesses. In overall terms, its economic
performance measured by Gross Domestic Product (GDP) per head is strong
by UK standards (3" in the UK). Food production remains the dominant land
use (over 70% of the region is in agricultural use), but the region has
developed a wide range of other industrial and commercial activities. The
region benefits from its proximity to London and continental Europe.
However, in parts of the region the economy has performed less well, which
has led to relatively high levels of unemployment, long distance commuting,
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unsustainable patterns of development and movement and social
deprivation.

3.40. The north and east of the region is typically more deprived, with several
areas eligible for EU regeneration funding (Figure 3.8). In the south,
Thames Gateway South Essex is part of the wider Thames Gateway which is a
national priority for regeneration. Part of this area (Southend) is also a
designated Objective 2 area.

3.41. Three national growth areas*’ (Thames Gateway, London-Stansted-
Cambridge and Milton Keynes-South Midlands) lie largely or partly in the East
of England. These are also marked on Figure 3.8.

Climate change impacts

3.42. The main climate changes affecting housing and the economy are water
related; flood risk and water supply. All sectors of the economy could
potentially be affected by fluvial and coastal flooding, as could the location
of housing. Existing urban areas that are already subject to flood risk will
face a particular challenge for coping with climate change. For new
development there will be more scope to minimise the risks. These themes
are developed further in Section 4 setting out spatial guidance. The
construction industry could be affected by changes in the pattern of
development arising as a result of climate change.

3.43. The insurance industry will also be affected by climate change, in particular
from increased flood risk and concomitant damage to property and hence
increased claims and also from increased risk of building subsidence. The
industry is already taking action to address the pressures posed by climate
change.

3.44. Industries with a high water demand, such as paper processing and energy
generation, could be affected by water shortages. Water shortages are
likely to be particularly acute to the south of the region, and more so under
the High Emissions scenario.

3.45. The tourism industry could be an industry that benefits from warmer
summers. This will be dependent on the relative appeal of the region
compared to other areas and also on the maintenance of the quality of the
environment. This is likely to benefit areas already popular for tourism,
such as the coast and Norfolk Broads. However, ‘coastal squeeze’ due to
rising sea levels and occasional winter closures, as a result of flooding, could
limit the opportunities to some extent. Other sectors may also benefit from
climate change, for example, civil engineers and others involved in
construction of flood defences and water supply infrastructure, and those
involved in developing renewable energy technologies e.g. design and
construction of solar power infrastructure and offshore windfarms.

33 ODPM (2003) Sustainable communities for the East of England: Building for the future.
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3.46. The main impacts facing housing and the economy are summarised in Table
3.3.

Table 3.3: Main climate change impacts facing housing and the economy

Main impacts facing housing and the economy

The location of housing could potentially be affected
by fluvial and coastal flood risks;

Tourism industry likely to be boosted by warmer
summers, but this is also dependent on maintaining the
quality of the environment in the face of visitor
pressure (or climate change);

Also other positive opportunities for the economy. For
example, civil engineers and others involved in
construction of flood defences and water supply
infrastructure are likely to see an increase in activity;

There may be increased opportunities associated with
renewable energy, such as design and construction of
solar power infrastructure and construction of offshore
windfarms;

All sectors of the economy could potentially be
affected by fluvial and coastal flooding;

Industries with a high water demand could be affected
by water shortages, although increasing costs are likely
to promote increased efficiency in water use;

The construction industry may be affected by changes
in the pattern of development arising as a result of
climate change.

Spatial extent of impact

Coastal areas, areas subject to
fluvial flooding

Region wide, but likely to
benefit existing tourist
destinations in particular

Region wide

Region wide, and particularly
coastal areas for windfarm
construction

Coastal areas, areas subject to
fluvial flooding

Region wide, and particularly
industry to the south of the
region

Coastal areas, areas subject to
fluvial flooding

Stakeholder workshop discussion

Key climate change impacts facing housing and the economy

The regional stakeholders prioritised what they saw as being the key impacts facing
housing and the economy:

Flooding pressure (which will require investment, will create pressures to
change spatial policy, and will place buildings in the flood plain at risk);

Insurance will become significantly more expensive in flood risk areas;

Water supply constraints:

e Water shortages will affect current and future housing and employment,

particularly in the south of the region;

¢ Housing development will place increasing pressures on the lack of existing

and future water supply;

e A big issue to consider is whether it makes sense to crowd more people into
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the parts of the region where water supply is likely to become critical;

o There is a need to ensure that new development has adequate water supply
(may need to plan for new reservoirs);

e Determining development locations may be difficult as there is very little
suitable land available and flood plains are no longer on option;

e Potential for disruption to infrastructure.

Infrastructure - water resources, flood defence, energy and transport

Existing conditions

3.47. The East of England has, like the UK generally, invested significantly in
infrastructure development. In this section, we examine water resource
infrastructure, flood defences and energy and transport infrastructure.

Water resource infrastructure

3.48. In terms of water resource infrastructure, the East of England is served by an
extensive public water supply system. The natural resources of the rivers
and groundwater are supplemented by artificial storage in major reservoirs
and transfers of various kinds, including transfers from outside the region.

In addition to the large public supply reservoirs, there are also many smaller
farm storage reservoirs throughout the region. This network of storage and
transfers has evolved in line with rising water demand over the last
century**.

3.49. A key consideration in determining the need for measures to deal with water
availability and potentially the need for new infrastructure or demand
management measures is Environment Agency data at the regional strategic
level on summer surface water availability and groundwater availability*>.
This shows that the southeastern part of the region is already suffering from
a lack of summer surface water resource availability, and licensed
abstraction levels are considered to be unsustainable (i.e. the combination
of licensed surface and groundwater abstractions exceed the assessed limit,

34 Environment Agency 25 year strategies for the Thames and Anglian regions - Water
resources for the future: A strategy for the Thames region March 2001 and Water resources
for the future: A strategy for the Anglian region March 2001].

35 The Environment Agency has prepared a series of maps which provide an indication of
present water resource availability, in terms of summer surface water and groundwater,
which is based on an assessment of needs for environmental assets. This information is
presented in the Environment Agency 25 year strategies for the Thames and Anglian regions
- Water resources for the future: A strategy for the Thames region March 2001 and Water
resources for the future: A strategy for the Anglian region March 200].
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3.50.

3.51.

action to resolve the problems and may involve changes to both surface and
groundwater licences in the longer term) (Figure 3.9). The remainder of
the region has no additional water available (i.e. summer surface water is
already fully committed to existing abstractions and the environment, and
no significant further resource is available. However, in most catchments
existing abstractions do not cause widespread environmental problems). In
terms of groundwater availability, the southeastern quarter again has an
unsustainable abstraction regime (Figure 3.10). Much of the remainder of
the region has no additional water available (i.e. groundwater resources are
broadly in balance, but there is no significant further resource available.
However existing abstractions do not cause widespread environmental
problems) but there are pockets where there is water available (however,
any new or additional abstraction will be subject to local appraisal of need
and impacts). This information will be reviewed in detail at the local level
by the CAMS process over the next five years.

Flood defences

Parts of the region are already subject to flood risk, although, it should be
noted that the indicative flood plain map produced by the Environment
Agency does not take into account existing flood defences (Figure 3.11).
The Fens are the largest contiguous area of fluvial floodplain and many of
the rivers flowing into the Fens have sizeable floodplains. The Internal
Drainage Boards (IDBs) have a key role in managing the extensive low-lying
areas of farmland in the area. There are also smaller areas of fluvial
floodplain throughout the region, much of which is defended by fluvial flood
defences. Parts of the coast and a large area inland from The Wash are
subject to coastal flooding. Department of Environment Farming and Rural
Affairs (Defra) estimates that there are around 283,000 residential
properties and 14,000 commercial properties at risk from fluvial or coastal
flooding in the Anglian region, 305,000 hectares of Grade 1 and 2
agricultural land at risk of fluvial flooding, and 54,000 ha at risk from coastal
flooding®.

Information on current coastal flood defences and future plans are set out in
Shoreline Management Plans (SMPs). SMPs are produced via a partnership of
interests, and set out strategic coastal defence measures. The coastline of
the East of England is split into five sections, each with its own SMP. The
current approaches taken with regard to coastal flood defences are set out
in the box below. Defence decisions are broadly split into ‘hold the line’,
‘managed retreat’ and ‘do-nothing’, which are defined below. However,
these plans will be reviewed shortly and will take account of new
information on coastal processes, climate change/sea level rise and
associated planning considerations. Therefore the decisions set out in the

36 National appraisal of assets at risk from flooding and coastal erosion, including the
potential impact of climate change. DEFRA, July 2001
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current plans may well change and could be influenced by decisions made in
relation to climate change.

Summary of Shoreline Management Plans in the East of England

The following paragraphs summarise the approach taken to flood defence in the
East of England at present and possible future approaches. Defence decisions are
broadly split into:

e ‘Hold the line’ - maintain or improve the existing defence

e ‘Managed retreat’ - move the existing defence line landward, in a controlled
manner

¢ ‘Do-nothing’ - this entails no coastal defence activity apart from undertaking
safety measures.

The Wash (Gibraltar Point to Snettisham)

The Wash area has a predominantly rural hinterland and is widely accepted as an
important region for nature conservation. The shoreline here is relatively stable.

Sea defences consist almost exclusively of earth embankments. The main policy to
be adopted in this area is ‘hold the line’; however it is recognised that in the future
there may be isolated areas of defence that would benefit from ‘managed retreat’.

North Norfolk (Snettisham to Sheringham)

North Norfolk is predominantly recognised for its conservation importance, with
almost the entire coast designated as an Area of Outstanding Natural Beauty.
Towns and smaller communities provide residential and holiday facilities in the
area.

Coastal defences take on a varied form including cliffs, shingle ridges, artificially
nourished beaches and stretches of salt marsh with dynamic silt, sand and shingle
ridges towards the central section of the area. The area has adopted a mix of the
three coastal management options: ‘hold the line’ in certain areas, ‘managed
retreat’ in others, namely by intervention by moving the existing defence line
landwards, and some areas where the approach is ‘do nothing’.

Norfolk (Sheringham to Lowestoft)

The northern coastal stretch contains two major towns, Great Yarmouth and
Lowestoft, where there is a mix of industry, including tourism, although much of
this is under pressure. Extensive sections in the southern region are built-up,
comprising permanent residential buildings and holiday facilities. Tourism is the
principal industry.

A mix of geological features including cliffs, sand dunes and low lying land are
present in the area with the majority of the coast covered by designations that
recognise its national and international environmental importance. The coastline is
historically retreating with the exception of the land between Winterton and Great
Yarmouth. This trend has resulted in 40% of the coastline being fronted by hard
seawall structures, 25% subject to cliff revetment works, and 43km of the shoreline
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incorporating permanent groyne fields. The recent construction of offshore reef
breakwaters at Sea Palling is designed to protect the shoreline and ensure healthy
beaches are maintained.

The primary approach here is to ‘hold the line’ with some smaller areas favoured
for ‘do nothing’ and ‘managed retreat’.

Suffolk (Lowestoft to Harwich)

The main towns in the area are important for reasons of their commercial,
residential, recreational and tourism contributions and will continue to need
protecting from coastal erosion and flooding. Similarly, the continued protection of
Sizewell Nuclear Power Station situated towards the centre of the area, will need
to be ensured. The major Haven Ports complex, which includes Felixstowe, is also
found on this stretch of coastline. Many stretches of the coastline have substantial
conservation and landscape value including a number of sites of international
importance.

The strategic defence recommendations for the region comprise a balance of
selective protection where positive economic justification criteria are present,
combined with allowing ongoing erosional process in other areas to continue, thus
ensuring adequate longshore nourishment of adjacent natural beach defences. The
policies adopted are again a mix of the three approaches.

Essex (Harwich to Mardyke: R. Thames)

The Essex area includes tidal regimes within six estuaries and open coast. With few
exceptions, the coastal frontage is predominantly rural, incorporating nationally
and internationally recognised wildlife and conservation sites including coastal
marshes. Interspersed with such sites, important tourism and recreational
interests, along the coastline and estuaries, complement the more traditional
seaside resorts.

The coastline is characterised by an eroding or ‘drowned’ foreshore and a shoreline
that is artificial in nature due to extensive reclamation of saltmarshes during the
period 1650 to 1850. Much of the coastline is low-lying and protected by earth
flood embankments with sea facing revetment works. A combination of sea level
rise, increased storminess and land tilt is exerting unique and unrelenting pressures
on this stretch of coastline.

Two approaches have been adopted in the area, they are ‘hold the line’ and ‘do
nothing’, although in some areas where a medium term (10 years) ‘hold the line’
policy has been adopted, a longer term plan of ‘hold the line’ and ‘managed
retreat’ (in selective locations) is recommended. Future decisions in these areas
will be based on additional monitoring, modelling and economic evaluation to
ensure sustainable defence policies.

Energy and transport infrastructure

3.52. In terms of energy infrastructure, the East of England has several coastal
facilities, including a combined cycle gas turbine, a wind farm and two nuclear

Living with climate change in the East of EnglandPrgpared for the East of England Regional Assembly and

Stage 1 Interim guidance on spatial issues East of England Sustainable Development Round Table
February 2003 by Land Use Consultants in association with

CAG Consultants and SQW Limited



power stations (Figure 3.12). There are also two power stations in the Thames

Gateway (one oil/coal fired and one CCGT). Other Combined

Cycle Gas Turbine (CCGT) power stations are located throughout the west of the

region. Transmission lines and substations are located throughout the region.

3.53. The region has several airports, including Stansted and Luton, and several
major coastal ports, including the Haven Ports complex, which comprises
Felixstowe, Great Yarmouth and Lowestoft further up the coast (Figure
3.13). Rail infrastructure is typically north-south and includes rail links
between Lowestoft, Ipswich and London along the coast. Road
infrastructure is also found along the coast, including the A12 from Great
Yarmouth down through Colchester to London.

Climate change impacts
Water resource infrastructure

3.54. Climate change will have implications for water availability throughout the
region and therefore resource infrastructure requirements. In particular
temperature increases, changes in precipitation and increased climatic
variability will have implications for water resources. The Environment
Agency has carried out research based on the UKCIP98 scenarios®’ and is now
interpreting analysis carried out on the implications of the UKCIP02
scenarios. It will provide an ‘official position’ on climate change and water
resources shortly. A key difference between the scenarios, with water
resource implications, is that under the UKCIP02 scenarios drought
conditions are expected to be worse (due to larger summer warming rates
expected and summers predicted to become drier by a larger amount). The
Agency has indicated*® that the question of whether recharge in the region
will increase or decrease under climate change is still uncertain.

3.55. The following paragraphs present possible implications of climate change for
water resources, as discussed in the Environment Agency 25 year strategies.
As already noted these are based on the UKCIP98 scenarios and it is
recognised that there is a great deal of uncertainty attached to the findings,
but until findings based on the new UKCIP02 scenarios are available, they
represent the best source of information currently available.

3.56. The research based on the UKCIP98 scenarios, found that wetter winters and
drier summers, would mean that most reservoir systems and aquifers would

37 Research carried out for the Environment Agency by Arnell (1999) Effects of global
warming on water resources. Implications of multi-decadal variability and changes in year-
to-year variability - Report to the Environment Agency. Department of Geography,
University of Southampton. The findings of this research are presented in the Environment
Agency 25 year strategies for the Thames and Anglian regions - Water resources for the
future: A strategy for the Thames region March 2001 and Water resources for the future: A
strategy for the Anglian region March 200].

38 Pers comm. Paul Hart, Environment Agency.
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gain a little yield and that over a 25-year time period, estimated yields
would change by less than 1%. This led to an assumption that most public
water supply systems would at least retain their existing yields over the next
25 years. However, this finding may well change in light of the UKCIP02
scenarios.

3.57. The research based on the UKCIP98 scenarios also indicates that direct
abstractions will become less reliable in summer, as groundwater levels are
reduced. This means that abstractors, particularly farmers and industries
that rely on these sources, will have to consider adapting in some way if
they wish to maintain current levels of reliability. The water industry may
also face challenges to meet peak water demands when resources are
depleted, for example in long dry summers, which will become more
frequent. One would expect this conclusion to hold true under the UKCIP02
scenarios.

3.58. The Environment Agency 25-year strategies also look at how climate change
will affect demand for water. They predict that household water use is
likely to increase in times of peak demand (i.e. in hot, dry summers), and
agricultural demand for irrigation will increase as summers get hotter and
the growing season increases. Industrial use may increase, for example for
air conditioning, but it is expected that industry will continue to develop
water efficient technologies. This will be equally true under the UKCIP02
scenarios, under which the demand could well be even higher given the
more pronounced increases in summer temperatures and decreases in
summer rainfall.

3.59. Based on currently available resources and considering societal and
environmental demands for water, it is likely that deficits will occur in the
south-eastern part of the region, and Environment Agency research suggests
this could occur by 2025. However, for the reasons set out above the extent
and timing of deficits is far from certain.

3.60. Availability of water supply will therefore be a key issue for the water
industry to address, which could have implications for the location of
industry and housing. The region will also face external pressures on water
resources, particularly in the southeastern part of the region, from London.

3.61. Increased climatic variability with increased rainfall in winter, particularly
heavy rainfall, could also put pressure on drainage systems. Saline intrusion
could pose a threat to coastal aquifers, as sea level rises and groundwater
levels become depleted®. Although the study (based on UKCIP98 scenarios)
concluded that this would be of minor significance.

Flood defence

39 Water resources for the future.: A strategy for the Anglian region March 200]1.
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3.62.

3.63.

3.64.

3.65.

From the above discussion it is apparent that coastal and fluvial flooding as a
result of climate change could have significant consequences for all the
climate change impact topics (agriculture and forestry, natural and cultural
environmental assets, economy and housing and infrastructure). Many
existing flood defences will be unable to cope with the increased flood risks
posed by climate change, from increased winter precipitation and extreme
precipitation events leading to fluvial flooding and sea level rise and
extreme storm surges causing coastal flooding. The Environment Agency
does not have a clear handle on exactly what implications climate change
will have for flood defences, but it knows there will be ‘increased
pressure’®.

In terms of coastal defences several studies provide an indication of how
defences will become less effective. For example, where crest levels are
sufficient to defend against a 1 in 50-year event now, that same crest height
may in 2075 only represent adequate defence against a 1 in 25-year event®'.
The more recent UKCIP02 scenarios suggest that these figures may even
understate the issue. For example, a 1 in 150-year event at Immingham
(just north of the study region) could become a 1 in 7-year event by the
2080s under the Medium-High scenario (an intermediate scenario not
presented in this study).

However, the Environment Agency has also stressed that existing flood
defences will not be rendered useless by climate change, but the standard of
protection that they provide will diminish as sea level rises and winters get
wetter. Sea and tidal defences constructed since 1989 have a 6mm/year
allowance for sea level rise/NW-SE land tilt (agreed by DEFRA) built into
their design. For example, a defence with a 50-year asset life is constructed
300 mm higher than the level for the design standard, so that as sea level
rises the standard of protection diminishes to the design standard that will
apply at the end of the 50-year asset life*.

