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Foreword
Climate change is the most serious environmental threat facing mankind 

today. There is compelling evidence that our climate is changing, and that 

most of the warming we have seen over the last 50 years is attributable 

to human activities.

In bringing the Kyoto Protocol into force, the international community has taken an important first 

step towards avoiding the most dangerous levels of climate change. However, some climate change 

is already inevitable owing to past emissions of greenhouse gases. So while we continue to tackle 

our emissions of greenhouse gases, there will also be changes to which we must adapt.

Climate change is a global problem, but it has national, regional and local manifestations which 

need to be addressed. By integrating findings from studies conducted over eight years under the 

umbrella of the UK Climate Impacts Programme, this report offers a picture of the main impacts of 

climate change across the UK and the particular implications for different regions. It also provides 

information on the costs and consequences of climate change in key sectors. 

Decision-makers at all levels will have to deal with the consequences of climate change, and work 

out how and when they will need to adapt. Forward-thinking organisations are already bringing 

adaptation into their business plans. This report shows what progress they have made in preparing 

for the impacts of climate change, and offers perspectives on what more is needed before the UK 

is “climate-proof”. 

How prepared are we for the impacts of climate change? We have made a good start: impacts have 

been scoped in all regions and for some sectors; partnerships to tackle climate change have been 

established in most regions and some sectors; some impacts have been quantified; and initial steps 

have been made on adaptation. But a lot more remains to be done. This report suggests where our 

efforts should lie. 

Climate change is of course a global problem, and while the focus of this report is on the impacts 

that we expect to face in the UK, I hope there will be wider interest in our preparations for climate 

change.

ELLIOT MORLEY MP

Minister of State (Climate Change and Environment)

June 2005



Purpose of the 
report
This report integrates findings from studies 

conducted under the UK Climate Impacts 

Programme (UKCIP) to help develop a national 

picture of the impacts of climate change and 

emerging adaptation options. Additional material 

is available from the UKCIP website, www.ukcip.

org.uk. Progress in the first three years was 

reported in McKenzie Hedger et al. (2000). 

Studies to scope the impacts of climate change have been 

completed in all English regions and in the devolved administrations 

of Scotland, Wales and Northern Ireland. Throughout this report 

these studies are referred to as regional scoping studies, although 

they include those conducted in the devolved administrations. 

More detailed assessments have been completed or are underway 

in: water resources, biodiversity, agriculture, marine environment, 

coasts, health, built environment, heritage, transport, tourism, 

energy, spatial planning, business, gardens and local authorities.

The work and experience of UKCIP over the lifespan of the 

Programme is drawn upon in this report1, which has four aims:

• present a synthesis of the impacts of climate change in the UK 

based on findings from UKCIP studies;

• identify emerging adaptation options;

• describe UKCIP’s approach to stakeholder-led research and 

consider lessons learnt; and

• identify gaps and priorities for future work.

Report scope
This report only presents findings from UKCIP studies and from 

some projects conducted by licence holders of the UKCIP02 

scenarios. It is not a comprehensive review of all climate impacts 

and adaptation work in the UK.

Research into climate impacts, adaptation and related fields 

is underway at universities, government agencies, private 

consultancies and key research institutions in the UK including 

the Hadley Centre, the Tyndall Centre, UK Energy Research 

Centre, and the Carbon Trust. Much of this work lies outside the 

umbrella of UKCIP and is beyond the scope of this report.

Many of UKCIP’s quantitative sectoral studies are ongoing at the 

time of writing. Where findings are not available, information on 

aims, objectives and planned outputs is provided. 

1 See www.ukcip.org.uk/resources/assessment for a timeline of key dates and events for UKCIP.
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Executive Summary
The climate is changing, and the impacts will be felt not only by our environment, but also in all sectors of society and the economy. 

This report draws together studies carried out under the UK Climate Impacts Programme, along with evidence of emerging adaptation 

options. The integrated picture shows that while climate change will bring some opportunities, overall it is likely to bring challenges. 

Most sectors will need to adapt in some way, and in some cases, adaptation will require considerable investment.

• The UK Climate Impacts Programme (UKCIP) was established in 1997 to provide information to help decision-makers plan their 

response to the impacts of climate change. 

• The UKCIP has put stakeholders at the heart of the research process, in a pioneering approach for producing relevant information on 

climate change. The use of common tools and resources in climate impacts studies has achieved a degree of coherence within and 

between studies.

• From an initial focus on impacts research studies, there has been a progression towards developing stakeholder partnerships that 

share information, identify research needs and pursue work on climate impacts and adaptation in their regions and sectors.

Scoping the impacts 
• Studies scoping the impacts of climate change have been completed in all English regions and the devolved administrations. 

Together, these provide a broad-brush picture of how climate change will be felt across the UK. 

• All regions anticipate both positive and negative impacts from climate change, with the potential magnitude of those impacts 

dependent upon assumptions about adaptation. 

• Examples of impacts:

The impacts expected most widely include:

• an increase in the risk of flooding and erosion

• pressure on drainage systems

• possible winter storm damage

• habitat loss

• summer water shortages and low stream flows

• increased subsidence risk in subsidence prone areas

• increased demand for summer cooling

• increasing thermal discomfort in buildings

• health issues

Commonly perceived benefits include:

• less winter transport disruption

• reduced demand for winter heating

• less cold-related illness

Opportunities are anticipated:

• agricultural diversification

• increased tourism

• a shift to more outdoor-oriented lifestyles

Quantifying the impacts 
• Quantitative assessments of the impacts of climate change have been conducted, or are underway, in the following sectors:

• The water resources and flood management sectors have been most widely studied, with some indications that reduced low flow 

conditions in the south-east and greater flood risk on major estuaries are expected as early as the 2020s, even under Low Emissions 

scenarios. Projected costs of damage from flooding vary from £1 billion to £27 billion by the 2080s, depending on the socio-

economic scenarios considered. 

• Impacts on agriculture and biodiversity have been widely studied but the picture is complex. The effects of climate change on the 

movement of species and habitats and on farm productivity will be influenced by, and interact with, other environmental and socio-

economic factors, such as water availability and land use changes.

• Water resources

• Biodiversity

• Agriculture

• Marine environment

• Built environment

• Health

• Coasts

• Heritage

• Transport

• Energy

• Tourism

• Spatial planning

• Business

• Gardens

• Local authorities
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• The built environment and service sectors have not been studied as closely as the natural environment sectors, but work is now 

underway to address this gap. In the south-east, for example, climate change may lead to an increase in summertime cooling degree-

days of 200% by the 2080s, with implications for building design.

• Further research on climate impacts on waste management, emergency planning, telecommunications, and the financial sector is needed. 

• The impacts of climate change on one sector will frequently have indirect implications for others, which means that studies focusing 

on one sector in isolation may not capture the full extent of the risks or benefits from climate change. Further analysis of these 

interactions between impacts are needed to complete the picture of climate change in the UK.

Adapting to climate change
• Work on adaptation to climate change is just beginning. There has been considerable progress in building capacity, through research 

and awareness-raising. Delivery of adaptation actions follows on. 

• Stakeholders starting to adapt to climate change perceive a number of constraints to action including: 

- uncertainty over climate change projections

- dependency on regulations, codes and standards which do not reflect future climate 

- the absence of useful precedents or examples of best practice in adaptation

- an unconvincing business case for adaptation

- an absence of support from senior management 

• While climate impacts may threaten some commercial activities, adaptation often presents opportunities for organisations to exploit 

new market openings, and to achieve additional objectives while implementing ‘no-regrets’ adaptation measures.

Lessons learned and future priorities
• It is often hard for stakeholders to appreciate the relevance of climate change when the issue is set purely in its scientific context. It can 

be more effective to start by identifying where an organisation’s current interests and concerns are vulnerable to the weather. The main 

drivers for organisations to adapt come from risk reduction and the chance to exploit new opportunities. 

• The UKCIP toolkit has been developed throughout the last eight years.

 - A range of tools, including climate change scenarios, a risk, uncertainty and decision-making framework, and a method for costing  

 climate impacts, has served a wide variety of users.

 - New tools have been defined and refined most effectively by bringing providers and users together.

 - Stakeholders have found case studies or worked examples particularly valuable.

• Priorities for future work under the UKCIP include:

 - Initiating research in several directions: filling gaps and improving quantification of climate impacts; investigating cross-sectoral  

 impacts; advancing understanding of adaptation.

 - Building adaptive capacity through work with strategically-placed partners.

 - Supporting and developing the toolkit to meet stakeholder needs.

 - Encouraging climate impact partnerships to become self-sustaining and to build adaptation strategies.

 - Continuing as a focal point for information on climate change impacts and adaptation in the UK.

Building adaptive capacity: Delivering adaptation action:

• establishing a knowledge base

• making policy

• modifying regulations

• changing attitudes

• making changes to operations

• exploiting new markets

• contingency measures

• changing behaviours
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Chapter 1: Introduction to UKCIP 
Jenkinson, K., Connell, R.K., West, C.C., Gawith, M.J. and Colley, M.

Summary
UKCIP was established to help decision-makers generate the information they needed on climate 

change impacts to plan their response to climate change. A novel methodology was developed to 

provide this information, placing stakeholders at the heart of the research process. The approach 

and its tools have achieved a degree of coherence within and between studies. The approach has 

progressed from managing studies to facilitating the development of meaningful climate change 

partnerships. Recent developments include a shift in focus from natural systems to the built 

environment, and from impact assessments to risk management. 

1.1 Background to UKCIP
1.1.1 Rationale for the Programme 

In 1995 the Intergovernmental Panel on Climate Change (IPCC) reported that “the balance of evidence suggests a discernable human 

influence on global climate” (IPCC, 1995a). With the majority of the world’s scientific community concluding that the climate change 

was indeeed occurring and that human activities were partly to blame, the UK Government considered it imperative to understand more 

fully what those changes would mean for the UK (see Box 1.1 for an overview of climate change in the UK, and Figures 1.1 and 1.2).

The Department of the Environment (DoE) commissioned a group of independent experts, the Climate Change Impacts Review Group 

(CCIRG), to assess the potential impacts of climate change on the UK. The CCIRG’s reports (CCIRG, 1991, 1996) were groundbreaking 

at the time, but had limitations. First, the sector-based approach meant knock-on effects across sectors were not considered in 

an integrated manner. Second, most of the research reviewed had not engaged stakeholders and did not necessarily provide the 

information they would need to respond to climate change. Third, the research drawn on by the CCIRG used different climate change 

scenarios, different data, different scales and different assumptions making it difficult to build up a composite picture of UK impacts.

The DoE sought to stimulate work that was user-driven and based on common scenarios and datasets to address the limitations 

of previous assessments. UKCIP was thus established in April 1997 to facilitate an integrated, stakeholder-led assessment of 

climate change impacts in the UK (UKCIP, 1997). It was based on two main premises. First, that climate impacts research driven by 

stakeholders would provide information that would meet their needs and help them plan how to adapt to climate change. Second, by 

providing an integrating framework within which studies are undertaken, individual sectors would obtain a more realistic assessment of 

climate change impacts (McKenzie Hedger et al., 2000). 

1.1.2 Scope 

UKCIP was originally established to provide information on climate change impacts. As the Programme developed it became 

increasingly clear that a certain amount of climate change was unavoidable and that there would be impacts to which adaptation was 

required, irrespective of the success of mitigation efforts (see Box 1.2 for definitions2). Internationally, adaptation came to be regarded 

as a crucial response to climate change (IPCC, 2001a), and became a key component of the Government’s strategic approach to 

tackling climate change as set out in the UK Climate Change Programme (DETR, 2000). 

2 See www.ukcip.org.uk/resources/assessment for a glossary of terms used in this reort.
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Box 1.1 Overview of climate change in the UK

Carbon dioxide levels in the atmosphere have risen by over 30% since the industrial revolution. Global average temperatures 

rose by 0.6°C during the 20th century. The Intergovernmental Panel on Climate Change (IPCC) concluded in 2001 that “most of 

the warming observed over the last 50 years is likely to be attributable to human activities” (IPCC, 2001a). How climate changes 

in the future will depend on current and future emissions of greenhouse gases and other pollutants, which in turn depend on 

how population, economies, technology and societies develop (Hulme et al., 2002).

The UKCIP02 climate change scenarios for the United Kingdom were produced by the Hadley Centre and the Tyndall Centre, 

with funding from Defra, in 2002. They describe expected climate changes in the UK over the 21st century for four different 

greenhouse gas emissions scenarios and three time slices centred around the 2020s, 2050s and 2080s. For a full description 

of the UKCIP02 scenarios see Hulme et al. (2002). In summary, the scenarios suggest that higher temperatures, combined with 

changing patterns of precipitation, will lead to hotter, possibly drier summers and milder, wetter winters. Rising sea levels and 

changes in storm surge height are expected, as is an increase in extreme weather. In future we may expect:

Higher temperatures, with regional and seasonal variation:

• by the 2020s: annual warming of between 0.5°C and 1.5°C depending on region and scenario;

• by the 2050s: annual warming of between 0.5°C and 3.0°C depending on region and scenario;

• greater summer warming in the south east than the north west of the UK; and

• greater warming in summer and autumn than in winter and spring.

Changing patterns of precipitation:

• wetter winters, by up to 15% by the 2020s (up to 25% by the 2050s) for some regions and scenarios;

• possibly drier summers, by up to 20% by the 2020s (up to 40% by the 2050s) for some regions; and

• significant decreases in snowfall.

Changes in extreme events:

• an increase in frequency and intensity of extreme weather conditions, such as very high temperatures, or heavy downpours of rain.

Changes in sea level:

• a rise in global average sea level, due mainly to thermal expansion of ocean water and melting of mountain glaciers, in the 

range of 4 to 14cm by the 2020s and 7 to 36cm by the 2050s, depending on the emissions scenario;

• historic trends in vertical land movements will introduce significant regional differences in relative sea level rise around the UK, 

with much of southern Britain sinking and much of northern Britain rising relative to the sea; and

• in addition, extremes of sea level - storm surges and large waves - are expected to increase in height and frequency. 

Some of these changes are already being felt. The 1990s was the warmest decade in central England since records began in the 

1660s and UK coastal waters have also warmed (Hulme et al., 2002). As a result: 

• the growing season for plants in central England has lengthened by about one month since 1900;

• heatwaves have become more frequent in summer, while there are now fewer frosts and winter cold spells;

• winters over the last 200 years have become much wetter relative to summers throughout the UK;

• a larger proportion of winter precipitation (rain and snow) now falls on heavy rainfall days than was the case 50 years ago; and

• after adjusting for natural land movements, the average sea level around the UK is now about 10cm higher than it was in 1900.

Differences between the UKCIP98 and UKCIP02 are described in Hulme et al., 2002. 
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Figure 1.2: Percentage change in average summer and winter precipitation 

for the 2020s, 2050s and 2080s for the Low and High Emissions scenarios. 

Source (Hulme et al., 2002).

Figure 1.1: Change in average summer and winter temperature for the 

2020s, 2050s and 2080s for the Low and High Emissions scenarios.  

Source (Hulme et al., 2002).
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The scope of UKCIP’s activities therefore broadened (Figure 1.3) 

“to provide a co-ordinated framework for assessing climate change 

impacts and identifying potential adaptation strategies in the 

UK” (DEFRA, 2001)3. The bulk of its work to date has, however, 

focussed on assessing impacts and work on adaptation is in its 

early stages. This balance of effort is reflected in the material 

presented in the report.

Mitigation

Impact

Adaptation

UKCIP’s activities

Causation

Climate changeHuman actions

Figure 1.3 The relationships between the causes and mitigation 

of climate change, impacts of and adaptation to climate change, 

and UKCIP’s area of work. 

1.2 UKCIP approach
A novel approach has been developed by UKCIP. The Programme 

is modular in structure with individual studies funded by 

stakeholder partnerships and set in an integrating framework. 

To respond to climate change, stakeholders need knowledge 

of: climate change itself; its scope, details, or consequences; 

and the size of the impacts likely to be experienced. Two main 

categories of study are conducted to provide this knowledge. 

Regional4 studies consider multiple sectors within a given region 

and deliver information that is relevant to local decision-making, 

facilitates the inclusion of climate risks into spatial planning, and 

helps develop climate adaptation strategies. Sectoral studies are 

typically undertaken at the national level, tend to be quantitative 

in nature, and inform decision-making on climate impacts and 

adaptation at the local, regional and national scale for given 

sectors. Recognition that organisations also need internal 

capacity to act on, or respond to, information on climate change 

impacts, has resulted more recently in UKCIP helping stakeholders 

to build adaptive capacity.

1.2.1 Stakeholder-led 
The defining characteristic of UKCIP has been to put the decision-

makers at the heart of the research process. The Programme 

Office team does not itself undertake research: it helps others to 

commission and fund research themselves and actively supports 

all studies and partnerships. It also provides common tools and 

resources to ensure a consistent approach is adopted between 

studies in order to facilitate integration. The tools are described 

in Appendix 1 and include scenarios of climate change and socio-

economic change, a decision-making framework for managing 

climate risks, a method for costing the impacts of climate change, 

and the UKCIP Adaptation Wizard. Additional resources include 

access to common data and information, and a portfolio of 

communication products. These are also discussed in Appendix 1. 

The decision-makers involved are referred to as “stakeholders” 

as the term shows where ownership of the studies lies. 

Stakeholders5 steer research projects to ensure their relevance 

for decision-making on adaptation. A description of its 

stakeholders and the ways in which UKCIP works with them is 

provided in Appendix 2. Two broad categories of stakeholder are 

recognised. “Core stakeholders” actively participate in studies, 

partnerships, networks and research. Climate change partnerships 

have been established in six of the nine English regions, and 

have themselves established a network called the UK Inter-

Regional Climate Change Group to help foster co-ordination and 

share common experiences. The remaining English regions and 

the devolved administrations are working towards establishing 

partnerships (see Table A2.1 in Appendix 2). Climate change 

coordinators have been appointed to the partnerships in South 

East England, Yorkshire and Humber, North West England and 

South West England to drive forward work on climate change 

impacts and adaptation. 

Partnerships have also been established for five sectors 

(Table A2.2 in Appendix 2) comprising key organisations 

with responsibility for, or interest in, a particular sector. Two 

climate change networks have been established to increase 

participation among businesses and local authorities (see Box 

A2.1 in Appendix 2). The networks share information between 

participants and support organisations developing work on 

impacts and adaptation. 

UKCIP also provides climate impacts information through a variety 

of media to a wider group of over 4000 interested individuals 

3 See www.ukcip.org.uk/resources/assessment for a summary of the Programme’s objectives.
4 The term ‘region‘ is used to refer to the devolved administrations and the nine English regions. 
5 See www.ukcip.org.uk/resources/assessment for a list of stakeholder organisations.

Box 1.2: Definitions 

Adaptation: Adjustment in natural or human systems in 

response to actual or expected climatic stimuli or their 

effects, which moderates harm or exploits beneficial 

opportunities. 

Mitigation: An anthropogenic intervention to reduce the 

sources or enhance the sinks of greenhouse gases.

Source: IPCC (2001b)
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with a watching brief or casual interest in climate change. In 

addition, support is provided to a body of researchers that use 

UKCIP data and information, helping to inform data development 

to ensure it meets their needs. 

1.2.2 Integration 

Integration has always been a stated aim of UKCIP. Integration 

of climate impacts may be horizontal (cross-sectoral or cross-

regional) or vertical (so-called “end-to-end” integration, which 

examines the whole length of a causal chain from fossil fuel 

emissions to impacts and responses) (CIESEN, 1995). 

Horizontal integration

Horizontal integration has been achieved through the way UKCIP 

has worked. This hinges on the application of common scenarios, 

tools, data and expertise; and through the involvement of 

staff in a range of studies and partnerships. The UKCIP climate 

change scenarios have been applied in all studies conducted 

in the framework of the Programme and have been a powerful 

integrating mechanism. Programme staff have responsibility for 

several studies, and share and transfer experiences between 

each other and between these parallel activities. They are also 

in a position to identify knock-on effects within or between 

impacts and adaptation actions, as are the regional climate 

change partnerships. Further links are now being made between 

individual partnership communication efforts and the UKCIP 

communications strategy.

The regional and sectoral approaches facilitate integration. The 

regional approach pulls together information from many sectors 

in one locality, while the sectoral approach integrates within a 

limited field across a wide geographical area. 

Further horizontal integration occurs as some stakeholders are 

involved in a number of partnerships. This is an important and 

effective means of transferring skills, of building adaptive capacity 

between groups, and of identifying areas of interaction between 

impacts and adaptation actions. After the initial round of regional 

scoping studies, stakeholders identified the highest priority areas 

for further research that would be common to all regions. This 

information and the consultation process itself served to integrate 

the regional efforts.

More formal approaches to horizontal integration have 

been adopted in some studies, namely Regional Integrated 

Assessments (RegIS) and the Building Knowledge for a Changing 

Climate (BKCC) portfolio (see Chapter 3). RegIS integrated four 

sectors in two regions using a formal modelling approach. For 

the BKCC studies, individual projects were required to join and 

support an Integrating Framework (described in Appendix 1), 

designed to weld the individual projects into more than the 

sum of their parts. This is being achieved through the use of a 

standard set of climate and socio-economic scenarios and other 

datasets, shared use of case study locations, communication 

between projects and project stakeholders, and the creation of 

a stakeholder forum to act as a single dissemination route to the 

wider built environment community.

Vertical integration

Over the course of the Programme’s lifespan the need for 

vertical integration to join all the stages of climate adaptation 

into a sequence has become increasingly apparent, reflecting the 

growing importance of adaptation to many of our stakeholders. 

Observations of working with stakeholders reveal that they 

pass through several steps as they start to prepare for climate 

change. These are explicitly identified in the Adaptation Wizard, 

which describes the progression from ignorance to adaptation as 

follows.

• Scoping the impacts: in the early stages, decision-makers are 

likely to be engaged in scoping activities, aimed at identifying 

key climate risks.

• Quantifying risks: they might then need to develop a deeper 

understanding of key risks, by commissioning more in-depth 

quantitative assessments.

• Adapting to risks: identification and evaluation of climate 

adaptation options begins once risks are sufficiently well 

understood. The aim is for decision-makers to develop 

adaptation strategies that are embedded within their 

organisations’ existing management processes.

• Monitor and review: once a strategy has been implemented, 

it needs to be checked regularly, and modified as necessary 

to meet new conditions, or to address new information about 

risks.

This framework was not defined at the outset of the programme, 

but has emerged through our experience in working with 

stakeholders tackling this issue. The Adaptation Wizard mirrors 

key stages in the decision-making framework for managing 

climate risks (Willows and Connell, 2003), and encourages 

stakeholders to progress from one stage in climate adaptation to 

the next with the support of their climate partnership.

1.2.3 Recent developments 

Although climate change is already happening, it may be several 

decades before many of its effects may be distinguished from the 

‘noise’ of current climate variability. In the near term, decision-

makers will continue to experience and need to manage the 

effects of this variability. Many decision-makers, especially in 

the private sector, do not plan on the long timescales for which 

the climate change scenarios are presented (namely the 2020s, 

2050s and 2080s). Many businesses plan only one or two years 

ahead, while regional and local spatial plans may look up to 20 

years ahead. To address these issues, engagement with decision-
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makers in terms of ‘managing climate risks’ – a term which 

includes present-day weather variability as well as climate change 

– has proved valuable. Decision-makers need to know how to 

manage their vulnerability to current climate conditions, and to 

prepare for the longer-term trends from climate change. 

This development in approach has not occurred in isolation. The 

new risk management focus supports the Government’s priority 

for better handling of risks generally (Cabinet Office Strategy 

Unit, 2002). Within the international climate change community 

there is also greater emphasis on identifying and evaluating 

climate adaptation options, whereas earlier research focussed 

on understanding climate impacts. There is an increasing 

emphasis on understanding vulnerability to present-day climate 

– particularly in those parts of the world with more extreme 

climates than the temperate UK – and in examining how existing 

coping mechanisms might be adapted to take account of future 

climate change. 

1.3 Conclusions

• UKCIP was established to provide 

decision-makers with the information 

they needed on climate impacts to plan 

their response to climate change.

• A novel approach to climate impacts 

research was developed, which placed 

stakeholders at the heart of the process.

• The approach has progressed from 

managing studies to facilitating 

the development of meaningful 

climate change partnerships to share 

information, identify research needs and 

progress work on climate impacts and 

adaptation in regions and sectors.

• The focus has also progressed from 

impacts studies to risk management 

as this approach is more relevant 

and accessible to many of UKCIP’s 

stakeholders.

• The UKCIP process and its tools have 

achieved a certain degree of horizontal 

and vertical integration within and 

between studies. 
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Summary
This chapter integrates findings from the regional 

scoping studies (covering the nine English 

regions and three devolved administrations) and 

two sectoral scoping studies and identifies the 

implications for future research. The scoping 

studies collectively provide a broad-brush 

national picture of climate change impacts.

Key impacts identified include an increase in the risk of 

riverine and coastal flooding and erosion, pressure on drainage 

systems, possible winter storm damage, habitat loss, summer 

water shortages and low stream flows, increased subsidence 

risk in subsidence prone areas, increased demand for summer 

cooling, increasing thermal discomfort in buildings and health 

issues. Benefits could include less winter transport disruption, 

reduced demand for winter heating and less cold-related illness. 

