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Abstract

Climate change science has been promoting adaptation measures for some years. The
message has been that the climate is changing and people need to be prepared.
However, while there has been an increasing investment in the ‘science of adaptation’,
there has been less, if any, attention paid to the ‘practice of adaptation’, i.e. is
adaptation occurring, and if so, how, where and why? There is now a clear demand
from policy makers to answer these questions and specifically to answer them with

relation to actions in the UK.

The objective of the DEFRA-funded project ‘Linking adaptation research and practice’,
is to develop a systematic categorisation of observed adaptation in the UK in both the
private and the public sectors. There are two outputs from this project:

i) An inventory of examples of adaptation in practice in four sectors in the UK, in
the form of an Excel spreadsheet

i) This report, which describes the process of cataloguing the examples and
interpreting the data.

The inventory is a compilation of some adaptation actions that have occurred in the UK
to date. It includes examples of adaptation to climate change in the public and private
sectors, as well as voluntary and community groups, NGOs, other associations and
networks (including, for example, trade associations) and individuals. The data
presented in the inventory were collected primarily from academic literature and
secondary reports that were identified through consultation with key experts in four
sectors: water (supply / flood management), construction, rural land-use (biodiversity
and conservation / agriculture and forestry) and transport. The inventory does not
present an exhaustive collection of all the adaptations that are taking place across the
UK, but it illustrates a range of different kinds of adaptation.



While developing the inventory, it became clear that there were a number of practical
and intellectual challenges in designing and collating such an inventory. The key
challenge involved identifying and then categorising the data using an appropriate

organising principle with clear criteria. The criteria used are as follows:

Name of institution and brief details

Adaptation outputs and details of outputs

Overall summary

Classification of adaptation (implementing adaptation actions or building adaptive

capacity)

* Characteristics of adaptation (how adaptation is happening in the institution, i.e.
policy, organisational or behavioural change)

* Purposefulness of adaptation (whether the adaptation is planned or unplanned)

* Triggers and drivers (the reasons why adaptation is happening)

* Administrative and management scale (i.e. the level at which adaptation is

happening: international, European (EU), national, devolved administrations,

regional, local, individual)

Geographic location of adaptation

Size of institution

Ownership of the institution (i.e. Public, private or other)

Source of information

The organising principle adopted was the institutional analysis and development
framework which suggests that actions are often shaped by social and physical
institutions, in the form of regulations and laws, physical structures and people, and
codes of behaviour. This conceptual framework is discussed in the report.

A second challenge involved the process of defining adaptation. Adaptation can mean
taking any action to prepare for climate change which is intentional or accidental. This
broad definition can then include any action taken by anyone. To make this definition
operational, we adopted the UKCIP two-way categorisation of adaptation. On re-visiting
this definition on completion of the project, it was found to be very fitting for the nature of
adaptations in practice that we have come across and presented in the inventory

accompanying the report.



Another challenge came in drawing conclusions across sectors. It is difficult to compare
the sectors owing to the nature of the inventory which is neither exhaustive nor
generalisable. The inventory shows that there are a range of adaptations taking place in
the UK across sectors and institutions in many different ways. Within each sector that
we investigated, adaptation is clearly happening yet each sector is at an ‘early stage’,
although the examples collected reveal some general patterns. There are few examples
of practical actions being implemented; most examples, reflect a building of adaptive
capacity. This appears to be happening through recruitment of individuals, establishing
thinking groups, or setting up task forces to think through the issues associated with
climate change. There are however, also some policy changes and laws being
implemented which will affect adaptation possibilities in the future. The majority of the
adaptations identified are occurring in the public sector. As yet, there is little evidence of
behavioural change in either the public or private sectors. Most of the examples are
occurring at the national scale, in the devolved administrations and at the regional scale

with few examples at local levels.