Our understanding of the geographical extent and magnitude of climate
change related to flood risk is far from complete. So far flood risk maps for
climate change related flooding, have not been produced (the indicative
floodplain maps currently produced by the Environment Agency, which are
widely used, are based on current flood risks, but do not take into account
the increased risk which climate change will pose as sea level rises). The
Environment Agency are working on the Extreme Flood Outline Project which

40 Pers comm. Paul Hart, Environment Agency.

41 National appraisal of assets at risk from flooding and coastal erosion, including the
potential impact of climate change. DEFRA, July 2001. The future climate assumptions used
in this study are based on results from the UKMet Office Hadley Centre for Climate
Predictions and Research (HADC2) and the Max Planck Institute for Meteorology (Hamburg)
(ECHAM4) models.

42 Pers comm. Environment Agency

Living with climate change in the East of EnglandPrepared for the East of England Regional Assembly and
Stage 1 Interim guidance on spatial issues East of England Sustainable Development Round Table
February 2003 by Land Use Consultants in association with

CAG Consultants and SQW Limited



3.66.

3.67.

3.68.

3.69.

will show the 1:1000 return period including an allowance for climate change
to guidelines suggested by DEFRA®. Also the Department of Treasury (DT)
Foresight Programme on Flood and Coastal Defence is engaging leading
scientists and engineers to produce independent, evidence-based advice to
inform development of future policy and action for flood management. The
first stage of this work will involve developing scenarios and examining
potential responses.

The REGIS study attempts to estimate the potential spatial extent and
magnitude of climate change related flooding in East Anglia. In East Anglia
effective sea level rise will be greatest in the Fens and Norfolk Broads
because of localised land subsidence, as the remaining peat wastes away.
Most of the Fens already lie below high tide. Possible increases in storminess
as a result of climate change may exacerbate flood risks. Most flood risks
and breaks of sea defences occur during storms, but climate models are not
yet reliable at making predictions of trends in storminess.

A final cause of flooding is likely to be higher winter river flows. The REGIS
study uses earlier work to form the assumption that extreme fluvial flood
flows will be 5% greater than today under the REGIS low climate change
scenario (i.e. UKCIP98 Low Emissions scenario) and 20% greater under the
REGIS high emissions scenario (i.e. UKCIP98 High Emissions scenario). In East
Anglia, many of the catchments where peak flows in winter are likely to
increase, are in coastal areas, where the rise in sea level will also raise the
height of the river flows. This combined pressure will greatly reduce the
effectiveness of flood defences in these areas.

The REGIS flooding studies assume no adaptation to the increased flood
risks, even though such policies are already adopted for new or improved
flood defence works. The consequences of climate change under the REGIS
Low Emissions scenario are relatively small. However, under the REGIS High
Emissions scenario, high water levels currently experienced only once a
century, on average, could occur every two to eight years. In the absence of
enhanced adaptation this will have an impact on defence standards. In the
Fens, where the effect is likely to be compounded by greater river floods
and land subsidence, there will probably be severe and routine flooding over
a wide area, without further adaptation through investments in defence.
Without further investment in flood defences, floods will sometimes invade
urban areas and infrastructure such as roads.

Several studies have estimated the possible costs of flood damage. A study
by DEFRA* provides the best available data at the country scale on flood and
coastal erosion risk for policy development purposes. This study found that

43 Personal communication with Peter Gilkes, Environment Agency, Project manager for the
Extreme Flood Outline Project

44 National appraisal of assets at risk from flooding and coastal erosion, including the
potential impact of climate change. DEFRA, July 2001
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3.70.

3.71.

3.72.

under existing defence conditions annual average damages from tidal flood
damage to built property, in the Anglian Region,* would be £71 million by
2075; this is 332% of current annual average flood damage. Tidal flood
damage in the Lower Thames region is estimated to be in the order of £163
million, although this does not include any increase in damage from flooding
in the Tidal Thames upstream of the Barrier due to the assessed 0.1%
defence standard in this reach. Increases in fluvial flood damage to built
property in the Anglian Region could amount to between £78 and £111
million, under 10% and 20% flood flow increases, respectively. The REGIS
study has separately assessed that if there is a higher degree of climate
change than assumed in the DEFRA study and more urban development,
damages could be in the order of £950 million per year in East Anglia.

Both studies conclude that it will be well worthwhile for society to continue
to provide high standards of protection for the most significant risk areas.
The DEFRA study notes that advance investments to accommodate climate
change would also be worthwhile. But given the possibility that sufficient
investment to maintain or improve current defence standards throughout
may not be forthcoming, there is a very real need for a strategic framework
to guide the difficult decisions necessary*. Furthermore, the cost estimates
outlined above are based on the costs of damage to built property. A
sustainable strategy should take into account the environmental costs of
providing such defence. Also including fundamental decisions about whether
we should continue to increase vulnerability, by increasing the value of
assets in vulnerable areas, for example, through increasing investment in
housing and in economic development in areas which rely on increasing
defence capabilities. These difficult but important issues are discussed
further in Section 4.

Energy and transport infrastructure

The main climate changes affecting energy and transport infrastructure are
those leading to increased flood risks. Existing energy and transport
infrastructure will be susceptible to coastal and fluvial flooding, and the
location of new infrastructure will be affected by flood risk. Flood risk is
likely to affect coastal areas in particular, as well as inland areas at risk
from fluvial flooding.

A major consideration in terms of energy generation is the long-term
liabilities of the two coastal nuclear sites at Sizewell and Bradwell. The
latter closed last year and Sizewell A will close in 2006, whilst Sizewell B will
continue to operate for some time to come. The length of time required for
decommissioning (in excess of 100 years), the presence of radioactive waste

45 The Environment Agency Anglian region corresponds most closely with the East of
England, although it does include parts of Lincolnshire which are in the East Midlands, and
omits the southern part of the East of England, which is in the Thames region.

46 Flood and Coastal Defence Research News. Issue 1 4 June 2001. DEFRA/EA.
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3.73.

3.74.

3.75.

3.76.

on the sites, and the fact that Sizewell B is located next to Sizewell A will

mean both sites will still need defending from rising sea levels and coastal
erosion until fully decommissioned (well beyond the period covered by this
study).

Parts of the transport infrastructure in the East of England is located close to
areas at risk of coastal or fluvial flooding. For example transport links from
Ipswich to Peterborough, the A12 from Great Yarmouth to Ipswich and the
East Coast rail link from Lowestoft to London, via Ipswich and Colchester.
However, the Environment Agency has indicated*’ that major links are not at
risk. They have stated that if the Fens were intentionally flooded (i.e.
returned to their pre-agricultural state), major work would be needed to
maintain the rail links in these areas. Otherwise it is envisaged that Ipswich
to Peterborough rail links would require only limited improvement. Norwich
to Peterborough road links are also constantly being improved. The main
transport issues would be local access, which is not well defended and would
be overwhelmed in emergencies. New schemes are already being designed
to new standards and most are unlikely to be at risk, except in storms. The
Environment Agency believes that upgrading standards of design will be
adequate to cope with the potential impacts of climate change®.

Climate change will also affect infrastructure outside the region, which
could have a knock-on effect in the East of England. In particular impacts on
London’s infrastructure would have a serious knock on effect for businesses
throughout the East of England and workers who commute from the region
into London.

Existing infrastructure may also be susceptible to subsidence, which is likely
to be a particular issue in the central and southern parts of the region
underlain by clay soils. Possible higher wind speeds and storms could
threaten electricity transmission lines.

On a positive note, there is likely to be increased potential for renewable
energy generation, particularly solar power generation as temperatures and
sunlight increase. There may also be increased opportunities for offshore
wind generation, although the extent of changes to wind speeds are
uncertain, as discussed earlier.

Table 3.4: Main climate change impacts facing infrastructure

Main impacts facing infrastructure -water resources, Spatial extent of impact

flood defence, energy and transport

e Climate change is likely to cause demand for water to Region wide
increase;

47 Pers comm. Paul Hart, Environment Agency

48 As above.
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Main impacts facing infrastructure -water resources, Spatial extent of impact

flood defence, energy and transport

e Uncertainty over implications for water availability for | Region wide, and particularly
public water supply systems, but especially under the to south of region
High Emissions scenario there may be adverse impacts
on availability;

e Vulnerability of water supply systems to long dry Region wide, and particularly
periods; water infrastructure may not be able to cope to south of region
with long dry spells in summer, and there may be
shortages of water available for direct summer
abstractions;

e Combined potential supply pressures and demand Region wide, and particularly
increases could lead to supply deficits especially in the | to south of region
southeastern part of the region;

e Saline intrusion into coastal aquifers is a further risk to | Coastal
groundwater resources, although currently assessed as
a relatively minor issue;

e Increased climatic variability and increased winter Region wide
rainfall could put pressure on drainage systems;

e Coastal and fluvial flooding will have impacts on many
aspects of the regional economy, society and
environment. Existing flood defences will face
increased pressure and the costs of flood damage to
built property, without increased defences, could be

Coastal and areas at risk of
fluvial flooding

significant;

e Flood risk is likely to be the most important factor Coastal and areas at risk of
affecting existing energy and transport infrastructure, fluvial flooding
and in future locational decisions;

¢ Increased frequency of storms damaging electricity Region wide but greatest in
transmission and distribution systems; coastal areas

¢ The nuclear energy plants on the coast will require Coastal

continued coastal defence at least until fully
decommissioned (a period beyond the timeframe of
this guidance);

e Infrastructure also susceptible to flood risk and Particularly south of region
subsidence;
e Summer surges in electricity demand for cooling on Region wide

extremely hot days.

Stakeholder workshop discussion

Key climate change impacts facing infrastructure - water resources, flood
defence, energy and transport

The regional stakeholders identified the following as being of particular concern:

e Water will drive the key impacts; there is too much in some places and not
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enough in others;

e Coastal and fluvial flood defence, including where to concentrate flood
defences;

e Issues surrounding water transfers;

e The likely high cost of infrastructure for both water transfers and flood
defences e.g. in the Thames Gateway;

e Insurance and risk;

e Water resources and supply, including for habitats such as wetlands, particularly
in the southeast;

e Land use and water quality;

e Impact on transport infrastructure, especially in coastal areas and whether such
infrastructure should receive further significant investment.
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4. SPATIAL GUIDANCE

KEY DECISIONS TO BE MADE

4.1. It is clear from the previous section that the impacts faced by the East of
England as a result of climate change are significant, and will require long-
term planning. This section presents a discussion of some of the decisions
that will need to be made as the region attempts to adapt to climate
change, such as:

e In terms of water supply, there is a need to acknowledge that emerging
deficits will be exacerbated by the expected demographic trends, unless
patterns of water use are encouraged to change. Management decisions
need to be made in terms of infrastructure needs. Demand management
measures could also become increasingly important in order to encourage
self-sufficiency;

e In terms of flooding, a key issue is to decide whether the region should
protect against flooding and what it should be aiming to protect;

e Continuing decisions need to be made regarding managed realignment;

¢ Animportant question regarding environmental assets centres around
what should be allowed to change and what the region should aim to
retain. This may also have bearings in terms of environmental law;

e The cost of ‘technical fixes’ is also an important issue. Technical fixes
are often possible, but whether they are desirable from a sustainability
perspective is questionable. The issue of the value of community and
other intangible values is relevant in this context;

e Decisions also need to be made in terms of suitability of agricultural
systems and agricultural land use patterns;

e Risk, insurance, societal response and political factors could have a
significant bearing on the range of options available for addressing
climate change.

4.2. Inresponse to these issues and on the basis of our research and the views
expressed by stakeholders at the workshop, this section sets out:

e The existing regional policy context;

e Potential adaptation measures for each of the climate change impact
topics described in Section 3;

e A set of suggested spatial guiding principles for dealing with the impacts
of climate change;
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4.3.

4.4.

4.5.

4.6.

4.7.

e Discussion of the implications of applying these principles to the East of
England.

EXISTING SPATIAL POLICY CONTEXT

It is very important to remember, that the region is not starting with a
‘blank canvas’ - it has invested a huge amount in built development and
infrastructure. Not forgetting to mention the very significant, but intangible
value of communities - and indeed this is why it is so important to plan for
and respond to climate change, as there are important assets that are
potentially at risk.

Thinking purely in terms of climate change may lead one to recommend a
particular course of action in terms of location of development and
principles governing development and other activities. However, existing
patterns of development and infrastructure and policy objectives that are
already in place may conflict with principles for climate change adaptation.

Regional Planning Guidance is currently set out in RPG 6 (RPG for East Anglia
to 2016, November 2000) and RPG 9 (RPG for the South East, March 2001).
The regional boundaries have since been revised, and the East of England
incorporates the whole of East Anglia and the counties of Bedfordshire, Essex
and Hertfordshire which were formerly in the South East region).

RPG 6 sets out a strategy that is designed to:

e Provide for continued population growth and meet the housing needs of
all sections of the community;

e Provide for sustained economic growth across the region above the
national rate;

e Concentrate development in the main cities and larger towns in
preference to the smaller towns and villages and within built-up areas in
preference to previously undeveloped land. In rural areas development
should be focused on market towns which have access to good quality
public transport where this would contribute to greater self containment;

e Protect and enhance the distinctive environmental qualities of the
region, enhance biodiversity and diversity in local landscape and urban
character;

e Resolve environmental, economic and social problems and in particular
address the remaining disparities in opportunities and quality of life
across the region, through a focus on the priority areas of regeneration.

RPG 6 makes only limited reference to climate change. The main issue
addressed is in relation to the water environment, such as coastal and fluvial
flooding. However, other aspects of RPG 6, such as the general distribution
of development, are likely to be affected by the impacts of climate change
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in the future. For example, RPG 6 sets out policies in relation to
regeneration and identifies the coastal towns of Great Yarmouth and
Lowestoft as Priority Areas for Regeneration and priority locations for
employment. In climate change terms, however, such areas are potentially
quite vulnerable, and are likely to require significant investment in flood
defences, which may be very costly with a high degree of risk attached.

4.8. RPG 9, which includes London and a number of counties outside the East of
England region, sets out a series of key development principles. This is
followed by a core strategy that recognises the importance of the region for
its links with Europe and the rest of the UK, in particular from London. It
identifies the regeneration of Thames Gateway as a regional and national
priority, as a vital and major contributor to the growth of the regional
economy and enhancement of its environment. In the Rest of the South East
(ROSE), priority areas for regeneration (PAERs) are identified in a number of
locations, including Harlow, Luton, Dunstable and Houghton Regis and the
Tendring Coast, which now fall within the East of England region. East
London and the Lea Valley are also identified as a PAER on the edge of the
East of England. The Western Policy Area in RPG 9 falls outside the East of
England region. The need for a strategy for a London-Stansted-Cambridge
sub-region is also identified.

4.9. The significance of climate change is recognised in RPG 9, which states that
greater attention needs to be given to planning new developments so as to
avoid areas with a tendency to flood and to take account of the availability
of water resources. It also recognises other implications of climate change,
such as the need to anticipate deterioration of built structures, to avoid
disruption to transport and power supplies or changes in cropping patterns,
and the associated development required for processing and storage.
However, it is not clear how (or whether) these have influenced the overall
spatial distribution of development in the region, beyond more local
adaptation measures and planning considerations.

4.10. Regional policy is also influenced by national decisions. Three national
growth areas have recently been identified by the ODPM*, which lie largely
or partly in the East of England: Thames Gateway, London-Stansted-
Cambridge and Milton Keynes-South Midlands. A fourth growth area,
Ashford, lies outside the region.

CLIMATE IMPACT STUDIES IN NEIGHBOURING REGIONS

4.11. London and the South East have both completed studies looking at the
impacts and approaches to dealing with climate change. The issues for
London are examined in the study: London’s warming: The impacts of
climate change on London. This study provides a detailed overview of a

49 ODPM (2003) Sustainable communities for the East of England: Building for the future.
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4.12.

4.13.

4.14.

4.15.

wide range of impacts facing London at differing spatial scales. Key
messages include:

e Flood risks facing London. Unless investment in flood management
measures is continued, the increased risk of flooding could lead to
damage of buildings and property, and disruption of London’s transport
network;

e New developments to address the growing demand for housing will need
adequate flood protection from all flood sources;

e London is already one of the driest capital cities, and climate change
could reduce the amount of water available and increase demand in
summer;

¢ London may also be particularly sensitive to increases in temperature in
the future because of the urban heat island effect;

e The study also highlights possible opportunities, including benefits to
tourism and recreational industries.

The study provides general adaptation options and comments on the
implications for spatial planning. For example, in relation to the Draft
London Plan it notes that some of the areas of significant housing
development planned for East London are at increasing risk from flooding,
and general adaptation possibilities are suggested. Similarly the potentially
very significant water shortages, which London may face, are flagged up,
and again general adaptation measures are suggested.

Rising to the Challenge: Impacts of climate change in the South East in the
21 century similarly provides a synthesis of the range of impacts facing the
South East. It looks at impacts facing the coast, the countryside, heritage,
water supply, the floodplain and the economy. Again, the significant
challenges posed by rising water demand and supply issues and flood risks
are highlighted.

The study sets out the importance of developing a sustainable approach to
managing the threats and making the most of the opportunities presented by
climate change. The study notes the importance of a ‘new planning agenda’
to ensure integrated regional decision-making, which manages the
uncertainties posed by climate change.

CLIMATE CHANGE IMPACT TOPICS - POTENTIAL ADAPTATION
MEASURES
Whilst our understanding of the forecast impacts of climate changes is

improving all of the time, we are still in the early stages of preparing a
response. A study undertaken by Environment Resources Management (ERM)
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4.16.

4.17.

on behalf of the Office of the Deputy Prime Minister, then DETR, provides a
good overview of potential adaptation responses available to a range of
sectors. In order to further explore the implications, attendees at the
workshop were asked to put forward their ideas about how we should be
aiming to adapt to the impact of climate change for each of the climate
change impact topics described in Section 3. The findings are set out below.

Agriculture and forestry

In terms of agriculture and forestry a range of specific adaptation measures
are suggested in the ERM report, although some are more applicable at the
local response level than at a strategic level. Adaptation measures include:

e Adoption of better adapted crop varieties and animal breeds;
e Adoption of techniques to control soil erosion;

e Close crop monitoring;

e Development of weed, pest and disease control strategies;

e Adoption and development of appropriate low-cost water conservation
and water-efficient irrigation methods;

e Protect existing trees and forests and enforce/enhance protection;

e Avoid sites for forestry that are likely to be affected by increased wind
and storm risks or reduced soil moisture/drought, possible use of new
species should be taken into account;

e Use appropriate species mix.

The views expressed by stakeholders at the workshop, in relation to
adaptation measures for agriculture and forestry, are presented in the box
below.

50 ERM (2000) Potential UK adaptation strategies for climate change: Technical report
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Stakeholder workshop discussion

The workshop attendees agreed that the approach for agriculture and forestry
should be to work with the impacts of climate change, rather than defend against
them. Consistent with this approach should be a general aim to look for
opportunities to secure positive benefits. For example, increasing woodland
planting (it was noted that multi-use woodland is now more important to the
region than commercial forestry) can help to maintain clean water and alleviate
run-off and flood risk. Another example suggested was looking to achieve import
substitution, such as tomato canning.