Opportunities relate largely to warmer summers and include 

agricultural diversification, increased tourism and a shift to more 

outdoor-oriented lifestyles.

The regional scoping studies provide contrasting perspectives on 

climate change impacts, reflecting differences in climate change 

and vulnerability. Regions are likely to experience a mixture 

of positive and negative impacts, with the scale of impact 

experienced depending to some extent on the chosen approach 

to adaptation. Although some regions are likely to suffer more 

from climate change impacts than others, it is certain features 

within regions that are likely to represent particular “hotspots”, 

for example floodplains, estuaries and large urban areas.

Stakeholder engagement has been central to the scoping 

process. Stakeholders have highlighted particular impacts and 

issues concerning adaptation. Stakeholder involvement has 

also raised awareness and in many cases provoked a sense 

of ownership, driving forward further initiatives, such as the 

formation of climate change partnerships and commissioning of 

new research. 

Scoping of impacts for a geographical area or sector is the first 

step in the process of adaptation. Regional climate change 

partnerships provide a useful mechanism to support this process; 

their establishment in other regions could be beneficial.

2.1 Introduction
This chapter reviews the regional6 scoping studies, along 

with qualitative sectoral research into gardens and nature 

conservation7. The first regional scoping study was published at 

the end of 1998 by the North West Climate Group, with the final 

study completed in early 2004. A complete set of regional climate 

impact scoping studies has now been undertaken across the UK.

2.2 Approaches to scoping studies
The scoping studies aimed to engage stakeholders with the issue 

of climate change impacts, to document the perceived impacts of 

climate change on regional or sectoral activities and to encourage 

action on adaptation. The studies generally considered impacts 

up to the year 2100, the end point of the UKCIP climate change 

scenarios. 

All regional scoping studies have been commissioned, funded 

and overseen by stakeholders and have involved stakeholder 

consultation as a key component of the methodology. Consultation 

has taken a variety of forms, ranging from interviews with key 

decision-makers to workshops and postal surveys. Consultation 

has generally been focussed on strategic level decision-makers 

and those with day-to-day responsibility for climate-sensitive 

actions in their organisation or sector. The general public has not 

been directly consulted (except in the East Midlands study), but 

politicians and interest groups have been included.

All of the scoping studies have used the climate change scenarios 

(described in Box 1.1) as a basic input. The socio-economic 

scenarios (UKCIP, 2001) have been used in only four of the 

twelve regional scoping studies, with most studies considering 

socio-economic drivers informally, rather than adopting a 

structured scenario-based approach. The risk, uncertainty and 

decision-making framework (Willows and Connell, 2003) has 

been drawn on in two of the three scoping studies initiated 

since its publication. All studies focused on climate impacts and 

adaptation, with some including discussion of climate change 

mitigation. Overall, the scoping studies have relied on the expert 

judgement of the authors, overseen by steering groups (which 

included Programme Office staff), to review literature, present 

climate change data, consult stakeholders, and identify potential 

impacts and possible responses.

Chapter 2: Scoping the impacts of 
climate change

Darch, G *. and Harman, J.J.

* Atkins water
6 The term ‘region‘ or ‘regional‘ is used to refer to the devolved administrations and the nine English regions.
7 A list of the studies reviewed, along with their authors, date of publication and other supporting information, is provided at  
www.ukcip.org.uk/resources/assessment.
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2.3 Integration of key findings

2.3.1 Regional impacts
The scoping studies provide an initial assessment of the impacts 

of climate change at the regional level in the UK. Most studies 

successfully identified impacts associated with the headline 

changes in climate, particularly an increase in summer temperature, 

decrease in summer rainfall, increase in winter rainfall and sea level 

rise8. Impacts associated with possible changes in storminess were 

also readily highlighted. The impacts of warmer winters, change 

in seasonality and more subtle changes such as a reduction in 

humidity were discussed, but in less detail. 

Key threats and opportunities were identified in the scoping study 

reports. They show that climate change will present common 

problems across the UK, although there are some geographically 

specific issues. In all cases the exact nature of the impacts 

reflects regional differences in climate change and vulnerability. 

The most widely recognised problems associated with headline 

changes in climate include:

• an increase in the risk of riverine and coastal flooding and 

erosion;

• increased pressure on drainage systems;

• a potential increase in winter storm damage;

• habitat loss;

• summer water shortages, low stream flows and water quality 

problems;

• increased risk of subsidence in subsidence prone areas; and

• increasing thermal discomfort in buildings and health problems 

in summer.

Common benefits include:

• a longer growing season and enhanced crop yields; 

• less cold-weather transport disruption;

• reduced demand for winter heating; and

• fewer cold-related illnesses and deaths. 

Opportunities include:

• agricultural diversification and the potential to grow new crops;

• an increase in tourism and leisure pursuits; and

• a shift to more outdoor-oriented lifestyles.

Some regions could be more acutely affected by these impacts 

than others. For example, London and South East England are 

particularly vulnerable to reductions in summer rainfall, while 

other regions, such as South West England, potentially have 

much to gain through increased tourism.

Some impacts are specific to particular areas of the UK and relate 

to specific characteristics of an area’s environment, society or 

economy. Low summer river flows in Wales, for example, will 

reduce the performance of hydro-electric power generators, 

while in London, high summer temperatures will affect passenger 

comfort on the underground.

All regions will experience a mixture of positive and negative 

impacts. The balance between these impacts is hard to determine 

and none of the scoping studies has provided an overall 

assessment. In any case, the balance will depend to a large 

extent on the approach to adaptation. For example, while sea 

level rise represents a major problem for most regions, it could 

be an opportunity to develop new coastal habitat with associated 

recreation benefits, as has been done at the Environment 

Agency’s Paull Holme Strays flood defence scheme in Yorkshire 

(see Table 4.2 in Chapter 4).

2.3.2 Sectoral overview
The scoping studies generally assessed the impacts of climate 

change by sector or activity. This is a simple way of grouping 

more detailed impacts and provides a continuum to adaptation, 

which is generally conducted at the sectoral level. The impacts 

identified in the scoping reports for 18 sectors, or activities, are 

presented in Table 2.1. The scoping studies did not prioritise 

impacts, but it is possible to highlight national-level issues 

by identifying those issues that were noted in the majority of 

studies as being of concern. The most widely reported impacts 

are listed in column 1 of Table 2.1. The exact nature of an impact 

reported typically varied between regions, reflecting differences 

in regional character and/or projected climate changes. Impacts 

that were unique to a particular region, or which assumed 

a different nature in different regions, are provided in the 

region-specific columns in Table 2.1 to provide a flavour of the 

differences between sectoral impacts at the regional level. 

All of the scoping studies identified flood risk as a particular 

issue, with some extending this to consider erosion and loss of 

natural assets. Away from Scotland, Northern Ireland and North 

East England, future summer water shortages were identified 

as being a problem, particularly in southern England. Summer 

water quality problems were commonly identified, along with 

saline intrusion of aquifers in southern England. Fisheries were 

considered likely to decline, limited by low stream flows and 

increased stream and sea water temperatures.

Agriculture and forestry are expected to benefit from enhanced 

growth, diversification and a longer growing season, but are likely 

to be adversely affected by heat and water stress in summer, 

possibly winter storms, pests, soil erosion and increased risk of 

fire. Change in habitats and species were generally considered to 

be negative, including possible loss of habitat such as saltmarsh, 

and difficulties associated with species migration. Although 

different areas of the UK will experience different changes in the 

nature of these activities, all identified the same broad impacts.

Virtually all the scoping reports identified mixed impacts for the 

energy sector. While there will be a reduction in the need for 

winter heating, the demand for summer cooling will increase. 

Storms could damage generation and supply infrastructure, 

but there could be major opportunities in renewable energy 

generation (in response to climate change). The London study 

8 See Table WE4.2 at www.ukcip.org.uk/resources/assessment for impacts associated with the changes in key climate variables.
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identified problems for telecommunications associated with 

storms and clay shrinkage, while similar infrastructure damage 

and opportunities for new energy generation products were 

noted in the South West England study.

Buildings will be affected by flooding and damp across the UK, 

as well as by a possible increase in winter storms. Demand for 

cooling will increase in summer in England. The natural and built 

heritage is likely to suffer in all areas from extreme weather, with 

changes in soil moisture and sea level rise presenting problems in 

some locations.

Transport is likely to be disrupted in all areas as a result of 

extreme weather, including flash flooding after short, intense 

downpours. Summer discomfort and infrastructure damage was 

identified in the London and South East England studies, and in 

the guidance for local authorities. The Scottish report highlighted 

less cold-weather disruption as a benefit.

Solid waste management was not considered in most studies and 

more research into the effects on this activity is warranted. Likely 

impacts identified included more rapid degradation and odours, and 

problems in the management of landfill sites, including potential 

leaching of pollutants leading to water quality problems. Industry 

was considered to be vulnerable to extreme weather, with more 

cooling needed in summer. Industry dependent on water in the 

south east of the UK was considered particularly at risk in summer. 

New products to cope with climate change were seen as a business 

opportunity, although changing consumer demands may be 

difficult to manage.

Most reports considered that insurers would be increasingly 

vulnerable to large claims resulting from storms and floods. 

Several studies highlighted the associated problems of gaining 

insurance cover and expected rising costs of insurance, 

particularly in flood risk areas. New insurance and financial 

products were seen as opportunities.

Tourism was the sector identified as having the greatest opportunities 

across the scoping studies. Apart from the decline in winter sports 

in Scotland and the potential vulnerability due to variable or extreme 

weather, all areas of the UK expected climate change to boost 

tourism, with a longer tourist season and higher visitor numbers. 

A shift to a more outdoor-oriented lifestyle was also expected. The 

tourism opportunity will require careful management: the South West 

England, Yorkshire and Humber and East Midlands studies all noted 

that increased tourism will increase pressure on natural resources 

and transport, particularly in National Parks, as well as on the waste, 

sewerage and general infrastructure. 

Emergency planning and security were not considered in any 

depth. Most of the studies that addressed this activity discussed 

the increased risk to and demand for emergency services, largely 

relating to flooding and storms. The London study considered the 

potential implications of population displacement.

The impacts on health were generally seen as negative, despite 

lifestyle benefits and a reduction in cold-related illness, injury and 

mortality. Impacts were identified across the UK, particularly for 

summer, and included air pollution and respiratory problems, food 

poisoning, skin cancer and heat stress. Winter impacts identified 

included the effect of floods and possibly more storms.

Spatial planning was generally viewed as an essential component 

of adaptation, rather than an activity that would be directly 

affected by climate change. The potential increase in demand for 

outdoor living and open spaces was discussed in some studies. 

The need for integrated and holistic spatial planning, building in 

climate headroom, was seen as a major opportunity.

2.3.3 Cross-sectoral impacts

Cross-sectoral impacts are important to understand, as they can 

compound or ameliorate a given impact, so an organisation or 

sector can only get a real understanding of the overall impacts of of 

climate change if indirect effects from other sectors are considered. 

Appreciation of cross-sectoral issues is also a key element in 

adaptation, to ensure that actions do not negatively impact on 

another sector, or impair the ability of another sector to adapt. 

Most reports assessed impacts on a sector by sector basis only, 

but some progress has been made in understanding cross-

sectoral impacts with two or three examples of cross-cutting 

issues such as the coastal zone, water management, the rural 

economy, urban environment and energy, provided in some 

studies. Examples of cross-sectoral analyses are presented for 

energy in Northern Ireland (Box 2.1) and for flooding and land 

use in the Tamar Valley in South West England (Box 2.2).

Box 2.1 Energy in Northern Ireland

Northern Ireland imports fossil fuels, resulting in high 

fuel costs and ‘fuel poverty’. Temperature increases 

will affect the demand for energy, but more significant 

shifts in demand are likely to occur with more frequent 

extreme conditions. Stationary energy generation and 

supply systems are vulnerable to extreme weather events 

and effects linked to sea temperature change and storm 

activity. Energy considerations impact upon health through 

the fuel poverty problem, and through lifestyle changes. 

Finally, adaptation and mitigation challenges are likely to 

be significant in reducing Northern Ireland’s greenhouse 

gas emissions: adapting to higher temperatures via fossil 

fuelled air conditioning will adversely affect mitigation 

efforts, and potential for the use of novel power sources 

from agriculture, wind and offshore should be explored.

Extract from Implications of Climate Change for Northern 
Ireland: Informing Strategy Development p.145-146 
(SNIFFER, 2002).
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Box 2.2 Flooding and land use in the Tamar 
Valley

With a future rainfall regime which is wetter in winter and 

more extreme, higher runoff and more flash floods are 

expected. In the upper reaches of the Tamar Catchment 

high run-off is already being experienced because of the 

lack of wooded areas and the intensity of agricultural 

stocking. With wetter and more extreme conditions higher 

failure rates of man-made and natural slopes are likely 

to occur. This will affect both the productivity of the land 

and disruption to the existing poor road system. In what 

is already an economically marginal area this will cause 

problems for farmers and certainly discourage tourists, 

a source of income for many in the area. With climate 

change it is likely that more spring crops will be grown 

in the catchment area, thus exposing the land for longer 

periods. Higher run-off and higher sediment load will 

result.

Extract from Warming to the idea: Meeting the challenge 
of climate change in the South West. Technical Report. 
p.103 (South West Climate Change Impacts Partnership, 
2003).

Table 2.1 Climate change impacts on activities

The impacts most commonly identified in the regions are listed 

in the first column. Remaining columns show impacts that 

are unique to a particular region, or tease out differences in 

the nature of a particular impact for a region. Each impact 

is ranked as: positive; negative; uncertain (where significant 

uncertainties exist) or unknown, where little or no research has 

been completed. NC indicates that the region has not considered 

a particular sector. A blank cell indicates that no specific issues 

were identified for the region besides those noted in the first 

column. Note that the issues identified are as discussed in the 

regional scoping studies. Each region identified and discussed 

issues differently, so this table might not provide comprehensive 

coverage of all issues. 
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Sector / activity Issues identified 
by the majority 
of regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Agriculture and 
horticulture

Potential to grow 
new crops

Longer growing 
season 
Enhanced yields

More, or different, 
pests and diseases

Increased need for 
irrigation  Damage 
to crops and soils 
from intense 
winter rainfall; 
difficulty accessing 
fields

Reduced yields if 
no irrigation 

Potential loss 
of competitive 
advantage

Higher drought risk 
may call for more 
on-farm water 
storage reservoirs

Change in timing 
of planting, 
harvesting, 
fertiliser 
application 
and ploughing 
techniques

Increased soil 
erosion Land in 
floodplain flooded 
more often

Difficulty 
predicting 
suitability for 
planting in Autumn

Heat stress upon 
livestock

Loss of agricultural 
land from sea level 
rise

Reduced problems 
for livestock 
freezing in winter

Changes to timing 
of formation of 
flower buds on 
some crops 

Land use limited by 
higher flood risk

Fruit, vegetable 
and cereal yields 
to decline without 
irrigation 

Decreased yield 
Heat stress for 
animals

Increased soil 
erosion

Increased heat 
stress on animals

Increase in 
growing season 
along Yorkshire/
Lincolnshire coasts

Loss of land and 
property from 
landslides

Increased demand 
for salad crops

Growing season 
could extend by 
30–100 days by 
2080s

Arable farming 
becomes viable in 
some areas

New methods of 
livestock and crop 
management

Soil erosion may 
increase

Increased 
water demand, 
particularly in East 

More mixed 
agriculture with 
spring-sown 
cereals making a 
comeback in East 
of region

Farming in West 
may become more 
economically 
marginal

Forestry Increased growth 
and productivity

Increased risk of 
storm damage

Increased drought 
risk 

Greater risk of 
fungal diseases

Trees suffer from 
drier conditions, 
particularly in chalk 
downs

More susceptible 
to pests and 
diseases

Change in species

Limited due to 
water demand

Any expansion will 
increase demand 
for water resources

Greater 
opportunities for 
forestry

Increased pest 
problems

Higher yields 
may increase 
employment and 
possibly profits

Shallow broad-
leafed trees suffer 
from drought 
stress

Different pest 
species

Some tree varieties 
less suitable 
Increased risk of 
forest fires

Shorter rotation 
times

New species

Pests and diseases

Enhanced 
biodiversity and 
balance of trade in 
timber, especially 
from agri-forestry

Fisheries Reduced stream 
flow and water 
quality

Change in 
marine species 
distributions and 
fisheries

New southern 
species in 
Cornish waters

Significant losses 
of indigenous 
species to the 
North

Problems for 
migratory salmon 

Inland fish possibly 
affected if land 
allowed to flood

Angling affected 
by disturbance to 
breeding season 
of fish

Possible increase 
of algae growth in 
coastal waters

Detrimental impact 
on some fish 
populations

Benefits to 
aquaculture 
include higher 
growth rates and 
new species 

Some cultured 
shellfish may 
spawn allowing 
them to colonise 

Biodiversity Species and 
habitats may be 
gained

Species and 
habitats may be 
lost

Inter-tidal habitats, 
salt marshes 
and mudflats 
threatened 

Loss of species at 
southern edge of 
their range

Local extinction 
of species that 
migrate away from 
nature reserves

Gardeners may 
adapt plantings to 
cope with drought

Use of ‘zero-water’ 
gardens

Changes in 
phenology

Competition from 
exotic species

Increased summer 
drought stress 
for wetlands and 
beechwood

Species’ gained 
or lost

Coastal habitats 
vulnerable to 
coastal squeeze, 
flooding and 
erosion

Flooding of Fens

Earlier growth 
of vegetation 
sensitive to late 
frosts

Longer breeding 
season for some 
species

Wetter winters 
benefit biodiversity 
in wetland areas

Raised bogs might 
dry out

Change in viability 
of peat as a 
carbon sink

Rural uplands will 
see significant 
impacts

Estuarine and 
river ecology 
threatened by tidal 
flooding

Increased bracken 
invasion

Increased fire risk 
on heathlands

Important habitats 
such as relic alpine 
heath  threatened

Negative impact on 
mountain birds and 
subantartic and 
artic alpine plant 
species; natural 
environment  is 
the sector most 
affect by change

Invasion of 
southerly species

Compounded 
effects of negative 
factors such as 
eutrophication

Flood 
management 
(including coastal 
issues)

Increased risk 
of riverine and 
coastal flooding

Increase in urban 
flood risk

Drainage systems 
overwhelmed

Increased erosion 
risk

Increased 
exploration of 
managed retreat 

Damage to coastal 
amenities

Loss of natural 
assets such as 
beaches, dunes, 
wetlands

Increased 
sediment yield and 
mobilisation and 
land slipping

Quayside flooding 
causing ferry 
transport problems

Urban flooding

Loss of coastal 
features such as 
Hurst Castle spit

Sea defences 
breached more 
often

Vulnerable to 
inundation of 
floodplains by river 
water

Local flooding 
when drainage 
network is 
overwhelmed, and 
from tidal surges 
in the Thames

Vulnerable to sea 
level rise, storm 
surges, saline 
intrusion and 
coastal squeeze 

Spread of pollution 
Coastal 
archaeology 
vulnerable to 
erosion

Managed 
realignment 
could benefit 
environment

Increased pumping 
costs for land 
drainage

Foul water flooding 
Increased sea wall 
and cliff erosion

Birmingham 
drainage 
system may be 
overwhelmed 
Increased flood 
risk on major rives 
such as River 
Severn 

Increased winter 
recharge to 
reservoirs and 
groundwater, could 
raise groundwater 
under Birmingham 
during winter 

Increased 
consideration/ 
use of managed 
retreat

Increased risk to 
fisheries, ports, 
coastal resorts, 
farming and capital 
intensive coastal 
based industry

Risks from 
contaminated land 
and toxic wastes 
might increase as 
old mine workings  
and industrial 
areas flood

Flooding problems 
in Bradford and 
other cities to 
increase

More land on 
“high” flood risk 
planning areas

Cost of 
maintaining sea 
defences could 
increase Flood 
prevention 
measures 
could prevent 
development of 
wet woodland

Cliffs and beaches 
may change

Flooding and 
storms disrupt 
services

Capacity of flood 
defences exceeded

Loss of natural 
intertidal defences

Dune coasts will 
suffer non-
sustainable beach 
and front-of-dune 
erosion
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Sector / activity Issues identified 
by the majority 
of regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Agriculture and 
horticulture

Potential to grow 
new crops

Longer growing 
season 
Enhanced yields

More, or different, 
pests and diseases

Increased need for 
irrigation  Damage 
to crops and soils 
from intense 
winter rainfall; 
difficulty accessing 
fields

Reduced yields if 
no irrigation 

Potential loss 
of competitive 
advantage

Higher drought risk 
may call for more 
on-farm water 
storage reservoirs

Change in timing 
of planting, 
harvesting, 
fertiliser 
application 
and ploughing 
techniques

Increased soil 
erosion Land in 
floodplain flooded 
more often

Difficulty 
predicting 
suitability for 
planting in Autumn

Heat stress upon 
livestock

Loss of agricultural 
land from sea level 
rise

Reduced problems 
for livestock 
freezing in winter

Changes to timing 
of formation of 
flower buds on 
some crops 

Land use limited by 
higher flood risk

Fruit, vegetable 
and cereal yields 
to decline without 
irrigation 

Decreased yield 
Heat stress for 
animals

Increased soil 
erosion

Increased heat 
stress on animals

Increase in 
growing season 
along Yorkshire/
Lincolnshire coasts

Loss of land and 
property from 
landslides

Increased demand 
for salad crops

Growing season 
could extend by 
30–100 days by 
2080s

Arable farming 
becomes viable in 
some areas

New methods of 
livestock and crop 
management

Soil erosion may 
increase

Increased 
water demand, 
particularly in East 

More mixed 
agriculture with 
spring-sown 
cereals making a 
comeback in East 
of region

Farming in West 
may become more 
economically 
marginal

Forestry Increased growth 
and productivity

Increased risk of 
storm damage

Increased drought 
risk 

Greater risk of 
fungal diseases

Trees suffer from 
drier conditions, 
particularly in chalk 
downs

More susceptible 
to pests and 
diseases

Change in species

Limited due to 
water demand

Any expansion will 
increase demand 
for water resources

Greater 
opportunities for 
forestry

Increased pest 
problems

Higher yields 
may increase 
employment and 
possibly profits

Shallow broad-
leafed trees suffer 
from drought 
stress

Different pest 
species

Some tree varieties 
less suitable 
Increased risk of 
forest fires

Shorter rotation 
times

New species

Pests and diseases

Enhanced 
biodiversity and 
balance of trade in 
timber, especially 
from agri-forestry

Fisheries Reduced stream 
flow and water 
quality

Change in 
marine species 
distributions and 
fisheries

New southern 
species in 
Cornish waters

Significant losses 
of indigenous 
species to the 
North

Problems for 
migratory salmon 

Inland fish possibly 
affected if land 
allowed to flood

Angling affected 
by disturbance to 
breeding season 
of fish

Possible increase 
of algae growth in 
coastal waters

Detrimental impact 
on some fish 
populations

Benefits to 
aquaculture 
include higher 
growth rates and 
new species 

Some cultured 
shellfish may 
spawn allowing 
them to colonise 

Biodiversity Species and 
habitats may be 
gained

Species and 
habitats may be 
lost

Inter-tidal habitats, 
salt marshes 
and mudflats 
threatened 

Loss of species at 
southern edge of 
their range

Local extinction 
of species that 
migrate away from 
nature reserves

Gardeners may 
adapt plantings to 
cope with drought

Use of ‘zero-water’ 
gardens

Changes in 
phenology

Competition from 
exotic species

Increased summer 
drought stress 
for wetlands and 
beechwood

Species’ gained 
or lost

Coastal habitats 
vulnerable to 
coastal squeeze, 
flooding and 
erosion

Flooding of Fens

Earlier growth 
of vegetation 
sensitive to late 
frosts

Longer breeding 
season for some 
species

Wetter winters 
benefit biodiversity 
in wetland areas

Raised bogs might 
dry out

Change in viability 
of peat as a 
carbon sink

Rural uplands will 
see significant 
impacts

Estuarine and 
river ecology 
threatened by tidal 
flooding

Increased bracken 
invasion

Increased fire risk 
on heathlands

Important habitats 
such as relic alpine 
heath  threatened

Negative impact on 
mountain birds and 
subantartic and 
artic alpine plant 
species; natural 
environment  is 
the sector most 
affect by change

Invasion of 
southerly species

Compounded 
effects of negative 
factors such as 
eutrophication

Flood 
management 
(including coastal 
issues)

Increased risk 
of riverine and 
coastal flooding

Increase in urban 
flood risk

Drainage systems 
overwhelmed

Increased erosion 
risk

Increased 
exploration of 
managed retreat 

Damage to coastal 
amenities

Loss of natural 
assets such as 
beaches, dunes, 
wetlands

Increased 
sediment yield and 
mobilisation and 
land slipping

Quayside flooding 
causing ferry 
transport problems

Urban flooding

Loss of coastal 
features such as 
Hurst Castle spit

Sea defences 
breached more 
often

Vulnerable to 
inundation of 
floodplains by river 
water

Local flooding 
when drainage 
network is 
overwhelmed, and 
from tidal surges 
in the Thames

Vulnerable to sea 
level rise, storm 
surges, saline 
intrusion and 
coastal squeeze 

Spread of pollution 
Coastal 
archaeology 
vulnerable to 
erosion

Managed 
realignment 
could benefit 
environment

Increased pumping 
costs for land 
drainage

Foul water flooding 
Increased sea wall 
and cliff erosion

Birmingham 
drainage 
system may be 
overwhelmed 
Increased flood 
risk on major rives 
such as River 
Severn 

Increased winter 
recharge to 
reservoirs and 
groundwater, could 
raise groundwater 
under Birmingham 
during winter 

Increased 
consideration/ 
use of managed 
retreat

Increased risk to 
fisheries, ports, 
coastal resorts, 
farming and capital 
intensive coastal 
based industry

Risks from 
contaminated land 
and toxic wastes 
might increase as 
old mine workings  
and industrial 
areas flood

Flooding problems 
in Bradford and 
other cities to 
increase

More land on 
“high” flood risk 
planning areas

Cost of 
maintaining sea 
defences could 
increase Flood 
prevention 
measures 
could prevent 
development of 
wet woodland

Cliffs and beaches 
may change

Flooding and 
storms disrupt 
services

Capacity of flood 
defences exceeded

Loss of natural 
intertidal defences

Dune coasts will 
suffer non-
sustainable beach 
and front-of-dune 
erosion
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Sector / activity Issues identified 
by the majority 
of` regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Water resources 
management

Increased risk of 
summer water 
shortages

Increase in water 
quality problems 

Increases in 
demand for 
household, 
irrigation and 
industrial uses

Potential salinity 
increases in 
borehole and 
river-mouth 
abstraction points

More winter flood 
damage

Domestic water 
demand to 
increase from new 
homes

Greater risk of 
saline intrusion

Already one 
of the driest 
capitals in 
the world and 
facing increased 
demand for 
water in 
summer

Saline intrusion 
of Fens

Pollution 
levels become 
unacceptable with 
low flows

Pressure on 
drainage systems

Reduction in 
water abstraction

Opportunity for 
investment from 
outside region 
where winter 
water surpluses 
can be controlled 

Opportunities 
for water trading 
between farms

Reduced salmonid 
growth

Reduced dissolved 
oxygen Increased 
chemical loading

Increased need 
for dredging ports

Farm waste water 
systems not 
designed to cope 
with higher winter 
rainfall

Humber estuary 
drains could be 
‘tide-locked’ more 
frequently

Greater need for 
pumping from 
low-lying areas

Domestic water 
requirements 
increase

Industrial water 
requirements may 
alter

Increased demand 
for abstraction

Increased risk of 
algal blooms 

Might require 
changes to 
discharge 
consents

Higher water 
tables likely.