Compiling the inventory has highlighted the difficulty of judging which actions can be
classified as ‘climate change adaptations’ and of these which are really planned as
adaptations to climate change. By this we mean that it is difficult to identify which
adaptations are taking place as a response to weather related (rather than risk factors)
and of these, which are in response to expected future climate change. There are two
clear difficulties. The first relates to the difficulty of identifying drivers of change and
judging which actions can be classified as adaptations specifically relating to climate
change impacts as opposed to non-climate related impacts, such as the impacts of
development intervention on biodiversity. The second relates to the timing of the
adaptation, i.e. is it a deliberate response to an impact or is its timing coincidental.
There are many drivers of adaptation related to weather impacts (such as flooding) or
climate change itself, however these are often of minor influence in comparison to
others such as: general risk management, other government policy initiatives not related
to climate change and financial cost-saving behaviour. There appear to be very few, if
any adaptations that have been undertaken solely in response to expected climate



change. This is in clear contrast to reported mitigation actions, some of which would be
unnecessary or even undesirable other than for the climate change related threats, for
example, carbon sequestration and the rapid move to renewable energy.

There is a mixture of planned and unplanned adaptation taking place. More of the
examples that we came across were planned and deliberately being carried out in
response to the impacts of climate change and the need to adapt. Although it should be
remembered that this classification of ‘planned’ and unplanned’ in the inventory reflects
our subjective judgement based on secondary data.

We can conclude that Government needs to be aware that every action it takes could
generate adaptive action that may or may not produce adaptations that are beneficial.
On some occasions climate change is potentially being used to support an action that is
desired for other reasons, again not all of these are generating adaptation benefits.
Relying on climate change to act as a trigger for change in the private and public sector
is not advisable, as institutions of all types seem to be driven by other pressures and
drivers. We suggest that the importance of climate change adaptation needs to be built
into many different Directives and strategies, and incorporated into existing networks
and partnerships such as those initiated by UKCIP. Since most current adaptations are
justified on co-benefits and/or are ‘no regret’ options, this should be remembered when
developing new governmental policies and strategies that do not relate to climate
change.
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1. Introduction

1.1 Statement of problem

Since the Kyoto Protocol to the United Nations Framework Convention (UNFCCC) was
agreed in 1997, the UK has been moving ahead and experimenting with innovative
policies to reduce greenhouse gas emissions. The degree to which other nations buy-in
to greenhouse gas emissions reduction will dictate how successful such innovations are
in reducing the impacts of climate change. Irrespective of buy-in by other nations, any
emissions reductions today will only generate climate benefits two or three decades
hence due to the life of greenhouse gases in the atmosphere. Irrespective of our
behaviour today we will continue to experience climate change over the next couple of

decades.

Climate modelling work by the UK Climate Impacts Programme (UKCIP), the Tyndall
Centre for Climate Change Research, DEFRA and the Hadley Centre are consistently
showing that the climate in the UK will change over the next 100 years. Specifically, the
UK climate will become warmer, high summer temperatures will become more frequent,
winters will become wetter and summers drier, extreme sea levels will be experienced
more frequently and the mean sea level will continue to rise around the UK (UKCIP,
2003). The impacts of this climatic change are variable across regions and sectors.
Therefore, many of the regional administrations and sectors in the UK, in conjunction
with UKCIP, have undertaken reviews to assess the specific impacts. See, for example,
Expert Group on Climate Change and Health in the UK (2001), Kerr & McLeod (2001),
Hulme et al. (2002) and Downing et al. (2003). By way of example, in the East of
England Climate Change Impacts Scoping Report (East of England Regional Assembly,
2004), conducted in association with UKCIP, it is recognised that in the eastern part of

England:



* Climate change will create opportunities as well as threats, particularly in the area of
tourism and environmental technologies that deal with the impacts of climate
change.

* Business activity will be significantly affected by changes in climate, through
changes in customer demand, sector vulnerabilities, physical impacts, insurance
coverage, environmental legislation and working conditions and increased flood risk,
and water resources issues.

¢ (Coastal areas are also vulnerable to sea level rise and the additional flood risk.