In order to adapt to climate change, it was recognised that significant challenges
lay ahead, such as:

o The type of crops that might be best placed to benefit from longer growing
seasons are in many cases likely to be water thirsty (e.g. some bio-energy
crops may be good as alternative sources of energy, but bad in terms of water
use), at a time when water resources are likely to become more scarce;

e The region may need to re-think how it deals with water resource issues at
both the strategic and local levels, with an increased emphasis on demand
management;

o If irrigation is not possible because of lack of water resources, then the land
use implications are likely to be significant in terms of the types of crop that
can be grown;

o Farmers working land on the coast are likely to be particularly affected, and as
a result there needs to be a policy response to compensate for loss of
productive farmland, if a policy of managed retreat is pursued - parts of
Suffolk and Essex are likely to be particularly vulnerable;

¢ It may be necessary at some stage to decide where the thresholds to different
approaches to agriculture and forestry lie (in line with the above issues);

e More stringent controls on agricultural inputs will be required in order to
maintain environmental quality at a time of increased stress;

e Rural communities and the rural economy will heed to be more flexible than in
the past to adapt to the challenges and opportunities that will result from
climate change.

While it is clear that there is still some uncertainty, as to what approach should be
adopted, because of the likely significance of issues, such as availability of water
resources for irrigation. There was a general feeling that climate change could
bring opportunities for agriculture and woodland so long as a flexible stance is
taken by the industry and by local people.

Environmental assets

4.18. The possible changes facing natural assets, in particular habitats and

biodiversity, leave environmental managers with difficult decisions to make.
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Habitats and populations currently protected or valued may become
impossible to maintain and habitats, which are currently unprotected may
become scarce and/or vulnerable and thus merit active management for the
first time. Moreover entirely new biodiversity benefits may become
possible.

4.19. In terms of nature conservation, the ERM adaptation study notes the
importance, under the law, of seeking to ensure that designated areas
continue to meet their nature conservation objectives. Under the EU
Habitats and Birds Directives, member states are obliged to maintain the
ecological integrity of the network of SACs and SPAs. Decisions, for
example, in relation to managed retreat and flood defence works must
adhere to this, which could potentially limit the possibility of allowing
habitats to change and evolve with climate change. However, where it is
not possible to protect a site from the impacts of climate change, evolution
may necessarily have to take precedence.

4.20. The study notes that adaptation responses should, where possible:
¢ Rely on natural migration processes;

e Facilitate colonisation whereby barriers to the continuation of natural
ecological processes are removed;

¢ Undertake wholesale re-creation or restoration of habitats that have
been lost or are under serious threat.

4.21. Several ‘no regrets’ actions are suggested:
e Improve protection and management of existing designated areas;

e Ensure policy builds on the natural dynamics of ecosystems and
incorporates buffer zones in designated areas;

e Incorporate opportunities to facilitate colonisation in agri-environment
schemes, flood defence schemes and coastal planning.

4.22. The study suggests possible changes to nature conservation policy, including
changing the site designation system in light of the more dynamic context
created by climate change. For example, creating buffer zones, considering
de-designations and addressing the issue of losing sites that may potentially
become important in the future. Strengthening conservation systems,
outside designated areas, could support this, which is the way policy is
already starting to move, through, for example, English Nature’s Natural
Area approach.

4.23. In terms of cultural assets, measures will need to take place at the local
level, which will be covered in Stage 2 of the study.
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4.24. The views expressed by stakeholders at the workshop, in relation to
adaptation measures for environmental assets, are presented in the box
below.

Stakeholder workshop discussion

Again, the workshop attendees generally agreed that the approach for
environmental assets should be to work with climate change. For example, in
terms of landscape the focus should be on the wider countryside, accepting that
designated areas will change and that we probably cannot and should not attempt
to stand in the way of such change. Similarly, the general view was expressed
that we should plan positively to create new habitats and landscapes, and provide
corridors and stepping stones to allow species to adapt and migrate, in order to
embrace the opportunities created by climate change.

However, several important issues were raised which must be resolved in order to
determine an appropriate response to climate change, including:

¢ The need to consider what assets are tradable and which are irreplaceable;

e Linked to this is the requirement of European law and whether this provides a
decision making framework that allows such decisions to be made; at present
there is a strong focus on protecting and preserving designated nature
conservation sites.

The general feeling amongst workshop attendees appeared to be that we would
have to accept that there would be some losses of habitats and landscapes.

Housing and the economy

4.25. There is a wide body of literature on local level adaptation measures for
housing and building design; however at the strategic spatial level,
adaptation responses very much depend on responses to the other impact
topics, such as how water demand and flood risk are to be addressed. These
issues are addressed in the next section on infrastructure adaptation
measures.

4.26. The views expressed by stakeholders at the workshop in relation to housing
and the economy are presented in the box below. Again, most of these were
infrastructure oriented.
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Stakeholder workshop discussion

Several priority issues were highlighted which need to be addressed in order to
determine an appropriate approach for housing and the economy in relation to
climate change. In the most part these were identified as being water related:
i.e. water supply and flood risk. In terms of water supply several issues were
identified:

o Water supply issues are already apparent;
o Certain types and location of development will make the problem worse;
e A variety of solutions will be required to address water supply issues.

Adaptation measures suggested for dealing with water supply issues were wide
ranging. Some suggested RPG should promote reservoir construction and look at
water transfer opportunities; although the cost implications of these measures was
recognised. Others felt that water supply constraints should be taken into account
more fundamentally in determining spatial development patterns and that the aim
should be for the region to be more self sufficient in meeting its water demands.
This would have implications for the nature and scale of future development.

A need for other measures to address water supply constraints was also raised,
including promotion of water efficiency and re-use, such as through building
regulations, local authority mechanisms and targets.

In terms of flood risk the following issues were raised:

e Some parts of the region are already susceptible to flood risk, including
existing developed land, and this needs to be taken into account when looking
ahead;

e There is a need to address current problems and avoid creating further
problems in the future;

e There is a need for better information on risk;
e Flood risk will challenge the urban structure.

The workshop attendees agreed that there is a need to identify areas to protect
and areas where managed retreat strategies should be employed. The issue of
cost was raised, which could influence this decision (e.g. cost of urban
restructuring to avoid flood risk, cost of new settlements to avoid flood risks and
the possibility of some form of climate change tax, was raised as a mechanism to
meet such costs).

The workshop attendees also noted that climate change could create economic
opportunities such as changes in agriculture, possibilities for tourism development,
and linked to this, economic regeneration of coastal settlements, although this
would also depend on the approach taken to managing coastal flood risks. There
could also be opportunities for alternative energy. The overall feeling was, again,
that we should be seeking to work with climate change, rather than against it,
recognising that this will affect our approach to economic and other development
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4.27.

4.28.

4.29.

4.30.

in terms of its geography, scale and character.

Infrastructure

Some critical decisions will have to be made with respect to infrastructure,
particularly in relation to flood defence and water supply infrastructure.
Water issues have been identified as key to the region’s response to climate
change - in terms of both flood defence and water supply. Should the aim
be to defend the coast from flooding at all costs, or should there be some
managed retreat? And should the aim be to provide technical fixes to
overcome water shortages or should a more sustainable and self-sufficient
approach be adopted?

Water resources

The ERM adaptation study suggests a number of adaptation responses for
water resources including:

e More flexible forward resource management planning;

e Developing a range of possible supply-side options to deal with the
expected shortfall of supply. These could include reservoirs, conjunctive
use schemes (where winter river flows are stored in uplands as
groundwater for release during the summer months), bulk transfer
schemes, desalination plants and leakage reduction;

e Improving domestic water demand management measures so that the
shortfall in supply can be minimised as much as possible;

e A number of measures for adapting to changes in water quality such as
controlling discharges and better catchment management.

A number of ‘no regrets’ actions:

e Awareness raising of water scarcity issues;

Demand side management measures;
e Addressing leakage reduction in priority areas.
Flood risk

The ERM adaptation study suggests the following possible adaptation
responses to flood risk:

e Accelerating investment in existing programmes of coastal and river flood
defences to protect flood prone areas against increased risks from
climate change;
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e Avoiding, or ensuring adequate protection for, new development in areas
likely to be at increased risk of flooding.

4.31. The approach advocated by the Environment Agency seeks to provide
adequate, economically, technically and environmentally sound and
sustainable flood and coastal defences and to discourage inappropriate
development in areas at risk from flooding®'. In responding to climate
change, the Environment Agency is advocating ‘holistic’ approaches to
defence, which rely on ‘joined-up’ understanding of complex river and tidal
systems and on realism about where homes and infrastructure can be sited in
the future®. The Environment Agency supports sustainable defences being
‘designed in’ to developments at the outset and also supports managed
realignment in appropriate circumstances, particularly in agricultural areas.
For example, it has publicised several examples where saltmarshes have
been created on agricultural land in order to provide nature conservation
benefits as well as flood protection to homes and agricultural land.

4.32. Linked to the idea of a holistic, joined-up approach, is a further possible
adaptation measure. This is to avoid development in areas that might worsen
flood risk elsewhere, and to avoid development in locations, which might in
future provide vital flood management services, for example, space for
balancing ponds for temporary water storage.

4.33. The ERM adaptation study provides a useful overview of adaptation measures
open to the insurance industry, which will evidently have major implications
for housing and the economy in the face of increasing flood risks. It notes
that the sector needs to respond to flood and coastal damage in a way that
will not cause illogical or unconsidered responses in the market. Responses
might include:

e Publishing risk maps for the UK or discussing them with a wider audience;
e Withdrawing insurance cover for new build in flood risk areas;

¢ Introducing Building Research Consultancy (BRE) recommended building
codes for new buildings.

4.34. The study identifies several ‘no regrets’ actions:

e Improve flood risk identification;

e Raise awareness of practical steps to minimise exposure to flood damage
risks;

51 DEFRA (2002) The Environment Agency’s objectives and contributions to sustainable
development: Statutory guidance by the Secretary of State for Environment, Food and Rural
Affairs.

52 Environment Agency journal: Environment Action (January 2003) Flood supplement: A hard
rain pp.18-19.
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e Use planning and insurance to help discourage future development in
high risk areas.

Transport and energy infrastructure

4.35. Asis the case for housing and the economy, there is much that can be done
at the local level. For example, in terms of design to adapt to climate
change; however at the strategic spatial level, adaptation responses very
much depend on broad locational decisions, which will depend on responses
to other impact topics, such as how flood risk is to be addressed.

4.36. Design issues that are carefully considered spatial decisions could help to
adapt to the impacts of climate change on infrastructure. However, in
terms of access to vital services, which traditionally depends on transport
infrastructure, there may be benefits of making access less dependent on
mobility, for example, by delivering public services nearer to users and
increasing the diversity of local economies.
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Stakeholder workshop discussion

The workshop attendees discussed the issues surrounding infrastructure, in
particular in relation to water resources and flood defence and came up with the
following responses:

e Water supply is already an issue and in areas where the problem is acute (e.g.
parts of Essex), the nature and scale of any future development will need to be
carefully considered;

o There will be a need to plan for more winter water storage;

e A policy stance should be taken to locate certain types of new development
outside areas at risk of climate change related flooding. Decisions in relation
to location of all new development, energy and transport infrastructure should
be based on the need to minimise risk of flooding;

e New transport infrastructure should be located away from groundwater
sensitive areas, since areas prone to soil cracking and leaching could be highly
susceptible to pollution.

The attendees also discussed how decisions should be made in relation to flood
defences. The issue of cost was raised; there was a feeling that some form of
cost-benefit analysis should be used to determine those areas that should be
defended, taking into account monetary costs as well as environmental and other
values. Similarly it was felt that cost should be taken into account when
considering water supply infrastructure decisions, since a technical fix will usually
be possible, but may not be desirable, when less tangible costs are taken into
account as well as monetary costs and values.

However, the attendees raised the challenging question of what value should be
placed on communities. For example, it is very difficult to weigh up the value of
existing communities (in social, economic and environmental terms) against the
monetary costs of providing or not providing flood defence.

Linked to the difficult issues surrounding defending against flooding versus
managed retreat, are concerns relating to equitable compensation for loss of
property affected by policies for dealing with climate change and local concerns
over the difficulties and cost of insuring property that may be at risk from sea-
level rise.

The attendees also suggested other measures, which will be important at the local
level for dealing with pressures on infrastructure, such as Spatial Planning
Guidance (SPG) on design for buildings to minimise flood risk and subsidence, and
SPG to promote water efficiency and sustainable urban drainage systems (SUDS).

PRINCIPLES FOR LIVING WITH CLIMATE CHANGE

4.37. The analysis of the impacts of climate change, the review of relevant

scientific and policy literature, and the discussions held by attendees at the
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4.38.

4.39.

4.40.

4.41.

4.42.

4.43.

workshop, provide a good basis for considering how the East of England
should begin to go about planning to live with climate change.

We have developed a set of ‘spatial guiding principles’ based on this
context, which will help decision makers to plan for climate change. The
principles reflect guidance on climate change responses set out in PPG 11:
Regional Planning, which states that:

“RPBs should consider their regions’ vulnerability to climate change using
the most recent climate change scenarios available from the draft UK
climate impacts programme..... The spatial strategy for the region should
take account of the need to avoid new development in areas that increase
vulnerability and consider possible adaptation options for vulnerable areas”

(p-19)

The principles seek to influence the pattern of spatial development from a
climate change perspective. However, there will of course be many other
policy objectives, some of which may require a different spatial response.
Indeed, a response that focuses purely on living with climate change may not
necessarily be the most appropriate response under other sustainability
objectives. The aim of this report, though, is to draw out the climate
change dimension to inform the debate on regional priorities and spatial
planning, and should be read in this light.

It should be remembered that the study is focussed on climate change
response rather than mitigation of impacts and the principles developed
reflect this.

The overarching aim sets out a position that acknowledges the reality of
climate change and a willingness to respond positively to it:

Overarching Aim for Living with Climate Change in the East of England:

To work with climate change, rather than against it and manage the
impacts for the benefit of future generations

Whilst many of the adaptation measures that will need to take place will be
at the local level (e.g. the form and design of development), there will be a
number of major decisions that will have to be made at the regional scale,
particularly with respect to planning for the spatial distribution of
development.

In order to guide spatial development, a key spatial guiding principle is
suggested:

Key Spatial Guiding Principle for Living with Climate Change in the East of
England:

To reduce risk by guiding new development to those locations least
vulnerable to the potentially adverse impacts of climate change
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4.44. In order to inform the key spatial guiding principle, a number of supporting
guiding principles have been developed. These aim to address all of the
main spatial climate change impacts that are likely to affect the East of
England. Reflecting the views of the stakeholders attending the workshop
and our understanding of the sort of response that will be required in the
longer term (i.e. over the period to 2100 covered by the UKCIPO2 research,
rather than the shorter term time horizons of RPG and other related
strategies).

Supporting Spatial Guiding Principles for Living with Climate Change in
the East of England:

e Protect existing land uses from the impacts of sea level rise and
fluvial flooding only where the benefits of doing so in environmental,
economic and social terms clearly outweigh the capital and revenue
costs

e Avoid allowing development in locations that could constrain or
reduce effectiveness of future options for adaptation (e.g. allowing
development in areas that might prevent effective coastal and
fluvial flood management in the future)

e Where possible, allow for sea level rise to take its natural course

e Avoid new development being located in areas at risk from sea level
rise and storm surges

e Guide new development to areas not at risk from fluvial flooding

e Minimise the requirement for ‘technical fixes’ to solve flooding and
water supply issues

e Encourage local access to goods, services and facilities in order to
reduce the need for movement and reliance on transport
infrastructure that could be vulnerable to climate change impacts

e Guide new development to locations that are least likely to
experience water supply shortages

e Guide development to locations that will not be at risk from
subsidence arising from climate change (e.g. clay soils)

e Exploit the environmental, social and economic opportunities
afforded by climate change

e Where possible compensate for loss of habitats by creation of similar
habitats in less vulnerable areas
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4.45.

4.46.

4.47.

4.48.

4.49.

e Identify opportunities to create new habitats and landscapes as a
result of climate change and create corridors and stepping stones to
allow species to adapt and migrate

e Promote agricultural production systems in areas that are
compatible with and adaptable to the impacts of climate change

The principles outlined above provide a framework for planning the future of
the East of England, if the impacts of climate change are to be taken fully
into account.

In order to explore the implications of these principles if they were to be
pursued, we have applied them to four further aspects:

e To break down the East of England region into ‘climate change sub-
regions’, in order to define those parts of the region facing similar
challenges from the impacts of climate change, which may therefore
require a co-ordinated response;

e To consider what these principles mean, in spatial terms, for the four
climate impact topics (agriculture and forestry, natural assets, housing
and the economy and infrastructure);

e To appraise the RPG14 Options Consultation Document Spatial Scenarios
to determine where their strengths and weaknesses lie in climate change
terms;

e To consider what spatial issues with respect to climate change impacts
are relevant to other regional strategies.

CLIMATE CHANGE SUB-REGIONS

The impacts of climate change are likely to vary across the region,
depending upon the natural characteristics of the area affected (e.g.
whether it is low-lying, or has scarce water resources) and the vulnerability
of human assets affected (e.g. patterns of development). We have sought to
map this variation with reference to ‘climate change sub-regions’.

The sub-regions reflect both intrinsic natural character (informed by English
Nature’s ‘Natural Areas’) and human issues, such as the pattern of
development, future development policies and economic conditions and also
the climate change pressures facing the areas, such as coastal flood risk.
The sub-regions help to distinguish between issues that affect specific areas
and identify overlaps of others, will help to guide the scale and distribution
of development in climate change terms.

Five climate change sub-regions have been identified: The Coast, the Fens,
the Thames Gateway and fringes, the Southern Heartland and the Northern
Heartland. These are shown on Figure 4.1. The key characteristics and
climate change vulnerabilities of each sub-region are summarised below,
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4.54.

4.55.

4.56.

together with an indication as to which of the guiding principles are most
likely to be relevant to each sub-region (summarised in Table 4.1).

The Coast

The Coast broadly comprises the Natural Areas of North Norfolk, The Broads,
Suffolk Coast and Heaths and the northernmost part of the Greater Thames
Estuary. The natural character of The Coast is quite varied, containing for
example the extensive dune systems to the north and the lowland heath to
the south. It is a very dynamic part of the East of England region, with
strong coastal processes at work. The Coast is home to some of the region’s
most important wildlife habitats (e.g. intertidal mudflats especially
important for waders).

In terms of human activity, The Coast is characterised by relatively remote
and rural and coastal communities, interspersed by larger towns such as
Great Yarmouth and Lowestoft. Pockets of the sub-region are relatively
wealthy (e.g. North Norfolk), but much of the sub-region is in significant
need of regeneration, particularly the larger urban communities. Tourism is
an important industry (although declining in some parts), as is agriculture,
offshore oil and gas, transport and some manufacturing.

In climate change terms, The Coast is most vulnerable to sea level changes,
storm surges and saline intrusion. It is likely that there will be considerable
pressure for managed retreat and decisions will need to be made as to where
and how much investment, in coastal flood defence, should take place with
respect to communities and key infrastructure.

This area is also likely to be subject to a loss of habitats, either through
‘coastal squeeze’ as habitats are squeezed against hard sea defences, or
through flooding of coastal habitats. Therefore the principles relating to
habitats are likely to be influential.

Agricultural systems may also be subject to change, as certain systems of
farming may be lost while others become more suitable, such as coastal
grazing marshes rather than arable agriculture; therefore the principle
relating to agricultural systems is important.

The Fens

The Fens are neatly defined by a single Natural Area of the same name. It is
very low-lying, with large slow-flowing rivers and drains and many flooded
gravel pits. Small, scattered areas of relict fen and marsh can be found, but
it is dominated by intensive agriculture.