Capacity of waste 
water treatment 
plants may be 
exceeded

Energy Opportunities 
for biofuels and 
renewables

Changes in 
seasonal demand

Higher risk 
of damage to 
infrastructure

NC Less fuel poverty

Reduced damage 
to infrastructure 
from freezing 
weather and ice

Power stations 
constrained by  
water availability 

Reduced 
performance of 
hydroelectric 
plants

Distribution 
affected

NC Disruption to 
supply through 
weather events

Additional cooling  
may be needed 
in industrial 
processes

Greater 
development 
of renewables 
Efficiency gains

Buildings Increased risk of 
subsidence

Reduced comfort 
in buildings for 
occupants in 
summer

Vulnerable to 
flooding and 
storms

Buildings currently 
designed for past 
climates

Particularly 
sensitive to 
temperature 
increases 
because of 
urban heat 
island effect

Increased 
property damage

Overheating 
problems

Increased 
demand for air 
conditioning

Reduced damage 
from frost

Intense rainfall 
and storm 
damage to 
buildings

Increased mould 
growth

Buildings on low-
lying areas at risk 
of flood

Mismatch 
between climate 
and the location 
and design of 
buildings

Urban heat 
islands more 
common

Increased cost of 
repair bills

Building standards 
not suited to 
future climate

Increased urban 
drainage problems 
and more 
frequent sewer 
overflow 

Adjustments to air 
conditioning and 
heating needed 
to maintain 
suitable indoor 
temperatures

Reduced damp 
related problems

Increased damage 
from driving 
rain, storms and 
flooding

Increased damage 
from extreme 
weather

Septic tank 
operation affected 
by increased 
rainfall

Greater risk of 
condensation 

Heritage Increased risk of 
extreme weather 
damage

Potential increase 
in damage from 
storms, flooding, 
light-degradation,  
fungal damage 

Increase revenue 
from tourism 

Historical planting 
schemes at risk

Archaeology in 
uplands and in 
coastal locations 
could deteriorate 

Character of parks 
and gardens will 
change

Investment in 
shading may 
be required to 
protect heritage

Increased 
maintenance costs

Heritage in 
low lying areas 
subject to 
flooding

Temperature and 
light controls 
required to help 
preserve buildings 
Increased cost of 
repair bills

NC NC Degradation 
of designated 
conservation sites 

Transport Less cold weather 
damage and 
disruption

Reduced need 
to grit roads in 
winter

Increased risk 
of infrastructure 
damage

Increased 
disruption to 
services

Flooding may 
sever rail link near 
Exeter

Coastal railways 
vulnerable to 
storm surges, 
high tides and 
cliff instability

Increased tourism 
may increase 
motorway 
congestion

Disruptions to 
ferry service due 
to strong wind 
and wave activity

Insufficient water 
to maintain canal 
navigations

Increased use of 
water transport

Passenger 
discomfort on 
underground

Increased 
maintenance for 
roadside verges

Change in rail 
track materials 
Increased risk of 
road accidents

Increased 
susceptibility to 
landslips on rail 
embankments

Speed restrictions 
on rails 

Increased tourism 
could increase 
demand for 
transport

Overheating of 
diesel engines

Canals affected 
by drought

Landslips in 
upland areas

Less need to 
de-ice aircraft and 
runways or to grit 
roads

Reduced need 
for railway point 
heaters in winter

Increased rail 
safety and 
maintenance 
requirements

Reduced aircraft 
lift during take 
off at Birmingham 
Airport

Temporarily 
impassable roads

Possible change in 
design of ships

Reduction in fog 
days disrupting 
major transport 
routes

Disruption to 
transport services, 
particularly in 
coastal areas

Reduced heat 
stress on tracks

Disruption to 
shipping, ferries 
and vulnerable 
harbours

Increased leaves 
on track problems 
due to increased 
tree growth

Air services and 
seaports become 
less reliable

Transport to and 
from NI will be 
more adversely 
affected than 
transport to 
and from other 
regions of the UK 

Telecommunications Increased risk 
of infrastructure 
damage and 
‘downtime’

Vulnerable to 
flooding and 
storms

NC Increased ‘down 
time’ from ex-
treme events

NC NC NC NC NC NC NC NC
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Sector / activity Issues identified 
by the majority 
of` regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Water resources 
management

Increased risk of 
summer water 
shortages

Increase in water 
quality problems 

Increases in 
demand for 
household, 
irrigation and 
industrial uses

Potential salinity 
increases in 
borehole and 
river-mouth 
abstraction points

More winter flood 
damage

Domestic water 
demand to 
increase from new 
homes

Greater risk of 
saline intrusion

Already one 
of the driest 
capitals in 
the world and 
facing increased 
demand for 
water in 
summer

Saline intrusion 
of Fens

Pollution 
levels become 
unacceptable with 
low flows

Pressure on 
drainage systems

Reduction in 
water abstraction

Opportunity for 
investment from 
outside region 
where winter 
water surpluses 
can be controlled 

Opportunities 
for water trading 
between farms

Reduced salmonid 
growth

Reduced dissolved 
oxygen Increased 
chemical loading

Increased need 
for dredging ports

Farm waste water 
systems not 
designed to cope 
with higher winter 
rainfall

Humber estuary 
drains could be 
‘tide-locked’ more 
frequently

Greater need for 
pumping from 
low-lying areas

Domestic water 
requirements 
increase

Industrial water 
requirements may 
alter

Increased demand 
for abstraction

Increased risk of 
algal blooms 

Might require 
changes to 
discharge 
consents

Higher water 
tables likely.

Capacity of waste 
water treatment 
plants may be 
exceeded

Energy Opportunities 
for biofuels and 
renewables

Changes in 
seasonal demand

Higher risk 
of damage to 
infrastructure

NC Less fuel poverty

Reduced damage 
to infrastructure 
from freezing 
weather and ice

Power stations 
constrained by  
water availability 

Reduced 
performance of 
hydroelectric 
plants

Distribution 
affected

NC Disruption to 
supply through 
weather events

Additional cooling  
may be needed 
in industrial 
processes

Greater 
development 
of renewables 
Efficiency gains

Buildings Increased risk of 
subsidence

Reduced comfort 
in buildings for 
occupants in 
summer

Vulnerable to 
flooding and 
storms

Buildings currently 
designed for past 
climates

Particularly 
sensitive to 
temperature 
increases 
because of 
urban heat 
island effect

Increased 
property damage

Overheating 
problems

Increased 
demand for air 
conditioning

Reduced damage 
from frost

Intense rainfall 
and storm 
damage to 
buildings

Increased mould 
growth

Buildings on low-
lying areas at risk 
of flood

Mismatch 
between climate 
and the location 
and design of 
buildings

Urban heat 
islands more 
common

Increased cost of 
repair bills

Building standards 
not suited to 
future climate

Increased urban 
drainage problems 
and more 
frequent sewer 
overflow 

Adjustments to air 
conditioning and 
heating needed 
to maintain 
suitable indoor 
temperatures

Reduced damp 
related problems

Increased damage 
from driving 
rain, storms and 
flooding

Increased damage 
from extreme 
weather

Septic tank 
operation affected 
by increased 
rainfall

Greater risk of 
condensation 

Heritage Increased risk of 
extreme weather 
damage

Potential increase 
in damage from 
storms, flooding, 
light-degradation,  
fungal damage 

Increase revenue 
from tourism 

Historical planting 
schemes at risk

Archaeology in 
uplands and in 
coastal locations 
could deteriorate 

Character of parks 
and gardens will 
change

Investment in 
shading may 
be required to 
protect heritage

Increased 
maintenance costs

Heritage in 
low lying areas 
subject to 
flooding

Temperature and 
light controls 
required to help 
preserve buildings 
Increased cost of 
repair bills

NC NC Degradation 
of designated 
conservation sites 

Transport Less cold weather 
damage and 
disruption

Reduced need 
to grit roads in 
winter

Increased risk 
of infrastructure 
damage

Increased 
disruption to 
services

Flooding may 
sever rail link near 
Exeter

Coastal railways 
vulnerable to 
storm surges, 
high tides and 
cliff instability

Increased tourism 
may increase 
motorway 
congestion

Disruptions to 
ferry service due 
to strong wind 
and wave activity

Insufficient water 
to maintain canal 
navigations

Increased use of 
water transport

Passenger 
discomfort on 
underground

Increased 
maintenance for 
roadside verges

Change in rail 
track materials 
Increased risk of 
road accidents

Increased 
susceptibility to 
landslips on rail 
embankments

Speed restrictions 
on rails 

Increased tourism 
could increase 
demand for 
transport

Overheating of 
diesel engines

Canals affected 
by drought

Landslips in 
upland areas

Less need to 
de-ice aircraft and 
runways or to grit 
roads

Reduced need 
for railway point 
heaters in winter

Increased rail 
safety and 
maintenance 
requirements

Reduced aircraft 
lift during take 
off at Birmingham 
Airport

Temporarily 
impassable roads

Possible change in 
design of ships

Reduction in fog 
days disrupting 
major transport 
routes

Disruption to 
transport services, 
particularly in 
coastal areas

Reduced heat 
stress on tracks

Disruption to 
shipping, ferries 
and vulnerable 
harbours

Increased leaves 
on track problems 
due to increased 
tree growth

Air services and 
seaports become 
less reliable

Transport to and 
from NI will be 
more adversely 
affected than 
transport to 
and from other 
regions of the UK 

Telecommunications Increased risk 
of infrastructure 
damage and 
‘downtime’

Vulnerable to 
flooding and 
storms

NC Increased ‘down 
time’ from ex-
treme events

NC NC NC NC NC NC NC NC
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Sector / activity Issues identified 
by the majority 
of` regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Spatial planning Planning 
should lead on 
adaptation

Planning 
should prevent 
unsustainable 
development on 
floodplains 

Need for more 
holistic planning

New housing 
developments  will 
need protection 
from flooding 

Opportunities to 
build in resilience

NC NC Integrated 
planning needed

Opportunities to 
build in climate 
headroom

Opportunities 
to support 
adaptation

NC Benefits in 
sustaining city 
centres

NC

Solid waste 
management

Increased rate of 
degradation and 
leaching at landfill 
sites

NC NC More frequent 
waste collection 
required; pests 
and vermin

NC NC Increased 
mobilisation of 
toxic wastes

NC NC

Industry New markets 
and business 
opportunities

Changing 
customer demand

Water supply 
problems and 
need for cooling 
in summer

Opportunities 
to develop 
engineering 
solutions to 
climate impacts

Need for 
innovation in 
water use in 
manufacturing 
process

Paper 
manufacturers 
could become 
uncompetitive

More construction 
days available 

Problems with 
safe use of 
construction 
equipment due to 
increased wind

Changes in sales 
patterns

Problems 
refrigerating 
foods over long 
distances

Working and 
manufacturing 
conditions 
more difficult 
with higher 
temperatures

Disruptions to 
global supply 
chains

Changes in 
pattern of 
dispersion of 
pollutants from 
industrial plants

Shift from 
agriculture and 
manufacturing to 
service sector

More demand for 
outdoor products

Displacement of 
industry enhanced 
by raising water 
tables and winter 
rainfalls

Food processing 
industry affected 
due to impact on 
crop growth and 
flooding

Disruption to 
supply chain 
with facilities, 
suppliers, 
employees and 
customers being 
affected by 
weather events

Manufacturing 
operations 
affected by higher 
temperatures and 
changing rainfall 
patterns 

Increased 
commissioning 
of construction 
projects such as 
flood defence 
schemes, water 
treatment plants, 
port and harbour 
works

Financial and 
insurance 
services

New insurance 
products required

Increase in 
insurance claims 
from extreme 
weather

Increased risk of 
insurance blight

Fewer cold- 
weather claims

Banks may 
lose income as 
customers incur 
losses

Properties could 
lose value

London will be 
effected by global 
markets

Extreme weather 
may force 
companies to sell 
equity, deflating 
the market

Carbon trading 
opportunities

Property 
pricesdecrease in 
floodplains

NC Buildings more at 
risk from storm 
damage, flooding 
and subsidence

Increased cost of 
insurance

Greater exposure Increased risk of 
loss in almost 
every category 
of insurance 
business

Tourism, 
recreation, 
leisure and 
lifestyle

Increased tourism

Increase in 
outdoor leisure 
pursuits

New business 
opportunities 

More pressure on 
tourist attractions

Extended tourist 
season

Greater use 
of external 
environment 
around buildings

Changes to 
food and drink 
consumption 
patterns

Increase in second 
or holiday home 
ownership

Change in 
character of parks

Sport and 
recreational 
fishing suffer 

Out of town 
excursion 
destinations 
might benefit

Heat in London 
could deter 
visitors

Sport and 
recreational 
fishing suffer 

Managed 
realignment 
creating 
significant tourist 
attractions

Lifestyles and 
health might 
benefit from a 
more outdoors 
culture

More walking and 
cycling for work 
and leisure

Beach changes

Decreased 
autumn tourism

More outdoor 
activities resulting 
in positive 
commercial, 
social and health 
impacts

Vulnerable to 
extreme weather

More all-weather 
pitches to play 
sport year round

Increased feel-
good factor 
associated with 
warmer climates

Increased rainfall 
detrimental to 
tourism

Decline of winter 
sports industry 

Increased cost an 
fuel and transport

Emergency 
planning and 
security

Increased risk of 
extreme weather 
events and more 
demand for 
services

NC NC Population 
displacement

Increased 
requirement 
for emergency 
response to 
extreme events

NC NC NC NC NC NC NC NC

Health and 
healthcare

Reduced winter 
mortality rates

More heat-related 
health problems

Increasing 
food poisoning 
incidences

Higher risk of skin 
cancer

Psychological 
impacts from 
flooding

Risk of 
contamination of 
water supplies

Cooling methods 
to reduce 
bacterial build-up

Increase in vector-
borne disease

Reduced air 
quality

Increase in flood 
related health 
problems

Increased injuries 
during storm 
events

Increased 
health risk from 
increased pests 
and vermin

Increased air 
pollution from 
traffic congestion

Problems with 
food preservation

NC Photochemical 
smog more 
prevalent

More vector- and 
water-borne 
infections

More outdoor 
activities 
Better diets

Increased summer 
atmospheric 
pollution

Respiratory 
problems 
associated with 
traffic pollution 
and sun increase

Increased stress 
from impacts of 
climate change

Flooding and 
storms disrupt 
services

Increased air 
pollution

Higher incidence 
of respiratory 
diseased

New diseases

More rodent 
borne diseases

Increased 
infectious disease 
transmission

Increased road 
accidents from 
storms and wet 
weather 
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Sector / activity Issues identified 
by the majority 
of` regions

South West South East London East of England East Midlands West Midlands Wales North West Yorkshire & 
Humber

North East Scotland Northern Ireland

Spatial planning Planning 
should lead on 
adaptation

Planning 
should prevent 
unsustainable 
development on 
floodplains 

Need for more 
holistic planning

New housing 
developments  will 
need protection 
from flooding 

Opportunities to 
build in resilience

NC NC Integrated 
planning needed

Opportunities to 
build in climate 
headroom

Opportunities 
to support 
adaptation

NC Benefits in 
sustaining city 
centres

NC

Solid waste 
management

Increased rate of 
degradation and 
leaching at landfill 
sites

NC NC More frequent 
waste collection 
required; pests 
and vermin

NC NC Increased 
mobilisation of 
toxic wastes

NC NC

Industry New markets 
and business 
opportunities

Changing 
customer demand

Water supply 
problems and 
need for cooling 
in summer

Opportunities 
to develop 
engineering 
solutions to 
climate impacts

Need for 
innovation in 
water use in 
manufacturing 
process

Paper 
manufacturers 
could become 
uncompetitive

More construction 
days available 

Problems with 
safe use of 
construction 
equipment due to 
increased wind

Changes in sales 
patterns

Problems 
refrigerating 
foods over long 
distances

Working and 
manufacturing 
conditions 
more difficult 
with higher 
temperatures

Disruptions to 
global supply 
chains

Changes in 
pattern of 
dispersion of 
pollutants from 
industrial plants

Shift from 
agriculture and 
manufacturing to 
service sector

More demand for 
outdoor products

Displacement of 
industry enhanced 
by raising water 
tables and winter 
rainfalls

Food processing 
industry affected 
due to impact on 
crop growth and 
flooding

Disruption to 
supply chain 
with facilities, 
suppliers, 
employees and 
customers being 
affected by 
weather events

Manufacturing 
operations 
affected by higher 
temperatures and 
changing rainfall 
patterns 

Increased 
commissioning 
of construction 
projects such as 
flood defence 
schemes, water 
treatment plants, 
port and harbour 
works

Financial and 
insurance 
services

New insurance 
products required

Increase in 
insurance claims 
from extreme 
weather

Increased risk of 
insurance blight

Fewer cold- 
weather claims

Banks may 
lose income as 
customers incur 
losses

Properties could 
lose value

London will be 
effected by global 
markets

Extreme weather 
may force 
companies to sell 
equity, deflating 
the market

Carbon trading 
opportunities

Property 
pricesdecrease in 
floodplains

NC Buildings more at 
risk from storm 
damage, flooding 
and subsidence

Increased cost of 
insurance

Greater exposure Increased risk of 
loss in almost 
every category 
of insurance 
business

Tourism, 
recreation, 
leisure and 
lifestyle

Increased tourism

Increase in 
outdoor leisure 
pursuits

New business 
opportunities 

More pressure on 
tourist attractions

Extended tourist 
season

Greater use 
of external 
environment 
around buildings

Changes to 
food and drink 
consumption 
patterns

Increase in second 
or holiday home 
ownership

Change in 
character of parks

Sport and 
recreational 
fishing suffer 

Out of town 
excursion 
destinations 
might benefit

Heat in London 
could deter 
visitors

Sport and 
recreational 
fishing suffer 

Managed 
realignment 
creating 
significant tourist 
attractions

Lifestyles and 
health might 
benefit from a 
more outdoors 
culture

More walking and 
cycling for work 
and leisure

Beach changes

Decreased 
autumn tourism

More outdoor 
activities resulting 
in positive 
commercial, 
social and health 
impacts

Vulnerable to 
extreme weather

More all-weather 
pitches to play 
sport year round

Increased feel-
good factor 
associated with 
warmer climates

Increased rainfall 
detrimental to 
tourism

Decline of winter 
sports industry 

Increased cost an 
fuel and transport

Emergency 
planning and 
security

Increased risk of 
extreme weather 
events and more 
demand for 
services

NC NC Population 
displacement

Increased 
requirement 
for emergency 
response to 
extreme events

NC NC NC NC NC NC NC NC

Health and 
healthcare

Reduced winter 
mortality rates

More heat-related 
health problems

Increasing 
food poisoning 
incidences

Higher risk of skin 
cancer

Psychological 
impacts from 
flooding

Risk of 
contamination of 
water supplies

Cooling methods 
to reduce 
bacterial build-up

Increase in vector-
borne disease

Reduced air 
quality

Increase in flood 
related health 
problems

Increased injuries 
during storm 
events

Increased 
health risk from 
increased pests 
and vermin

Increased air 
pollution from 
traffic congestion

Problems with 
food preservation

NC Photochemical 
smog more 
prevalent

More vector- and 
water-borne 
infections

More outdoor 
activities 
Better diets

Increased summer 
atmospheric 
pollution

Respiratory 
problems 
associated with 
traffic pollution 
and sun increase

Increased stress 
from impacts of 
climate change

Flooding and 
storms disrupt 
services

Increased air 
pollution

Higher incidence 
of respiratory 
diseased

New diseases

More rodent 
borne diseases

Increased 
infectious disease 
transmission

Increased road 
accidents from 
storms and wet 
weather 
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A selection of the impacts for each region is presented in Figure 2.1 to give a flavour of the way in which impacts could vary across regions.

Figure 2.1 Examples of impacts for UK regions 

South West (South West Climate 

Change Impacts Partnership, 2003a, 

2003b)

• “opportunities exist for new markets 

in tourism and leisure”

• “opportunities exist now for new 

crops, but there is potential for 

agriculture to lose its competitive 

advantage”

• “alternative routes are required for 

key road and rail infrastructure”

West Midlands (Entec, 2003)

• “urban drainage systems, eg. in 

Birmingham, may not be able to 

accommodate intense precipitation”

• “milder winters could reduce the 

need to grit roads”

Wales (National Assembly for Wales, 

2000a, 2000b)

• “climate change will change the 

natural environment and built 

heritage”

• “water management will be 

increasingly important to prevent 

flooding and to ensure the supply of 

water”

• “the performance of hydroelectric 

plants may be reduced”

North West (Shackley et al., 1998; 

Sustainability North West, 1998)

• “rural uplands will see significant impacts”

• “greater rainfall may increase the risks from 

contaminated land and toxic wastes, as old 

mine workings and industrial areas flood”

• “workers in buildings which are not 

designed for a warmer future are already 

experiencing unpleasantly hot working 

conditions in summer and work-related 

stress which will worsen in the years to 

come”

Northern Ireland (SNIFFER, 2002) 

• “transport to and from Northern  

Ireland will be more adversely 

affected than transport to and from 

other regions of the UK”

• “forestry and fisheries are both 

under pressure due to the effects of 

climate change”
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South East (Wade et al., 1999)

• “distinctive parts of the South East 

countryside, such as the Surrey 

Hills, Kent’s ‘Garden of England‘ and 

the Hampshire Downs are going to 

change”

• “the coastline of the South East is 

under threat”

• “one of the greatest challenges for 

the South East will be balancing the 

supply and demand for water”

London (London Climate Change 

Partnership, 2002)

• “London may be particularly 

sensitive to increases in temperature 

in the future because of the urban 

heat island effect”

• “London is exposed to far greater 

potential damage from flooding that 

any other urban area in the UK”

• “Climate change impacts globally will 

affect London”

East of England (Sustainable 

Development Round Table for the 

East of England, 2004a, 2004b, 

2004c)

• “the region could become a more 

attractive destination for main break 

holidays”

• “flood, severe weather events and 

subsidence are all likely to lead to 

increased insurance claims”

East Midlands (Kersey et al., 2000)

• “demand for irrigation will increase, 

particularly for horticultural produce”

•  “there may be limitations on the 

use of water for chemical and food 

and drinks processing”

North East (Sustainability North East, 

2002)

• “priority habitats are directly 

threatened by climate change”

•  “additional cooling may be required 

in industrial processes”

Scotland (Kerr et al., 1999)

• “Scotland’s natural environment is 

perhaps the sector most affected by 

climate change issues”

•  “climate change impacts also 

present an important business risk 

to the transport sector”

Yorkshire and Humber (Yorkshire 

Forward and Yorkshire and Humber 

Assembly, 2002)

• “disruption to coastal transport 

corridors is likely”

•  “fire risk on heathlands could 

increase”
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2.4 Discussion
The process of scoping climate change impacts has varied by 

study and through time. Importantly, the studies have learnt 

from each other, with later studies gaining from and building 

upon the experience of earlier studies. In general, the regional 

scoping studies have been broad-brush. Impacts identified are 

those perceived by stakeholders through consultation and those 

described in the literature. The scoping reports do not cover 

every possible impact or provide these to the level of detail 

required for all decisions regarding the risk or cost of impacts or 

adaptation. However, the studies were successful in what they 

aimed to achieve: awareness raising, involvement of stakeholders 

and understanding of the key risks to a region at a strategic 

level. They have also provided a catalyst for more detailed impact 

studies and adaptive actions. 