As the science of climate change has improved and more administrative regions have
understood the likely impacts of climate change, there have been calls for answers to
the question: what next? How do we prepare for and adapt to these changes. Technical
understanding of adaptation to climate change is in its ‘infancy’ (Defra, 2004a).
However, an ever-increasing number of countries and organisations are gathering
information or taking actions to adapt to climate change impacts, both real and
perceived. The UK Government and devolved administrations are taking a lead in
preparing for the effects of climate change' - UK policy makers have already
undertaken adaptation measures, such as the creation of the UK Climate Impacts
Programme (UKCIP). The UK Government also highlights adaptation to climate change
as a key issue in its new Sustainable Development Strategy (Defra, 2005a) and is
preparing a national adaptation policy framework. A national consultation process,
ongoing at present, aims to develop this framework.

At the same time scholars are focused on a range of adaptation questions including
who and what adapts to climate change, how they adapt, the limits to adaptation, and
what methods exist to evaluate adaptation. It is now clear that adaptation can be simple
(such as carrying an umbrella when it is likely to rain) or a multi-faceted complex activity
(such as planning to supply water to London over 50 year periods when there is
enormous uncertainty about the likelihood of an action).

' These are outlined in the UK Climate Change Programme — currently under review by Defra.



Despite the academic and to some degree, technical understanding of adaptation to
climate change, there is little evidence of whether, and to what extent, adaptation is
happening. There is now a clear demand from policy makers to understand where, how
and why adaptation is taking place in practice and what adaptation policies and other
measures currently exist sectorally and regionally in the UK. This report aims to respond
to this demand, and thereby to inform the UK adaptation strategy.

1.2 Objective

The objective of this project is to develop a systematic categorisation of observed
adaptation in the UK in both the private and the public sectors. There are two outputs

from this project:

i) An inventory of examples of adaptation in practice in four sectors in the UK,
i) This report - describing the process of cataloguing the examples and interpreting
the data.

The inventory is in the form of an Excel spreadsheet which is described in detail in
sections 2 and 3. The inventory supplements an existing list of adaptations currently
maintained by the UKCIP. This report describes the method used to structure the
inventory (and the theory that underpins it), the process of selecting the sectors, issues
associated with the collation and compilation of examples for the inventory, our key
findings and a discussion of these.

1.3 Research framework

1.3.1 Defining adaptation

It would seem a simple task to define adaptation. The Oxford English Dictionary simply
explains adaptation as “The action or process of adapting, fitting, or suiting one thing to
another”. In terms of developing an inventory of adaptation in practice it would seem
that all we have to do is find examples of individuals, businesses or government
adapting, fitting, or suiting their lives, organisations or behaviour to climate changes. It

10



seems easy to identify an adaptation where the adaptation is obvious, for example, a
company that buys fans to cool its workers in summer; or where a government decides
to set up a new climate change discussion forum. These are deliberate actions by
groups to anticipate climate change impacts. Less obvious, and hence less easy to
identify are the actions that are not deliberate, such as an individual, who for no
particular reason, and definitely not because of a knowledge or awareness of climate
change decides to relocate to an area less likely to experience flooding. The motivation
for the action is not to adapt, yet the outcome of the action is an effective adaptation
avoiding climate change impacts. How should we categorise this type of adaptation?
Clearly the individual in question is changing their behaviour, but if they are not doing
this deliberately to adapt to climate change is it adaptation, i.e. does motivation matter
in judging whether an action is an adaptation to climate change? This is just the first of
many problems we experienced in defining the boundaries around the action of
adaptation.

After much work on this inventory, we are left with the realisation that adaptation is as
broad or as limited as the definer chooses. It can include both deliberate actions and
unknowing actions; it can include actions taken in anticipation of or in response to a
stimuli (that can be a climate change impact or the acquisition of climate change
knowledge) and it will not necessarily be beneficial (not all adaptations - deliberate or
accidental) will generate benefits, for example, new soil management policies could
leach nutrients from soil organic matter, yet they are still adaptation). This wide all-
encompassing definition of adaptation is used so that the inventory can reflect all the
myriad changes that are currently occurring in the UK.