The population density of The Fens is very low, with a few small
communities and towns such as Wisbech, and on its edge King’s Lynn and
Peterborough. These communities are in need of economic regeneration.
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4.57. The Fens are perhaps the part of the region most vulnerable to climate
change, because so much is already below sea-level and depends upon
pumping out of water to remain dry. The impacts likely to be of most
significance are coastal and fluvial flooding, saline intrusion and impacts
facing agriculture, including soil moisture availability and effects of
increased temperatures.

4.58. In this region, therefore, the principles applying to coastal flooding, fluvial
flooding and agriculture are the most important, since the area is
predominantly agricultural land in a low lying area already subject to
significant flood risk.

4.59. The significant changes, which may occur in terms of flooding and
agricultural systems, may well have impacts for the Fenland habitat, so the
principles relating to habitats would also apply.

East of England Northern ‘Heartland’

4.60. The East of England Heartland is a broad region that we have divided into
two. They are distinguished by the issue of water resource availability. The
Northern Heartland comprises the Natural Areas of Breckland, West Anglian
Plain and East Anglian Chalk, Bedfordshire Greensand Ridge and the northern
part of the East Anglian Plain. This part of the Heartland does not have the
potential water resource supply issues of the Southern Heartland. The
character of this sub-region is very varied ranging from the extensive areas
of dry lowland heath of Breckland to the lowland oaks and mixed deciduous
woodlands of the West Anglian Plain.

4.61. The three main settlements in the sub-region are Bedford, Cambridge and
Norwich. Cambridge in particular, but also Norwich, are experiencing
significant development pressure. Other areas, such as Breckland, on the
other hand, are in need of regeneration. The sub-region is quite rural in
character, with the exception of the main settlements.

4.62. In terms of climate change impacts, this sub-region is less vulnerable than
many of the others, with fluvial flooding and impacts facing agriculture
including soil moisture availability and effects of temperature perhaps being
the most significant. This area is also likely to be less prone to subsidence
due to the lesser presence of clay soils.

4.63. The key principles that are likely to apply therefore relate to fluvial flood
risk, changing conditions for agriculture and providing an adaptive approach
to changes facing habitats and landscapes.

East of England Southern ‘Heartland’

4.64. The East of England Southern Heartland is distinguished from its northern
counterpart by its potential lack of water resources. It comprises the
western part of the Northern Thames Basin, the Chilterns, and the
southernmost part of the East Anglian Plain. It is characterised by the chalk
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hills of the Chilterns, and related chalk streams, which become tributaries of
the Thames and the lowland areas to the north of London.

This part of the East of England is perhaps the most under pressure for
development, as it includes the commuter belt of London and many of the
towns of Hertfordshire, which are performing well in economic terms. It
also includes Stansted airport, which is potentially the subject of
considerable growth in the future. There are pockets in need of
regeneration, such as Luton and Harlow.

The sub-region is relatively less vulnerable to the impacts of climate change
than the Coast, Fens and Thames Gateway. However, it does face impacts
on agriculture including soil moisture availability and the effects of
temperature on agricultural production and most importantly deficiencies in
water resources, indicating that several principles should apply relating to
water supply and ‘technical fixes’. Due to the water supply issues facing the
sub-region, agricultural systems are likely to need to adapt, so the principle
relating to agricultural systems also strongly applies. Similarly landscapes
and habitats are also likely to be affected by water availability and also by
temperature rises, so the principles relating to habitats and landscapes are
very important. The risk of subsidence on clay soils is also an important
issue in this region. To some extent the sub-region is also subject to risks
from fluvial flooding which means that the several principles relating to
fluvial flooding also apply.

Thames Gateway and fringes

The Thames Gateway falls into the Natural Areas defined by the Greater
Thames Estuary and the easternmost part of the Northern Thames Basin. It
is therefore highly influenced by coastal processes. It is home to important
wetland habitats.

The Thames Gateway climate change sub-region stretches beyond the policy
sub-region to be found in RPG. Nonetheless, the regeneration policies that
apply to Thames Gateway are the most significant influence on this area, as
there is likely to be major housing and economic growth, with associated
transport and servicing infrastructure, over coming decades. London (into
which the Thames Gateway policy area extends) heavily influences the sub-
region.

In climate change terms, the sub-region is particularly vulnerable to water
resource deficiencies, sea level changes, and fluvial flooding. In this region,
therefore, the principles relating to coastal and fluvial flooding again apply,
as do the principles relating to water supply issues, since the sub-region is
already subject to unsustainable levels of water use. This sub-region is also
likely to be at risk from subsidence.
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Where do the other principles apply?

4.70. Several principles could be applied to parts of or all of the sub-regions, and
do not specifically relate to any one sub-region.

4.71. The principle to ‘encourage local access to goods, services and facilities in
order to reduce the need for movement and reliance on transport
infrastructure that could be vulnerable to climate change impacts’ should be
applied throughout the region.

4.72. The principle to ‘exploit the environmental, social and economic
opportunities afforded by climate change’ should again be applied
throughout the region, and would apply in different ways to different areas.
For example, coastal areas could respond positively in terms of capitalising
on potential increases in tourism and possibly offshore wind renewable
energy generation.
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Table 4.1: Key climate change principles applying to each climate change sub-region

Climate change principles

Climate change sub-regions

@ - Key principle

O - Secondary principle

The The The East of East of
coast Fens Thames | England England
Gateway | southern northern
and ‘Heartland | ‘Heartland
Fringes |’ ’
Protect existing land uses from the impacts of sea level rise and fluvial
flooding only where the benefits of doing so in environmental, economic o [ ] O O
and social terms clearly outweigh the capital and revenue costs
Avoid allowing development in locations that could constrain or reduce
effectiveness of future options for adaptation (e.g. allowing development ) O ) O O
in areas that might prevent effective coastal and fluvial flood management
in the future)
Where possible, allow for sea level rise to take its natural course ] ([ ]
Avoid new development being located in areas at risk from sea level rise o ) )
and storm surges
Guide new development to areas not at risk from fluvial flooding O [ [ O
Minimise the requirement for 'technical fixes’ to solve flooding and water o o ) o O
supply issues

Encourage local access to goods, services and facilities in order to reduce
the need for movement and reliance on transport infrastructure that could
be vulnerable to climate change impacts

Should be applied throughout

Guide new development to locations that are least likely to experience
water supply shortages
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Guide development to locations that will not be at risk from subsidence () o
arising from climate change (e.g. clay soils)

Exploit the environmental, social and economic opportunities afforded by Should be applied throughout
climate change
Where possible compensate for loss of habitats by creation of similar () ) O o [ )

habitats in less vulnerable areas
Identify opportunities to create new habitats and landscapes as a result of

climate change and create corridors and stepping stones to allow species to o ® O o o
adapt and migrate
Promote agricultural production systems in areas that are compatible with () ) () o

and adaptable to the impacts of climate change
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THE FUTURE OF THE EAST OF ENGLAND IN CLIMATE CHANGE
TERMS

Having looked at the impacts of eliminate change on the East of England in
terms of a series of sub-regions, we have attempted to provide an
interpretation of what this means for the region as a whole. This is
presented in terms of the four climate change impact topics:

e Agriculture and forestry;

¢ Environmental assets - natural and cultural;

e Housing and the economy;

e Infrastructure - water resources, flood defence, energy and transport.

For each impact topic an ‘ideal’ approach to responding to climate change
in spatial terms is presented.

Agriculture and forestry

The climate change principles suggest that agricultural production should be
concentrated primarily in the northern ‘Heartland’ where water supply is
not subject to such acute constraints. Agriculture, in the southern
‘Heartland’, should be limited to production which does not require large
supplies of irrigation water, which may require significant adjustments,
possibly to less intensive agricultural systems. However, there are ways to
adapt to climate change at the local level, for example through more
careful irrigation e.g. using water efficient systems, careful timing, etc. It
is also important to note that agriculture will need to be able to continually
adapt as temperature rises and water availability lessens. New crops may
need to be grown that can adapt to a wider and changing range of climatic
conditions, unless it is decided to grow crops under glass to allow greater
control of micro-climate. Elsewhere, in the Fens and Coast, the primary
cause for change is the increased flood risk. In these areas more extensive
pastoral agriculture may be more appropriate, for example using grazing
marsh.

Large scale commercial forestry is no longer a major consideration in the
East of England, although if it were to take place it may be better suited to
the northern ‘Heartland’ where water supply is less constrained. However,
multi-purpose forestry could take on a more significant role throughout the
region, perhaps on a local scale, due to the important functions played by
trees, including mitigating against flooding and soil erosion and the
screening of development from wind. The Forestry Commission states that
trees can also perform a useful water storage function. This suggests that
woodland planting could be important in the south as well as the north of
the region.
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Environmental assets - natural and cultural

Environmental assets in the Coast sub-region and the Fens are prone to
flood risk and possibly ‘coastal squeeze’ in the former, depending on flood
defence decisions. The main aim in these sub-regions should be to allow
habitats to migrate where possible. Where habitats are lost due to flooding
the aim should be to replace them or facilitate the creation of similar
habitats elsewhere. A similar principle should apply to landscapes. Habitats
and landscapes in the northern and southern ‘Heartlands’ are likely to be
subject to temperature related pressures and some fluvial flood risks; in
these areas it is important that opportunities to create new habitats and
landscapes are recognised.

Cultural assets are fixed in nature and their survival will depend primarily
on localised protection measures and on flood defence decisions.

Housing and the economy

Housing and economic growth should, from a climate change perspective,
be located away from those areas subject to flood risk, of which The Coast
sub-region is at greatest risk. Housing and economic growth should also be
steered away from those areas facing severe water supply pressures, which
are primarily found in the southern ‘Heartland’ and the Thames Gateway
and fringes. These areas should also be avoided due to the risks of
subsidence due to clay soils.

Ideally development should be focussed in the northern ‘Heartland’ since
this sub-region is least vulnerable to water supply shortages, and also faces
a lesser risk of coastal flood risk. Within the northern Heartland there are a
number of major settlements that fall just outside those sub-regions most
vulnerable to the impacts of climate change, most notably, Peterborough,
Cambridge and Norwich, which, in the future could act as the ‘gateways’ to
the region if significant retreat as a result of sea level rises were to be
contemplated. In many respects Cambridge seems particularly well placed
to deal with the impacts of climate change, given the availability of water
supply. Careful consideration of fluvial flood risks will apply to all
settlements.

Other settlements, such as those in the Fens, on the coast (e.g. Great
Yarmouth, Lowestoft, Clacton, and Southend-on-Sea) are particularly
vulnerable to climate change. All are currently in need of regeneration.
However, these established settlements are probably best placed to take
advantage of tourism benefits that could arise as a result of a warmer
climate and in the case of Great Yarmouth and Lowestoft, are also very well
placed to take advantage of the emerging offshore wind energy industry.
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Climate change could therefore bring new opportunities against which to
balance any judgement over the risk of adverse impacts.

The southern towns, particularly those in Hertfordshire and around
Stansted, are not so well placed in climate change terms, especially with
respect to water resources and to a lesser extent fluvial flood risk.
However, here the importance of these towns to the economy of the sub-
region suggests that technical fixes (e.g. provision of hew water supply
sources, and flood defence measures) may be required to overcome such
climate change impacts.

Infrastructure - water resources, flood defence, energy and transport

Decisions relating to infrastructure stem from decisions made primarily in
relation to the location of housing and the economy, as infrastructure is
required to support these land uses. Ideally the need for technical fixes to
remedy flood risk and water supply shortages should be avoided and this will
be possible if development is located away from those areas most at risk of
flooding and most subject to water supply shortages. However, this in
practical terms may not be possible. For example, there is already
considerable investment proposed for Thames Gateway, where it is likely
that considerable investment will be required to mitigate for the impacts of
climate change (e.g. to provide flood defence, flood relief, and water
supply). There will also be a need to co-ordinate decision-making with
neighbouring regions and particularly with London over issues such as water
supply and the vulnerability of key transport and other service
infrastructure to extreme events and flooding.

Energy infrastructure, such as power stations should be located away from
areas at risk of flooding and of subsidence. So again this suggests that
major energy generation infrastructure should, where possible, be located
away from the most vulnerable locations (e.g. the Coast). However, new
opportunities will arise as a result of climate change, for example energy
generation from solar power and possible increased opportunities for
offshore wind turbines, which may help to offset any adverse economic
consequences arising from reduced emphasis on more traditional forms of
energy production. Regional strategies should promote renewable energy,
and this will also contribute towards mitigating against climate change. In
the future energy distribution and transmission infrastructure will need to
be designed to withstand risks of subsidence and damage by high winds and
storm surges. There are also the long-term liabilities of the coastal nuclear
sites at Sizewell A and B and Bradwell which will need to be defended from
rising sea levels and coastal erosion until fully decommissioned. As noted in
Section 3, Bradwell closed last year and due to the presence of radioactive
waste on the sites, the length of time required for decommissioning (in
excess of 100 years), it will need defending from rising sea levels and
coastal erosion until fully decommissioned (well beyond the period covered
by this study). Sizewell A will close in 2006, whilst Sizewell B will continue
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to operate for some time to come. As the two sites are located adjacent to
each other both sites will need defending well beyond the period covered by
this study.

Again, the principles imply that major transport infrastructure should not be
built in areas at risk from flooding. In particular this would suggest that
additional investment in coastal transport infrastructure should be avoided.
Further investment in rail improvements and where necessary, road
improvements should include east-west links, rather than the historic north-
south links, in order to promote an alternative axis of development, which
would help to relieve pressures on water supplies in the southern
‘Heartland’ and competition on this resource from London. Transport
infrastructure required in areas at risk of subsidence should be designed in
such a way to withstand the risks as far as possible.

IMPLICATIONS FOR RPG SCENARIOS

RPG14 will drive the pattern of spatial development in the East of England
until 2021. In order to generate debate, the East of England Local
Government Conference issued an Options Consultation Document (Sept
2002). This presented four spatial scenarios to inform the choice of spatial
development pattern (the four scenarios are summarised below).

Summary of Spatial Scenarios from RPG 14 Options Consultation Document
(September 2002)

(1) Continuation of existing regional policies, as set out in RPG6 East Anglia
(November 2000) and RPG9 South East England (March 2001), being
balanced growth across the East of England and building on the existing
settlement pattern. This scenario identifies Priority Areas of
Regeneration (PAERs) in Harlow, Lower Lee Valley,
Luton/Dunstable/Houghton Regis, Tendring, Great Yarmouth/Lowestoft,
Wisbech, the remote rural areas of Norfolk, Suffolk and Cambridgeshire
and inner Ipswich, Norwich and Peterborough. It also envisages a west-
east shift to divert development from overheating west of London to
regenerate Thames Gateway.

(2) Building on the strengths of key regional centres, focusing and
promoting growth around major towns at the intersections of radial and
orbital multi-modal transport routes, primarily Bedford, Colchester,
Ipswich, Norwich, and Peterborough, and restricting growth in the
Metropolitan Green Belt and around Cambridge. This scenario envisages
growth of the market towns to support rural diversification. Thames
Gateway would be the subject of both housing and economic growth.
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(3) Building on regional strengths, with growth in the dynamic economies of
the Hertfordshire towns, Cambridge and the A12 corridor to Chelmsford,
extended to Luton/Dunstable and the Lee Valley/Harlow, with other
larger towns building on their own respective strengths but not to such a
scale. This scenario would maximise the agricultural potential of the
region, and strengthen the leisure/tourist industry in the north and east.
Major investment would be provided in Thames Gateway.

(4) A new settlement as a prime location of growth, which would be
located in a central position in the region subject to environmental
constraints, and would aim to have a population of 200,000 over a 40 year
period.

In order to contribute to an understanding of the impact of climate change
and to feed into the preparation of RPG14, we have carried out a strategic
appraisal against each of the 14 supporting climate change spatial guiding
principles. The appraisal matrix is included as Appendix 3.

Common issues

All the scenarios, except scenario 4, propose some degree of development
in most of the key settlements. Therefore there are some common issues
between the scenarios, although the scale and type of development often
influences the significance of the issue.

Development in the Thames Gateway is common to scenarios 1,2 and 3.
Scenarios 1 and 3 propose employment led growth, whilst scenario 2
proposes housing and employment led growth. This falls within one of our
‘climate change sub-regions’ and as outlined above, this sub-region will be
subject to coastal and fluvial flood risk, water supply issues and risks of
subsidence.

From a solely climate change point of view, the Thames Gateway is not well
suited to major development, although in terms of employment growth,
warehouses and distribution sectors are possibly less vulnerable than
manufacturing. Housing is likely to be particularly vulnerable, which
suggests there will be a need to ensure that housing is resilient to
occasional flooding - a point that will be developed in the next stage of this
research. The decision for Thames Gateway to act as a major focus of
regeneration for East London and beyond has already been taken at the
national level. Concentrating development here is contrary to a number of
key climate change spatial guiding principles, which means that
considerable investment is likely to be required in future years to counter
the increasing risk of the area becoming vulnerable to the adverse impacts
of climate change.
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Coastal flooding, in combination with fluvial flood risk, could also be an
issue for some other settlements. Norwich, Ipswich and Colchester all
appear in scenarios 1, 2 and 3 to some degree (in scenarios 1 and 3 this
growth is moderate, but in scenario 2 these areas are proposed for major
growth). These towns all lie at or just beyond the inland reach of (current)
coastal flood risk, and have areas of fluvial floodplain. There may be an
increased risk of flooding in these settlements as coastal and fluvial flood
risks increase. However, careful location of growth within these
settlements could avoid placing new development at risk of fluvial or
coastal flooding. Further information on climate induced flood risk is
needed in these areas to ensure any risk is minimised.

Scenarios 1, 2 and 3 also all include an element of development, which
could be affected by flooding in the Fens. On the edge of the Fens,
Cambridge is proposed as an area for major growth in all three scenarios.
Peterborough is identified for major growth in scenario 2 and less so in
scenarios 1 and 3. Kings Lynn is identified as an area for some growth in all
three scenarios and Wisbech, is identified for some growth in scenario 1.

Issues in terms of climate change principles which do not clearly vary
across the RPG scenarios

Some issues do not clearly vary across the RPG scenarios and the outcome in
terms of each climate change principle will depend on other policy
responses and initiatives, rather than broad spatial development decisions.
These include the following:

e Encourage local access to goods, services and facilities in order to
reduce the need for movement and reliance on transport infrastructure,
that could be vulnerable to climate change impacts. Scenarios 1, 2 and 3
could all perform very similarly in terms of this principle; the outcome
will depend on other decisions on how facilities, such as schools and
hospitals, are located. Scenario 4, discussed below has significant scope
for working with the principle;

e Compensate for loss of habitats by creation of similar habitats in less
vulnerable areas - whether this principle is met will depend on other
policy responses, such as the Regional Environment Strategy (discussed
below);

¢ |dentify opportunities to create new habitats and landscapes as a result
of climate change - again, whether this principle is met will depend on
other policy responses, such as the Regional Environment Strategy
(discussed below);
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e Promote agricultural production systems in areas that are compatible
with the impacts of climate change - a dispersed settlement pattern
which supports market towns could perhaps help to support agriculture
and hence support transition in farming, although this is highly
uncertain. Whether or not a change in agricultural production systems
can occur will also depend on support mechanisms provided by Defra,
such as adequate funding to facilitate conversion to less intensive
agriculture, and changes to CAP.

Key issues facing each RPG scenario

The following paragraphs outline the key issues facing each spatial scenario,
in climate change terms, based on the appraisal against the climate change
principles (Appendix 3).