Significantly, the steering groups of the regional scoping 

studies have in most cases evolved into formal climate change 

partnerships comprised of members from a broad range of sectors 

and organisation types. As a result most regions now have 

structures in place for addressing climate change issues in an 

integrated and on-going manner (see Appendix 2). 

The sectoral scoping studies for gardens and nature conservation 

policy have provided a significantly greater level of detail than 

achieved in a regional scoping study because they focussed 

on a single sector. Critically the reports review climate change 

impacts at a level appropriate for decision-making. The review of 

conservation policy identifies key vulnerabilities, policy responses 

and recommendations. The gardens report (Bisgrove and Hadley, 

2002) should provide those responsible for garden management 

with an understanding of climate change impacts, while raising a 

number of questions for future research. 

None of the findings of the scoping studies is particularly 

unexpected, but examination of cross-sectoral impacts revealed 

some critical challenges for managing the impacts of climate 

change. These should be investigated further, particularly with 

regard to evaluating options for adaptation.

In all of the scoping studies, expert review of literature has been 

important, but stakeholder consultation has been the key input, 

providing insights into particular impacts and issues concerning 

adaptation. Stakeholder involvement has also generated a sense 

of ownership, driving forward further initiatives. 

Use of climate change scenarios has presented difficulties. 

Studies often utilised just two of the four UKCIP scenarios, but in 

many cases stakeholders have been confused by scenarios and 

wished to see a prediction, rather than a set of climate change 

scenarios, particularly in support of adaptation. However, for 

scoping purposes a simple statement on change, for example, 

‘hotter summers’, or a comparison with past events, is often 

sufficient, especially for stakeholders considering climate change 

for the first time, or for exercises where precise information is not 

needed.

The scoping studies reviewed here have been produced over 

a six-year period, during which the UKCIP98 climate change 

scenarios were superseded by a new set in 2002. Half of the 

regional scoping studies used the more recent UKCIP02 scenarios, 

and benefited in particular from higher resolution data. However, 

differences between the two sets of scenarios, in particular 

the relative dryness of the UKCIP02 scenarios in summer in 

comparison to the UKCIP98 scenarios, caused some confusion 

amongst stakeholders and highlighted the uncertainties involved 

in climate change research9. 

The UKCIP socio-economic scenarios were used in only a few 

studies, partly because they were published in 2001 when several 

studies had already commenced and others had been completed, 

and partly because very few studies adopted a formal scenario-

based approach to impact identification. Formal assessment of 

a range of climate change and socio-economic scenarios at the 

regional level would be valuable, perhaps as part of wider futures 

research linked to regional spatial, economic and environmental 

strategies.

All regional scoping studies have discussed adaptation, with most 

providing possible actions by sector and concluding with strategic 

responses and recommendations. The extent and level of detail 

with which adaptation has been discussed has varied, with the 

most recent study, in the East of England, providing detailed 

guidance. Meanwhile, in regions that produced early scoping 

studies, including North West England and South East England, 

new research regarding impacts and adaptation has been 

published or is underway (see Chapter 3).

Although the region provides a useful geographical scale of 

assessment in the UK, it is particular features within (and across 

all) regions that are likely to become “hotspots”, for example 

floodplains, estuaries and large urban areas where a number of 

climate and other impacts will be felt in one location. Hotspots 

are vulnerable to changes in climate and subject to cross-sectoral 

impacts. Urban areas in estuaries, for example, may be affected 

by sea level rise, increased winter river flows and increased winter 

rainfall intensities which could overwhelm tide-locked drains and 

lead to flooding. Identification of hotpots is important because 

they could experience the most significant impacts and may 

require the greatest investment in adaptation. 

9 See Hulme et al, 2002, for more information on the differences between the two sets of scenarios.
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2.5 Next steps
Gaps remain after the scoping phase. Work seems to be required 

to scope impacts in waste management, emergency planning 

and telecommunications, which were rarely addressed in the 

scoping studies. Further scoping would also be beneficial for 

the industry and financial activities, in which only some sub-

sectors were considered. Activities missing from only a few of the 

regional studies could be re-addressed, or alternatively results 

from the reports of adjacent areas could be evaluated. It is not 

recommended that impacts in regions be re-scoped based on new 

climate change scenarios, unless major differences in impacts are 

perceived, or unless additional information is sought, for example 

on adaptation.

A review of scoping study recommendations (UKCIP, 2003a) 

identified areas most widely recognised as requiring further 

work. These include water management, emergency planning, 

biodiversity policy, the rural economy, transport, coastal 

management, health and the financial sectors. Some of these 

areas were not addressed effectively in the scoping studies, 

while others, such as water management, need to be examined 

further, particularly with respect to the management of cross-

cutting issues, for example flooding, drainage and water quality. 

Some of these issues are being addressed by organisations 

with key responsibilities for them. For example, Defra flood 

management and the Environment Agency both have active 

research programmes on climate change impacts on flooding, 

water resources and drainage. 

For those activities which were scoped effectively and where 

key impacts were identified, the research focus should move to 

developing better knowledge through more detailed, quantitative 

and costed studies. These studies should fully utilise the UKCIP 

tools, including the risk and uncertainty framework (Willows and 

Connell, 2003), the costings method (Metroeconomica, 2004) 

and the Adaptation Wizard, applying them in a manner fitting 

the needs of the analysis and the certainty of the underlying 

data. Detailed studies would provide further insights into 

potential climate impacts and support changes to policy and 

practice required for successful adaptation. The studies should 

address hotspots, that are unique to particular regions and which 

are common to several regions or the entire UK. Such work is 

underway on specific issues for particular regions under Defra’s 

Cross-regional research programme (see Chapter 3 for further 

details). Current and future studies should continue to involve 

stakeholders who are responsible for adaptation. Negative 

impacts of climate change were often viewed with more concern 

than positive impacts, entirely legitimately in some cases. 

However, positive opportunities that may arise from climate 

change need to be sought and realised.

The scoping studies have also identified a number of general 

priorities for further research and action at the regional or local 

level (UKCIP, 2003a):

• the need to incorporate climate change impact information into 

risk management, plans, policies, decisions and strategies;

• production of regionally-relevant indicators of climate change 

and public awareness;

• (further) awareness raising; and

• management of the links between adaptation and mitigation.

2.6 Conclusions
• The phase of scoping impacts for all UK 

regions is now complete. 

• The regional studies give an overall 
assessment of the likely impacts of climate 
change in the UK, and highlight important but 
generally subtle regional differences. These 
reflect regional differences in the climate 
change scenarios, but more importantly, the 
vulnerability of certain activities in particular 
locations. 

• Socio-economic drivers of change need 
further consideration in future impact and 
adaptation assessments.

• Impacts in waste management, emergency 
planning and telecommunications need to 
be scoped, as do impacts for industry and 
financial activities, for which only some sub-
sectors have been considered.

• Cross-sectoral impacts are especially 
important and merit further attention. 

• Most commonly identified areas for work 
include water management, emergency 
planning, biodiversity policy, the rural 
economy, transport, coastal management, 
health and the financial sectors. 

• All regions found it difficult to maintain the 
initial momentum of the scoping study phase. 
Transforming steering groups into formal 
partnerships has helped provide a focus for 
further work in the regions. 
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Summary
This chapter integrates findings from UKCIP’s 

quantitative studies and some UKCIP02 licence 

holder projects. Quantitative assessments 

provide a deeper understanding of the scale and 

distribution of impacts and inform adaptation. 

Four types of study were considered, progressing 

from impacts assessments, through to risk 

assessments and identification of adaptation 

responses. The final group defined or improved 

methodologies and provided guidance on dealing 

with impacts and uncertainties.

The water resources and water/flood management sectors were 

the most widely studied in the impact analyses reviewed. Impacts 

in these sectors were generally detected as early as the 2020s 

even under the Low Emissions scenarios. Findings show that low 

flow conditions may be reduced by up to 30-35% in the south 

east of England suggesting that there may be a delay of reservoir 

and groundwater recharge in the future. Flood management 

studies suggest a greater risk of flooding in the Lancashire 

Humber corridor and particularly on the coasts in South East 

England and on major estuaries. However, the projected cost 

of such impacts varies widely (from £1 billion to £27 billion) 

depending on the socio-economic scenarios considered. 

The impacts on agriculture and biodiversity have been widely 

studied but are difficult to summarise. Natural species respond 

individually and as communities to climate change, making 

it difficult to determine the net effect on key habitats. For 

agriculture, the effects are heavily influenced by socio-economic 

factors, which interact with, and may outweigh, the effect of 

climate change. Forestry has not been explicitly studied by UKCIP; 

work on the marine environment and soils is underway.

The impacts on the built environment and service sector have 

been less well covered to date than the natural environment, 

but a number of studies are now underway to address this gap. 

Work on building design suggests that South East England, in 

particular, will experience a dramatic increase in cooling degree-

days of up to 200% by the 2080s – meaning that buildings 

will require more summer cooling (and less winter heating) to 

retain a comfortable internal temperature. Such effects vary 

geographically, with North West England and Scotland being less 

dramatically affected than elsewhere. 

There is a need for further work in the emergency planning, 

waste management and telecommunications sectors. The financial 

sector in general is not well covered, with the exception of the 

insurance industry which has undertaken several projects on 

climate impacts and risk assessment. In addition, a cross-sectoral 

analysis of the impacts on different land uses would be valuable. 

The spatial extent of the studies varies, with detailed 

assessments often using case studies to examine regional 

variation in impact. As a result, South East England, East Anglia 

and North West England are better studied than other areas. 

There are few UK wide assessments and those in Scotland are 

often undertaken separately from those in England, hindering 

integration.

3.1 Introduction
This chapter integrates findings from UKCIP quantitative sector-

based studies and some UKCIP02 licence holder projects to 

provide a more thorough analysis of some of the impacts 

commonly identified in Chapter 2, and highlight priorities for 

adaptation10. Cross-sectoral interactions are identified, as are 

gaps where more work is needed. The limited scope of this report 

excludes a considerable body of work on climate impacts being 

undertaken outside the umbrella of UKCIP. Where appropriate, 

references to this material are provided. 

Five of the studies reviewed used the UKCIP98 scenarios and 

the remainder the UKCIP02 scenarios. Differences between 

the two sets of scenarios (described in Hulme et al., 2002), 

in particular the relative dryness of the UKCIP02 scenarios in 

summer in comparison to the UKCIP98 scenarios and those of 

other climate models, should be borne in mind when comparing 

study findings. Two baseline climatologies were used, one for 

each set of scenarios. Studies examined different time slices 

with the 2050s being the most commonly used time horizon. 

Different emissions scenarios were also used, but the Low and 

High Emissions scenarios were the most frequently used of the 

UKCIP02 scenarios, to capture the range of uncertainty in future 

Chapter 3: Quantifying the risks, costs 
and opportunities of climate change

Hossell, J.E *., Clemence, B *. and Colley, M.

* ADAS 
10 For a list of studies included in this review see www.ukcip.org.uk/resources/assessment.
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climate changes. Findings from all of the studies reported here are subject to uncertainties associated with assessments of the impacts 

of climate change. These are described briefly in Box 3.1. Box 3.1 Uncertainties in climate 
change impacts assessments
The climate change impacts assessments that have been 

conducted within the UKCIP are all subject to various 

sources of uncertainty. This text box describes the sources 

of uncertainty that are associated with the UKCIP02 

scenarios of climate change, and identifies additional 

sources of uncertainty that apply to climate change impacts 

assessments. 

It is important to acknowledge these uncertainties when 

interpreting results from UKCIP studies that are presented in 

chapters three and four of this report. 

Uncertainties associated with scenarios of 
climate change
Climate change scenarios may be defined as coherent and 

internally-consistent descriptions of a future changes in 

climate under specific assumptions about the growth of 

emissions of greenhouse gas and other pollutants and 

about other factors that may influence climate in the future 

(Hulme et al., 2002). As long as they meet these criteria, 

and the UKCIP02 ones do, then climate change scenarios 

will have no uncertainty. However, the scenarios are used in 

practice (eg. by UKCIP stakeholders) as predictions of future 

change, in order to estimate impacts. As predictions they 

have considerable uncertainty attached to them from four 

sources: future emissions, global modelling, downscaling and 

natural variability.

The UKCIP02 scenarios include the uncertainty due to future 

emissions by having four climate scenarios: High Emissions, 

Medium-High Emissions, Medium-Low Emissions and Low 

Emissions, corresponding to the IPCC SRES emissions A1FI, 

A2, B2 and B1 respectively. In practice, the Medium-High 

Emissions scenario is identically the prediction from a regional 

climate model ultimately driven by the SRES A2 emissions 

scenario; the three other climate scenarios are scaled from 

this model prediction. There is uncertainty in this scaling 

process (particularly for precipitation) but this will not be 

discussed further here. 

The UKCIP02 scenarios were all generated from Hadley Centre 

climate models. Other global climate models can give very 

different predictions (especially locally, as shown in Figs 

24-27 of Hulme et al., 2002). However, because other high-

resolution predictions were not available at the time, the 

modelling uncertainty has not been included in the scenarios. 

Appendix 1 of Hulme et al. (2002) stressed the need to look 

wider than just the UKCIP02 scenarios, particularly when 

major expenditure on long-term infrastructure was being 

considered. Modelling uncertainty was handled in UKCIP98 by 

scaling global model results by a range of climate sensitivity; 

we deliberately chose not to adopt this method in UKCIP02. 

In the next package of UK climate change information, 

modelling uncertainty will be handled by reference to other 

models and to probabilistic predictions.

In order to move from the global model resolution (300km) 

to a scale useful for assessing impacts (50km), a regional 

climate model (RCM) was used for UKCIP02, driven by the 

global model predictions. There are uncertainties associated 

with this downscaling process which (for the same reasons 

as above) could not be addressed at the time. In UKCIP07 

downscaling results from a number of RCMs will be available, 

for example from the EC PRUDENCE project; initial indications 

are that the uncertainty due to downscaling is smaller than 

that due to global modelling. 

The remaining uncertainty is that due to natural (internal) 

variability of climate (climate “chaos”), which in a given period 

could work in the same direction as the underlying man-made 

climate change, and therefore enhance any change, or work 

against it and reduce the level of change. For example, if 

natural variability causes the decade of the 2060s to have 

wetter summers than average, this will act to offset the trend 

to drier summers due to climate change. We cannot yet make a 

prediction of the climate variability in any one-year or decade 

several decades hence (although forecasting skill over the next 

5-10 years is improving, and this will be included in the next 

package of UK climate change information). However, we can 

estimate the range of uncertainty due to climate variability, by 

running the model many times with different initial conditions 

(see Fig 83 of Hulme et al., 2002 for the estimated range). 

A more detailed discussion of these issues can be found in 

Jenkins and Lowe (2003).
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3.2 Integration of key findings

3.2.1 Introduction
Table 3.1 (p43) identifies impacts of climate changes on a range of activities, showing the direction of change and indicating whether 

some level of adaptation is assumed. Areas where ongoing projects are expected to provide further information are also noted. 

3.2.2 Water resources
All of the regional scoping studies identified climate impacts on water resources as a critical issue. A considerable amount of 

quantitative work is underway on water resources, and many of the studies reviewed here include, or are solely focused on, the 

management of water resources and/or of floods. Water availability has been addressed by several studies in relation to river flow and 

groundwater (Holman and Loveland, 2001; Arnell, 2003; Diaz Nieto & Wilby, in press) and, less frequently, to reservoir levels (Wade, 

2004). The general conclusion of most of these studies is that river volumes and levels of low flow are affected even under the lowest 

climate change scenario. 

The seasonality of river volumes may also change, particularly on rivers with a high proportion of base flow from groundwater, with 

low flow conditions persisting later into the autumn, and recharge from groundwater delayed until later in winter or early spring (Diaz 

Nieto and Wilby, in press; Wade, 2004). An assessment by Arnell (2003) of flow level expected 95% of the time (so-called Q95 results) 

showed that streamflow decreases in both Low and High Emissions scenarios, in all months except January (which remained equal) and 

February (which increased). However, the uncertainty range for these results was also high during winter. Change in levels and timing 

of flows could increase the risk of extreme low river flows if winter recharge were insufficient. 

An exploratory study of future drought risk in the Environment Agency Southern Region showed that a small increase in moderate 

drought conditions may be detectable as early as the 2020s, even under the Low Emissions scenario (Wade, 2004). Further work is 

required to demonstrate whether the projected change in drought conditions is beyond the limits of natural variability. Nonetheless, 

the study showed that by the 2080s, such conditions could be more frequent with the frequency of short (6 month) serious droughts, 

such as that experienced in 1995, increasing from 1 in 9 years (present) to 2 in 15 years (under the Low Emissions scenario) or 1  in 3 

years (Figure 3.1) (under the High Emissions scenario). These kinds of drought would probably require the use of standpipes and may 

lead to supply failure. Findings from this study are tentative; for a more comprehensive picture of changing UK drought frequency see 

Goodess et al. (2002).

Additional sources of uncertainty

Additional sources of uncertainty that affect climate impacts assessments are summarised below (based on Willows and Connell, 2003).

Source of uncertainty Examples 

“Real world’ environmental 

uncertainty

The timing and magnitude of volcanic eruptions, earthquakes, or the collapse of sections of 

the Antarctic ice sheet, which can only be described probabilistically and not predicted

Data uncertainty There are limitations on the precision with which we can measure the physical state of the 

world, and the amount of data available of can be collected. Data uncertainty arises from: 

• measurement errors; 

• incomplete or insufficient data; and  

• extrapolation errors.

Knowledge uncertainty, 

which includes uncertainty 

about the future

For most real-world decisions the available theoretical and empirical knowledge is unlikely 

to provide complete, sufficient, or even partial understanding of the problem being faced. 

Model uncertainty, which 

applies to impact models 

used to quantify climate 

impacts

Sources of model uncertainty include: 

• model choice and structure; 

• model input values; 

• model parameters; and 

• model output variables and values.
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Figure 3.1: Increases in drought frequency under UKCIP02 emission scenarios for the 2020s and 2080s for Southern Region.  

LE = Low Emissions scenario, HE = High Emissions scenario (Wade, 2004).

Impacts on river flows vary between catchments. Assessments of flow levels in the Anglian region indicated a reduction of between 

23% and 26% for the 2020s under the Low and High Emissions scenarios respectively (Arnell, 2003). Application of the same 

calculation in the Wessex and Southern Region produced a 30-35% decline in flow levels (Wade, 2004). Holman and Loveland (2001) 

showed that river volumes in East Anglia were affected under the 2050s Low scenario but in North West England only changed under 

2050s High scenario.

Wade (2004) also indicated a significant increase in multi-season droughts in the south east of England by the 2080s and suggested 

that this could be particularly important for the region’s larger reservoirs and slower responding groundwater sources. Figure 3.2 

shows the potential effects of the 2020s Medium High Emissions scenario on reservoir storage. Reservoir yields in the Southern Region 

could be reduced by 10-15% by the 2020s (Wade, 2004). 
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Figure 3.2: An example calculation of the impact of the UKCIP02 2020s Medium High Emissions (MHE) scenario on reservoir storage (Wade, 2004).
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Demand for water is also likely to be affected by climate change, although socio-economic changes may have a greater effect than 

climate change alone up to the 2020s (Downing et al., 2003). By the 2050s though, climate change could begin to override other 

factors, resulting in increases of 1.8-3.7% (domestic water use), 3.6-6.1% (industrial/ commercial water use), and 26% (agricultural 

water use). 

The response of future water demand is likely to differ across the domestic, industrial and agricultural sector. Domestic need does 

not seem to vary spatially across England and Wales but it may be sensitive to the interaction of and changes in warmer climate, 

household uptake of water-saving technologies, and the regulatory environment. 

The effect of climate change may be more noticeable on industrial and commercial demand, which seems to vary regionally in response 

to the mix of industrial/commercial sectors in each region. Soft drinks, brewing and leisure industries are likely to place the greatest 

demands on overall requirements for public water.

Socio-economics also affect the distribution of land use and hence the pattern of water demand. Figure 3.3 shows the irrigation 

requirement for East Anglia under a range of climate change scenarios and combined climatic and socio-economic scenarios. 

The socio-economic scenarios changed both the distribution and, for the 2050s, the amount of agricultural water demand in this 

area with irrigation requirements in the East Anglian region increasing from 23 to 30 mm/ha/yr. However regional differences in both 

climate change and agricultural production were also important. For the same scenarios the irrigation required in the North West 

region was, in the highest scenario, only about 6 mm/ha/yr. The increased cost of water in the socio-economic scenarios had little 

effect on reducing the amount of water used for irrigation.  

A number of studies have been undertaken to provide the water industry with guidance on methods for risk assessment or adaptation 

responses (e.g., Arnell, 2003, Atkins, 2003). For example, Arnell (2003) presented a procedure for the rapid determination of 

the effects of climate change by the 2020s on the mean monthly runoff and average groundwater recharge, for strategic-scale 

assessments11. 

There is little information on the future inter-annual variability of rainfall when looking at single and multi-season droughts. Neither 

Arnell (2003) nor Atkins (2003) incorporated the effect of natural multi-decadal climatic variability in their methodologies, which 

may mean that actual climate in the future is quite different from that implied by the climate change scenarios. However, statistical 

downscaling techniques may provide a means of generating transient data for this type of assessment (eg. Diaz Nieto and Wilby, in 

press).

Few UKCIP studies have examined the impacts of climate change on water quality12. RegIS concluded that there would be little 

additional nitrate leaching in any of the scenarios considered (Holman and Loveland, 2001). Nitrate concentrations in ground water 

and river catchments generally decreased in both East Anglia and the North West. A UKWIR sponsored study of water quality in rivers 

and reservoirs using the UKCIP98 scenarios also detected no major change (UKWIR, 2001), but improved modelling may be required to 

provide a more conclusive result.

Figure 3.3: The level of annual 

irrigation needed under a range 

of climate change scenarios and 

combined climatic and socio-

economic scenarios assuming an 

unlimited supply (Holman and 

Loveland, 2001). 

11 For a comprehensive national assessment of climate impacts on river flows and groundwater recharge see Arnell, 2004

12 For information on climate impacts on water quality see Limbrick et al, 200 and UKWIR, 2001.
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3.2.3 Flood management

All regional scoping studies identified increased risk of riverine flooding as a key climate change impact. Several quantitative studies 

have shown that high river flows are expected to increase in winter, increasing the frequency of riverine flooding. In Scotland river 

flows may increase by 10-20% (Low to High scenarios) by the 2020s which may result in a doubling in the frequency of flood events, 

with a 1 in 50 year flood becoming a 1 in 20 year event by the 2080s (Werritty et al., 2001). Some 77,000 homes in Scotland are 

currently estimated to be at risk from inland flooding. For the UK as a whole, nearly 2 million properties in floodplains along rivers, 

estuaries and coasts are presently estimated to be at risk of flooding. Eighty thousand properties in towns and cities are presently at 

risk from flooding caused by heavy downpours that overwhelm urban drains (Foresight, 2004). 

Without consideration of existing or future flood defences, annual damage to property in Scotland (currently running at £20 million) 

could rise by 86% by the 2050s and 115% by the 2080s due to climate change (Werritty et al., 2001). Across Britain inland flood 

insurance claims could double in an average year and treble in an extreme one (Table 3.2). In England and Wales alone, over 4 million 

people and over £200 billion worth of properties are currently at risk of riverine and coastal flooding (Foresight, 2004).

With rising sea levels and increased storminess, coastal areas may be affected by severe flooding. Under the High scenario sea 

defences designed to withstand a 1 in 100 year event would only withstand events with a 2 – 8 year return period in East Anglia by 

the 2050s (Holman and Loveland, 2001). Work in Scotland (Price and MacInally, 2001) suggests that frequencies for the 1 in 100 

year events would increase to 1 in 10 or 20 years by the 2050s under the same scenario. Such coastal flooding events could increase 

the cost of insurance claims in the UK from £5 billion to £40 billion by the 2050s (Dlugolecki, 2004) if London was also affected. The 

projected cost of damage due to both riverine and coastal flooding by the 2080s varies between less than £1 billion to around £27 

billion (Foresight, 2004), depending upon the socio-economic scenario used. Coastal erosion could also increase substantially, with 

annual damages expected to increase by 3-9 times, costing up to £126 million per year by the 2080s (Foresight, 2004).

The actual extent of coastal and riverine flooding will also be influenced by socio-economic drivers such as land use change. Figure 3.4 

shows how different influences affect flood risk. Climate change has a relatively small effect when compared with social changes, but 

cross-sectoral interactions must also be considered when estimating flood risk potential.

Table 3.2: Preliminary estimates of future costs of flood-related insurance claims (£million, in 2004 prices) (Source: Dlugolecki, 2004).