Within this broad definition, adaptation can include a range of actions, and these can, in

general, be grouped into two activities:

* Building adaptive capacity

* Implementing adaptation action

11



Adaptation can manifest as either building adaptive capacity (another multi-dimensional
term), by which we mean increasing the ability of an individual or group to implement
adaptation actions, for example by learning, reading, gathering information, and
research; or adaptation can manifest as implementing adaptation actions, i.e. taking
actions in response to or in advance of a stimuli, for example through building sea walls.
This two part categorisation was initially developed by the UKCIP. It was felt to be more
appropriate for a definition of adaptation in practice in comparison to the more
theoretical approach taken by the Intergovernmental Panel for Climate Change
(McCarthy et al., 2001).

We further developed this two way classification (see Box 2.1) to consider how adaptive
capacity might be built, and how adaptation actions are implemented.
Box 2.1 Proposed classification of adaptation

1. Building adaptive capacity (things that are done to encourage adaptation).
Examples of possible steps to facilitate adaptation thinking and knowledge gathering:
* Investigation/research

* Legislation (enabling)

* Direct guidance/instruction

* Increase institutional capacity to adapt

* Implementing no regrets2

2. Implementing adaptation actions (responses to actual or expected impacts of

climate change)

* Manage physical hazard/change (physical resources/something to do with the
environment e.g. flood embankment or irrigation)

* Alter exposure to that aspect of the environment e.g. relocate/protect properties/
reduce damage caused/change crop.

* “No regrets” refers to actions taken by companies that prepare them for climate change either unintentionally for
other reasons (e.g. sustainable developments) at no additional cost, or in a manner that generates secondary benefits
for them that outweigh the costs of adaptation.

12



* Reduce vulnerability to impact (e.g. increase wealth and ability to recover) loss still
happens but can cope better/insurance

An example of building adaptive capacity is, for example, if Defra provides guidance for
companies to take measures to adapt to climate change and creates the enabling
conditions for action. An example of implementing adaptation is, for example, the

Environment Agency building flood defences.

As climate change is still considered a relatively new threat, and given the lack of
understanding about the science and impacts of climate change we hypothesised that
most examples of adaptation in practice would be about building adaptive capacity, as
this can be a pre-cursor for implementing adaptation. We found this hypothesis to be

accurate.

1.3.2 Introduction to the inventory

This inventory does not present an exhaustive collection of adaptations that are taking
place across the UK, but aims to illustrate a range of different kinds of adaptation. The
inventory is simply a compilation of some examples of adaptation in practice that have
occurred in the UK to date. It includes examples of adaptation to climate change in the
public and private sectors, as well as voluntary and community groups, NGOs, other
associations and networks (including, for example, trade associations) and individuals.
These examples are organised according to a number of criteria, such as, the institution
carrying out the adaptation, the administrative scale at which the adaptation is occurring
and the geographical location of the adaptation. The design and construction of the

inventory is discussed further in section two.

1.3.2.1 Conceptual framework used
How best to allocate scarce resources among competing interests has been the
question that has plagued societies for millennia. Theories of public choice have been

applied in various ways:

13



* To better understand the rules that shape society and public choice

* To explain why individuals tend not to behave ‘rationally’ but are bounded in their
decision making by institutions and decision making costs

* To explain how people behave in complex situations in both the private and the
public sector.

Out of this blend of economics and political science has emerged the ‘institutional
analysis and development’ framework pioneered by Elinor and Vincent Ostrom at
Indiana University (see Ostrom, 1990) which suggests that actions are often shaped by
social institutions of various forms. This framework places emphasis on three
dimensions of the institutions: the rules or regulations that exist, including the
constitution, policies and laws; the physical structure of the organisation, including the
organisation of people, buildings and resources; and the behavioural norms that emerge
within the institution, including customs, traditions and ‘ways of doing things’. In most
institutions, a combination of the rules and laws, the organisational structure and the
behavioural norms appear to accurately define the boundaries that constrain human life
and activity.