Spatial scenario 1: continuing existing policy

The issue of coastal flooding, outside of the Thames Gateway, is the most
significant in scenario 1, due to the focus on regeneration in several coastal
PAERs (Great Yarmouth, Lowestoft and Tendring). This has implications for
the region’s ability to adapt to climate change in a sustainable manner.
Locating significant investment in these areas will inevitably require, and
possibly be used to justify, significant investment in coastal defences. The
key climate change issues are summarised below:

e Development is located in areas at risk of coastal flooding (in the
Thames Gateway and coastal PAERs);

e There is likely to be a heavy reliance on ‘technical fixes’ to address
coastal flood risk (on the open coast and in the Thames Gateway);

e The scenario would require the region to ‘fight’ sea level rise with
concomitant impacts for coastal habitats (for example, loss of salt
marshes due to coastal squeeze);

e By investing in areas at risk of coastal flooding, this scenario would be
likely to tip the balance in favour of continuing/increasing flood
defences in these areas, but this should be subject to careful
consideration balancing the full range of costs and benefits to reach the
most sustainable decision;

e Significant growth in the south (along the M11 corridor, and around
Milton Keynes and Luton/Dunstable) would potentially require significant
investment in water supply infrastructure;

e Major growth in the south would place development at risk of subsidence
on clay soils.
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Spatial scenario 2: regional centres

This scenario is likely to place more development at risk of fluvial flooding
than scenarios 1or 3. This being due to proposed major development in
Norwich, Ipswich and Colchester, which could be subject to fluvial flooding,
and major development in Cambridge and Peterborough, which could be
affected by increased fluvial flooding in the Fens. All these locations could
also possibly be at risk from coastal flooding. However, overall this scenario
does not place development at very high risk of coastal flooding, unlike
scenario 1.

Potential fluvial flood risk could be mitigated by careful decisions on
development within settlements at the local level.

This scenario may require an increase in water supply infrastructure in
Essex, but the dispersed nature of development throughout the region
should generally facilitate greater access to sustainable water supplies,
outside of Essex. This dispersed pattern also means that there is less risk of
subsidence, compared to scenarios that concentrate more development on
the clay soils of the south of the region.

Spatial scenario 3: building on regional strengths

This scenario places new development at least risk of fluvial or coastal
flooding, but it may still require some extra investment in terms of fluvial
flood defences, although probably less so than scenario 2.

The scenario is also likely to require an increase in water supply
infrastructure due to concentration of development in the south of the
region and risk of competition with London for water resources. Major
growth in the south will also place more development at risk of subsidence.

Spatial scenario 4: a new settlement as a prime location of growth

This scenario offers a great deal of scope to adapt to climate change, since
criteria based on the climate change principles could be incorporated into
the location decision. It should be noted that some development would still
be required throughout the region in line with scenario 1, but the majority
of development could be located according to ‘climate change criteria’.
This would enable development to occur in area(s):

e Subject to lesser risk of coastal flooding;
e Subject to lesser risk of fluvial flooding;

e That would not increase the value of assets at risk from flooding and
hence encourage further flood defences;
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e That are least likely to experience water supply shortages;

e That would minimise the need for technical fixes to respond to flooding
and water supply issues;

e Not subject to risks of subsidence.

Based on these criteria, if a new settlement were to be provided in the
region, it should be located somewhere within the northern ‘Heartland’.
However, the suitability of areas within this sub-region are likely to be
strongly driven by other sustainability criteria as well as those relating to
climate change.

A new settlement would probably also help to encourage local access to
goods, services and facilities and reduce the need to travel to reach such
facilities and services. This will reduce vulnerability to climate change,
largely through not needing to rely on infrastructure which might be subject
to flood risks, subsidence etc. and would also facilitate mitigation of
climate change through reduced emissions of carbon dioxide.

Discussion

Any decision about the location of future development in the region will be
taken in the light of a number of factors. Adaptation to climate change will
be increasingly important. In climate change terms, the Thames Gateway,
and some of the coastal settlements of the region, are either vulnerable to
the impacts of climate change, or will require significant investment in
order to reduce the risk of the impacts of climate change. This may be
justified in order to achieve other policy objectives (e.g. regeneration) but
could be costly. In addition, the considerable existing financial and social
investment in some of these communities will need to be taken into
account.

In many respects, the Southern Heartland offers many advantages in climate
change terms, although flood risk and lack of water resources will be
influential. The least vulnerable area to develop in climate change terms is
the Northern Heartland.

The relationship of the region with London will be critical to any decision.
London is planning for significant growth and this will put considerable
strain on the infrastructure of not only the capital, but also surrounding
counties. Water supply is likely to be a particular issue, as will be the
vulnerability of transport infrastructure to storm events. How these
tensions are managed and resolved are likely to be critical in determining
the regions success in living with the impacts of climate change.

One of the spatial guiding principles relates to encouraging access to local
goods services and facilities. If this guiding principle were to be adopted by
all settlements and all regions, then many of the adverse impacts of climate
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change would begin to be reduced, albeit that there will be some locations
that will remain vulnerable to the impacts of climate change. This is one of
the reasons why Scenario 4 (new settlement) performs relatively well.
However, as a society we are reliant on increasingly complex geographical
inter-relationships. We are highly dependent on movement - of goods, of
water, of energy, of waste, of people accessing work, for holidays and
leisure visits. This requires an increasing amount of servicing infrastructure,
not least transport. The more dependent we become on such
infrastructure, the more vulnerable we will be to the impacts of climate
change. Encouraging local access to everyday needs, close to home, has for
a long-time underpinned our notion of sustainable development and this is
entirely compatible with the way we should be thinking about responding to
climate change.

The above analysis has been presented very much in climate change terms.
In reality, there will be many other sustainability considerations that may
be just as important in the region, if not more so. The role of decision-
makers is to take all these considerations into account in determining the
most sustainable pattern, scale and form of development.

In many instances, this may mean development being located in parts of the
region that are not ideal from a climate change point of view. In such
locations, the specified guiding principles should continue to apply so that
the vulnerability of development to the impacts of change is reduced.

In this way, the specified guiding principles provide a useful framework for
locational decisions at all levels - regional, sub-regions and local.

OTHER REGIONAL STRATEGIES & GUIDANCE

Whilst the main focus of this report has been spatial guidance for RPG14,
the brief requires the implications for other regional strategies to be
considered. The Regional Sustainable Development Framework, produced
by the East of England Regional Assembly, provides the overarching context
for an Integrated Regional Strategy for the East of England. In addition to
RPG14, the key elements of this Integrated Regional Strategy comprises:

e Regional Economic Strategy (produced by East of England Development
Agency);

e Environment Strategy (produced by East of England Environment Forum);

e Health & Social Inclusion Strategy (produced by the Regional Assembly
Health & Social Inclusion Panel);

e Regional Cultural Strategy (produced by Regional Cultural Forum);
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4.112.

4.113.

4.114.

4.115.

4.116.

4.117.

e Regional Housing Strategy (produced jointly by the Housing Corporation
and the Regional Housing Group).

The spatial expression of these strategies will largely be reflected in RPG14,
which will aim to achieve consistency between different objectives.
Inevitably there will be some instances where there are competing or
conflicting objectives and RPG14 will provide guidance on where the priority
should lie where there is a spatial dimension.

Nonetheless, the guidelines presented in this report will have implications
for each of the strategies listed above, which we have summarised below
and in Table 4.2. Whilst it is difficult to be prescriptive in most instances,
we have sought to identify which of the issues relating to the impacts of
climate change are most relevant. This should help to promote consistency
in approach to climate change between the various strategies.

We have already noted that accordance with the climate change guidelines
presented in this report may not always be the most sustainable solution, if
other sustainability objectives are more pressing. It is extremely important
that a co-ordinated approach is adapted to planning for climate change to
ensure that the most sustainable approach is adopted. This means
identifying solutions that maximise the benefits across the full range of
sustainability considerations.

Regional economic strategy

There is much in the RES that is consistent or will not be affected by the
impacts of climate change. The main message for the RES is to be cautious
in promoting economic activity and/or economic development in areas most
vulnerable to the impacts of climate change and instead focus efforts on
increasing the resilience of the region’s economy in general to climate
change.

There may well need to be some changes to where and how economic
activity takes place. Of particular concern is the approach that will need to
be taken to the more disadvantaged communities that are also vulnerable to
climate change, particularly along the coast. Careful consideration will
need to be given as to whether, in the long term, the amount of investment
to achieve both regeneration and acceptable risk in the face of increasing
climate change impacts is acceptable compared with other alternatives. In
social, political and economic terms, this is perhaps the most difficult and
fundamental of all decisions to have to make, but at some stage, the
decision may well have to be made.

The second major implication is with respect to types of economic activity.
The RES currently places great emphasis upon investment in transport
infrastructure, inward investment and promotion of the region
internationally. Whilst these may well be ingredients of economic growth
and success, the principles developed with respect to responding to climate
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4.118.

4.119.

4.120.

4.121.

change argue for greater emphasis upon local access to goods, services and
facilities and reduced dependence upon vulnerable transport and movement
networks. Whilst it is acknowledged that continuing investment and
changing design standards as aimed at reducing such vulnerability, we
recommend that this apparent conflict is examined further in order to
determine the most sustainable approach in the long-term.

Climate change also offers opportunities. Tourism is perhaps the most
obvious beneficiary, particularly as the East of England becomes a more
attractive location compared to southerly latitudes that could lose their
appeal. Other economic openings are also likely to emerge. The use of ICT,
environmental technologies to deal with the impacts of climate change and
reduce the region’s contribution to it and changing agricultural activity
could all be of benefit to the region. Economic activity could also help to
deliver improvements and investment required in the natural environment
to accommodate changes to species distributions and habitats. This could
help to make the region more attractive to live and work in.

Environment strategy

The environment strategy will play a key role in providing the guidance to
allow the region to adapt to the changes that climate change will bring
about. It should provide support for the guiding principles embodied in this
report, which aim to let climate change take its natural course wherever
possible. It should plan ahead to provide for new distributions of species
and types of habitat, whilst identifying those environmental assets, both
natural and man-made (e.g. historic assets), which are of such value to the
region that they should be protected from the adverse impacts of climate
change.

Health and social inclusion strategy

Climate change will impact upon health and social inclusion in a number of
ways. There may well be changes to the way that people work, and certain
communities are likely to be more vulnerable than others. The costs and
benefits of investing in such communities in the face of significant change
will need to be carefully considered against the alternatives. The stress to
local people of major upheaval may justify such investment, but this needs
to be weighed against the risks involved (e.g. from water shortages, storm
surges, etc.), and the diversion of resources from other priorities.

On the other hand, climate change is likely to bring about considerable
benefits to both health and social inclusion by increased emphasis upon
local service provision, further efforts to reduce commuting, the creation of
new accessible environmental assets and the opening up of a healthier
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‘outdoor’ lifestyle. The most extreme impacts of fuel poverty, such as
excess winter deaths, are likely to decline with fewer extremely cold days
each year.

4.122.Some commentators point to the potential for large-scale migration in the
longer term from those countries worst affected by climate change (possibly
including the Mediterranean states within the EU) to those least affected.
The implication is that there could be a higher level of migrants wanting to
come to the UK. The East of England, as one of the gateways to the
country, is likely to be affected. The implications in terms of social
cohesion will therefore need to be planned for and addressed.

Regional cultural strategy

4.123. This is likely to be the least affected strategy, although there will still be
implications with respect to tourism and cultural heritage as outlined
above. Again the increased emphasis upon local services, attractions, and
leisure will need to be reflected in the strategy.

Regional housing strategy

4.124. The implications for the regional housing strategy are similar to those for
the RES. In spatial terms, the aim should be to deliver new housing in
better balance with jobs in locations that are not vulnerable to climate
change. Housing development could also be used as a lever for delivering
other benefits that are likely to be needed as a result of climate change,
such as local service provision, environmental improvements, etc.

4.125. One of the biggest issues will be how to address the housing stock and
communities that already exist in the most vulnerable locations. In this
respect, it is essential that a co-ordinated approach is adopted that ensures
that all the strategies make best and efficient use of available resources.
This could mean that not all communities can be supported indefinitely, in
which case it will be important to face up to the reality that a decision
needs to be made and full and proper alternatives put in place in good time.
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Table 4.2: Implications for other regional strategies

Climate change

Strategy

rinciples
P P Regional economic | Environment Health and social Regional cultural Regional housing
strategy strategy inclusion strategy | strategy strategy
Protect existing land Include a Include a Include a Include a Consider the
uses from the impacts requirement for requirement for requirement for requirement for extent of
of sea level rise and evaluating the evaluating the evaluating the evaluating the investment in
fluvial flooding only economic costs and | environmental health and social cultural costs and existing housing
where the benefits of benefits of costs and benefits | costs and benefits | benefits of stock in vulnerable
doing so in protecting of protecting of protecting protecting locations, and the
environmental, vulnerable vulnerable vulnerable vulnerable implications in
economic and social locations locations communities locations social,
terms clearly outweigh environmental and
the capital and revenue economic terms of
costs loss
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Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Avoid allowing
development in
locations that could
constrain or reduce
effectiveness of future
options for adaptation
(e.g. allowing
development in areas
that might prevent

Acknowledge that
such locations
should not be
identified for
economic
development,
taking into account
alternative means
and/or locations

Outline the
environmental role
and functions of
such locations in
helping to achieve
adaptation to
climate change,
and seek to twin
with the delivery

No action required

No action required

Acknowledge that
such locations
should not be
identified for
housing
development,
taking into account
alternative means
and/or locations

effective coastal and for achieving of wider for achieving

fluvial flood economic environmental housing objectives

management in the objectives in objectives (e.g. in accordance with

future) accordance with biodiversity, wider
wider landscape) sustainability
sustainability objectives
objectives
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Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Where possible, allow
for sea level rise to

take its natural course

Acknowledge that
such locations
should not be
identified for
economic
development,
taking into account
alternative means
and/or locations
for achieving
economic
objectives in
accordance with
wider
sustainability
objectives

Include provision
for managed
retreat

Ensure that there
is no risk arising to
health and safety,
and review the
need for a policy
(backed by
funding) for
compensation for
loss of productive
land

Consider effects on
cultural assets
(e.q. historic
environment) that
may be vulnerable
to sea level rise

Acknowledge that
such locations
should not be
identified for
housing
development,
taking into account
alternative means
and/or locations
for achieving
housing objectives
in accordance with
wider
sustainability
objectives
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Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Avoid new development
being located in areas

at risk from sea level
rise and storm surges

Acknowledge that
such locations
should not be
identified for
economic
development,
taking into account
alternative means
and/or locations
for achieving
economic
objectives in
accordance with

No action required

Include as a core
objective due to
risk to health and
safety

No action required

Acknowledge that
such locations
should not be
identified for
housing
development,
taking into account
alternative means
and/or locations
for achieving
housing objectives
in accordance with
wider

wider sustainability
sustainability objectives
objectives
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development to areas

such locations

objective due to

Climate change Strategy

principles
Regional economic | Environment Health and social Regional cultural Regional housing
strategy strategy inclusion strategy | strategy strategy

Guide new Acknowledge that | No action required | Include as a core No action required | Acknowledge that

such locations

requirement for
"technical fixes’ to
solve flooding and
water supply issues

objective due to
potentially
damaging effects
on the environment
of flood defence
and water supply
infrastructure

objective, but
ensure that there
is no risk to health
and safety as a
result of
implementation

except possible
with respect to
cultural assets that
may be vulnerable
to flood risk, and
therefore require
protection

not at risk from fluvial | should not be risk to health and should not be

flooding identified for safety identified for
economic housing
development, development,
taking into account taking into account
alternative means alternative means
and/or locations and/or locations
for achieving for achieving
economic housing objectives
objectives in in accordance with
accordance with wider
wider sustainability
sustainability objectives
objectives

Minimise the No action required | Include as an Include as an No action required, | No action required
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Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Encourage local access
to goods, services and
facilities in order to
reduce the need for
movement and reliance
on transport
infrastructure that
could be vulnerable to
climate change impacts

Include as a core
theme of RES to
reduce
vulnerability of
settlements - aim
to increase support
for provision of
local goods,
services and
facilities and
reduce reliance on
commuting and
movement
generally

Include as a core
theme, as this will
also help to reduce
emissions of
greenhouse gases

Ensure that
essential services
are provided within
locally

Consider
improvements to
local amenities and
attractions,
support for
sustainable tourism
initiatives that
support local
economies and
reduce reliance on
travel

Aim to provide for
a better balance of
housing and jobs
within local
communities
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Climate change

Strategy

development to
locations that are least
likely to experience
water supply shortages

locations likely to
experience water
supply shortages
should not be
identified for
economic
development,
taking into account
alternative means
and/or locations
for achieving
economic
objectives in
accordance with
wider
sustainability
objectives

in order to reflect
concerns of water
abstraction on
habitats and
landscapes

supply of water is
increasingly likely
to become relevant
to health and
social inclusion

principles
Regional economic | Environment Health and social Regional cultural Regional housing
strategy strategy inclusion strategy | strategy strategy

Guide new Acknowledge that | Include as a theme | A safe and secure No action required | Acknowledge that

locations likely to
experience water
supply shortages
should not be
identified for
housing
development,
taking into account
alternative means
and/or locations
for achieving
housing objectives
in accordance with
wider
sustainability
objectives
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Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Guide development to
locations that will not
be at risk from
subsidence arising from
climate change (e.g.
clay soils)

Acknowledge that
such locations
should not be
identified for
economic
development,
taking into account
alternative means
and/or locations
for achieving
economic
objectives in
accordance with
wider
sustainability
objectives

No action required

No action required

No action required

Acknowledge that
such locations
should not be
identified for
housing
development,
taking into account
alternative means
and/or locations
for achieving
housing objectives
in accordance with
wider
sustainability
objectives

Exploit the
environmental, social
and economic
opportunities afforded
by climate change

Acknowledge in RES
as a core theme,
focusing on
sustainable tourism
opportunities, ICT,
technologies and
crops supporting
adaptation to (and
reducing
contributions to)
climate change

Identify
opportunities to
create new
habitats suited to a
warmer and more
extreme climate

Promote healthier
‘outdoor’
lifestyles, which
could become more
attractive as a
result of climate
change, ensuring
access for all

Explore
opportunities for
tourism and leisure
industries

No action required

Prepared for the East of England Regional Assembly and
East of England Sustainable Development Round Table
by Land Use Consultants in association with

CAG Consultants and SQW Limited

Living with climate change in the East of England 95
Stage 1 Interim guidance on spatial issues
February 2003



Climate change
principles

Strategy

Regional economic
strategy

Environment
strategy

Health and social
inclusion strategy

Regional cultural
strategy

Regional housing
strategy

Compensate for loss of
habitats by creation of
similar habitats in less
vulnerable areas

Consider role of
economic
development in
helping to secure
compensation

Include as a core
theme of strategy

Ensure experience
of wildlife by local
communities is at
least as good as,
and preferably
enhanced

No action required

Consider role of
economic
development in
helping to secure
compensation

Identify opportunities
to create new habitats
and landscapes as a
result of climate
change and create
corridors and stepping
stones to allow species
to adapt and migrate

Consider economic
benefits of
supporting habitat
creation associated
with economic
development

Include as a core
theme of strategy

Ensure experience
of wildlife by local
communities is at
least as good as,
and preferably
enhanced

No action required

Consider social
benefits of
supporting habitat
creation associated
with housing
development

Promote agricultural
production systems in
areas that are
compatible with and
adaptable to the
impacts of climate
change

Include as a core
theme in RES

Ensure reflected in
strategy

No action required

No action required

No action required
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CONCLUSIONS

4.126. It is clear from the above discussion that the impacts of climate change are
likely to be significant and are not straightforward. They are further
complicated by the fact that other economic, environmental and social
objectives are likely to be of equal if not greater importance to regional
stakeholders. The key will be in determining where these objectives
converge and how to resolve any issues of conflict.