Cause of 

insurance claim

Today 2050s

Annual average Extreme year Annual average Extreme year

Inland flood 400 1,500 800 4,500

Coastal flood 5,000 40,000 (London affected)

Figure 3.4: Estimation of the 

extent to which some key drivers 

could multiply present day national 

flood risk in the 2080s. The bars 

represent the range of effects for 

the four different socio-economic 

scenarios used. The y-axis shows 

the multiplier value from the 

present day (Foresight, 2004).
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3.3.4 Biodiversity

The majority of regional scoping studies concluded that habitat changes would result from climate change. Several quantitative 

assessments have been conducted to better understand what changes may occur.

Much of the modelling work on biodiversity has focused on the effects on species distributions and used this as a surrogate for 

assessing effects on habitats. Quantitative assessments in this sector have centred on the use of the SPECIES model, which projects 

changes in the “climate space” of terrestrial plants and animals (Holman and Loveland, 2001; Harrison et al., 2001a). The overall 

impact on species distributions is expected to be mixed, with the ranges of some species shrinking (e.g. wood cranesbill, beech) and 

others expanding (Spanish catchfly, sea purslane). The northern limit of the Nuthatch, for example, expands by the 2020s but the 

southern limit contracts by the 2050s (Figure 3.5). In vulnerable habitats such as montane environments, dominant species appear to 

maintain some climate space while rare species, such as the mountain ringlet butterfly, lose suitable climate areas by 2050s under the 

High scenario (Harrison et al., 2001a). 

 

The main caveat in determining future species distributions is the availability of suitable habitat in the future to allow dispersal as climate 

changes. RegIS (Holman and Loveland, 2001) has shown that coastal grazing marsh may be lost in response to coastal flooding, but that 

individual species within the habitat might actually benefit from a potential increase in their suitable climate space. Work is underway (in 

MONARCH 2 and MONARCH 3 – Modelling Natural Resource Responses to Climate Change and ACCELERATES - Assessing Climate Change 

Effects on Land use and Ecosystems: from Regional Analysis to The European Scale) to determine whether a species could actually reach 

its predicted future climate space given projected future land use patterns, with and without consideration of socio-economic change. 

Little work has yet been done to relate changes in species distribution with habitat quality. MONARCH (Harrison et al., 2001a) 

assessed wading bird densities in estuaries and suggested that climate change will not greatly affect population densities on the 

estuaries studied, but these assessments did not include changes in estuary flow or sediment dynamics. MONARCH 2 and MONARCH 3 

continue to explore this issue more fully. 

Cross-sectoral links have been made between coastal flood management sectors and coastal habitats. Several studies have suggested 

(but not quantified the extent) that salt and grazing marsh habitats could be affected by sea level rise and storm surges and the 

adaptation responses to them (Foresight, 2004; Holman and Loveland, 2001). Habitats such as salt marsh and mudflats on the 

seaward side of coastal defences could be reduced in extent if such defences are maintained. Managed realignment could increase 

their area at the expense of freshwater or brackish habitats. However, under all adaptation responses considered by Foresight (2004) 

coastal grazing marsh was projected to decrease.

Climate impacts on the near shore marine environment are being investigated by the MarClim (Marine Biodiversity and Climate 

Change) project. Preliminary analysis has shown that fluctuations in species abundance correlate strongly with changes in climate 

over large spatial and temporal scales, particularly increases in sea surface temperature. Populations of two northern (boreal) species, 

namely Paracentrotus lividus and Alaria esculenta appear to have declined on rocky shores around the Republic of Ireland. At least 

five species of southern (lusitanian) distribution have extended their ranges since the 1950s. The barnacle Balanus perforatus has 

extended its range eastwards on the eastern English Channel coast (Herbert et al., 2003) as have the brown algae Bifurcaria bifurcata 

and the topshells Gibbula umbilicalis and Osilinus lineatus. The ranges of the topshells Gibbula umbilicalis and Osilinus lineatus have 

also extended eastwards at their northern limits, on the north east coast of Scotland and at Strangford Lough in Northern Ireland, 

respectively (Mieszkowska et al., in press). The invasive algae Sargassum muticum is now found as far north as Loch Ryan in the Firth 

of Clyde and Lough Hyne in the Republic of Ireland. 
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Nuthatt2 spancatt2Nuthatt2 spancatt2

Figure 3.5: The distribution of 

climate space for Spanish Catchfly 

and Nuthatch under the UKCIP98 

High scenario for the 2020s and 

2050s (Harrison et al., 2001a). For 

the Nuthatch, areas shaded green 

indicate climate space lost in future. 

Nuthatch Spanish Catchfly

current climate space 

2020’s climate space 

2050’s climate space

current climate space 

2020’s climate space 

2050’s climate space
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The temperature of coastal waters is projected to rise by the 2080s under all UKCIP02 scenarios, with surface water off south east 

England warming the most. Even under the Low Emissions scenario, waters around south west, south east and eastern England warm 

by 1.5°C - 2.5° Chthamalus. Modelling results (Figure 3.6) shows that this warming may reduce the abundance of A. esculenta, 

particularly around southern and western shores, as this northern species retracts northwards, but Chthamalus montagui and O. 

lineatus, which are both southern species, increase in abundance around western and northern shores. O. lineatus should be able to 

colonise many northern shores if dispersal conditions permit and suitable habitat is available. 

3.2.5 Agriculture

Climate change impacts on this sector have been thoroughly investigated in Defra (formerly MAFF) funded research programmes and 

other projects that lie outside the broad umbrella of UKCIP. A recent review of Defra funded research concluded that agricultural 

businesses in the UK will need to adapt to the effects of changing climatic conditions to ensure economic viability, whilst at the same 

time continuing to improve sustainable practices to reduce agriculture’s impacts on the environment (Defra, 2004).

The few UKCIP studies related to agriculture (Holman and Loveland, 2001; Harrison et al., 2001a; IGER, 2003) showed that yields may increase in 

future assuming unlimited irrigation and that new crops may be introduced. But the picture is a complex one. When only changes in climate were 

considered, yields declined across most of the crops studied. When the effects of increased atmospheric CO2 were also considered, the net result 

was an increase in all crop yields. Irrigation demand may also increase by as much as 26% by the 2050s (Downing et al., 2003). 

Climate change alone is unlikely to significantly affect the pattern of cropping. Study results show that projected changes in socio-

economic factors and flooding could have a greater influence on the pattern of agricultural production in the future. The projected 

density and distribution of sugar beet production, for example, is clearly affected by the response of society to changes in coastal 

flooding and in the economics of farm production (Figure 3.7).

Figure 3.7: The density of sugar beet production 

in East Anglia under a range of climate change 

scenarios and combined climatic and socio-

economic scenarios, assuming unlimited 

irrigation (Holman and Loveland, 2001).

A.esculenta C.montagui O.lineatus

 A.esculenta  C.montagui O.lineatus
Figure 3.6: Observed current distribution (top 
left, a-c), modelled current distribution (top 
right, d-f), and modelled future distribution 
with a 2oC increase in sea surface temperature 
(bottom, g-i) for the northern species 
Alaria esculenta and two southern species, 
Chthamalus montagui and Osilinus lineatus.
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3.2.6 Health

A Department of Health (DoH) funded study (DoH, 2002) described methods for assessing the effects of climate change on health in 

the UK, and identified a series of health-related impacts. The report concluded that there would be benefits and threats from the level 

of climate change expected by the 2050s under the UKCIP98 medium high scenario, as summarised in Table 3.3.

The effects of climatic extremes on water-related health issues were discussed by the Foresight (2004) report, which suggested that 

substantial health implications could arise when pollutants are present in flood water or are mixed with foul water from drains and 

agricultural lands. Flood waters may also pose an indirect health hazard by preventing the operation of sewerage plants. Extreme 

events and their aftermaths also have implications for mental health, but these have yet to be quantified.

Table 3.3 Health effects of climate change (Source: DoH, 2002).

Benefits to health • Effects of air pollutants may be reduced (humidity related).

• Measures to mitigate climate change, e.g. through encouraging an increase in cycling and walking, 

could benefit public health.

• Milder winters and warmer summers may increase outdoor activity, benefiting health.

• Cold related deaths may decline by 20,000 fewer cases/year.

Threats to health • Warmer summers may lead to increased outdoor activity and increased risk of exposure to UV radiation.      

Flooding could have direct and indirect health impacts.

• Storm/gale related deaths and injuries may rise, including from storm-surges.

• Climate change could mean an increase in disastrous coastal flooding as a result of sea level rise and 

increased storm surges.

• Vector borne diseases may present a limited increase in local problems.

By the 2050s: 

• Heat related deaths may increase from 800 to 2800/yr; 

• Food poisoning cases may increase by 10,000/yr due to warm weather 

• Skin cancers may to increase in frequency by 5000 cases/year;  

• Cataracts could increase in frequency by 2000 cases/year; and 

• Ozone related breathing difficulties may become more common, with some 4,000 cases per year, half of 

  them fatal.

3.2.7 Built environment

Most regional scoping studies raised concern over potential impacts on the built environment and identified this as an area needing 

further investigation. 

A recent study by the Chartered Institute of Building Services Engineers (CIBSE) modelled a range of impacts on building design and 

operation by examining changes to average and extreme temperature and humidity levels up to the 2080s (CIBSE, 2004). Heating 

degree days may be reduced by 35-40% by the 2080s under the Medium High Emissions scenario in London, but the number of 

cooling degree days could increase by over 200% in mid summer13. 

In a badly designed building, internal temperatures can be greater than external ones, so these findings may be an underestimate of 

the impact of warmer conditions. The number of hours when the external temperature exceeds 25°C (when there is some discomfort) 

may also treble in London by the 2080s Medium High Emissions scenario, indicating an acute risk of summer overheating.

The rate and magnitude of adaptation required across the country is expected to vary considerably. By the 2080s, peak temperatures 

in Manchester will be similar to those of the 1980s in London. Similarly, the 2080s peak temperatures in Edinburgh will equate to 

those of the 1980s in Manchester. Table 3.4 shows how building design in London may need to be adapted to cope with the impacts 

projected for the 2080s.

13 For an assessment of the impact of the UKCIP02 scenarios on London’s urban heat island see Wilby, 2003.



37

Table 3.4 Suggested design approaches and adaptation measures for buildings in the South East of England under the 2080s 

Medium High Emissions scenario (CIBSE, 2004).

A portfolio of studies, funded by the Engineering and Physical Sciences Research Council (EPSRC) entitled Building Knowledge for a 

Changing Climate (BKCC), is underway to research impacts on the built environment. This suite of projects is linked by an integrating 

framework, with several of the studies providing data and methodologies for use within the other projects (see Box 3.2). Results are 

due in late 2005.

Building 

Type

Suggested adaptation/design approach (for South East England)

Existing buildings New and Future buildings.

Houses 

and Flats

Provision for automatically controllable solar 

shading and ventilation (mechanical or natural). 

Inclusion of mechanical cooling in the latter 

parts of the century in selected rooms.

As for existing buildings plus very-high mass construction where 

possible.

Light-weight buildings with mechanical cooling systems a possible 

but less robust solution.

Schools Most existing ‘standard’ buildings without 

passive or active provision for summertime 

comfort cooling will be unlikely to cope well 

with the warmer climate and will require major 

retrofit or rebuild to improve performance.

Mixed mode approach: passive design principles (solar shading, day 

and nighttime control of ventilation, and thermal mass) combined 

with provision for back-up mechanical cooling in high summer. 

Effective building management systems required to ensure that 

mechanical cooling is only used when actually required.

Offices As for schools Where full air conditioning is not needed: mixed-mode approach, 

maximising potential of passive features, as for schools, coupled 

with good management of internal gains (e.g. turning off equipment 

when not in use and reducing electrical lighting use in summer).

Where full air conditioning is required (e.g. where heat gains cannot 

be reduced, high thermal mass is not possible and/or control of 

humidity of air quality is required): high specification building 

envelope, solar shading and internal factors to reduce heat gains as 

far as possible.

Box 3.2 Building Knowledge for Climate Change (BKCC)

A portfolio of projects forms a £2.2 million EPSRC funded programme to examine the effects of climate change on a range of 

sectors within the built environment. There are currently 8 projects within the programme, which are linked by an integrating 

framework:

• BETWIXT - Built Environment: Weather scenarios for investigation of Impacts and Extremes 

• CRANIUM - Climate change Risk Assessment: New Impact and Uncertainty Methods 

• BESEECH - Building Economic and Social information for Examining the Effects of climate CHange 

• ASCCUE - Adaptation Strategies for Climate Change in the Urban Environment 

• AUDACIOUS - Adaptable Urban Drainage Addressing Change in Intensity, Occurrence and Uncertainty of Stormwater 

• Engineering Historic Futures is considering how to adapt to issues arising from water damage to historic buildings 

• Genesis aims to develop a methodology for assessing the impact of the UKCIP02 climate change scenarios on the 

performance of the electricity supply industry; and provide an integrating framework for technical and business risks 

associated with climate change to be properly mediated and managed.

• BIONICS - Biological and Engineering Impacts of Climate Change on Slopes 

Impacts of climate change on pollutant linkages is a project within the EPSRC funded SUBR:IM (Sustainable Urban 

Brownfield Regeneration: Integrated Management) research programme and is linked to the BKCC portfolio. It aims to quantify 

the short and long term impacts of climate change on pollutant availability and pathways to receptors.
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Another aspect of the built environment that is being examined in greater detail is transport. Work is underway to assess the impacts 

of climate change on transport in London. This stems directly from the London scoping study that identified the dense networks of 

roads and railways within the city as being vulnerable to disruption from flooding and other extreme weather events. The work aims 

to inform adaptation planning for transport organisations in London. The importance of this subject is illustrated in an independent 

exercise presented in Box 3.3, which calculates the potential costs of storm-related transport disruption in Scotland, measured as a 

function of time lost. 

Box 3.3 Costing climate impacts
This box demonstrates the potential costs of climate change from storm-related transport disruption in Scotland, calculated 

using the UKCIP costing method. Information on the costs of impacts is one of the important factors needed to evaluate the 

appropriate resources that should be allocated to adaptation.

Time losses: Costs of transport disruption

An increased frequency of flooding could have a major impact on transport systems. The damage to road, sea, rail and air 

networks could lead to a loss of productivity as work time is reduced, and to

loss of time available for leisure activities. This case study examines the costs of a single storm in Scotland, which caused 

disruption to trains and delays to passengers. The storm occurred on 28 November 1999 and led to flooding at Muirhouse 

Junction, so that trains on the Glasgow Central to Busby Junction line were delayed by 20 minutes. It is estimated that 55% of 

the 3,570 passengers delayed were travelling to work, and that 45% were leisure time users. The Department for Transport 

provides unit values per hour for each of these types of user (£30.43 per hour and £4.52 per hour respectively), so that the 

total cost in time lost from the 20 minute Muirhouse Junction delay was approximately £22,000. The costs of these delays could 

be used as part of a cost-benefit analysis for evaluating new drainage systems on the stretches of the track prone to flooding. 

The same storm caused widespread train delays across Scotland that day, with an estimated total cost of time lost of 

approximately £71,000. Applying the same method to all storm-related delays in Scotland in 1999, gives total costs for time lost 

of approximately £600,000.

Source: Adapted from Metroeconomica (2004)

3.2.8 Tourism, leisure and recreation

Many of the regional scoping studies suggested that tourism, leisure and recreation activities would benefit from the warmer summers 

expected with climate change. Further work on this sector was also considered a priority by UKCIP (McKenzie Hedger et al., 2000; 

UKCIP, 2003a). Work to date has shown that winter tourism in Scotland will need to adapt to less reliable snow cover. For example, 

access to snow fields at higher elevations, where snow may more reliably be found, may need to be improved (Harrison et al., 2001b). 

A substantial investigation of the effects of climate change on tourism, leisure and recreation is currently underway within North West 

England. Climate Change and the Visitor Economy (CCVE) aims to determine the direct impacts of climate change on carrying capacity and 

recreation resources and to determine the influence of weather on visitor behaviour. The wider interactions between tourist development 

and other sectors such as health, agriculture and forestry are also being examined. The work is considering such drivers within the context 

of both climate and socio-economic changes. It aims to determine how to adapt to ensure opportunities are taken whilst ensuring any 

development is sustainable. Results will include quantitative analyses and estimated costs of impacts. An illustrative example of the 

potential impacts of climate change on the costs of maintaining the National Trust’s heritage gardens is provided in Box 3.4.
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Box 3.4 Costing climate impacts
This box demonstrates the potential costs of climate change 

on the maintenance of Heritage Gardens, calculated using the 

UKCIP costing method. Information on the costs of impacts 

is one of the important factors needed to evaluate the 

appropriate resources that should be allocated to adaptation. 

Heritage Gardens: Changes in maintenance 
costs

Heritage gardens and parklands, public parks and other open 

spaces are visited by about 24 million people a year and 

their value to tourism and the rural economy is some £300 

million. Climate change risks and benefits to heritage gardens 

include – amongst others – changes in growing seasons and 

threats from pests and diseases. These risks have potentially 

important resource implications for the National Trust as a 

major guardian of such gardens in the UK. The case study 

takes one such garden - Lanhydrock gardens in Cornwall - and 

estimates the costs of lawn management (e.g. mowing) and 

the costs of dealing with pest and diseases. 

The case study calculates the lawn management and pest and 

disease control costs incurred during the summer of 2003, 

and estimates what these would be for the 2020s, 2050s and 

2080s under UKCIP02 Low and High Emissions scenarios. The 

scenarios suggest annual mean temperatures will increase 

in future, which will result in longer plant growing seasons. 

Increased costs of lawn mowing are therefore likely to be 

incurred. Annual mowing costs without climate change are 

estimated to be about £12,000. With climate change, these 

costs may vary from £14,500 p.a. in the 2020s to as much as 

£20,000 p.a. by the 2080s. These values show an increase of 

up to 80% on current cost levels. 

Because individuals attach less weight to benefits or costs in 

the future than they do to benefits or costs now, discounting 

needs to be applied to the costs of future impacts. 

Discounting is a technique used to compare environmental 

costs and benefits that occur at different points in time. It 

places lower numerical values on future benefits and costs 

as compared to present benefits and costs. When the future 

costs of mowing are discounted, the climate change-induced 

cost amounts, on average, to an additional 10% on top of 

current costs. Aphid control costs increase between 15% and 

50% before discounting, and amount, on average, to a 10% 

increase across all time periods and climate scenarios once 

discounting has been included. 

Britain’s historic gardens were mostly developed during 

a climate that itself is becoming historic and therefore 

adaptation in the future is unavoidable to conserve the 

original features and layouts. The National Trust will need 

to introduce new management and maintenance regimes, 

which will have significant cost implications and impacts 

on staffing levels. This case example only considers a few 

variables and a full study of individual gardens will be needed 

to provide a more accurate picture of what the costs may 

be to the National Trust. However, as a first approximation 

for total lawn mowing costs at all National Trust gardens 

from climate change, we assume that costs at Lanhydrock 

are representative of costs across the UK and that mowing 

regimes are unchanged. This gives the National Trust climate 

change-induced costs for lawn mowing before discounting 

of about £0.5m per year by the 2020s and £1m - £1.5m per 

year by the 2080s. After discounting, these costs are in the 

range £150,000 to £250,000 per year. 

Source: Metroeconomica 

3.2.9 Financial and insurance services

Experience of past extreme events has shown that insurance companies will have responsibility of dealing with many of the 

consequences of climate change. Many insurers recognise the need to be equipped to analyse the new risks that flow from 

climate change, and the industry has taken an early lead in understanding the implications of climate change for homeowners and 

business. Health insurance and financial risk management issues related to climate change are now also being considered. A report 

commissioned by the Association of British Insurers (Dlugoloecki, 2004) to explore the possible impacts of climate change on the 

sector identified several areas where information about impacts is lacking.

• Underwriting risks for general insurance products e.g. motor travel, liability and construction (concerns are based on anecdotal 

evidence which suggests, for example, that during the autumn 2000 floods an estimated £25 million was added to the cost of motor 

claims);

• The overall effect on health insurance is unclear as there are benefits and threats from climate change on health; and

• Climate change is creating new investment opportunities, which will affect insurance products (e.g. renewable energy technologies, 

carbon trading schemes).
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3.2.10 Cross-sectoral studies

A realistic assessment of climate impacts can only be obtained by thoroughly examining cross-sectoral issues. RegIS (Holman et al., 

2002) assessed the impacts of climate and socio-economic changes on water resources, agriculture, biodiversity and the coastal 

zone in two regions. It concluded that socio-economic developments are likely to have a major influence on the scale of impacts 

experienced, suggesting that society can to a certain extent manage climate impacts through policy choices and adaptation. 

The built environment is an emerging area of cross-sectoral work, combining elements of several sectors including water resource 

management, buildings, heritage, planning, transport and energy. These complement earlier studies on the rural environment.

Urban flooding and drainage is another example where cross-sectoral work is underway (eg. Foresight, 2004). Figure 3.8 shows that 

the number of urban properties at risk of flooding increases by three- to fourfold under a range of climate change scenarios and 

combined climatic and socio-economic scenarios. Several reports have been published on urban flooding by UKWIR (eg. UKWIR, 2003). 

Flash flooding after short intense downpours is an important issue for further work. 

Figure 3.8: Number of properties at risk from intra urban flooding under present conditions and under four climate + socio-economic 

change scenarios (Foresight, 2004).

The SECTORS project (South East Climate Threats and Opportunities Research Study) (Arkell et al., 2004) has addressed the issue of adaptation 

uptake across eight key sectors through a survey of research organisations and business in South East England. Four different approaches to 

climate change were identified: strategic planning, acting/reacting, “wait and see” or do nothing. The water resources management sector fell 

into the first of these categories, whereas the emergency planning, planning and health sectors fell into the last group. The study proposed 

25 indicators that may be used for monitoring climate change and adaptation responses to it. Such measures may be useful if adopted within 

existing policy implementation mechanisms such as assessments of sustainable development targets. The findings and recommendations of the 

study are being analysed by the South East Climate Change Partnership and will inform its future work programme. 

3.3 Discussion

3.3.1 Methodological issues

Assessment methods

A wide range of methodologies has been employed in studies reflecting the range of sectors covered, and the interests of 

stakeholders. Studies reviewed in this chapter can be divided into those that model the impacts of climate change, those that start 

from the perspective of adaptation, and those that provide guidelines or data for use in other assessments. 

The modelling studies reviewed in this chapter have generally used statistical and process based modelling approaches. Where data 

are sparse, monitoring and fieldwork have been conducted (e.g. MarClim and BIONICS). Studies focussing on adaptation have used 

stakeholder expertise to examine existing coping strategies for climate-related events.

The approach to assessing climate change impacts and adaptation has evolved over the course of UKCIP. Earlier studies were impacts 

assessments and focussed on natural resource sectors (e.g. water, agriculture and biodiversity). Recent studies tend to be adaptation 
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and risk-oriented and also address the built environment and socio-economic sectors. The adaptation studies link the climate change 

impact to the sensitivity and vulnerability of the system under consideration using a risk management approach, thereby allowing the 

adaptation responses to be more closely related to existing strategic assessments. 

The guidance studies demonstrate how new information on climate change may be incorporated into risk assessments as it becomes 

available. However, as not all sectors follow a formal risk assessment methodology, the provision of guidelines and best practice 

examples is important in making information more accessible. Further consideration of risk management methodologies is needed to 

enhance our understanding of risk assessment within organisations, and adaptation responses.

Gaps in knowledge and data provision

The uncertainty surrounding the underlying global climate model sensitivities of the UKCIP02 scenarios is often ignored in studies 

because of data access issues or limited funding. As a result, assessments are strongly influenced by the global climate models 

developed at the Hadley Centre. These should ideally be placed in a wider context. 

Improvements in scenarios of some of the less predictable climate variables such as wind, storm-tracks and extreme events such as 

intense precipitation would be desirable. There remain many uncertainties in, for example, research in the water sector, partly due to 

the difficulties in determining the effects of extreme events, spatial changes in rainfall distribution patterns and underlying natural 

variability. The impacts of extreme events, joint event probabilities, and/or rapid climate change warrant further investigation. 

Further work is needed to develop and standardise core datasets for use in climate change analyses. The provision of high-quality data 

for use in impact and adaptation assessments will continue to be important. 

3.3.2 Sectoral coverage

Quantification of impacts is more advanced in some sectors (eg. water resources, agriculture, biodiversity, the built environment) than 

others (eg. tourism, business, transport). This reflects perceived priority risks, funding availability, and the timescales associated with 

adaptation in different sectors. Climate adaptation is likely to be a priority for those organisations that:

• manage the consequences of present-day variability in weather or climate;

• make decisions with long-term consequences for land-use, built assets or population groups;

• are responsible for infrastructure and business areas that are sensitive to weather and climate;

• are responsible for contingency planning; and

• put long term policies in place (Willows and Connell, 2003; UKCIP, 2003b).

Many of these criteria apply to organisations in the water sector, where responding to climate change is likely to involve major 

infrastructure projects with long planning horizons and lifespans. All regional scoping studies also identified water issues as critical. It 

is perhaps not surprising that work on this sector is well advanced with considerable progress made in quantifying risks for the sector. 