Using this intellectual framework we assume that adaptations to climate change will

occur in the three areas:

* The rules, policy or regulations that shape the institution - these include policy
guidance, legislation and so on — they are the formal rules currently in place to guide
adaptation

* The organisational structure — the way public and private sector organisations are
structured to address climate change, and activities that relate to the organisational
perspective, e.g. commissioning research or employing an adaptation officer.

* Codes of conduct or cultural norms within the institution — these are behavioural
norms that dictate change in behaviour, embedded in and as a result of

organisational activities.

14



An adaptation could occur in any of these areas either as building adaptive capacity or

implementing adaptation action. By way of illustration, Table 1.2 provides examples of

these types of adaptation.

Table 1.2 lllustrative example of adaptation in practice

Rules or regulations

Organisational structure

Behavioural norms

Building
adaptive
capacity

Minister creating a new
policy that all government
projects had to allow
‘financial headroom’ for
the impacts of climate
change.

Creation of the UK Climate
Impacts Programme

Members of the Chamber
of Commerce discussing
how they will cope with
increased levels of flooding

Implementin

adaptation

Trade association
implementing policy
changes that commit the
industry to respond to
climate change

Local architecture firm
establishes technical and
staff capacity in designing
houses for adaptation to
climate change

A farmers' cooperative is
changing farming methods
as a result of water logged
soils.

15




1.3.2.2 Sources of data

The report is primarily based on a review of literature and secondary reports, identified
through consultation with key experts in the sectors. Sources of data for each sector
can be found summarised in section three. To be more specific, data used in the

inventory includes information from:

* UKCIP: such as regional scoping studies from Wales, Scotland, and the British
Islands.

* DEFRA: existing and on going studies in sectors, regions, and within constraints.
* Tyndall: publications and working papers.

* Academic literature e.g. Building research and information journal

* Government publications (e.g. by DTI, ODPM)

* Other grey material

e Company annual reports.

* Media, such as broadsheet newspapers.

+ UKCIP monthly newsletter mail-shot®.

Across the UK, there are adaptation experts linked to Tyndall, UKCIP, Defra, and
regional bodies. The steering committee also helped to identify who the key UK
adaptation experts are and acted as ‘gate keepers’ providing access to valuable
anecdotal evidence, contacts, unpublished reports and grey material. These experts
included Dr Neil W. Adger and Dr Emma Tompkins at the Tyndall Centre for Climate
Change Research, University of East Anglia; Professor Nigel Arnell at the Department
of Geography, Southampton University; Dr Keith Weatherhead at the Institute of Water
and Environment, Cranfield University; Chris West and Richenda Connell at UKCIP; Dr
Havard Prosser, Welsh Assembly; Alistair Montgomery, Scottish Executive; Hazel

* In April 2005 UKCIP posted a notice in their newsletter asking for examples of adaptation in the four sectors. The
notice received about 10 responses. The notice read as follows: ‘Adaptation in Practice’

A group of us at the Tyndall Centre for Climate Change Research are busy compiling an inventory of examples of
adaptation in practice in the UK (as part of a project funded by Defra). We are seeking examples of adaptation in the
Water, Construction, Land Use (including agriculture, biodiversity conservation and forestry) and Transport sectors.
Please send us any examples that you know of. These will be entered into the inventory, which will be available via
UKCIP after May 2005. A report will also be produced for Defra and available in June 2005.

Please contact Emily Boyd e.boyd@uea.ac.uk

16



Campbell, Environment Policy Group, Department of the Environment Northern Ireland;
Tim Reeder, Environment Agency; and Mike Harley, English Nature.