4.127. This study has deliberately taken a climate change focused view in order to
provide a clear additional dimension to the future development of the
region. It deals primarily with spatial issues and will be followed by a report
on local service delivery, which will complement many of the findings in this
report. For example, in climate change terms, the way that development is
delivered on the ground will often be as important as its precise location.

4.128. However, this report strongly suggests that there are some considerable
challenges ahead if we are to ‘live with’ climate change. There appears to
be a broad consensus that we should be working with the impacts of climate
change, rather than fighting against them and we should seek advantage
from this wherever we can.

4.129. However, there are areas of considerable importance in the region,
particularly on the coast, that are especially vulnerable and where some
difficult decisions will need to be made. If the spatial guiding principles we
have put forward were to be followed to the letter, then such locations
would either not be defended, or would not be the focus for new
investment. We are not suggesting this should be the case. Neither are we
suggesting that all development should be guided to the areas that are least
vulnerable, as this would mean that important social and regeneration goals
would not be pursued. However, this report does help to highlight the
implications of taking decisions that will go against the climate change
spatial principles. In other words, where possible, the climate change
principles should be followed at all levels - the regional, sub-regional and
the local - but where for other reasons it is not possible to do so, the region
should be prepared to invest heavily in order to minimise the risks.
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Summary matrix of literature review

Key Variables Description of effect Magnitude of Magnitude of When the Geographical Links with
issues/spatial influencing the the effect: High the effect: Low effect is extent of the | neighbouring
aspects issue scenario scenario likely to take effect regions, either in
place terms of effect or
response
Economic
activity
Tourism Temperature Temperature rises will Mean summer 2.5-3C increase Gradual Temperature The UK Tourist
make the area more temperature will | in summer (1) increase, data | increases will | Board, local tourist
desirable as a tourism increase by over shows effect OCCur across boards and Local
destination - may 4.5C (1) will be the region. Authorities to
revitalise coastal resorts. marked by This will be determine strategy
2080s. (1) most likely to | to capitalise on
benefit enhanced potential.
tourism in May require a linked
those areas response with
already neighbouring
popular with regions/nationally.

visitors: coast,
broads, other
attractive
areas (towns,
countryside)

Number of Increased number of The number of Increase of 30- By the 2080s Change will be | As above.
extremely extremely warm days is extremely warm | 60 extremely (1) greatest away
warm days likely to enhance tourism | days annually warm days (1) from coasts
potential. will rise by 60+ (1) but effects
(1). of increased
temperatures
will be likely
to benefit

whole region.




Key
issues/spatial

aspects

Variables
influencing the
issue

Sea level rise,

Description of effect

Could conversely limit

Magnitude of
the effect: High
scenario

Areas affected

Magnitude of
the effect: Low
scenario

Areas affected

When the
effect is
likely to take
place

See coastal

Geographical
extent of the
effect

Coastal areas.

Links with
neighbouring
regions, either in
terms of effect or
response

by 2050s (2).

south Suffolk,
but with a lesser
level of
economic
development,
etc. demand
management
may mitigate (2)

Increase in tourism in areas where by coastal and by coastal and flooding
extreme events | tourism resources are fluvial flooding fluvial flooding below.
- storm surges threatened. will be more will be less
and large extensive under | extensive under
waves (1) high scenario high scenario
(See coastal
flooding below).

Agriculture Temperature Enhanced growing season, | Increase of up to | Lengthening by Well before Regional Defra to provide
but other constraints e.g. 100 days under between 45 and | the 2080s advice on national
water availability may the high scenario | 55 days per year | parts of s basis.
limit. (1) (1). under the low England will

scenario (1) have a year

round growing

season in

some

years.(1)
Rainfall, Reduced summer soil High scenario - Under the low May be a Regional, As above.
evaporation moisture will be a may constrain scenario, water | constraint by | particular
due to constraint (1) which will agriculture (and | will also be a the 2050s problem in
temperature lead to increased demand | other constraint, under a high south Suffolk
increase for irrigation (2). developments) especially in scenario.




Key
issues/spatial

aspects

Variables
influencing the
issue

Inland flooding

Description of effect

Loss of agricultural land
due to inland flooding. (2)

Magnitude of
the effect: High
scenario

Fens particularly
likely to be
affected by
fluvial/inland
flooding. Coastal
flooding will
have a greater
impact under
the high scenario
(See
fluvial/inland
flooding section
below).

Magnitude of
the effect: Low
scenario

Lesser impact of
flooding (see
fluvial/inland
flooding section
below)

When the
effect is

likely to take

place

See
fluvial/inland
flooding
section
below.

Geographical
extent of the

effect

Fens
particularly
likely to be
affected. (2)

Links with
neighbouring
regions, either in
terms of effect or
response
Environment Agency
and DEFRA to
respond/ provide
appropriate advice.

Sea level rise,
Increase in
extreme events
- storm surges
and large
waves (1)

Loss of agricultural land
along the coast and saline
intrusion (?) will have a
negative impact on
agriculture. Vulnerable
land may be taken out of
agricultural use.

Impacts will be
greater under
the high scenario
(See coastal
flooding below).

Impacts will be
lesser under the
low scenario
(See coastal
flooding below).

See coastal
flooding
below.

Coastal areas.

As above.




Key
issues/spatial

aspects

Variables
influencing the
issue

Combined
effect of
variables

Description of effect

Change in crop yields and
crops grown. (2)

Yields of arable crops that
form basis of agriculture
in region will initially
benefit. But by 2050s
under high scenario yields
would begin to decline
(2).

Root crops such as sugar
beet and potato
increasingly attractive,
but dependent on
irrigation in summer.
Potential for new crops
would be very limited.
N.B. socio-economic
factors will have greatest
effect on agriculture -
subsidies, etc. (2)

Magnitude of
the effect: High
scenario

Water shortages
will become the
key constraint
under both
scenarios, but
particularly
under the high
scenario in study

(2).

Magnitude of
the effect: Low
scenario

A constraint to a
lesser extent.

When the
effect is
likely to take
place

Increasing
yields up to
2050s, after
that would
decline under
high scenario
(2). Water
shortages
becoming an
increasing
problem,
especially
under the
high scenario

Q).

Geographical
extent of the

effect

Regional

Links with
neighbouring
regions, either in
terms of effect or
response

As above - relevant
agencies to respond
and provide advice to
agricultural industry.

The EU funded Accelerate project (8) is aiming to assess the vulnerability of European agroecosystems to environmental change, and it includes East Anglia
(Norfolk, Suffolk and Cambridgeshire) as a case study. So far there is some case study data available on the agricultural baseline of the area, but modelling won’t
begin until around February 2003.

Productive Combined Woodland planting may be | More likely to be | Less likely to be Regional Forestry Commission
woodland effect of limited by its increased limited under limited under a to provide national
variables water usage compared to the high low scenario. response to climate
(changes in other land uses (3). Likely | scenario due to change and advise
temperature, to require changes in the lack of water appropriately.
rainfall, soil species planted (3). availability and
moisture, other pressures

longer growing
season)

for irrigation.




Key
issues/spatial

aspects

Offshore oil and
gas industry and
fishing

Variables
influencing the
issue

Sea level rise,
Increase in
extreme events
- storm surges

Description of effect

Will all have an impact on
the operation of the
offshore industry and
fishing industry.

Magnitude of
the effect: High
scenario

Likely to be a
greater impact
under the high
scenario. (See

Magnitude of
the effect: Low
scenario

Likely to be a
lesser impact
under the low

scenario. (See

When the
effect is
likely to take
place

Geographical
extent of the
effect

Offshore

Links with
neighbouring
regions, either in
terms of effect or
response

and large Increased sea levels may section below on | section below on
waves require changes in flood risk - flood risk -
Mean sea equipment and working extreme coastal | extreme coastal
surface practices, and increased events). events).
temperature extreme events may have
(1) safety and operational
implications.
Construction Temperature, The construction industry | Subsidence and Impacts likely to Regional, and
industry rainfall, will need to adapt to the flood risk are be of a lesser those areas at
flooding, pressures/issues created considered to be | magnitude. risk of
extreme events | by climate change (see particularly flooding/
the section on the built significant risks inundation.
environment below). This | which the
will involve a locational construction
response to development industry will
(avoiding areas at risk of need to respond
flooding/inundation) and a | to (see
design response (better references to
ventilation, ability to CRISP research
withstand storm damage, (9) below).
structural issues, etc.). Likely to be
more significant
under the high
scenario.
Manufacturing Sea level rise, Manufacturing and service | Likely to be a Likely to be a See flood risk | See flood risk | Economic strategies,

and service
sectors (excluding
tourism)

water supply
issues

sectors could be affected
in terms of location, if
they are located in areas
at risk of

greater impact
under the high
scenario. (See
flood risk and

lesser impact
under the low
scenario. (See
flood risk and

and water
supply
sections
below.

and water
supply
sections
below.

RPG to plan for.




Key Variables Description of effect Magnitude of Magnitude of When the Geographical Links with

issues/spatial influencing the the effect: High the effect: Low effect is extent of the  neighbouring
aspects issue scenario scenario likely to take effect regions, either in
place terms of effect or
response
flooding/permanent water supply water supply
inundation. sections below). | sections below).

Manufacturing processes
that require water may
also be affected.

Biodiversity




Key
issues/spatial

aspects

Findings of REGIS
study (2)

Variables
influencing the
issue

Temperature,
Rainfall

Description of effect

Regis study found that salt
marshes will be under
pressure, with certain
species becoming extinct
due to summer drought.

(2)

Lowland heath is
anticipated to survive
direct effects better.
Main threat will come
from land use changes.

Magnitude of
the effect: High
scenario

Suffolk likely to
see the largest
losses: over half
the existing salt
marsh could be
lost by the
2050s.

The high
scenario would
see a decline in
heath, except
where
conservation
bodies were able
to purchase the
land directly. (2)

Magnitude of
the effect: Low
scenario

Magnitude of
loss is likely to
be lesser.

The low impacts
scenario would
see heathlands
restored as
agriculture
becomes less
intensive (2)

When the
effect is
likely to take
place

Geographical
extent of the
effect

Specific
locations of
habitats.
Would be
possible to
look at
location of
natural
areas/designa
ted habitats
to determine
areas likely to
be most
affected.
Fens, Coastal
grazing
marshes and
Salt marshes
likely to be

most affected.

Links with
neighbouring
regions, either in
terms of effect or
response

In terms of response,
need to consider
issue of obligation to
protect designated
sites e.g. Ramsar™
sites.

53 Ramsar Convention: An international convention originally agreed in Ramsar in 1975. It aims to stem the progressive encroachment loss of wetlands and promoting

the wise use of wetland wildlife. It requires the designation of Wetlands of International Importance (also known as Ramsar sites).



Key Variables
issues/spatial

Description of effect Magnitude of Magnitude of When the
the effect: High the effect: Low effect is

scenario scenario

Geographical Links with

extent of the | neighbouring
likely to take effect regions, either in
place terms of effect or

influencing the
aspects issue

Sea level rise

Sea level change also
likely to cause major
decline in salt marshes.
Greatest threat is from
coastal management
policies. ‘Holding the
line’ against sea level rise
would place all of the
regions salt marshes at
risk. (2)

Greatest changes are
anticipated for the Fen
lands.

Decline in coastal
drainage marshes, which
cover some 25,000 ha in
region.

Grazing marshes likely to
increase as farmers
abandon land vulnerable
to flooding.

Particularly
significant under
high scenario (2)

Sea level rise of
1.5 m would
mean that much
of the fen land
would revert to
wetlands and
salt marsh.
Would take
decades to
recreate
elsewhere. (2)
N.B. a 1.5 m sea
level rise was
anticipated in
UKCIP98, but
under UKCIPO2,
a maximum of
82 cmis
predicted which
would temper
the impacts. .

Lesser impact
under the low
scenario.

Under the
UKCIPO2 low
scenario sea
level rise is
anticipated to
be 22cm.
Therefore loss
of Fenland
would be less
extensive.

As above

response




Key
issues/spatial

aspects

Variables
influencing the
issue

Change in mean
sea surface
temperature

(1)

Description of effect

This will affect marine
species sensitive to
temperature (1)

The UKCIP study MarClim
is a new study aiming to
investigate how climate
change will affect future
distribution of marine
biodiversity (no output yet
available).

Magnitude of
the effect: High
scenario

Will be greatest
under high
scenario (1)

Magnitude of
the effect: Low
scenario

Will be lesser
under the low
scenario.

When the
effect is
likely to take
place

Geographical
extent of the
effect

Offshore -
specific
locations not
known.

Links with
neighbouring
regions, either in
terms of effect or
response

Threats and
opportunities for
species - findings
of the MONARCH
study (5)

The MONARCH study
identifies the potential
implications for species
and habitats in four
environments: terrestrial,
freshwater, coastal and
marine. It notes that
winners and losers
emerge, including some
species threatened with
national extinction. From
this it is possible to draw
general conclusions with
regard to biodiversity in
the East of England -
however, more detailed
conclusions for the East of
England emerged from the
REGIS study.

For example, for salt
marshes the study finds




Key Variables Description of effect Magnitude of Magnitude of When the Geographical Links with
issues/spatial influencing the the effect: High the effect: Low effect is extent of the  neighbouring

aspects issue scenario scenario likely to take effect regions, either in
place terms of effect or
response

that variable species’
response is likely to result
in altered species’
composition. Salt marshes
may migrate inland as sea
levels rise, depending on
coastal protection
policies. It identifies
winners, such as Sea
Purslane and losers, such
as Flat Sedge and common
salt marsh grass.

A further UKCIP study,
Climate change and
nature conservation (2000)
(6) similarly identifies
impacts on species and
habitats and outlines
policy responses to
climate change.




Key
issues/spatial

aspects

Woodlands -
findings of Forest
Research study

()

Variables
influencing the
issue

Temperature
and rainfall
which
determine
overall water
availability,
which will have
the greatest
impact on
woodlands (3)

Description of effect

Certain species will fare
poorly e.g. Alnus Incana,
some will fare better e.g.
Fagus Sylvatica and other
species may need to be
introduced e.g. Acer spp.
- with a redefinition of
what is classed as a
‘native species’ (3).

Pests and diseases may
become more prevalent,
although complex
interactions between
trees, pests/pathogens
and their predators or
natural controls make
predictions hard (3)

Establishment of young
trees, and survival of
hedgerow and urban trees
are most likely to be
affected by climate
change. (3). Urban trees
in particular are likely to
suffer due to ‘heat island’
effects and lesser
availability of water.

Magnitude of
the effect: High
scenario

Impacts likely to
be greater under
the high
scenario.

Magnitude of
the effect: Low
scenario

Impacts likely to
be lesser under
the low
scenario.

When the
effect is
likely to take
place

Links with
neighbouring
regions, either in
terms of effect or
response

Geographical
extent of the
effect

Regional




Key
issues/spatial
aspects

Variables
influencing the
issue

Sea level rise

Description of effect

Woodland is unlikely to be

Magnitude of
the effect: High
scenario

Impacts likely to

Magnitude of
the effect: Low
scenario

Impacts likely to

When the
effect is
likely to take
place

Geographical
extent of the
effect

May be some

Links with
neighbouring
regions, either in
terms of effect or
response

affected by salinisation, be greater under | be lesser under impact from

except in coastal areas, or | the high the low salinisation in

areas of the fens subject scenario. scenario. fens and

to saline ingress. coastal areas.
Inland flooding | Could increase scope for Likely to be Likely to be

riparian woodland, as an greater under lesser under the

alternative land use, the high low scenario.

which would act to scenario.

stabilise river banks and
reduce erosion.

Environmental
resources




Key
issues/spatial

aspects

Water supply

Variables
influencing the
issue

Rainfall -
annual rainfall
likely to
decline by
around 10%
(low and high
scenarios),
Seasonality of
rainfall -
variations more
pronounced
under High
scenario -
winters up to
30% wetter and
summers up to
50% drier.
Winter rainfall
increasingly in
short, intense
episodes. (1)

Description of effect

East Anglia depends on
groundwater. Increased
recharge due to heavier
winter rainfall offset by
increased evaporation in
other seasons - shortened
period for recharge. (2)

Magnitude of
the effect: High
scenario

Significant
decline in
groundwater
reserves. (2)
Under high
scenario, effects
will be felt
throughout the
region (2)

Magnitude of
the effect: Low
scenario

Under the low
scenario there
will be a lesser
effect, but will
still particularly
affect south
Suffolk (2).

When the
effect is
likely to take
place

Geographical
extent of the
effect

Under low
scenario
confined to
certain areas
such as south
Suffolk.
Under high
scenario
stores will
decline over
much of the
region. (2)

Links with
neighbouring
regions, either in
terms of effect or
response

Utilities to plan for;
RPG to plan for
implications in terms
of development
location and
capacity.




Key
issues/spatial

aspects

Variables
influencing the
issue

Increased
demand for
irrigation and
rising
household
water demand

(2)

Description of effect

Increased pressure on
groundwater reserves,
leading to general water
supply problems requiring
restrictions on demand or
import of additional
supplies. (2)

Magnitude of
the effect: High
scenario

Regis study used
2 scenarios.
Under ‘high
climate change
and regional
enterprise’ there
will be
constraints
across the
region. (2)

Magnitude of
the effect: Low
scenario

There will also
be an issue
under the ‘low
climate change
and global
sustainability
scenario’
especially in
south Suffolk,
however, there
will also be more
opportunities to
mitigate the
effects under
this scenario (2).

When the

effect is

likely to take

place

By 2050s (2)

Geographical
extent of the
effect

Regional
pressures,
with effects
felt
throughout
region, but
particularly
acute to the
south, e.g.
south Suffolk.

Links with
neighbouring
regions, either in
terms of effect or
response

example, offshore.
However, this will depend
on the gustiness and
maximum speeds as
turbines have specific
requirements.

the high
scenario.

the low
scenario.

Soil quality Increase in Drier soils and increased Impacts likely to | Impacts likely to Agricultural
frequency and erosion, which will be greater under | be lesser under land
severity of particularly affect the the high the low throughout
droughts East of England due to scenario. scenario. the region.
large areas of land used
for arable agriculture.
Trees could be used to
provide shelter belts (3).
Wind energy Daily mean Increased ‘windiness’ may | Impacts likely to | Impacts likely to Offshore and Utility companies to
wind speeds benefit windfarms, for be greater under | be lesser under exposed/ respond to threats/

elevated areas

opportunities, RPG to
plan for ?