For other sectors (including agriculture, biodiversity, built environment, transport, tourism, heritage, energy and business), climate 

change presents key risks or opportunities, and work on quantifying impacts is underway (eg. RegIS 2, MONARCH 3, MarClim, BKCC, 

CCFB and Defra’s Cross-Regional Research Programme (Box 3.5, p42)). 

For those sectors where quantification of impacts is well advanced, there is a need to consider the impacts of climate change in 

relation to existing policy drivers such as sustainable development, the common agricultural policy, cross compliance, integrated coastal 

zone management, the water framework directive and marine planning, to facilitate adaptation. Effective communication of results 

is also required to ensure those at the sharp end of dealing with the impacts are well informed. In other sectors, such as health, 

clarification is needed to reduce the uncertainties in assessments. 

Spatial planning and insurance are critical mechanisms for coping with climate impacts and work on both sectors is underway. Although 

property insurance is likely to remain a priority for the industry’s work on climate change, several avenues for further study have also 

been identified including investment portfolios and liability markets.

Quantitative work is still needed in some sectors including:

• Emergency planning, solid waste management and telecommunications; and

• Infrastructure in a broad sense, including rail, road and sea transport, power distribution and telecommunications.
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In addition to imbalances in sectoral coverage, imbalances in regional coverage exist. Few studies are UK wide. Scotland and Northern 

Ireland are often excluded from national studies, or studies are undertaken separately there, using different data sources and 

methodologies. There is good coverage in a range of sectors for South East England, East of England and North West England, but 

fewer quantitative studies have covered the South West of England, Wales or the Midlands. The results suggest that South East 

England and East Anglia may face significant impacts in water resource, building and planning sectors but it is not clear if these 

findings can be readily extrapolated to other regions. 

Box 3.5 Defra’s Cross-Regional Research Programme 

This programme aims to provide detailed, quantitative research to inform regional decision-making on climate change impacts and 

adaptation, and to help design effective adaptation responses at the sub-national scale. The following projects are underway.

• Planning, land use and the built environment: project on adaptation responses for development in the Growth Areas; will 

involve pilot studies and information on costs and guidance (Led by Land Use Consultants (LUC), London).

• Business: project will assess impacts and identify adaptation options for the transport and supermarket sectors, with case 

studies and a policy good practice guide (Led by Risk Solutions).

• Water: project will develop scenarios of extremes (including a case study on the 1976 drought) and appraise policies (led by 

HR Wallingford). 

• Countryside and rural economy: project will assess impacts on landscapes, communities and economies, and develop 

adaptation strategies (led by Land Use Consultants (Scotland)).

• Quantifying the costs: this project is aiming to quantify costs of impacts and adaptation in key UK sectors at the regional 

and country level; will include case studies (led by Metroeconomica).

• Guidelines for adaptation: this project is linking adaptation research and practice, developing an inventory of options and 

strategies from individual companies to sectors, and assessing why these were formulated and how they relate to other 

options (led by the Tyndall Centre).

• Climate Change and the Visitor Economy of Northwest England (CCVE-NW) is considering how those associated with the 

visitor economy in the North West of England can realise the opportunities presented by climate change, whilst ensuring that 

the resource base is sustained under growing visitor demand and climate related reductions in environmental capacity.

• Guidelines for adaptation: this project is linking adaptation research and practice, developing an inventory of options and 

strategies from individual companies to sectors, and assessing why these were formulated and how they relate to other 

options (led by the Tyndall Centre).

• Climate Change and the Visitor Economy of Northwest England (CCVE-NW) is considering how those associated with the 

visitor economy in the North West of England can realise the opportunities presented by climate change, whilst ensuring that 

the resource base is sustained under growing visitor demand and climate related reductions in environmental capacity.

3.4 Conclusions
• Climate impacts are better quantified in some sectors than others. 

• The water resource and flood management sectors are well advanced in their understanding of climate impacts, and this 

information is available to support decision-making on climate adaptation, facilitated by several guidance documents. In some 

cases, the costs of impacts have also been calculated.

• Within the biodiversity, agriculture, health and insurance sectors, the impacts of climate change are fairly well known, but this 

knowledge has yet to be translated into formal adaptation strategies. 

• The focus for research is moving away from the single sector topics towards more integrative issues such as planning that 

can be more readily related to existing policies, and from the natural to the built environment. However, water resources 

management remains a core theme, recognising the importance of this issue and its interaction with many other sectors.
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Table 3.1 Quantified impacts of climate change from UKCIP studies. 

Impacts in this table are ranked as: positive; negative; uncertain; mixed. Areas where further work is ongoing within UKCIP are 

highlighted in blue. Most results assume no adaptation to climate change. Where results DO include consideration of adaptation to 

climate change, the text is italicised. Note: Findings in this table are from UKCIP studies only. Further results are available for a number 

of the sectors considered here. Such information is beyond the scope of this report and is therefore not presented.

Sector / activity Quantified impacts from completed studies

Water resources Nitrate and pesticide concentrations may be diluted.

Significant increase in risk of multi-season droughts.

Risk of saline incursion in coastal rivers.

Changed seasonal flood regimes of mountain rivers.

By the 2020s:

• Increased frequency of moderate drought conditions (up to 3 in 30 years);  

• Reservoir yields fall by 10-15% in some areas of the UK under the Medium High Emissions scenario; 

• Mean monthly runoff decreases by up to 30% in some areas of UK; 

• Average annual demand for domestic water may increase by up to 1.8%.

By the 2050s:

• Domestic water demand may increase by 1.8% - 3.7% per annum. 

By the 2080s:

• Snow cover may decline by more than 80% at low elevations and by around 20% at high elevations; 

• Frequency of serious drought conditions may increase to 10 in 30 years 

• Frequency of short (6 month) serious droughts, could increase from 1 in 9 years (present) to 2 in 15 years 

(Low Emissions scenario) or 1 in 3 years (High Emissions scenario). 

Work is ongoing in this area (Defra Cross-Regional Research Programme: Water)

Flood 

management

Reduction in spring snowmelt river flows.

Some 77,000 homes in Scotland are currently at risk from inland flooding.

80,000 properties in towns and cities in Scotland are presently at risk from flooding from overwhelmed urban 

drains during heavy downpours.

By the 2020s: 

• peak river flows may increase by 10%-20% in Scotland (under the low and high scenarios respectively).

By the 2050s:

• 1 in 100-yr sea defences may be reduced to 2-8-yr standard in East Anglia and 10-20-yrs in Scotland;

• damage to properties in Scotland may rise by 86%;

• costs of insurance claims for coastal flooding could rise from £5 billion to £40 billion in an extreme year if 

London were also affected.

By the 2080s:

• damage to properties in Scotland may rise by 115%;

• annual damages from coastal erosion may increase 3-9 times costing up to £126million/yr;

• the frequency of current 1 in 50-yr floods may double.

Agriculture There may be a need to conserve more forage for indoor feeding, or for outdoor supplementation at 

pasture.

Crop yields increase but the resulting distribution will be affected by other land use drivers.

Arable farming may increase and dairy farming decrease in the North West.

By the 2020s:

• grass yields in North West England increase by ca. 10-15% under the low climate change scenario; 

• irrigation increases by ca. 20%; impacts are region specific.

By the 2050s:

• grass yields in North West England increase ca. 20-30% under the high scenario; 

• irrigation increases by 30%; impacts are region specific; 

• the number of grazing days may decline, particularly at the end of the grazing season and under High 

Emissions scenario.
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Sector/activity Quantified impacts from completed studies

Biodiversity The marine species Chthamalus montagui and Osilinus lineatus may increase in abundance around western 

and northern shores in response to warmer sea surface temperatures.

Warming may reduce the abundance of Alaria esculenta, particularly around southern and western shores. 

Reduced snow cover and increased temperatures leave montane habitats and species vulnerable.

Decrease in grazing marsh habitat. Increased rate of loss of intertidal mud flats and salt marsh habitats.

Ranges of some terrestrial species decrease, but others increase.

Increases in biota including invasives.

Potential opportunities for increased salt marsh habitats through managed realignment.

By the 2020s:

Certain terrestrial species will extend their northern limits but then a contraction in their southern limits could 

follow by the 2050s.

By the 2050s:

Rare species (e.g. Mountain Ringlet Butterfly) lose climate space under the High scenario.

Work is ongoing in this area (MarClim, MONARCH 3, ACCELERATES and Defra Cross-Regional Research 

Programme: Countryside and the rural economy)

Health Effects of air pollutants may be reduced (humidity related).

Warmer summers may increase outdoor activity and increase the risk of exposure to UV radiation.

Ozone effects in summer may increase deaths and hospital admissions.

Health impacts (direct and indirect) from flooding could increase. Vector borne diseases may present a limited 

increase in local problems.

Increase in deaths and injuries from storm, gales and storm-surges.

Increase in disastrous coastal flooding as a result of sea level rise and increased storm surges.

By the 2050s, under the UKCIP98 Medium-High scenario:

• Cold related deaths may decline by ≤20,000 fewer cases/year;

• Heat related deaths increase from 800 to 2800/yr;

• Food poisoning cases increase ≤10,000/yr due to warm weather;

• Skin cancer likely to increase by 5000 cases/year, cataracts by 2000 cases/year.

Buildings By the 2080s:

• Heating degree days may be reduced by 35-40% under the Medium High Emissions scenario in London; the 

number of cooling degree days could increase by over 200% in mid summer;

• Clear and acute risk of summertime overheating;

• Failure rate of air conditioning systems may increase by 3.5% in London.

Work is ongoing in this area (Defra Cross-Regional Research Programme: Planning, land-use and the built 

environment; the BKCC portfolio of projects). 

Sector/activity Areas of ongoing work that have yet to report their findings

Transport Winter maintenance equipment needed less frequently. 

Work is ongoing in this area (London Climate Change Partnership; BIONICS – part of BKCC).

Energy Changed winter and spring flow regimes will affect flood frequencies and flow-dependent activities (e.g. HEP). 

Work is ongoing in this area (Genesis – part of BKCC).

Heritage Work is ongoing in this area (Engineering Heritage Futures – Part of BKCC).

Spatial 

planning

Work is ongoing in this area (Defra Cross-Regional Research Programme: 

Planning, Land-use and the Built Environment; ASCCUE – Part of BKCC; and ESPACE [European Spatial Planning 

for Adapting to Climate Events]).

Insurance Work is ongoing in this area (ABI).

Tourism, 

recreation, 

leisure and 

lifestyle

Winter tourism likely to suffer from less reliable snow cover and may need to improve access to higher 

elevations. 

Work is ongoing in this area (Climate Change and the Visitor Economy of Northwest England – CCVE-NW).
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Chapter 4: Adapting to climate risks
Metcalf, G., Connell, R.K. and Berkhout, F. *

Summary
Work on adaptation is still at an early stage. Most progress has been made in developing knowledge 

on adaptation, and in modifying national and regional policy documents and regulations. These 

actions provide the framework within which further adaptation actions can be delivered. Stakeholders 

report on a variety of perceived problems in making progress on adaptation, including lack of 

information, uncertainty, the need for senior management ‘buy-in’, and un-adapted regulations, 

codes and standards. Some organisations have identified business opportunities from climate change 

while others are beginning to seek win-win strategies that contribute to adaptation as well as to 

other organisational objectives. 

4.1 Introduction
Having identified and evaluated their climate risks, organisations need to investigate adaptation options, and make decisions on how 

and when to adapt, in order to ‘mainstream’ adaptation decisions within normal business practice. Chapters 2 and 3 describe the 

perceived priority risks, identified and assessed through stakeholder-led studies, which should form some of the adaptation priorities 

for these stakeholders. 

This chapter describes progress on adaptation by UKCIP stakeholders and so is confined to experience in the UK (see Box 4.1 for 

definition and useful concepts). The evidence base for adaptation is not wide, as work on adaptation is still at an early stage, and 

UKCIP is not always aware of the many individual and local initiatives that may have already taken place. In some cases, actions may 

have been taken by organisations for reasons other than climate adaptation and so are not explicitly termed climate adaptation 

actions, although they may have the effect of enhancing adaptive capacity. The chapter makes extensive use of examples drawn 

from UKCIP studies, the work of regional and sectoral partnerships and the capacity building programmes with local authorities and 

business. Literature on climate adaptation is also drawn upon.

Adaptation strategies vary considerably between different types of organisation, and this chapter makes some assessment of the 

approaches adopted by various public and private sector groups. It is also recognised that adaptation strategies will be taken at a 

range of scales, from a central government policy to a modest individual project. Furthermore, it is clear that adaptation will take a 

wide variety of forms according to climate, activity, location, timescale, resource availability and organisational structure. 
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Box 4.1 Definitions and useful concepts

• Adaptation: adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which 

moderates harm or exploits beneficial opportunities.

• Vulnerability: a measure of a system’s susceptibility to climate change - a function of the system’s exposure, sensitivity and 

adaptive capacity.

• Exposure: the extent to which a climate-sensitive sector is in contact with climate.

• Sensitivity: the degree to which a system is affected by climate change.

• Adaptive capacity: how well a system can adjust to climatic changes, to moderate potential damages (by changing exposure 

or sensitivity), to cope with the consequences of impacts (by recovering or maintaining welfare/system function in the face of 

climatic change) and to profit from new opportunities (assuming climate change affects agents differentially).

Source: Adapted from IPCC (2001b).
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This chapter introduces a typology that distinguishes between 

two adaptation processes:

• ‘Building adaptive capacity’ involves creating the information 

and conditions (regulatory, institutional, managerial) that are 

needed before adaptation actions can be undertaken.

• ‘Delivering adaptation actions’ involves taking actions that 

will help to reduce vulnerability to climate risks, or to exploit 

opportunities. 

In practice, these processes form a continuum, but it is helpful to 

distinguish them in order to assess progress in preparing for and 

managing climate risks. 

4.2 Climate adaptation, risk 
management and organisational 
learning
Adaptation to change is a feature of all human activity. To some 

lesser or greater extent, societies adapt to the climates to which 

they are accustomed, from polar to desert conditions. Each of 

these environments has familiar patterns of weather, and these 

influence many aspects of economic and social life, such as diet, 

health, dress and settlement. Societies are also accustomed to 

coping with the inherent variability of climate, and have some 

level of ability to cope with potentially harmful extremes and to 

manage the consequences of weather-related disasters.

Climate change may threaten or result in the premature loss of 

man-made and natural capital assets of significant economic and 

cultural value. A key issue is whether people will adapt social 

and natural systems in time to minimise costs (both financial and 

non-financial) and maximise opportunities of projected climate 

changes. Adaptation needs to be better understood because:

• climate change cannot be avoided, in spite of the best 

efforts to mitigate climate change by reducing emissions of 

greenhouse gases – it is likely to continue for many decades 

and it could be more rapid and pronounced than expected;

• anticipatory adaptation may be more effective and less 

costly than adaptation under a crisis situation or after the 

event, which may not in some cases even be possible (e.g. 

extinctions); and

• there are immediate benefits to be gained through better 

adaptation to current climate variability and extreme events 

(IPCC, 2001b).

Several kinds of adaptation to climate change are possible. 

Adaptation may be autonomous (spontaneous) or planned (IPCC, 

2001b). It may also be reactive or anticipatory. In natural systems 

adaptation is always reactive. In human systems, adaptation may 

be reactive or undertaken in anticipation of changing conditions. 

Reactive adaptation generally minimises the risks of making the 

wrong decisions, but anticipatory adaptation is important in 

relation to decisions involving the protection or maintenance of 

existing and future capital assets with long-lifespans. Adaptation 

strategies may be classified as ranging from research through to 

sharing loss and bearing loss (Burton, 1996) based on four main 

risk management strategies: share risk, bear risk, avoid risk, shift 

risk. 

The organisational learning literature (eg. Dodgson, 1993, 

March, 1991, Staber and Sydow, 2002) provides guidance on 

how organisations can bring about effective internal change, so 

that they are able to respond to changing external conditions, ie. 

adapt. This guidance is important as it is clear that knowledge 

about climate risks and how to adapt to them is not sufficient 

to deliver actual adaptation actions. Some organisations (eg 

local authorities) have developed explicit strategies or policies to 

address climate change, usually both mitigation and adaptation 

issues. Others (eg Severn Trent Water) have decided that 

adapting to climate change is such a fundamental issue that 

adaptation should be ‘mainstreamed’ as part of conventional 

business risk management.

Each of these perspectives (climate adaptation, risk management 

and organisational learning) is drawn on in this chapter to 

develop a typology of adaptation under the two main headings 

of ‘building adaptive capacity’ and ‘delivering adaptation actions’. 

The typology is helpful both in describing adaptation responses 

and in helping stakeholders to develop their own responses. The 

point that climate change presents both risks and opportunities is 

emphasised throughout. 

4.3 Progress on adaptation by UKCIP 
stakeholders
4.3.1 Progress on building adaptive capacity

Table 4.1 identifies various categories of adaptive capacity 

building that have been identified through work with 

stakeholders, and provides case examples. Some of the case 

examples are described in more detail in the text the follows 

the Table. These are highlighted in red.  Box 4.2 provides detail 

on one particular example of adaptive capacity building – the 

allowances for climate change made by Defra for UK flood risk 

management. Building adaptive capacity is typically undertaken 

by organisations such as UKCIP; researchers; trade associations; 

professional bodies; and others that can prepare and advise, 

as well as senior management within companies, government 

departments, local authorities and the regional and sectoral 

partnerships. 
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Table 4.1: Case examples of building adaptive capacity. Bold text indicates examples for which more 
information is provided.

Type Generic activity Case examples

Research Scoping studies

Technical/quantitative impact and adaptation 
assessments

Climate scenarios development

Use of risk-based appraisals to evaluate current and 
future climate and non-climate risks

Regional scoping studies

‘Building Knowledge for a Changing Climate’ 
portfolio

Development of UKCIP02 scenarios

CIBSE (2004) project ‘Thermal comfort in a 
21st century climate’

Data collection 
and monitoring

Phenology

Monitoring climate impacts and learning lessons

Monitoring effectiveness of adaptation and learning 
lessons

Indicator studies for Northern Ireland & Wales

MarClim

Awareness-raising Education and training

Capacity building programmes

Conferences, events and publications

UKCIP risk training workshops 

UKCIP costing training workshops

UKCIP programmes with local authorities and 
businesses

SECCP Annual Forum

Changing 
standards and 
developing policy

National and international regulation and statute

National codes and standards, best practice 
guidelines

National, regional and local policy and plans

Resource allocation

Enforcement of standards

Amendments to Building Regulations

Defra approach to flood management (see 
Box 4.2); CIBSE guides

PPG25; London and other regional plans

Organisational 
learning

Training, and staff development programmes

Senior management buy-in 

Identify climate change champion(s)

Make the business case in all business areas

ABI, CML, NFU, 

Railtrack, Severn Trent Water, Thames Water

RIBA, CIBSE, NFU

Working in 
partnership

Work in sectoral partnerships

Work in locality-based partnerships 

Linked projects

Work in cross-disciplinary partnerships

MONARCH

Regional climate change partnerships 

CCFB members active in regional partnerships
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Box 4.2 Allowances for climate change in UK flood management

Defra’s flood management policy guidance takes account of climate change, by making allowances for changes on the coast 

and through a sensitivity test for increased river flows. Details of the ‘climate change allowance’ for these two areas are 

provided below. 

Decision area 

& parameter

Allowance for climate change Reason for decision on allowance

Coastal flood management

Mean and 

extreme sea 

levels

Allow 4.5mm p.a. for next 40-50 years plus adjustments 

for local land movements. 

‘It may be preferable to make provision for future 

increases in defence height rather than building to a 

higher standard immediately.’ (MAFF, 1999)

‘In view of ... high degree of uncertainty, it is not 

possible at present to give guidance on whether 

allowances for changes in storm surge due to climate 

change should be used.’ (MAFF, 2001). 

‘Extreme levels should be reviewed if higher extreme 

values, especially around the Thames Estuary, are 

supported by future modelling’ (Defra, 2003).

Allowance of 4.5mm p.a. adopted 

following IPCC (1990). Reviewed after 

publication of UKCIP02 climate change 

scenarios: no change made for mean 

sea levels, but advice for extreme levels 

revised as per Defra (2003) quote. 

High and 

extreme wind 

speeds

Test sensitivity to 10% increase in offshore wind speeds 

and wave heights by 2080s and 5% increase in wave 

periods. Needs to be considered in relation to depth 

limited conditions inshore’ (Defra, 2003).

New recommendation after publication 

of UKCIP02 scenarios. 

River flood 

management

High and 

extreme 

rainfall and 

river flow

‘Sensitivity analysis of river flood alleviation schemes 

should take account of potential increases of up to 20% 

in peak flows over the next 50 years’ (MAFF, 2001).

Adopted following analysis of flood 

flows on Thames and Severn rivers, 

using HadCM2 (Reynard et al., 2001). 

Reviewed after publication of UKCIP02 

scenarios: no change made, though 

further research currently in progress.

Source: MAFF (1999); MAFF (2001); Defra (2003). 

Further detail on case examples

Research: Chapters 2 and 3 summarised progress on assessing climate risks in UKCIP studies. In terms of progress on adaptation 

research in these studies:

• several regional scoping studies identified possible adaptation options (e.g. South West England, London, East of England);

• some technical studies are currently underway to identify and evaluate adaptation options (e.g. the ‘Building Knowledge for a 

Changing Climate’ (BKCC) portfolio).

This research is beginning to add to the body of evidence to inform adaptation responses. For example, the CIBSE (2004) project 

described in section 3.2.7 demonstrates how risk-based appraisals can be conducted. It defines a set of temperature thresholds that 
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could be exceeded for a certain percentage of the time – ‘comfort criteria’ – chosen to represent the boundary between ‘tolerable’ 

and ‘intolerable’ internal temperatures in different types of buildings. 

Monitoring: The MarClim project, described in section 3.3.4 is drawing on extensive monitoring data to develop an understanding of 

how selected species have responded to past climatic changes, and to assess how climate change may affect future distributions. 

Awareness raising: UKCIP has delivered two important capacity building programmes: the local authorities and business networks 

(described in Chapter 1) recognise that ‘awareness raising’ is best seen as a two-way process. The programmes are thus based around 

highly participatory, workshop-style events which contain four essential elements: a) introduction to climate scenarios; b) assessment 

of vulnerability to impacts; c) identification of priority impacts; d) development of a climate change strategy for the organisation or 

relevant business areas, taking into account the significant drivers and management issues. In this way the organisation is made aware 

of climate change as it affects its particular activities and UKCIP expertise is enhanced. 

Regional partnerships have taken on the role of awareness raising in various ways, including through conferences. The South East 

Climate Change Partnership (SECCP) has established an awareness-raising programme that includes hosting a major annual event on a 

specific theme. Their July 2004 event was attended by 200 delegates representing stakeholders across the region, and focused upon 

adaptation in the business sector. A summary of the findings of the SECTORS project was presented (Arkell et al., 2004; see section 

3.2.10). Such events provide an efficient way of increasing awareness and understanding of impacts and adaptation issues, especially 

where they are targeted to specific stakeholder communities. 

Changing standards and developing policy: Allowances for climate change in UK flood risk management (see Box 4.2) demonstrate 

a flexible strategy for handling uncertainties - ‘adaptive management’, in the following quote: ‘It may be preferable to make provision 

for future increases in defence height rather than building to a higher standard immediately’ (MAFF, 1999). Adaptive management is 

the process of making sequential decisions based on the best available information, and allowing scope for measures to be reviewed 

and extra measures to be put in place, when new information on climate risks arises. To develop this new information and reduce 

uncertainties about flood-related climate risks, Defra and the Environment Agency manage a programme of climate change research. 

PPG25, published by the Office of the Deputy Prime Minister (ODPM, 2001) covers ‘development and flood risk’. It is a precautionary 

approach aimed at directing new development away from areas at highest risk of flooding, and taking account of climate change. 

It aims to prevent ‘adaptation constraining decisions’, which are those that could reduce the options for flood risk managers to 

implement flood protection measures, and hence reduce resources available for flood protection elsewhere. The first review of PPG25 

began in 2004, three years after its publication. 

Organisational learning: The Association of British Insurers (ABI) has acknowledged the importance of climate impacts to the 

insurance sector by: appointing senior staff with specific responsibility for this area of work; organising staff development events both 

for staff within the trade association and in constituent insurance companies; identifying a ‘climate change champion’ in companies 

with a significant regional presence; and commissioning and disseminating a major piece of research to explore the impacts of climate 

change upon the sector. 

Working in partnership: Many of the regional climate change partnerships have actively influenced regional plans and policies. For 

example, the London partnership is named in the London Plan as the source of guidance and is developing policies in partnership with 

the Greater London Authority (GLA). 

The UKCIP Changing Climate for Business (CCFB) Pilot Project has been a vehicle for creating and enhancing climate change 

partnerships. New networks have been created amongst members of trade bodies with a specific remit on climate change adaptation. 

The members of such networks are now joining existing regional partnerships, increasing the breadth of representation, particularly 

from the private sector.

4.3.2 Progress on delivering adaptation actions

Table 4.2 identifies various categories of adaptation actions, and provides some case examples, which are described in more detail 

below. Adaptation actions are typically delivered by individuals or teams working within organisations on projects and programmes, 

who may be guided towards particular adaptation actions by higher-level climate change policies or strategies. As may be expected, 

many of the examples are in areas where climate risks have always been important, such as flood management and insurance, or 

in organisations that are natural-systems focussed, such as nature conservation. Many other organisations experience more indirect 

consequences of climate, such as disruption to supply chains, but these are more difficult for the organisation to identify, so progress 

has been slower. 
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Table 4.2: Case examples of delivering adaptation actions. Bold text indicates examples for which 
more information is provided.