1.3.2.3 Methodological issues

There are limits to the type of information that a literature review can provide. Such a
method cannot generate a complete inventory of adaptation in practice, largely because
the information on adaptation in practice is widely distributed across the multiple
sources and in many cases appears to exist principally as unpublished expert
knowledge. Future studies can add to the body of examples already collated. Such a
study should collect this information through direct interviews with those organisations
and municipalities who are already adapting. Such a process could also be used as a
capacity building exercise and linked to UKCIP. More research is also required to better
explain the barriers to implementing adaptation action

1.3.2.4 How will the inventory be used?

The inventory associated with this report will be incorporated into UKCIP’s already
existing inventory of examples of adaptation in practice. The inventory will eventually be
available to general public via a web based search tool.

The model itself has been designed to be internationally applicable, but the nature of
the examples is context specific. We caution against generalising from the findings to
contexts beyond the UK.

Users should also be cautious about using the inventory as a transferable learning tool.
Adaptations undertaken in one sector may not be directly transferable to another sector
because the nature of adaptation to climate change in each sector is so specific. There
is scope for making comparisons between the sectors, but it is not sensible to make

detailed sectoral comparisons or generalisations based on this inventory.
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1.3.3 Choice of sectors

Through a process of discussion and deliberation, the project steering committee*
agreed upon a potential list of sectors. The sectors were identified based on their
importance to the UK, hence initial thought was given to the WEHAB+ sectors identified
in Johannesburg at the World Summit on Sustainable Development in 2002°. The initial
list included ten sectors: (1) water, (2) health, (3) construction and planning, (4) financial
services, (5) security, (6) energy, (7) agriculture, (8) biodiversity, (9) transport, and (10)
tourism. Sectors were then selected on the basis of the following criteria:

* Preliminary evidence of adaptation occurring/likelihood of adaptation
* Interest by DEFRA being undertaken

» Likely availability of information

* Experience of the project steering committee in these areas.

Finally, four sectors were selected, including: water, construction, rural land use, and

transport. Further explanation of sector selection is outlined below.

1.3.3.1 Water (Water supply / flood management)

The UK water sector is likely to be highly impacted by climate change. There is
agreement among scientists that climate change is the most significant factor affecting
the availability of water resources in the mid-to-long term. UKCIP 2002 Scenarios®
suggest that winters may become wetter and summers drier. Hulme et al (2002) show in
their climate change scenarios that annual river flows could fall by the 2020s with
significant reduction in summer flows. Arnell and Reynard (1996) suggest that
progressive change in river flows over the next few decades would be noticeable on a
decade-to-decade basis. The UKCIP regional reports show that water shortages vary

throughout the UK and are a serious threat to seven out of 12 regions in the UK,

* The project was overseen by a steering committee consisting of 8 representatives from the Tyndall Centre for
Climate Change Research (including: School of Environmental Sciences at UEA, Geography Department at
Southampton University and Institute of Water and Environment at Cranfield), UKCIP and Defra Global
Atmospheres Division.

> For more information see: www.johannesburgsummit.org/html/documents/wehab_papers.html

% Hulme et al (2002) Climate Change Scenarios for the United Kingdom: The UKCIP02 Report describes and
presents four possible climate futures for the UK.
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including East of England, East Midlands, North East, South East, South West, Wales
and West Midlands (for more information see:
http://www.ukcip.org.uk/resources/location/location.asp). Already there exist a number
of examples of adaptation, for instance, water companies have examples of supply
issues and adaptations and national, regional and local public bodies are responding
the problems increased precipitation and sea level rise. Specifically the likely impacts on
the water sector in the UK are:

* increased water demand

* increased droughts leading to worsening water supply problems in parts of the
UK,

* increased flooding risk in many lowland areas, due to more frequent river

flooding and storm surges.