Key
issues/spatial

aspects

Variables
influencing the
issue

Description of effect

Magnitude of
the effect: High
scenario

Magnitude of
the effect: Low
scenario

When the
effect is
likely to take

place

Geographical
extent of the
effect

Links with
neighbouring
regions, either in
terms of effect or
response

monitoring of water used
for recreational purposes

require more
monitoring of

Solar energy Sunlight, More intense sunlight Impacts likely to | Impacts likely to Regional, As above, and
cloudiness might make solar energy be greater under | be lesser under particularly construction industry
more effective. the high the low urban areas to take on board
scenario. scenario. opportunities.
Bioenergy Groundwater The Forest Research study | Water shortages | The low scenario Regional
availability (3) notes that certain are likely to be will have a
short rotation coppice more extreme lesser effect, as
species (Poplar and under the high water shortages
Willow) have higher water | scenario in the will be less
demands than other tree Regis study (2). extreme and
species, which might have | Therefore SRC more
implications for their may be less manageable.
implementation. suitable under
this scenario.
Air quality Ozone is the main Impacts likely to | Impacts likely to Regional
pollutant likely to increase | be greater under | be lesser under
with climate change. Itis | the high the low
formed by sunlight in the scenario. scenario.
presence of nitrogen
oxides and VOCs (3).
See health implications
below.
Water quality Reductions in Saline intrusion. (2) Impacts likely to | Impacts likely to Coastal
groundwater be greater under | be lesser under regions (2)
reserves (see the high the low
above) Need for alternative scenario. scenario.
sources of drinking water
(4)
Could, for
Need to ensure careful example,




Key Variables Links with
issues/spatial influencing the

aspects issue

Description of effect

Magnitude of Magnitude of
the effect: High the effect: Low
scenario scenario

When the Geographical
effect is extent of the  neighbouring

likely to take effect regions, either in
place terms of effect or

(as algal growths and algal
blooms may increase) (4)

the Broads.

response

The built

archaeological

environment and

Subsidence is expected to
increase in buildings on
clay soils, new buildings
should include improved
foundation design. Felling
of nearby trees would

heritage
Damage from Temperature Higher ground Impacts likely to | Impacts likely to Region Local Authorities
pollutants increases temperatures would lead be greater under | be lesser under (planning, building
to ground contaminants the high the low control), English
becoming more active, scenario. scenario. Heritage advice
and consequently
attacking foundations (7).
Increased UV Degradation of materials. Impacts likely to | Impacts likely to Region Local Authorities
Research by the CRISP be greater under | be lesser under (planning, building
Climate Change Task the high the low control), English
Group concludes that this | scenario. scenario. Heritage advice
is of low to moderate risk
9).
Changes to soil Temperature Climate change may Impacts likely to | Impacts likely to Region Local Authorities
structures and increases, exacerbate cracking and be greater under | be lesser under (planning, building
subsidence Reduced shrinkage of clay soils the high the low control), insurance
rainfall leading to subsidence (3). | scenario. scenario. companies




Key
issues/spatial

aspects

Variables
influencing the
issue

Description of effect

reduce effects (7). CRISP
research (9) rates
subsidence as a high risk
effect.

Magnitude of
the effect: High
scenario

Magnitude of
the effect: Low
scenario

When the
effect is
likely to take
place

Geographical
extent of the
effect

Links with
neighbouring
regions, either in
terms of effect or
response

Flood risk to built
environment and
archaeological
heritage

Sea level rise
Fluvial flooding

Flooding of buildings will
be more common. Can
cause contamination,
damage and structural
collapse. Some buildings
could become uninsurable
(7).

Coastal erosion due to sea
level rise and storm surges
could lead to loss of
vulnerable buildings (7).

Coastal and riverine
flooding is rated as a very
high risk by CRISP research
9).

Impacts likely to
be greater under
the high
scenario.

Impacts likely to
be lesser under
the low
scenario.

Areas subject
to flood risk

RPG to plan for;
construction industry
to respond

Damage

Extreme
events, rainfall

More frequent storms
could result in increased
structural damage, and
driving rain might affect
facades and internal
structures and lead to
more penetration around
openings (7). CRISP
research (9) rates wind
and storm damage to be a
high risk.

Impacts likely to
be greater under
the high
scenario.

Impacts likely to
be lesser under
the low
scenario.

Regional

Local Authorities
(planning, building
control), insurance
companies




Key Variables Description of effect Magnitude of Magnitude of When the Geographical Links with
issues/spatial influencing the the effect: High the effect: Low effect is extent of the  neighbouring

aspects issue scenario scenario likely to take effect regions, either in
place terms of effect or
response

Design issues Temperature New buildings will need to | Impacts likely to | Impacts likely to Regional Local Authorities
increases, take greater consideration | be greater under | be lesser under (planning, building
decreased of pressures on water the high the low control),
water resources and ensure scenario, and scenario, and construction industry
availability water is used efficiently. more need to the need to alter to take on board

Designs will also need to consider design building designs
take into account issues. will be lesser.

increased need for
ventilation and air
conditioning (7). The
impact of warmer
summers on thermal
comfort is considered to
be a moderate to high risk
of climate change (9).
N.B. the UKCIP is currently commissioning further research on climate change impacts on buildings.

Flood risk

Coastal flooding Sea level rise Coastal flooding - this will | Eastern England | Under a low By 2080s Coastal zone, | RPG to plan for;
affect all land uses in the | under a high scenario the but actual Environment Agency
affected coastal areas and | scenario would region will see a extent has not | to plan appropriate
will have implications for | see an 82cm 22cm rise (1) been mapped | defences as agreed
the efficacy/need for rise. This is one - Tyndall through extensive
coastal defences. of highest rates research consultation.

in the UK (1) might

augment (?)




Key
issues/spatial

aspects

Variables
influencing the
issue

Extreme events
- storm
surges/large
waves

Description of effect

This will affect flood
vulnerability, settlement
patterns, agriculture, etc.

Magnitude of
the effect: High
scenario

UKCIPO2 shows
the change in 50
year return
period surge
height
(incorporating
increased sea
level, possible
increased
storminess and
isostatic
subsidence).
Shows that
Eastern region
will see greatest
increases, by
between approx.
0.9-1.3m under
the high scenario
(but high level of
uncertainty) (1)

Magnitude of
the effect: Low
scenario

The change in 50
year return
period surge
height will be
between 0.2-1m
under the low
scenario (1)

When the
effect is
likely to take
place

By 2080s (but
high level of
uncertainty)

M

Links with
neighbouring
regions, either in
terms of effect or
response

Geographical
extent of the
effect

Primarily
coastal zone -
appears more
intense to
south of
region, but
extent of
effect inland
has not been
mapped. (1)




Key
issues/spatial

aspects

Fluvial/inland
flooding

Variables
influencing the
issue

Rainfall,
Seasonality of
rainfall

Description of effect

Intermittent increases in
river flows and risk of
flooding

Magnitude of
the effect: High
scenario

Under the REGIS
*high’ scenario
without
substantial
augmentation of
flood defences
and land
drainage, arable
farming would
become virtually
impossible on
86% of fens and
10% of
remainder of
East Anglia.
Under ‘high’
scenario there
would be need
for investment in
defences to
protect urban
areas and
infrastructure.

(2).

Study provides
cost
implications:
flood damage
could top £120
m, or up to £950
m under high
scenario (2)

Magnitude of
the effect: Low
scenario

Regis study
found that flood
risk impacts of
the ‘low’ model
used could be
adequately
coped with.

When the
effect is
likely to take
place

By 2050

Geographical
extent of the
effect

Broads and
Fenland
particularly
vulnerable to
inland
flooding (2)

Links with
neighbouring
regions, either in
terms of effect or
response

As above




Key Variables
issues/spatial

Description of effect Magnitude of Magnitude of When the
influencing the the effect: High the effect: Low effect is

aspects issue scenario scenario

Geographical Links with

extent of the | neighbouring

likely to take effect regions, either in

place terms of effect or
response

N.B. Several research projects by the Tyndall centre and the UK Foresight flood and coastal defence project will in future provide further

information on fluvial and coastal flood risk. We will contact the Tyndall Centre to find out if any research output is available yet

(particularly for East Anglia, which many of their studies focus on).

Settlement
pattern
Coastal flooding, Flood risk and flooded | See other Coastal, other | RPG to plan for.
Fluvial flooding, areas will particularly relevant areas at risk
Other variables affect settlement variables. of flooding
affecting patterns - need for
settlement managed retreat,
pattern?? defences, location of
new housing.
Transport
infrastructure
Coastal flooding, Flood risk and flooded | See sections on Coastal, other | RPG to plan for.

Fluvial flooding,

areas will particularly

flood risk and

areas at risk

Other variables affect existing subsidence of flooding

affecting infrastructure and above. and

infrastructure?? locations for new subsidence
infrastructure - need throughout
for managed retreat, region.

defences, etc..

Based on maps
of current
flood risk, and
assuming




Key
issues/spatial
aspects

Variables
influencing the
issue

Description of effect

Magnitude of
the effect: High
scenario

Magnitude of
the effect: Low
scenario

When the
effect is
likely to take
place

Geographical
extent of the
effect

these will
worsen, the
A12 coastal
road from
Ipswich to
Lowestoft and
Great
Yarmouth and
the Ipswich-
Lowestoft rail
link could be
particularly
affected. The
Cambridge -
King’s Lynn
rail link and
A10 road
could also be
at increased
risk due to
flooding of the
Fens.

Links with
neighbouring
regions, either in
terms of effect or
response

Utilities

Energy Temperature Building heating Heating degree The heating By end of Region RPG to plan for;

requirements requirements will days will decline | degree days will | century utility companies to
decline, but cooling by 20%-45% in decline to a respond to threats
requirements will region. lesser extent and pressures.
increase. under the low By 2080s.

Parts of the area
could have up to
300 cooling
Degree days by

scenario.
Cooling degree
days will
increase to a




Key
issues/spatial

aspects

Variables
influencing the
issue

Description of effect

Magnitude of
the effect: High
scenario

2080s.

Magnitude of
the effect: Low
scenario

lesser extent.

When the
effect is
likely to take
place

Geographical
extent of the
effect

Links with
neighbouring
regions, either in
terms of effect or
response

Drainage systems

Increased rainfall
in winter and an
increase in
extreme events
could lead to
drainage systems
being unable to
cope.

Increased winter
precipitation
and increased
occurrence of
extreme
precipitation
events will exert
greatest
pressure under
the high
scenario (1). By
the 2080s winter
precipitation
could increase
by 30%+ and
there could be
an increase of
around 1.25
intense rainfall
days in winter.

Pressure on
drainage
systems will be
lesser, although
still significant
(1). By the
2080s winter
precipitation
could increase
by 20%+ and
there could be
an increase of
around 0.75
intense rainfall
days in winter.

Region

As above.

Social issues




Key Variables
issues/spatial

aspects issue

Temperature

influencing the

Description of effect

Decline in cold weather
deaths (4).

Increase in heat-
related deaths
(although total
numbers in the UK still
very low) (4).

Food poisoning likely to
accelerate (although
should be preventable)
(4).

Vector borne diseases
are not predicted to
become serious causes
of illness (4).

Magnitude of
the effect: High
scenario

The study (4)
does not provide
high/low
scenario
predictions. It
makes overall
predictions:

Reduction of
20,000 cases pa
(UK wide)

Increase of 2000
cases pa (UK
wide)

Could be up to
10,000 cases pa

Magnitude of
the effect: Low
likely to take

Geographical
extent of the
effect

Regional
Unlikely to
have a
spatially
differentiated
impact or
require a
spatial
response.

Links with
neighbouring
regions, either in

terms of effect or

response
Health Authorities to
plan for.




Key
issues/spatial

aspects

Variables
influencing the
issue

Increased UV
penetration

Description of effect

Potential increase in
skin cancer and eye
damage.

Magnitude of
the effect: High
scenario

The study (4)
does not provide
high/low
scenario
predictions. It
makes overall
predictions:

Up to 30,000
additional cases
of skin cancer
and 2000
cataract cases,
but this will
depend on
emissions levels
of ozone
depleting
substances and
use of
preventative
measures, such
as sun screens.
Could be limited
to 5,000 skin
cancer cases per
year (4).

Magnitude of
the effect: Low
scenario

When the
effect is
likely to take
place

By 2050 (4).

Geographical
extent of the
effect

Whole region.
Could require
additional/
specialist
health care
facilities.

Links with
neighbouring
regions, either in
terms of effect or
response




Key
issues/spatial

aspects

Variables
influencing the
issue

Extreme events
(floods, gales,
etc.) (4)

Description of effect

Likely increase in
occurrence of severe
winter gales is a cause
for concern. Deaths
during severe gales are
commonplace. Loss of
electrical power
supplies adds to
problems. Therefore
need careful building
inspections and better
forecasting of gales and
preparation of disaster
plans (4).

Similarly flooding could
increase deaths and
injuries (4)

Magnitude of
the effect: High
scenario

Magnitude of
the effect: Low
scenario

When the
effect is
likely to take
place

Geographical
extent of the
effect

Regional

Links with
neighbouring
regions, either in
terms of effect or
response

Air pollutants

In general, the effects
of air pollutants on
health are likely to
decline, but the effects
of ozone during the
summer are likely to
increase. (4)

The study (4)
does not provide
high/low
scenario
predictions. It
makes overall
predictions:
Several thousand
extra deaths and
a similar number
of hospital
admissions may
occur each year

(4).

Regional

As above.




Key Variables Description of effect Magnitude of Magnitude of When the Geographical Links with
issues/spatial influencing the the effect: High the effect: Low effect is extent of the  neighbouring

aspects issue scenario scenario likely to take effect regions, either in
place terms of effect or
response

Social exclusion It is not easy to predict | Not able to Not able to In areas with Local authorities to

what impacts climate predict. predict. higher consider implications
change might have on deprivation and respond to.
social exclusion. throughout

Possible implications the region.

might arise from:

e Differing resources
available amongst
different social
groups to deal with
housing design
issues, such as
ventilation and
cooling.

e Access to specialist
healthcare may
also widen social
disparities.

e Ability to respond
to the threats of
flood risk might
also differ between
social groups??

(1) Climate change scenarios for the United Kingdom: the UKCIP02 Scientific Report April 2002

(2) UKCIP study: ReglS-Regional climate change impact and response studies in East Anglia and North West England
(3) Forest Research: A review of climate change implications for trees and woodland in the East of England

(4) Health effects of climate change in the UK

(5) UKCIP study: MONARCH

(6) Review of Climate Change Implications for UK Habitat and Species Conservation Policy April 2000.

(7) UKCIP briefing note: Climate change impact on buildings



(8) EU funded Accelerate project (includes an East Anglia case study)
(9) A review of recent and current initiatives on climate change and its impact on the built environment: impact, effectiveness and
recommendations



APPENDIX 3

Appraisal of RPG scenarios against the climate change principles



Appraisal of RPG scenarios against the climate change principles

Spatial Option 1

| Spatial Option 2

| Spatial Option 3

| Spatial Option 4

Protect existing land uses from the impacts of sea level rise and fluvial flooding only where the benefits of doing so in environmental,
economic and social terms clearly outweigh the capital and revenue costs

The scenario indicates which
existing areas are going to
be expanded further,
therefore implying that, if
necessary, flood defences
would be provided.
However, requires more
consideration to determine
if the scenario is in line with
this principle.

Would require protection of
coastal areas such as Great
Yarmouth, Lowestoft and
Tendring - which may or may
not be in line with this
principle. Would require
further consideration.

Some development in
Norwich, Ipswich and
Colchester could be at risk
of coastal flooding.
Regeneration in the Thames
Gateway would also
potentially require increased
expenditure on flood
defences. Again, further
consideration is needed to
determine whether this is a
robust and defensible
pattern of growth in terms

The scenario indicates which
existing areas are going to
be expanded further,
therefore implying that if
necessary, flood defences
would be provided.
However, requires more
consideration to determine
if the scenario is in line with
this principle.

This scenario is more likely
to be compatible with this
principle than scenario 1, as
there is no major growth in
coastal areas, so this would
not place additional assets
at very high risk of coastal
flooding.

However, Norwich, Ipswich
and Colchester are all
identified as areas of major
growth. These settlements
all lie on rivers which are
subject to fluvial flooding
and are also located at the
furthest inland reaches of
coastal flooding. However,
with climate change the
reach of coastal flooding
may well extend further

The scenario indicates which
existing areas are going to
be expanded further,
therefore implying that if
necessary, flood defences
would be provided.
However, requires more
consideration to determine
if the scenario is in line with
this principle.

No major development on
coast or in areas close to
coast (i.e. Norwich, Ipswich
or Colchester).

These areas (Norwich,
Ipswich and Colchester) are
identified for some growth.
Could be at heightened risk
of coastal and fluvial
flooding.

Generally major
development concentrated
in south where less risk of
fluvial flooding.

Major development in
Cambridge and also
Peterborough and Kings Lynn
identified for some
development, which could
be at risk of increased

In addition to a new
settlement this scenario
would continue the
settlement pattern as per
scenario 1 with some growth
going to existing settlements
and PAERs.

So would still require
decisions to be made re
protection of existing land
uses.

But this scenario would not
lead to significant changes,
in the value of
built/developed assets, in
areas at risk of flooding.




of cost benefit analysis,
including environmental
costs.

Growth in several areas
(Peterborough, Cambridge
and Wisbech and possibly
other areas, such as Norwich
which has a flood plain
associated with the
Wensum) could be
vulnerable to fluvial flooding
which would require flood
defences. Again, further
consideration would need to
be given to such a strategy.

inland along river channels,
which will also be subject to
heightened risk of fluvial
flooding.

As with scenario 1, the
Thames gateway is
identified as an area for
regeneration and growth.
This would potentially
require increased
expenditure on flood
defences.

As with scenario 1,
Cambridge is identified as
an area of major growth and
Peterborough is also
identified for major growth.
Both these areas could
potentially be at risk of
flooding in the Fens.

flooding in the Fens.

Avoid allowing development in locations that could constrain or reduce effectiveness of future options for adaptation (e.g. allowing
development in areas that might

prevent effective coastal and fluvi

al flood management in the future)

Development in the coastal
regions could jeopardise the
ability to provide for future
coastal flood defences.
Development in fluvial flood
plains could similarly
hamper future flood defence
works; this will need to be
addressed in terms of where
development should be
located within/around
settlements.

Development in fluvial flood
plains could hamper future
flood defence works; this
will need to be addressed in
terms of where development
should be located
within/around settlements.

Development in fluvial flood
plains could hamper future
flood defence works; this
will need to be addressed in
terms of where development
should be located
within/around settlements.

This scenario allows
flexibility to build in climate
change adaptation criteria.
Therefore would be possible
to avoid areas, which, if
developed, could hamper
future adaptation to climate
change.




Where possible, allow for sea level rise to take its natural course

As noted above, this
scenario would require
continued investment in
coastal defences,
particularly in Great
Yarmouth, Lowestoft and
Tendring

Therefore goes against this
principle.

This scenario is more likely
to allow such a course of
action.

However, as noted above,
sea level rise could affect
Norwich, Ipswich and
Colchester (identified for
major growth) which are
located at the (current)
inland reaches of coastal
flood risk.

However, to determine
actual risk from coastal
flooding and degree to
which this scenario is
compatible with this
principle requires further
information.

This scenario is more likely
to allow such a course of
action.

However sea level rise could
affect Norwich, Ipswich and
Colchester (identified for
some growth), which are
located at the (current)
inland reaches of coastal
flood risk.

However, to determine
actual risk from coastal
flooding and degree to
which this scenario is
compatible with this
principle requires further
information.

This scenario allows
flexibility to build in climate
change adaptation criteria.
Therefore would be possible
to avoid areas at risk of
coastal flooding and to allow
sea level rise to take its
course.

Rest of development similar
to scenario 1 - so would still
require some development
in areas at risk of coastal
flooding and therefore
hamper attempts to allow
natural course of sea level
rise.