Adaptation Action Type Generic activity Case examples

Share loss or 

Share risk

Take out insurance to cover potential risks

Use other financial products that lay-off risk

Diversify business activity, market, location etc 

to spread risk

ABI

Housing Corporation in South West England

Bear loss or Bear risk Accept that some habitats or species may 

disappear from UK 

Accept loss of some coastal land to sea level 

rise and coastal erosion

Insurance companies accept some losses 

as part of business and set their premiums 

accordingly

Evolving practice in UK by nature conservation 

agencies 

Environment Agency Paull Holme Strays flood defence 

scheme 

ABI

Prevent effects or 

avoid/ reduce risk: 

Technical or structural 

change 

Implementation of improved technical 

standards that respond to potential climate 

impacts

Climate-proof the construction of buildings, 

transport and utilities infrastructure, both new 

and existing

Railtrack managing flooding in Chipping Sodbury Tunnel

School design project in Worcester using UKCIP 

‘Adaptation Wizard’ 

Environment Agency - Thames Barrier 

Wessex Water new operations centre

Other general examples include: increase reservoir 

capacity; transfer of water; water efficiency measures; 

install or improve crop irrigation measures.

Avoid or exploit or 

Avoid or shift risk

Exploit new markets emerging as a 

consequence of climate change both locally 

and globally

Cultivate new agricultural crops / develop 

alternative land use

Implement emergency, contingency and 

disaster planning

Change location of business or other activity 

(e.g. migration of settlements away from high-

risk areas)

Change ski-centre to walking centre in Scotland

Introduce new crops in South West England

Local authority examples, such as SECCP Emergency 

Planning sector group

Further detail on case examples

Share loss: Insurance is based on the principle of sharing losses. CCFB partners at ABI are exploring the probable damage costs 

associated with different types of climate-related risk (eg flooding; ground shrinkage; human health and longevity) and adjusting policies 

and premiums accordingly. It is interesting to note that members of the Council of Mortgage Lenders (CML) another CCFB partner, are 

entirely dependent on household insurance policies to share the risk associated with climate impacts on residential property.

The South West England scoping study revealed another loss sharing strategy which was suggested by the Housing Corporation with 

regard to Registered Social Landlords (RSLs) and the properties which they own or manage. Some small Housing Associations may 

hold properties in vulnerable locations (eg in coastal or riverside locations) which they wish to retain. By merging with other Housing 

associations with less vulnerable properties it was suggested that risks (losses) could be shared.

Bear loss: Current UK and EU nature conservation policies are site-based (e.g. Special Areas of Conservation (SACs), Sites of Special 

Scientific Interest (SSSIs), EU Habitats Directive) and have little or no flexibility to take account of species movements due to climate 

change. Countries that do not protect their sites face significant EU strictures. The UK nature conservation agencies recognise that 



51

some protected sites may be lost or changed due to climate 

change (e.g. saltmarsh habitats in the East of England) and that 

some northern or montane species may be lost from the UK all 

together. They are working to foster an understanding that some 

losses may occur and to encourage the development of new 

nature conservation policies with the EU. 

Prevent effects: technical or structural change: The potential 

impacts of climate change on a new school for Worcestershire 

County Council have been addressed at the design concept stage. 

Key impacts were considered and the design developed to adapt 

to these conditions. UKCIP’s Adaptation Wizard was used in 

guiding these aspects of the design process.

Building flexibility into adaptation strategies is another useful 

principle for delivering adaptation in the face of uncertainty. The 

Operations Centre for Wessex Water was designed with additional 

space in the plant room and service ducts in anticipation of the 

additional HVAC requirement in future summer temperatures.

Avoid or exploit changes in risk: Farmers are already exploiting 

the changing climate by planting crops which are favoured by 

new and prospective weather conditions. Examples include: 

the shift to maize in much of Southern England; and successful 

viticulture in Kent and surrounding counties.

Some ski-centres in Scotland have responded to the changing 

climate by shifting their focus from winter sports to more 

conventional hill walking and similar pursuits, probably providing 

an example of both avoidance and exploitation. 

4.4 Discussion
4.4.1 Why have many organisations not (yet) 
delivered adaptation actions?

Most UKCIP stakeholders are still building adaptive capacity

Many organisations have not yet carried out adaptation actions 

because they are still building adaptive capacity. Organisations 

need the understanding gained from research and analysis before 

they can explore adaptation options and know, for example, what 

managerial responses may be required within their organisation. 

In addition they need the support or encouragement that will 

come from strategic policies and plans at national and regional 

level, many of which are needed to justify the use of, or to 

liberate, additional resources.  Furthermore, there are many 

examples where changes in regulations or standards are required 

before technical adaptations can be implemented. 

Conditions to encourage or permit adaptation need to be in place 

It is clear that many organisations are not autonomous in taking 

adaptation actions insofar as they depend on others to create 

the necessary conditions. So, a small retailer may change its 

product range, say in garden centres to reflect changing climate, 

and there is evidence that such changes are taking place. But 

many other adaptation decisions are dependent on a multiplicity 

of inter-related conditions being in place. For example a building 

services engineer faced with designing a new office building 

or school is dependent on a variety of actions by third parties 

before proceeding. The engineer awaits the outcome of extensive 

research on cooling and ventilation strategies (R&D); the transfer 

of this understanding into professional guidance (CIBSE guides); 

further modifications to the Building Regulations by central 

government, and Continuing Professional Development (CPD) 

amongst the building design professions before he/she can take 

informed adaptation actions. 

UKCIP stakeholders have a bigger role to play on building adaptive 

capacity

Many of UKCIP’s current stakeholders are large organisations, 

often partnerships or representative bodies (whether in the public 

or private sectors) who have more important roles to play in 

building adaptive capacity, than in delivering adaptation actions on 

the ground.

4.4.2 What main problems do organisations 
encounter in seeking to adapt to climate 
change?

Stakeholders identify a series of problems, which may limit their 

ability both to build adaptive capacity and deliver adaptation 

actions. Significant examples of such perceived problems, which 

are explored below, include:

• a series of issues relating directly to climate, weather and 

uncertainty;

• the absence of appropriate policies, standards, regulations and 

design guidance, and the consequent lack of funding; 

• the lack of useful precedents or evidence of adaptation 

actions; 

• the case-specific nature of adaptation;

• the business case for adaptation has not yet been proven; 

• the need for organisational learning and management; and 

• the lack of in-house expertise and trustworthy advice.

Issues relating directly to climate, weather and uncertainty

For many decisions-makers, climate impacts are still perceived 

to be too far in the future to be relevant now. The time 

periods covered by the UKCIP02 scenarios are the 2020s, 

2050s and 2080s, but typical financial and business planning 

horizons are 3-5 years in most sectors, and these are becoming 

progressively shorter. This means that anticipatory adaptation, 

looking ahead over longer timescales, is still being ignored by 

many organisations. UKCIP now recommends that stakeholders 

consider the (increasing) risks to their business from (changes in) 

present-day climate variability, and changing climatic conditions, 

remembering that an extreme climatic event greater than a 

given magnitude can occur at any time and are increasingly 

likely to occur. From discussions with organisations considering 
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their climate risks for the first time we find that many of 

them are not aware of how weather and climate affect their 

activities. Discussing current vulnerabilities with stakeholders, 

and asking them to identify climate conditions that represent an 

unacceptable level of risk, has proved successful and is reinforced 

by the prospect of more reliable near-term climate data from the 

climate modelling community. 

Some stakeholders present uncertainty as a reason for deferring 

decisions on adaptation responses. In some cases, an active 

decision to delay may be an appropriate risk management 

strategy - for instance if the purpose of the delay is to develop 

better information on how to adapt (Willows and Connell, 2003). 

However, uncertainty alone should not prevent decision-taking 

– most business decisions are made in the face of uncertainty. 

Climate change should be treated no differently.

Further issues arise with the variety of UKCIP stakeholder 

organisations and the type of climate data that suits their 

different purposes. Some stakeholders have indicated the need 

for more sophisticated data with a finer spatial and temporal 

resolution. Others simply find the UKCIP02 scenarios information 

complicated and therefore off-putting. For these organisations, 

a few bullet points describing the anticipated climate in words, 

without the use of numbers, is genuinely helpful. 

For the business community, which operates in a global 

marketplace, climate risk information is required for other parts 

of the world, as well as for here in the UK. This extends the 

knowledge base required from UKCIP, increasing the tension 

between providing simple information for some applications and 

more sophisticated data for others.

Absence of appropriate policies, standards, regulations and 

design guidance, and consequent lack of funding 

We have already identified the fact that many adaptation 

decisions cannot be made without a supportive framework and 

resources - for example the requirement to use future climate 

data in technical design calculations, or the apparent absence of 

any specified maximum temperature for working environments 

(Health and Safety Executive, Offices, Shops and Railway 

Premises Act).  Furthermore, the presence of current technical 

standards, guidance, etc based on historic climate data can 

be seen as a constraint on climate adaptation, since facilities 

constructed using these data may not perform as intended over 

their lifetimes. 

The lack of guidance on ‘climate-proofing’ is not only a problem 

in its own right but also because standards so often determine 

available resources. Many decision-makers report that they are 

finding it difficult to justify additional investment in climate-

proofing measures without the legitimacy and justification 

provided by agreed policy, regulation or technical standards. 

For instance, local authorities are subject to external drivers 

such as Comprehensive Performance Assessment and best value 

performance indicators. Until these include adaptation targets, 

local authorities are broadly constrained to prioritise other issues.

Lack of useful precedents or evidence of adaptation actions

The widely held perception is that ‘no-one has done adaptation 

yet’ and that therefore there are no precedents to follow. 

Our evidence suggests a more complicated situation. Where a 

business or group is relatively autonomous it can and does take 

adaptation actions, generally of a modest sort. We are aware of 

examples of such actions through anecdote rather than formal 

reportage, for instance: schools requiring children to use sun-

block in playgrounds in summer; farmers changing varieties and 

types of crops; and a new concrete floor slab product that makes 

use of ground water for cooling. In the few instances where more 

significant adaptation actions have been delivered, it is generally 

too early to assess their effectiveness. There are a few obvious 

examples of climate maladaptation, such as inappropriate new 

developments in flood risk areas, or the installation of modular 

air-conditioning units, which add to the emissions of greenhouse 

gases. Nevertheless, there is currently little evidence of 

adaptation actions upon which to base judgements of good- or 

best-practice. 

The IPCC states that anticipatory adaptation is likely to be more 

effective and less costly than adaptation under a crisis situation 

or after the event (IPCC, 2001b). At present, there is little 

evidence in the UK to substantiate this statement, and it can be 

difficult to persuade decision-makers of the need for anticipatory 

adaptation, given the uncertainties surrounding future climate 

risks. Nevertheless, there are clear instances, for example 

with regard to the foundation or drainage of buildings, where 

incorporating improved specifications at the design stage is both 

cheap and easy compared with any ‘retrofit’ strategy (ie. it has 

some small additional cost, no immediate benefit, potentially 

significant future adaptation benefit – low regret decision).

Adaptation is case-specific

Linked to the above point is the fact that there are no ‘easy 

answers’ as to which adaptation strategy will be most appropriate 

for a particular sector or activity. The actual and perceived 

vulnerability of those adapting can vary a great deal, even 

in apparently similar contexts. For instance, among UK water 

companies there are quite distinct vulnerabilities to changing 

precipitation patterns as a result of climate change. In North 

West England, water resources are likely to be under less stress 

than in the South East where, with a rising population, there 

are already problems in matching supply with demand in some 

areas. Likewise, the capacity to adapt varies widely. A hotel by 

the beach faces quite different climate risks from a hotel one 

kilometre inland, and the measures that might be necessary 

to build resilience (by taking out extended insurance cover, for 

instance) could be far more costly for one than the other. These 

variations mean that it is difficult to provide simple messages 
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on climate adaptation, which may limit progress by decision-

makers. However, there may be some generic lessons that are 

transferable. For example we know from past flood events that 

using a disaster management approach to flood risk can reduce 

exposure and sensitivity to the event.

Business case for adaptation not proven

Business planning timescales are usually much shorter than the 

timescales over which climate change information has been 

provided, and many businesses do not recognise the importance 

of managing present-day climate risks. Furthermore, at present, 

there is little information about the economic costs of climate 

risks against the costs of adaptation. Until the business case 

for adaptation is sufficiently convincing it is likely that many 

businesses will continue to put climate risk management low 

down their list of priorities. The newly-published UKCIP costings 

method provides a tool for estimating these costs. Membership 

of the regional climate change partnerships is predominantly 

from the public sector (though water and insurance companies 

are well-represented). This might indicate the level of importance 

that businesses attach to climate change, or may reflect the fact 

that businesses feel unable to justify the demands on their time 

that partnership membership presents. 

Need for organisational learning

There are several issues that relate to the organisation and 

management of stakeholders and their preparedness for climate 

risk management. Generally, it seems that many organisations 

lack expertise in risk assessment and management, reflecting 

Government’s concerns in this area (Cabinet Office Strategy Unit, 

2002). A further key issue is that most organisations do not 

yet have a ‘climate change champion’ or ‘climate risk manager’. 

Of those that do, adaptation is usually housed within the 

environment or sustainability section of the organisation. Without 

such appointments, organisations will find it difficult to build 

adaptive capacity and to drive through the necessary policies and 

procedures for taking adaptive action. There is also no obvious 

point of contact for UKCIP. Where the contact person has been 

well placed and influential within the organisation, and has 

therefore achieved ‘senior management buy-in’, there have been 

some significant successes (for example within the Association of 

British Insurers, and the Royal Institute of British Architects). The 

wide-ranging nature of climate risks means that organisations 

need to see adaptation as more than an environmental issue: a 

changing climate may well impact across all parts of a business, 

and most service areas within a local authority. With this in 

mind techniques for helping businesses to assess impacts 

across business areas have been developed, and work with local 

authorities is underway to customise Adaptation Wizard for use 

across their different service areas. 

4.4.3 What main opportunities encourage 
organisations to adapt to climate change?

Most climate impacts, particularly in the public consciousness, are 

normally presented as threats, but there are also opportunities 

arising from a changing climate. Some stakeholders have started 

to recognise these. The three most obvious examples are: 

exploiting market opportunities; seeking ‘win-win’ situations; and 

undertaking ‘no-regrets’ measures. 

Market opportunities

Commercial opportunities arise as a consequence of changing 

markets created by climate impacts. For example, the NFU has 

identified opportunities for farmers with appropriate land holdings 

to create small reservoirs for the storage of increased winter 

rainfall that could be exploited in the hotter drier summers. 

Further opportunities arise simply by exploiting advantages as 

‘an early mover’ in new business areas. For example, there is 

considerable scope for new design skills and new environmental 

technologies in the adaptation of buildings and infrastructure 

etc. Consultants, engineers and building contractors are already 

developing such opportunities by early recognition, technical 

development and self-promotion. A commercial failure resulting 

from climate change can often provide a commercial opportunity 

for others, particularly where global impacts are relevant. So, 

excessive summer temperatures are anticipated to lead to a 

decline in summer tourism over time in many of the traditional 

Mediterranean resorts (Metcalf et al., 2003, Entec, 2002). This 

is seen as a commercial opportunity for tourism managers in 

the UK particularly in areas where summer temperatures will 

become comfortably pleasant or more reliable. The same is 

true for certain market gardening products (such as salads and 

fruit) where climatic changes will restrict production in some 

traditional growing areas, both in the UK and abroad, and open 

up corresponding opportunities in other parts the UK. 

Win-win opportunities

‘Win-win’ opportunities exist where there are adaptation options 

that minimise harmful climate impacts and also have other social, 

environmental or economic benefits. Some of the most significant 

in the climate change context are those that address climate 

impacts but which also contribute to the mitigation agenda. For 

example, the increased average temperatures expected in winter 

will make lower demands upon space heating in buildings. This 

has led to lower specifications in plant and equipment (boilers, 

radiators, etc) and also less winter energy use. So, greenhouse 

gas emissions are reduced, along with both capital and revenue 

expenditure. Similarly, some non-climate adaptations may have 

positive impacts in terms of climate vulnerability. For instance, 

a hill farmer changing from raising sheep to planting trees for 

commercial forestry may well reduce the rate of run-off from 

uplands in the event of extreme rainfall events.
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The ‘win-win’ concept offers a further approach in helping 

organisations to build adaptive capacity. By identifying the main 

drivers for a particular organisation it is possible to combine 

adaptation benefits with other key objectives. In the commercial 

sector the main drivers will generally be financial performance, 

but Corporate Social Responsibility (CSR) is becoming more 

important in many large companies, so that adaptation strategies 

have been presented in this context. In local authorities it 

is likely to be community or political objectives that can be 

achieved through adaptation strategies. So, for instance, 

where local authority members are elected on the basis of job 

creation, adaptation strategies that also deliver on this agenda 

are welcomed. Identification of win-win strategies should 

improve opportunities for their implementation, and facilitate 

the ‘mainstreaming’ of climate risk management within an 

organisation.

No regrets adaptation measures

No regrets adaptations are measures that would provide benefits 

under all plausible future scenarios, including the absence of 

man-made climate change. An example of a no-regrets action 

is a company that has relocated, and has avoided areas that 

are potentially vulnerable to flooding and also avoided buildings 

that are prone to over-heating in summer.  Other examples of 

no-regret decisions that have benefits today and should increase 

adaptive capacity include: policy requiring water supply utilities 

to reduce water loss from the supply network; the Environment 

Agency water resource strategy requiring demand management 

measures by water companies (namely reductions in water 

demand, increases in water use efficient through changes in 

consumer behaviour); insurance company investments in high 

resolution digital terrain, postcode and flood level mapping as a 

means to manage their exposure to flood risk damage claims and 

set premiums according to flood risk. Such strategies may have 

associated investments but overall are likely to be cost neutral as 

far as climate risks are concerned. 

4.4 Conclusions 
• Adaptation describes the responses made by stakeholders 

to the impacts (threats and opportunities) of a changing 

climate and takes a wide variety of forms.

• Work on adaptation is still at a nascent stage.

• We have classified adaptation responses amongst 

stakeholders into two main categories: 

 - Building adaptive capacity

 - Delivering adaptation actions.

• Capacity building provides the framework within which 

adaptation actions can be delivered. 

• Most progress has been made by stakeholders in building 

adaptive capacity. Successful examples include:

 - Regional climate change impacts partnerships that have been  

 instrumental in incorporating adaptation into regional policies. 

 - Defra allowances for climate change in flood   

 management.

 - Building Regulations and other codes and standards are 

 under review with adaptation to future climate in mind. 

 - Water companies have developed adaptation strategies  

 that use risk-based appraisals of climate impacts.

 - The insurance industry (largely through the ABI) has been 

 pro-active in undertaking research, creating partnerships 

 with other organisations, building capacity amongst its 

 members and seeking to influence central government.

• There are a variety of perceived problems that stakeholders 

encounter in seeking to deliver adaptation. 

These include:  

- issues surrounding climate data and uncertainty;

 - climate uncertainty is not treated in the same manner as 

 other uncertainties,e.g. economic uncertainties; 

 - dependency on regulations, codes and standards which have 

 not yet been revised to reflect anticipated climate conditions;

 - the absence of any useful precedents or examples of 

  adaptation (best) practice;

 - the fact that adaptation is case-specific, and there are no 

 ‘easy answers’;

 - the business case for adaptation has not been proven;

 - the need for senior management ‘buy-in’ and/or political 

 support for adaptation responses.

• Adaptation also presents opportunities for stakeholders in:

 - the exploitation of market opportunities;

 - the achievement of objectives in addition to ‘climate- 

 proofing’ (the ‘win-win’ situation)

 - implementing ‘no-regrets’ adaptation measures that   

 provide benefits whatever the extent of climate change.

• While climate impacts may threaten commercial activities it 

is often the case that corresponding opportunities arise.

This chapter has identified ‘building adaptive capacity‘ and 

‘delivering actual adaptation’ as a useful framework within 

which to classify adaptation responses to a changing climate. 

It has shown that most work amongst stakeholders is of the 

‘building capacity’ type. This observation is important for 

identifying priorities for work amongst stakeholders. This will 

be pursued in the following chapter. 
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5.1 Climate impacts in the UK 
Regional scoping studies show that all regions will experience 

a mix of negative impacts and positive opportunities. The 

magnitude of impact experienced will depend to some extent on 

the chosen approach to adaptation. Problems likely to be felt in 

all regions include: 

• an increase in the risk of riverine and coastal flooding and 

erosion; 

• pressure on drainage systems; 

• summer water shortages and low stream flows;

• possible winter storm damage; 

• habitat loss;

• increasing thermal discomfort in buildings; and

• an increased risk of subsidence in subsidence prone areas.

Common benefits that could arise from milder winters include 

less snow-related winter transport disruption, reduced need for 

winter heating and fewer cold-related illnesses and mortalities. 

Opportunities could arise from warmer summers including 

agricultural diversification, increased tourism and a shift to more 

outdoor-oriented lifestyles. 

Where quantified evidence is available from UKCIP studies, it 

tends to support stakeholder perceptions of the impacts of 

climate change in the UK.

• River flooding is expected to increase in winter across the UK, 

increasing the cost of damage to properties. Across Britain 

inland flood insurance claims could double in an average year 

and treble in an extreme one without equivalent increases in 

investment in flood alleviation. 

• Away from Scotland, Northern Ireland and North East England, 

summer water shortages are likely to be a problem, particularly 

in the south and east of England. 

• Summer water quality problems are expected, but have yet to 

be quantified. 

• Impacts on biodiversity are likely to be mixed. Modelling 

suggests that the ranges of some species (e.g. wood 

cranesbill, beech) could decline while others (e.g. Spanish 

catchfly, sea purslane) increase. Similarly, distributions of cold-

loving marine species may contract while warm-loving species 

like the barnacle Chthamalus montagui may extend their 

range. Low lying coastal habitats (eg saltmarsh) and montane 

environments are particularly vulnerable to climate change. 

• Agriculture, horticulture and forestry should benefit from 

enhanced growth (crop and grass yields may increase), 

diversification (new or novel crops are likely to be introduced) 

and a longer thermal growing season. However, they will 

be adversely affected by heat and water stress in summer 

(irrigation demand could increase by up to a quarter by the 

2050s), possibly more storms, and more pests, soil erosion and 

increased risk of fire. 

• Negative impacts on health generally outweigh positive 

impacts. While cold related deaths may decline by as many 

as 20,000 per year by the 2050s, we could also see annual 

increases 2,000 heat related deaths, 5,000 more cases of skin 

cancer, 2,000 more cases of cataracts, 10,000 additional cases 

of food poisoning, and 4,000 more ozone related breathing 

difficulties (half of them fatal). 

• Demand for cooling will increase in summer in England, by 

as much as 200% in mid-summer in London. Heating degree 

days (an indicator of energy demand for space heating) may 

be reduced by 35-40% during winter. Built heritage is likely to 

suffer in all areas from extreme weather.

• Insurers expect to be increasingly vulnerable to large claims 

resulting from storms and floods and have initiated further 

work to investigate this.

Other important sectors will be affected but little quantified 

impacts information is available.

• Transport is likely to be disrupted in all areas as a result of 

extreme weather, including flooding, but may benefit from less 

cold-weather disruption.

• Tourism is perceived to be the sector with the greatest 

opportunities, although winter tourism will need to adapt to 

less reliable snowfall. 

• Spatial planning is generally viewed as an essential component 

of adaptation, rather than an activity directly affected by 

climate change. The development of integrated and holistic 

spatial planning, building in climate headroom, is seen as a 

major opportunity.

• The energy sector will see mixed impacts. While there will be 

a reduction in the need for winter heating, the demand for 

summer cooling will increase. Storms could damage generation 

and supply infrastructure, but the need to reduce emissions 

will also provide major opportunities for renewable energy 

generation.

Chapter 5: Lessons learnt and priorities 
for the future
 Connell, R.K., West, C.C., Jenkinson, K., Gawith, M. and Colley, M.
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• Telecommunications infrastructure will suffer if storms become 

more frequent, and may be damaged by clay shrinkage.

Impacts research is underway to address some of the gaps 

identified here. In sectors where impacts research is well 

advanced, the focus of work should shift to developing 

adaptation options.

5.2 Adapting to climate risks 
Work on adaptation is still at an early stage, but some clear 

messages are already emerging. Adaptation to climate risks can 

take many forms, from undertaking research to bearing some 

unavoidable losses. They are all valuable responses in different 

contexts, and any one organisation is likely to need to adopt a 

portfolio of different approaches. 

It seems that many organisations need a ‘trigger’ to encourage 

or enable them to undertake adaptation, that is, something that 

persuades them to change the way they currently operate. For 

instance, they may require the regulations within which they 

operate to be adapted. Experience of extreme climatic events 

such as floods can provide the trigger in some cases. 

Win-win strategies provide benefits in reducing climate risks and 

also contribute to other organisational objectives. Identifying 

win-win strategies seems to provide an excellent route for 

encouraging progress on adaptation. 