1.3.3.2 Construction

Climate change is likely to affect many aspects of the built environment in future, and
this sector will need to respond to an inevitable degree of climate change (Steemers
2003a). The impacts of climate change will depend on the design, construction, use and
planning for the location of buildings and settlements (Liso et al. 2003, Hasegawa
2004). It poses a significant risk because it implies not only warmer weather, but also
more extreme weather events, such as storms, droughts and heat waves (White 2004).
Changes in rainfall, storm frequency, wind speeds and a rise in temperature for
example, will have impacts on water supply, coastal and inland flooding, drainage
systems, subsistence, the structural integrity of buildings (e.g. roofs and foundations)
and internal environments (see Graves & Phillipson 2000). In short, the construction

sector is likely to be impacted by:
* increased weather variability and flooding;

* damage to premises and properties in flood-plain and coastal areas; and
* problems with subsidence following extensive dry spells.
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Incorporating adaptation considerations into the planning and construction of new and
existing built environments will help to avoid climate-related damages and costs in the
longer-term, when climate change impacts are likely to be felt more intensely. Adaptive
behaviour will, to a large extent, determine the nature and scale of these impacts (Hertin
& Berkhout 2003). The ways in which buildings are planned for, designed and
constructed will have to undergo changes over coming years in order to ensure their
longevity. Considering the massive expansion of housing stock proposed for coming
years, e.g. the Thames gateway’, adaptation considerations may be crucial to the
longevity of such developments. In the background literature, there is some evidence to
suggest that changes are starting to happen within the planning and construction sector,
but that moves towards climate change adaptation are at a very early stage (see also
Liso et al. 2003).

1.3.3.3 Rural Land Use (Biodiversity & Conservation / Agriculture & Forestry)

Climate change is likely to have substantial impacts on the UK'’s land use sector. This
includes changes to biodiversity conservation, agriculture and forests. These are all
intrinsically linked at the landscape level. The big issues relating to rural land use and
climate change in the UK are lowland and upland agriculture, water (flooding, quality,
and resources) and biodiversity (Defra, 2005b).

The impacts of climate change on the rural land use sector are likely to be:
* mixed impacts on crops production — some beneficial and others detrimental
* threats to some wildlife, species and habitats and opportunities for others

* the range and distribution of plants and wildlife is likely to change.

Biodiversity & Conservation

Climate change will pose a significant challenge to this sector. Climate change coupled
with fragmentation of landscape threatens many of the world’s ecosystems. Under the
2002 UKCIP Scenarios, biodiversity will be severely impacted in the UK (Hulme et al,

” The Thames Gateway region has been noted as being one of the most vulnerable to sea level rise, increased flood
risk and water resources issues (East of England Regional Assembly (2004) in association with UKCIP).
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2002). Already species are responding to climate change as for example butterflies are
emerging earlier and flying longer and plants are flowering earlier (English Nature,
2005). UK biodiversity policy and site management responses are increasingly
encouraged to factor in climate change. Yet, whether organisations, local authorities,
farmer enterprises or private individuals are engaging in “re-connecting” to the
countryside such as securing more effective targeting of agri-environment schemes is
another issue. Dockerty et al (2003) also caution that management strategies for
individual sites or networks of reserves might need to be reconsidered in order to

prevent the loss of valuable species and habitats.

Agriculture & Forestry

Across Europe warming as a result of climate change is expected to lead to northward
expansion of suitable cropping areas and a reduction of the growing period of
determinant crops (e.g. cereals), but an increase for indeterminate crops (e.g. root
crops) (Oleson and Bindi, 2002). Increasing CO, concentrations are expected to directly
enhance plant productivity and also increase resource use efficiencies. Thus, policies to
support adaptation and mitigation to climate change will need to be closely linked to the

development of agri-environmental schemes in the EU common agricultural policy.

The impacts of higher mean temperature, increased precipitation and storms and sea
level rise all have serious implications for UK’s agricultural sector. There is likely to be a
mixture of effects on crop production; some will be beneficial, such as reduced frost
damage and accelerated growth as a result of warmer weather. Others are likely to be
detrimental for example, spread of crop diseases and increased water stress reducing
crop yields (Defra, 2004a).