But the scenario would not
place so much additional
development in areas at risk
of sea level rise.

Avoid new development being loc

ated in areas at risk from sea level rise and storm surges

This option would place new
development in areas at risk
from sea level rise and storm
surges, in particular Great
Yarmouth, Lowestoft and
Tendring.

The scenario also envisages
some growth in Norwich,
Ipswich and Colchester,
which are currently at the
most inland point of coastal
flood risk. However, it is

This scenario, places new
development at lesser risk of
flooding, as a result of sea
level rise and storm surges.
However, as noted above,
Norwich, Ipswich and
Colchester (identified for
major growth) could
potentially be affected by
coastal flood risk, depending
on the degree of sea level
rise.

This scenario, places new
development at a lesser risk
of flooding, as a result of
sea level rise and storm
surges. However, Norwich,
Ipswich and Colchester
(identified for some growth)
could still potentially be
affected by coastal flood
risk, depending on the
degree of sea level rise.

To determine the extent of

Again this scenario allows
flexibility to build in climate
change adaptation criteria
into decisions on locations of
new development.

Therefore could avoid
significant new development
in areas at risk of sea level
rise and storm surges.




possible that as sea level
rises, these areas could be
at greater risk, especially in
combination with increased
risks of fluvial flooding.

To determine the extent of
risk, would require further
information.

risk, would require further
information.

Guide new development to areas

not at risk from fluvial flooding

Meets principle better than
scenario 2.

The major growth in the
south in the M11 corridor
and Milton Keynes is in line
with this principle, as fluvial
flood risk is typically lesser
here than in the north and
east of the region.
However, Cambridge which
is identified as an area of
major growth, and
Peterborough (some growth)
and Wisbech (a PAER) could
all be vulnerable to flooding
in the Fens.

Other existing settlements
identified for some growth;
such as Norwich and Ipswich
also have land in the flood

plain, which could be at risk.

However, there is scope to
ensure that new
development in areas
centred on rivers at risk of
flooding avoids land in the
floodplain. But must ensure
that new information on

Possibly more new
development at risk of
fluvial flooding in this
scenario than scenario 1.
This scenario would
primarily be affected by
fluvial rather than coastal
flooding.

Cambridge and
Peterborough are identified
as areas for major growth,
and Kings Lynn is highlighted
for some growth. All these
areas could be affected by
fluvial flooding of the Fens.
Norwich, Ipswich and
Colchester (all subject to
major growth) all lie on
rivers which are subject to
some degree of fluvial flood
risk.

It may be possible to avoid
those areas around these
settlements, which are
subject to fluvial flood risk.
It is important that such
decisions factor in the likely
increase in fluvial food plain

Very similar in terms of
fluvial flood risk to scenario
1.

Major growth in the south in
Hertfordshire and south
Essex is in line with this
principle, as fluvial flood
risk is typically lesser here
than elsewhere in the
region.

However, Cambridge (major
growth) and Peterborough
(some growth) may be
subject to flood risk in the
Fens.

Other existing settlements
identified for some growth;
such as Norwich and Ipswich
also have land in the flood
plain, which could be at
risk.

However, there is scope to
ensure that new
development in areas
centred on rivers at risk of
flooding, avoids land in the
floodplain. But must ensure
that new information on

Again this scenario allows
flexibility to build in climate
change adaptation criteria
into decisions on locations of
new development.

Therefore could avoid
significant new development
in areas at risk of fluvial
flooding.




fluvial flood risk, in relation
to climate change, is taken
on board as it emerges.

as a result of climate
change.

fluvial flood risk in relation
to climate change is taken
on board as it emerges.

Minimise the requirement for ’technical fixes’ to solve flooding and water supply issues

Requires significant
investment in flood defence
infrastructure.

Significant growth in south
of the region - M11 corridor,
Milton Keynes,
Luton/Dunstable - which will
probably require increases in
water transfer and storage
infrastructure.

Diverges from this principle.

May require increase in
fluvial flood defences.

May require an increase in
water supply infrastructure,
including desalinisation
plant or reservoirs in Essex.
But overall likely to put less
pressure on water supplies
due to growth, in north of
region as well as south and
therefore not rely too
heavily on technical
solutions to water supply
issues.

May require an increase in
fluvial flood defences, but
probably less so than
scenario 2.

Likely to require an increase
in water supply
infrastructure, due to
development in the south of
the region

Again this scenario allows
flexibility to build in climate
change adaptation criteria
into decisions on locations of
new development.
Therefore could locate a
new settlement in such a
way that it has access to
sustainable water supplies
(generally towards the north
of the region) and out of
areas of flood risk (typically
away from the coast and
localised areas of fluvial
flood risk). This will
minimise the need to apply
technical fixes to adapt to
climate change.

Encourage local access to goods, services and facilities in order to reduce the need for movement and reliance on transport

infrastructure that could be vulnerable to climate change impacts

Dispersed nature of growth
throughout the region and in
peripheral coastal locations
is likely to increase
movement in the region, and
therefore go against this
principle. However, it could
facilitate a dispersed
pattern of provision of some

Difficult to determine, as
will depend on how services
and facilities are located in
relation to settlements.

Difficult to determine, as
will depend on how services
and facilities are located in
relation to settlements.

Very likely to facilitate self-
sufficiency through locating
a significant amount of
development in one
location. This will help to
decrease vulnerability to
climate change by allowing
services to be located close
to people. This will also




services, such as health
care, in market towns and
hence reduce vulnerability
to climate change.

This pattern of development
could also facilitate supplies
of food from local sources.
Some areas will clearly be
able to develop in line with
this principle, such as the
concentration of growth in
Cambridge, and the
concentrations of
development in the south of
the region.

help to mitigate against
impacts of climate change
by limiting emissions of CO2
from road based transport.

Guide new development to locations that are least likely to experience water supply shortages

Significant growth in the
south of the region means
that much development will
take place in areas subject
to water shortages.

Goes against this principle.

e Increased pressure on water
supply in Essex and Thames
Gateway.

e However, due to the
dispersed nature of
development, including
development in the north of
the region water supply
issues are likely to be less
apparent in this scenario
than scenarios 1 and 3.

Significant growth in the
south of the region means
that much development will
take place in areas subject
to water shortages.

Again this scenario allows
flexibility to build in climate
change adaptation criteria
into decisions on locations of
new development.
Therefore could locate a
new settlement in such a
way that it has access to
sustainable water supplies
(generally towards the north
of the region)

Guide development to locations t

hat will not be at risk from subsidence arising from climate change (e.g. clay soils)

Major growth in the south of
the region means that much
development will take place
on clay soils prone to
subsidence.

e Less risk due to dispersed
growth, so less
concentration on clay soils
in south.

Major growth in the south of
the region means that much
development will take place
on clay soils prone to
subsidence.

Again this scenario allows
flexibility to build in climate
change adaptation criteria
into decisions on locations of
new development.

Therefore could locate a




new settlement on areas
less sus

Exploit the environmental, social and economic opportunities afforded by climate change

o Continued support for rural | e
areas, market towns and
coastal locations is likely to
enhance the ability of the
region to capitalise on
potential benefits to tourism | e

e Coastal development and by
implication an increased
need for defences could
have negative implications
for coastal habitats (‘coastal
squeeze’)

e Overall other policies to
promote such opportunities
will determine whether this
principle is met.

Regional centres likely to
support rural areas and
market towns, which could
enable opportunities for
tourism to be capitalised on
Overall other policies to
promote such opportunities
will determine whether this
principle is met.

More concentration in south
of region may provide less
support for those areas
which could otherwise
benefit from growth in
tourism.

However, could relieve
pressures in some areas and
enable environmental
opportunities of climate
change to be recognised
throughout the region (such
as allowing habitats to
migrate/adapt), and
allowing coastal habitats to
migrate inland (if hard
coastal defences are avoided
where possible)

Overall other policies to
promote such opportunities
will determine whether this
principle is met.

Depends on location and
other policies to promote
such opportunities.

Where possible compensate for loss of habitats by creation of similar habitats in less vulnerable areas

¢ This will depend on other .
policy responses and
initiatives

¢ Could potentially be .
compatible with this
principle

This will depend on other
policy responses and
initiatives

Could potentially be
compatible with this
principle

This will depend on other
policy responses and
initiatives

Could potentially be
compatible with this
principle

This will depend on other
policy responses and
initiatives

Could potentially be
compatible with this
principle

Identify opportunities to create new habitats and landscapes as a result of climate change and create corridors and stepping stones to

allow species to adapt and migrate




This will depend on other
policy responses and
initiatives.

Could potentially be
compatible with this
principle.

This will depend on other
policy responses and
initiatives.

Could potentially be
compatible with this
principle

This will depend on other
policy responses and
initiatives.

Could potentially be
compatible with this
principle

e This will depend on other
policy responses and
initiatives.

e Could potentially be highly
compatible with this
principle, since a new
settlement has the
flexibility to be located so
as to avoid areas suitable for
creation of new habitats and
landscapes

Promote agricultural production systems in areas that are compatib

le with and adaptable to the impac

ts of climate change

Continued support for rural
areas and market towns
through dispersed growth in
a number of areas could
help to support an
agricultural economy that is
able to respond to the
pressures and opportunities
of climate change. For
example, through providing
new types of local produce
and adapting to
environmental conditions
which might facilitate
provision of environmental
benefits, such as grazing
marshes in areas at
increased risk of flooding.
However, this is far from
certain and will largely
depend on the support
provided by other strategies,
and the actions of DEFRA,

Hard to determine what
implications this scenario
has for meeting the
principle.

Will largely depend on the
support provided by other
strategies, and the actions
of Defra, such as providing
adequate funding to
facilitate conversion to more
extensive agricultural
systems.

Hard to determine what
implications this scenario
has for meeting the
principle.

Will largely depend on the
support provided by other
strategies, and the actions
of Defra, such as providing
adequate funding to
facilitate conversion to more
extensive agricultural
systems.

This scenario may provide less
support for the rural economy
and mean that adaptation is less
easily achieved.




such as providing adequate
funding to facilitate
conversion to more
extensive agricultural
systems.
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INTRODUCTION

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

INTRODUCTION TO THIS GUIDANCE DOCUMENT

Why is guidance needed?

The issue of climate change has been of increasing concern for many years.
It is now widely accepted in both scientific and political circles that climate
change is happening, that human activity is contributing to it, and that the
impacts are likely to be dramatic, if not for this generation, then certainly
for future ones. Accommodating the impacts of climate change is vital and
this will require adaptation strategies.

There are likely to be many decisions and actions that need to be taken at
the local level. It is essential that those who have a leading role to play at
this level fully understand the implications of climate change and the need
to start responding to the challenges it poses.

It is recognised that many actions are already being undertaken by local
authorities and other service providers, which will help them to adapt to
climate change, some intentionally and some as a beneficial secondary
effect of other actions (‘win-win’ situations). This guidance provides a
checklist for organisations to ensure that they are comprehensively
addressing climate change.

In September 2002, the East of England Regional Assembly and Sustainable
Development Roundtable, appointed Land Use Consultants in association
with CAG Consultants and SQW Ltd, to undertake a study to provide
authoritative guidance, to enable the development of a range of policy
initiatives and practical actions for regional adaptation to climate change.

What does the guidance cover?

The study ‘Living with climate change in the East of England’ consists of
three stages (the overall objectives and outputs of the study are outlined in
Appendix 1). This report provides guidance on adaptation measures for
responding to climate change at the local level; specifically it provides
guidance on adaptation responses for local authorities’ and other agencies’
service provision and comprises Stage 2 of the study. This follows on from
the Stage 1 report ‘Living with Climate Change in the East of England Stage
1 Interim Report: Guidance on Spatial Issues’, which looked at regional level
spatial adaptation responses.

The background to the guidance and the research undertaken to inform it is
included in Appendix 1.
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Methodology

1.7. Preparation of this guidance document has involved a range of research,
consultation and professional judgement. Key sources of information used
are referenced throughout the document.

1.8. Two consultation workshops were held (in Great Yarmouth and Letchworth)
to which local government and other service providers were invited. The
aim of the workshops was to identify the key decisions and measures that
may need to be taken to adapt to make the most of opportunities that
climate change presents, to minimise its adverse effects and to consider
how these might vary across the region. Stakeholders were consulted, via
roundtable discussions, on a draft of suggested actions for local authority
service providers and were also invited to send in comments on the
suggested actions for other service providers.

1.9. The specific objectives were of the consultation workshops were to:

e Determine whether the key services provided by local authorities had
been correctly identified.

e Discuss the extent to which local services are likely to be affected by
the impacts of climate change and the nature and significance of any
effects.

e Consider whether the impact of climate change and effects on local
service provision are likely to be similar across the region as a whole,
or whether they are likely to vary depending upon location.

e Explore what opportunities might be afforded by the impacts of
climate change (e.g. promotion of environmental technologies,
tourism, agricultural diversification etc.).

e Identify and prioritise the key decisions that will need to be made
with respect to these impacts and opportunities and when these
decisions will need to be made.

e Assess the level of uncertainty and risk attached.

e |dentify service areas where a co-ordinated response between local
authorities and statutory agencies/infrastructure providers will be
required.

1.10. Comments and suggestions made by stakeholders at the workshops have
been incorporated into the guidance.

Structure of the guidance

1.11. Section 2 of the guidance sets out the changes the East of England is likely
to experience under two different scenarios of future climate.
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1.12. Section 3 describes a series of ‘climate change sub-regions’, which
represent areas which are likely to experience similar impacts and require
similar adaptation responses. The subsequent sections of this guidance use
these broad sub-regions to indicate the types of adaptation responses likely
to be appropriate.

Section 4: Adaptation responses for local authorities’ service provision

1.13. This section is primarily targeted at local authorities. It is structured into
seventeen service areas. These are listed in Table 1.1; the table also
outlines the roles and responsibilities of local authorities in relation to each
of these service areas'.

Table 1.1 Local authority service areas and responsibilities

Service areas and responsibilities

Transport Highways/drainage management and traffic management

infrastructure Local authorities provide, manage and maintain more than 96 per
cent of roads in England and Wales, as well as maintaining major parts
of the motorway and trunk road network for the Department of
Transport, a service which costs almost a billion pounds a year. This
includes a range of activities such as maintaining bridges, lighting and
drainage systems, undertaking road surfacing, managing highway
flooding, undertaking weed control etc. Local authorities are also
responsible for other functions associated with the use of highways,
including traffic regulation and management, road safety and on-
street parking.

Traffic management liaison with the Strategic Rail Authority (SRA)
Disruption of rail networks could have knock on effects on the road
network. Therefore local authorities liase with the Strategic Rail
Authority to ensure an appropriate traffic management response is in
place.

Buildings and  Property services and corporate engineering (including education
Estates and social service properties)
Local authorities administer a range of properties including schools,
nursing homes and children’s homes, in addition to housing, which is
discussed below.

Housing

Housing services take a strategic role in insuring local authority
housing needs are met throughout their area with a mixture of
housing association and private sector stock. Housing the homeless is
a responsibility of the local authority. Although the housing service
has undergone a great deal of change it still has a total expenditure of
around £12 billion in England and Wales and provides around 3.5
million homes.

Parks and estate management
Local authorities are responsible for the management and

1 Based on information from a Local Government Association leaflet: Local Authority Services
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maintenance of parks and estates in their ownership, including public
recreation areas, open spaces and play areas.

Social services

Social services co-ordinate work with other agencies to provide
integrated care within the community. They administer childrens’
homes, and arrange care for the elderly in their own homes, in
residential care and nursing homes. They are also responsible for
adoption and fostering services, sensory impairment and disability
services and other services for vulnerable people. In total, social
services account for nearly £12 billion of local government
expenditure in England and Wales.

Emergencies Emergency planning
Emergency planning plays a vital role in co-ordination to combat
disasters. It plans for the continued efforts of the police, fire brigades
and other emergency services to respond to a range of disasters
including flooding, chemical emissions and even terrorist attacks. This
service area may include the management of planning facilities e.g.
an emergency planning centre.

Police

Local authorities work with the police authorities (who provide the
policing service) for example, through councillors who are involved in
the running of the police authorities.

Fire services

The fire service, run by local authorities, has a wide range of
responsibilities in addition to safeguarding people from fire. It also
deals with road traffic accidents, chemical spills, and fire safety
inspections.

The economy Economic development and regeneration
Local authority economic development sections work with a range of
organisations, such as the Regional Development Agency (RDA), to
advise businesses on a range of issues.

Leisure and tourism

Local authorities manage leisure facilities such as sporting grounds
and swimming pools, and promote countryside recreation. They may
play a role in promoting tourism and may have a tourism officer.

Waste and Waste disposal, collection and recycling

pollution County councils are responsible for the disposal of waste with district
councils responsible for waste collection from households in their
areas. Metropolitan district councils and unitary authorities act as
collection and disposal authorities. The Environment Agency controls
pollution of air, land and water by issuing environmental permits,
enforcement and monitoring.

Pollution control and monitoring

Local authorities work to reduce pollution of land, air and water
(through Environmental Health), and monitor and report on
environmental quality. The Environment Agency plays an important
role in monitoring and measuring the quality of our waterways.

Environmental health
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The environmental health service has many activities including food
safety, housing standards, pollution control, animal health, Agenda
21, noise control and pest control.

The wider Conserving the natural environment

environment  Local authorities are involved in conserving the natural environment
in a number of ways, from preparing biodiversity action plans, to
managing land in their ownership, such as local nature reserves.

Historic environment

Local authorities have a key role to play in the care, conservation and
enhancement of the historic environment. Activities include
providing advice on heritage issues, updating records and promoting

heritage.
Wider co- Co-ordination of flood prevention and coastal protection
ordination Local authorities on a day to day basis must ensure that they co-

ordinate with statutory agencies (eg. Environment Agency) and other
stakeholders. This guidance highlights two areas, flood prevention
and coastal protection, where a co-ordinated response is particularly
important.

1.14. Under each service, the guidance is divided into:
e Region-wide impacts and adaptation responses to climate change.

e Adaptation responses applicable to specific parts of the East of
England (climate change sub-regions - the Fens, the Coast, the
Thames Gateway and Fringes, the Southern Heartland and the
Northern Heartland).

1.15. Table 1.2 sets out in summary matrix form, the specific guidance provided
for local authority service areas by sub-region, including guidance applicable
to ‘all climate change sub-regions’. Notably there is little specific guidance
in relation to the Northern and Southern Heartlands. This reflects the fact
that the main impacts in these regions are also likely to be experienced
throughout the region as a whole (e.g. impacts likely to occur as a result of
temperature changes).

Section 5: Adaptation responses for other agencies’ service provision

1.16. This section is targeted at other agencies. It is structured into the following
areas:

e Water related services (water resources and supply, water quality,
sewerage, flood risk management and coastal defence).

e Energy services (gas, electricity).

e Transport services (road, rail).
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e Nature conservation.
e Historic built and archaeological environment.
e Agriculture, fisheries, woodland and forestry.
e Health services.
e Economic sectors.
1.17. Again the guidance is divided into:
e Region-wide impacts and adaptation responses to climate change.

e Adaptation responses applicable to specific parts of the East of
England.

1.18. Table 1.3 sets out in summary matrix form the specific guidance provided
for other agencies by sub-region, including guidance applicable to ‘all
climate change sub-regions’.

1.19. Section 6 discusses implementation issues, namely the importance of, and
approaches to, joint working between local authorities and other agencies
and the importance of awareness raising and communication i