Addressing the impacts of climate change will require parallel processes at the
government level, reform and development of new policies across water, flood
management, agriculture, and biodiversity, and at the private level will require risk-
based approaches for land management and local solutions. Rounsevell et al., (1999)
suggest that the use of good land management practices provides the best strategy for
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adaptation to the impacts of climate change on soils. Farmers will need to carefully
reconsider their management options, and land use change is likely to result from
different crop selections that are more appropriate to the changing conditions.
Agricultural enterprises will also need to adapt to the effect of climate change to ensure
economic viability and to minimise agriculture’s impact on the environment (Defra,
2005b).

Climate changes over the next 100 years are predicted to be larger and more rapid than
any since the last ice-age, posing real problems for trees, woodland and forestry. Some
sectors are able to adapt naturally or incrementally to a changing climate; much
depends on the timescale of change within a sector. Where response times are slow,
such as in forestry crop rotation, then a strategy of adaptation to climate change would
appear essential. The time scale of adaptation is likely to be several decades because
of the long-term nature of tree growth. Trees can take over 100 years to reach maturity,
so the trees we plant now will mature in a climate that may be very different to the one
in which they were planted. The predicted changes in climate may have a profound
effect on our trees, which, once planted, must endure whatever climate ensues

(Broadmeadow, 2000; Forestry Commission, 2005).

Kerr et al. (1999) suggest that there are a range of climate change impacts facing the
forestry sector:

* Temperature is probably the most important variable to affect forest growth (the
variability of summer/winter temperatures being of greater importance than
average temperature).

* Changes in rainfall and the consequent soil moisture regime may be of
importance, and waterlogged ground may become more common particularly in
autumn and winter.

* Excess wind has a major negative impact on forests while higher atmospheric
carbon dioxide concentrations are likely to improve growth rates. The most
serious risk to forestry from climate change appears to be the possibility of more

extensive wind-storms leading to more blow-down and limitation of tree height.
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Other negative impacts to forestry that have been suggested include insect
damage and associated factors if temperature gain exceeds particular
thresholds.

The commercial sector may benefit from the possibility of using a wider range of
species, which could generate more valuable products and increased growth
rate, resulting in shortened rotation times. Non-commercial woodlands would
benefit from enhanced species availability, and a wider range of broad-leaved
forests would be better able to supply appropriate wood for local craft industries
(potential to enhance the viability of rural communities).
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1.3.3.4 Transport

Climate change will have significant impact on the transport sector in the UK. Already
the impacts of climate change are starting to be recognised in this sector. The UK's
changing climate has important consequences for transport. The transport sector is
likely to be affected by the impacts of climate change in a number of ways: increased
flooding on rail and road networks during winter; the threat of damage to rail tracks and
road surfaces in extreme weather conditions; in the long term, potential damage to
earthworks for embankments and bridges. The Department for Transport (2004) notes
that the following issues are most critical to the transport industry:

* Increased flooding during winter, affecting all modes of transport. The risks
being greatest in flood plains and where urban drains are overloaded.

* Some coastal stretches may be at risk of inundation by the sea during periods
of particularly high winds when coupled with the highest tides. This will be of
particular concern for coastal railways, e.g. in Wales and parts of South West
England.

* More extreme heat during summer could lead to heat exhaustion for vulnerable
passengers on the London Underground, particularly when subject to delays.

* Sudden structural failures are extremely rare, but, if no action were taken, the
risk of such failures could increase due to soil saturation and the scouring
action of rain/high rivers.

* Difficult driving conditions due to snow and ice would decrease but the number
of days when driving was difficult due to rain, leaves and storms would
increase.

* Even though the number of days of frost and snow will decrease, it will be

important to retain experience in dealing with sub-zero temperatures.
All of these potential impacts on the transport sector necessitate adaptation. The DfT

emphasises that to respond to these changes, infrastructure will need to be built and

maintained to withstand hotter temperatures, worse storms, more intense rain, and
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