Good progress has already been made in the development of 

a number of regional policies and plans that address climate 

risks. Natural systems managers (e.g. flood management, nature 

conservation), who are working in areas where the links to 

climate are very apparent, have been some of the first to identify 

and address climate risks. The private sector, which generally 

works on short business planning timescales, has made less 

progress, though the insurance and water industries are notable 

exceptions. It seems that until the business case for adaptation 

is made convincingly, or unless they are forced to do so by 

changing standards or regulations, many businesses will continue 

to put climate risks low down their list of priorities. This may 

be the right approach for many businesses, but the decision 

not to address climate risks needs to be a conscious, informed 

one. Many organisations feel that climate change is too far into 

the future to be relevant to them. Discussing current climate 

vulnerabilities with organisations, and asking them to identify 

conditions that represent an intolerable level of risk, has proved a 

successful way of engaging them with the issue.

UKCIP aims to help organisations develop adaptation strategies 

that are robust to uncertainties. Adaptive management, which 

involves sequential decision-making and flexible approaches 

that can be ‘upgraded’ over time, provides a useful process for 

managing uncertainties. 

5.3 Lessons learnt on the UKCIP process
5.3.1 Stakeholder engagement

Successes

UKCIP has been very effective in engaging stakeholders, 

particularly those in the public sector. Gaps remain though, 

specifically amongst businesses and local authorities. Businesses, 

especially smaller ones, find it difficult to engage with the long 

time scales of the climate change scenarios. UKCIP has found 

that an approach based on current climate vulnerability and risk 

has been more relevant. Nearer-term climate change projections 

would be helpful for some stakeholders. Our work with local 

authorities has shown that working with the existing networks of 

the stakeholders concerned can deliver results, as it matches the 

way those groups already work. 

Project steering groups for most regional studies and for some 

sectoral studies have developed into permanent climate change 

partnerships. The partnerships have established structures 

for addressing the issues in a collective way and contribute 

significantly to building adaptive capacity. Their establishment is 

an important achievement. 

Through guiding project steering committees and partnerships, 

Programme Office staff have:

• made connections with other stakeholders, studies, and issues;

• encouraged partnerships to maintain momentum;

• provided climate change expertise: stakeholders sometimes 

lack the climate change expertise necessary to challenge 

consultants’ findings;

• shared experiences of other groups;

• provided communication and dissemination skills and support, 

organised (and supported) report launches;

• advised on partnership’s work programmes; and

• provided a link between stakeholders and the research 

community.

Barriers to stakeholder engagement 

A number of barriers to action on climate change have been 

identified by stakeholders and are discussed more fully in 

Appendix 2. The most common barriers are:

• uncertainty about the nature and extent of climate change and 

its impacts;

• the complexity and challenge of the climate change impacts 

and adaptation message; 

• the planning horizons of many stakeholders are short 

compared to those of climate change; and 

• resource constraints. 

The general lessons on engagement have been that:

• an approach that appears too science based may not always 

be appropriate; engagement is easier if it reflects the current 

interests and concerns of each stakeholder, which may not yet 

include climate change;
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• stakeholders are likely to engage with climate adaptation 

because it is in their interests to do so, although this may not 

always be immediately apparent; and

• engagement of new stakeholders can require considerable time 

and commitment. 

5.3.2 Utility of UKCIP tools 
The utility of the UKCIP tools is assessed in Appendix 1. The 

general lessons that have been learnt in developing tools for 

climate impacts assessment are identified here.

• Tools can serve a wide variety of users if delivered as a range 

of products, from summary leaflets through to technical reports 

and data delivered via the web.

• To be credible, tools (including methods, data and information) 

need to be world-leading and recognised as good practice for 

applications.

• Bringing providers and users together to define new tools and 

refine existing tools adds utility to the tool.

• Training a core set of stakeholders to use each tool is 

important for uptake.

• Well-documented case studies are a valuable resource for 

assisting uptake of tools.

• The importance of socio-economic issues has probably been 

under-estimated. The fine-scale socio-economic situation is 

central in determining vulnerability and adaptive capacity.

5.3.3 Achieving integration 
Integration has been achieved within and between the regions 

and sectors through our partnership approach, the use of 

common tools and resources, and through the role of Programme 

office staff in studies.

• Regional scoping studies have an integrating function as they 

look across a range of sectors.

• The twelve regional scoping studies have supported a number 

of information mining exercises to draw nationally integrated 

conclusions.

• UKCIP has encouraged regions to work together on developing 

a common research agenda, and has encouraged UK Inter-

Regional Climate Change Group to act as a vehicle for 

spreading good practice.

• Partnerships bring individuals from different organisations into 

a close working relationship that fosters integrated thinking.

• Some regional quantitative work is cross-sectoral eg. the North 

West England’s Climate Change and the Visitor Economy study 

and RegIS.

• Sectorally, UKCIP has fostered integration in the BKCC portfolio 

by promoting a joint approach to downscaling, socio-economic 

scenarios, datasets, and case studies.

5.4 Gaps and priorities for the future
Much of UKCIP’s work to date has been characterised by the use 

of climate scenarios to identify climate impacts for stakeholders, 

so they can develop their own adaptations to climate change. 

Significant progress has been made in scoping impacts, and 

progress in quantifying those impacts is well advanced in some 

sectors. However, knowledge of potential impacts is only part of 

what is needed for adaptation. While individual organisations will 

adopt their own adaptation strategies, UKCIP has had a role to 

play in facilitating this process. The next phase of the Programme 

should aim to continue to improve knowledge and understanding 

of the impacts of climate change among stakeholders, and to 

help stakeholders to be better equipped to undertake adaptation 

to climate change. 

The review of the UKCIP process (ESYS, 2004) has shown it 

to be successful but not without room for improvement. The 

Programme remains committed to a stakeholder-led approach 

and seeks to overcome some of the barriers to engagement. 

The increasing demand for support may, however, require 

UKCIP to clarify its boundaries and priorities. For example, for 

every sector and activity with which UKCIP becomes engaged, a 

workplan, including an “exit strategy”, could be developed with 

stakeholders, so ownership of and responsibility for the issue 

can be handed over to stakeholders once they are empowered 

to deal with it. UKCIP recognises that more progress has been 

made on natural systems than in social or built environments, 

and in sectors such as conservation and flood management where 

other organisations already have a considerable understanding 

of impacts and have a clear lead in adaptation. UKCIP needs to 

address this gap. This is likely to reinforce the observed shift 

in the focus of the Programme’s work from natural systems 

to human and built systems, reflecting the status of impacts 

knowledge and priorities for adaptation. 

Five main areas for further work have been identified and are 

discussed below.

5.4.1 Research
• Some gaps remain after the scoping phase where further 

work is needed (eg. emergency planning). For those activities 

which were scoped effectively and where key impacts have 

been identified (insurance, health, tourism), the research focus 

should move to more detailed, quantitative and costed risk-

based studies of impacts and adaptation. 

• New studies should be encouraged to use the risk and costings 

tools and could benefit from the experience of the BKCC 

portfolio by building integration and dissemination functions 

into the project design.

• Some aspects of the adaptation process are poorly understood 

and work should be conducted with stakeholders to advance 

existing knowledge.
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• There is a need to move beyond sector- and region-based 

research to consider some smaller-scale research, exploring 

cross-sectoral issues in specific locations, or ‘hotspots’ where 

several issues come together in particular regions.

5.4.2 Building adaptive capacity
Work on adaptation is in its early stages and needs to be 

advanced by: 

• Addressing the top-level drivers (regulations, industry 

standards, etc.) that impose an adaptation context for many 

stakeholders.

• Improving our understanding of stakeholders’ response to 

climate risks and provide guidance on how to develop their 

own organisation’s adaptive capacity.

• Working with stakeholders to develop means of measuring 

adaptive capacity and identifying indicators of adaptation.

5.4.3 Tools
Training and support on the use of the tools is needed to 

facilitate their uptake. New tools are also required to meet user 

demands and to incorporate advances in available knowledge.

• Major technical advances in climate modelling (eg. use of 

ensembles of climate models and presentation of probability 

distributions) will be presented in the next climate information 

package.

• A database of adaptation case studies should be populated 

with existing examples and with results from research.

• The prototype UKCIP Adaptation Wizard should be developed 

to the stage where it links all the UKCIP tools and case studies 

and includes a record-keeping function.

• A sustainable means of delivering training in the use of all 

tools should be developed. This is particularly important for the 

socio-economic scenarios, the use of which has so far been 

limited.

• Case examples for all tools are needed to facilitate their 

uptake.

5.4.4 Sustainable partnerships
• Regional and sectoral partnerships have a valuable role to play 

in adapting to climate change and should aim to progress to 

a point where they are self-sustaining, with assured support 

from UKCIP, and where both the partnership and the individual 

members have adaptation strategies in place.

5.4.5 Communications
Effective communication is vital to the success of the programme 

and could be enhanced.

• A standard set of materials should be developed so that a 

network of agents could undertake some of the Programme’s 

awareness-raising and education role, multiplying up the 

Programme’s efforts. The regional and sectoral partnerships 

could play a role here. 

• Stakeholders have valued highly UKCIP events, such as the User 

Fora, that foster stakeholder-to-stakeholder communication. 

Generating a greater volume of such communications could 

facilitate integration and encourage exchange of good practice 

between stakeholders. 
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Appendix 1: 
Description and 
review of the UKCIP 
tools and resources
UKCIP aims to provide tools that meet the needs of its very wide 

range of stakeholders, while also being scientifically and technically 

of the highest quality. All of the tools have been funded by 

Defra. They provide a common framework for integrating UKCIP 

stakeholders’ activities on impacts and adaptation, working towards 

comparability across studies, sectors and regions. This Appendix 

describes the tools and reviews their utility.

A1.1 Climate change scenarios
A1.1.1 Description 

Two sets of climate change scenarios have been produced for 

UKCIP to show how the climate of the UK may change over 

the 21st century. The UKCIP98 scenarios (Hulme and Jenkins, 

1998) describe four possible climate futures for the UK. These 

are labelled as Low, Medium-low, Medium-high and High. The 

scenarios span a range of emissions scenarios and different 

climate sensitivities. The patterns of climate change described in 

each scenarios are derived from modelling experiments conducted 

by the Hadley Centre. Information on a range of variables is 

provided at a resolution of 300km. 

The UKCIP02 scenarios (Hulme et. al., 2002, described in Box 

1.1) are based on four different emissions scenarios published 

by the Intergovernmental Panel on Climate Change (IPCC). These 

are based in turn on four different descriptions of how the world 

may develop in the decades to come. The implications of the 

four emissions scenarios for future global climate are calculated 

using a global climate model from the Hadley Centre. Changes in 

global climate are used as an input to a regional climate model 

to describe future changes in UK climate at a 50km resolution, 

reflecting user requests for higher resolution climate information. 

The four scenarios that result are named after the emissions 

scenarios on which they are based, namely: Low, Medium-Low, 

Medium-High and High Emissions scenario. Observations of recent 

change are provided. Information on future changes in a range 

of variables, including temperature, precipitation and wind, is 

provided over seasonal and annual time periods. Uncertainties 

associated with climate scenarios are illustrated with other models.

The UKCIP98 scenarios and UKCIP02 scenarios have been used in 

all UKCIP studies to date and have proven to be a critical means 

of facilitating integration between studies. In addition, the 

scenarios are used extensively elsewhere to assess impacts of 

climate change, and are regularly referenced in research findings 

and policy documents (eg. Arnell, 2003; Environment Agency 

Southern Region, 2003; Evans et al., 2004).

UKCIP anticipates publishing another package of UK climate 

change information in 2008. We intend for this package to be:

• designed with end user needs in mind;

• simple enough for beginners to use, but with underlying levels 

of complexity for the more experienced user; 

• focused on a risk management approach to climate risks and 

uncertainties; 

• capable of addressing both climate variability and change; and

• customisable by individual users.

A1.1.2 Review 

The climate change scenarios have been the most widely used 

of all the UKCIP tools. They have been used in all studies and 

have provided one of the programme’s strongest integrating 

mechanisms, ensuring a consistent approach, allowing the results 

from different studies to be compared and so offering a means of 

achieving integration among UK climate change assessments. 

The scenarios are also an important communication too, raising 

awareness of climate change. They aim to meet the climate 

information needs of a very wide range of users, from a regional 

stakeholder who wants high-level messages for a specific part 

of the UK, to detailed needs for more specialised variables of 

importance to particular sectors. 

1998 climate scenarios (UKCIP98)

Approximately 120 license-holders made use of these scenarios 

between 1998 and 2002. The reports that accompanied them 

provided more detail for one of the four scenarios, the medium-high 

scenario. This resulted in many impacts assessments concentrating 

on that particular scenario, so it almost became common wisdom 

that this was the ‘most likely’, despite advice to the contrary. 

2002 climate scenarios (UKCIP02)

The UKCIP02 scenarios provided data at a higher spatial resolution 

(50km2 as opposed to 300km2). At the time, no other climate 

model output was available at this scale, so model uncertainty 

could not be addressed directly as part of the scenarios set, but it 

was illustrated using maps and diagrams of predictions from other 

climate models and also given in a table of suggested uncertainty 

margins. Exclusive use of the Hadley Centre models was recognised 

as a weakness, and ways of coping with this were discussed in 

an Appendix of Hulme et al. (2002) and in an additional technical 

guidance note on uncertainty that was produced by the Hadley 

Centre (Jenkins and Lowe, 2003). 
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Richer information on extreme events was also provided with 

UKCIP02, such as changes in extremes of temperature and 

precipitation. The ability to provide extremes information is still 

evolving, and stakeholders still want better information as it is 

often these extreme conditions that practice and procedures need 

to be designed for, rather than changes in average conditions.

UKCIP02 have become the standard reference for climate change 

assessments in the UK. There are currently approximately 130 

licensed users who have electronic access via the scenarios 

gateway on the UKCIP website (see Figure A1.1). To date over 

1000 copies of the technical report and more than 6500 copies 

of the summary report have been distributed. General opinion 

suggests that the range of variables is broad enough for a wide 

variety of assessments. Under guidance from Programme Office 

staff, most studies have made use of the low emissions and 

high emissions scenarios, to capture a range of possible climate 

changes. A few studies have used all four scenarios. 

Though they were designed to meet the needs of as wide a 

range of users as possible, it was inevitable that they could 

not provide information on every variable and every averaging 

period that would be required. The BETWIXT project has further 

developed the UKCIP02 scenarios to meet the particular needs of 

researchers working on the built environment.  

Local government
5%

Private sector
22%

Central 
government 1%

Other
4%

Voluntary 3%

Regional 
representative 

organisations 1%

Government agency
13%

Higher/further
education 51%  

Figure A1.1: UKCIP02 licensees (top) by organisation type 
(bottom) by sector (December 2004).

Points to consider for future climate scenarios

Development of scenarios through consultation with users means 

that there is pressure on the climate scientists to address their 

requests. There are tensions between ‘what users want’ and what 

is scientifically robust and credible. The scenarios have aimed to 

meet users’ needs as far as possible, without compromising the 

scientific quality of the information. The process of developing 

the scenarios in consultation with users does, however, provide 

an opportunity for stakeholders to challenge the information 

being offered and to learn from the climate scientists about what 

is feasible. 

The following user needs have been identified for future 

development of climate change information:

• information should be as simple or as complex as the user 

requires;

• improved spatial resolution is desirable;

• more complete information on a range of climate statistics 

- long-term averages, short term extremes and probabilistic 

information (e.g. probability density functions) would be 

valuable; 

• providing information on near-term (present day and the next 

decade) climate variability (especially patterns of extreme 

events) as well as longer-term climate change would be useful; 

• information should be based on the output from a number of 

climate models.

A1.2 Socio-economic scenarios
A1.2.1 Description

Climate variability and change will not occur in isolation of social 

and economic change. The consequences of changing climatic 

conditions will be determined to a considerable extent by the 

nature of the economic, social and technological domain in which 

those impacts occur. It is thus essential to develop a view of the 

world in which future climate changes will be felt. That future 

world may be very different from today’s world. The nature of 

climate impacts, and our capacity to respond to them, may also 

be very different.

UKCIP’s socio-economic scenarios were developed by the Science 

Policy Research Unit (SPRU) at the University of Sussex to 

provide a consistent set of information for UKCIP studies. Four 

national scenarios were developed – National Enterprises, Local 

Stewardship, World Markets and Global Sustainability – and are 

described fully in UKCIP (2001). 
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A1.2.2 Review 

The socio-economic scenarios were used in six UKCIP studies. One 

of the difficulties experienced in applying the scenarios has been 

the need for studies to interpret the national scenarios for a 

particular region or sector. This has required additional resources 

and study commissioners have seldom been able to fund this 

dimension, preferring instead to concentrate on exploring 

‘climate-only’ impacts. Where they have been used, however, 

for example in the RegIS study (Holman et al., 2002), they have 

been shown to have a major effect on study outputs. 

A1.3 Decision-making framework 
A1.3.1 Description

The UKCIP report Climate adaptation: Risk, uncertainty and 

decision-making (Willows and Connell, 2003) was developed with 

the Environment Agency. It provides an 8-stage decision-making 

framework with accompanying guidance, to help assess climate 

risks and uncertainties and incorporate suitable adaptation 

measures into a decision. For each stage of the framework, there 

are questions to answer, and recommended tools to help. 

The framework:

• directs decision-makers to undertake rapid risk characterisation 

and screening exercises, before moving on to more detailed 

assessments;

• helps refine the problem and objectives and modify adaptation 

options, before making a decision; and

• guides the decision-maker to review the decision, for instance 

to see if it delivered the expected benefits.

A1.3.2 Review

The decision-making framework is similar to many others that 

are routinely used for risk management, so many of its concepts 

are familiar to risk managers. It explains how climate risks 

and uncertainties can be incorporated into decision-making, 

alongside other non-climatic factors. However, the framework is 

comprehensive in the information it provides, and some decision-

makers found it too demanding. In response to a questionnaire 

on the usefulness of the framework in 2004, most respondees 

scored the framework and report highly, giving them ‘4 out of 

5’ or ‘5 out of 5’ for usefulness, but some commented that they 

were of little use (‘1 out of 5’) as they were too complex. 

Training workshops were run across the UK, covering four 

different types of climate sensitive decision. This training seems 

to have been very successful: in feedback at the end of each 

workshop, nearly all trainees said they felt ‘happy’ or ‘very 

happy’ about using the framework again. 

The framework has already gained recognition outside the UK. It 

is being used in other countries and is now referred to in reports 

and papers produced by the UNFCCC (UNFCCC, 2004), the IPCC 

(IPCC, 2004) and the European Environment Agency (EEA, 2004). 
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A1.4 Costings method
A1.4.1 Description

The UKCIP costings report (Metroeconomica, 2004) provides a 

method for calculating the cost of climate impacts, and explains 

how to compare these to the costs of adaptation measures, so 

that the most appropriate measures can be selected.

The methodology is designed for use in conjunction with the 

decision-making framework. It is flexible enough to be applied 

across a wide range of sectors, and at local, regional or national 

scales in the UK. It includes valuation guidelines grouped into 

two categories:

• conventional market-based techniques, for impacts that affect 

an asset, or a marketed good or service; and

• individual guidelines for valuing impacts on non-marketed 

goods or services, such as habitats and biodiversity, human 

health, recreation and amenity, cultural objects, leisure and 

working time, and non-use benefits.

A1.4.2 Review 

It is too early to evaluate this tool, but a series of training 

workshops has been run. Feedback from these workshops has 

been positive: most trainees said they felt ‘happy’ or ‘very 

‘happy’ about using it.

A1.5 The UKCIP Adaptation Wizard
A1.5.1 Description

The Adaptation Wizard is a web-based tool developed by UKCIP, 

with a prototype version launched in 2004. It is designed to 

help decision-makers move through a process from simple 

understanding of climate change, to integration of climate 

change into decision-making, by making use of the extensive 

resources available on the UKCIP website. The Wizard draws 

heavily on Willows and Connell (2003) and includes four steps:

• scoping the impacts;

• quantifying risks;

• decision-making and action planning; and

• adaptation strategy review.

It also includes ‘Principles of good climate adaptation’, which 

provide some guidance on general strategies for climate-

proof decision-making, as well as a ‘Resources’ section, which 

provides links to the tools and studies on other parts of the 

UKCIP website, as well as links to work being done by other 

organisations.

For each of the steps, the Wizard: 

• explains if a decision-maker is ready to do the step, and what 

it will help achieve; 

• provides some key questions, and indicates which ‘principles 

of good climate adaptation’ and ‘resources’ should be drawn 

upon; and

• provides a checklist of the principles and resources, and 

explains what to do next.

A1.5.2 Review 

A prototype version of the Adaptation Wizard was released in 

summer 2004. Early feedback from users points to the need for 

improved navigability around the site and for other ways for 

users to capture and store the information that they have picked 

up in working through the Wizard. This focus on documenting 

the process of decision-making is important for building adaptive 

capacity as it allows the knowledge to be quality-assured, 

retained and refined later.

A1.6 Adaptation case study 
database
The adaptation case studies tool is currently being developed 

into a searchable database containing examples of adaptation 

options that have been implemented in the UK. The database 

will ultimately be web-based and searchable by region, activity 

or sector, and adaptation type, level (project, programme, 

policy, strategy) or service area (for local authorities examples 

only). Once the database is fully operational, UKCIP will invite 

stakeholders to provide further examples to populate the 

database.

A1.7 Data and information
The Programme Office has occupied a central role with regard to 

data issues for UKCIP projects. It facilitates open access to data 

for climate change studies, provides extensive advice on relevant 

datasets and associated metadata, and identifies and acquires 

core data sets important for climate change impacts research 

(e.g. soils, land cover, designated sites, topographic areas, 

administrative and socio-economic data). In addition, specialist 

advice is provided on the use of GIS as a mapping, visualisation 

and decision-support tool in UKCIP studies. 

The multi-project, interdisciplinary Building Knowledge for a 

Changing Climate (BKCC) portfolio benefits from an Integrating 

Framework which maximises the resources of the individual 

projects through collaboration, and manages the projects as a 

coherent portfolio. One of the aspects of this integration has 

been in the sphere of data management. 
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UKCIP set up a Data Management Group (DMG) for the BKCC 

initiative in order to facilitate exchange of data and information, 

to help ensure wide dissemination of research results, and to 

provide economies of scale for data costs, data licensing and 

liaison with data providers. 

The aims of the BKCC DMG are to: 

• Plan data management activity for the duration of the 

programme;

• Identify common data requirements between projects; 

• Identify and record data products from project research;

• Develop a metadatabase conforming to appropriate data 

standards; and

• Facilitate the adoption of good data management practices 

throughout individual projects. 

The data management activities carried out both within and 

between projects have been useful through, for example, 

helping with the process of identifying suitable datasets and 

promoting data sharing in terms of data inputs and outputs. An 

additional benefit of bringing project members together under 

the Integrated Framework umbrella is that it has promoted 

networking and research links among the projects involved. 

A1.8 Communication products
UKCIP is a link between technical and scientific research and 

the stakeholder community, so it is essential that UKCIP’s 

communications are effective. UKCIP is also a gateway to 

information on climate impacts and adaptation for a wider 

audience, including climate change specialists and also those 

people juggling climate impacts and adaptation with many other 

areas of responsibility. 

Programme Office staff are at the forefront of communicating 

information about climate risks and the importance of preparing 

for climate impacts. To support this face-to-face contact, UKCIP 

relies mainly on an e-news bulletin, the website and publications. 

The Programme Office database lets us keep in touch with over 

3,500 stakeholders, most of whom subscribe to the monthly 

email bulletin, e-news. This has a mix of UKCIP-focussed news 

alongside other items about climate adaptation, and is the main 

route for sharing information about UKCIP activities quickly. It 

was introduced in 2000 as a cheaper, more regular and more up-

to-date replacement for the paper-based newsletter. An online 

subscription form, introduced in June 2004, led to an 8% increase 

in subscribers in the first month.

The Programme Office distributes over 50 titles, most of which 

are branded as part of the UKCIP umbrella of work on climate 

impacts and adaptation. All are available free of charge in 

hard copy, CD and pdf formats. Around 1,000 publications are 

distributed per month, including individual requests and bulk 

orders for conferences. Around 2000 pdfs are downloaded from 

the website each month. 

The UKCIP website is a crucial element in our communication 

strategy, developing a role as a source of information for the 

wider climate change community, not just our stakeholders. A re-

designed site was launched in June 2004, offering more features, 

including online publications ordering and the Adaptation Wizard 

to help organisations plan their adaptation to climate change.

UKCIP’s communication products have succeeded in raising 

awareness of climate change, facilitated the development of 

networks of users, and acted as a conduit of climate change 

impacts information between users and researchers.
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Appendix 2: 
Stakeholder profile  
and methods of 
engagement 

A2.1 Description of stakeholders
UKCIP stakeholders are decision-makers in organisations that are 

going to be, or already are, affected by the changing climate 

and need to decide on adaptation actions that are important on 

a local, regional or UK-wide scale. The scope of UKCIP has not 

extended to the general public. 

The stakeholder profile is dynamic and has grown with time 

but in general, stakeholders have one or more of the following 

characteristics:

• a responsibility for long-term projects, such as infrastructure, 

biodiversity or land use planning with lifetimes of decades;

• a responsibility for products, services or policies that are 

climate-sensitive, and which need a management adaptation 

response;

• a clear, sometimes statutory, responsibility to protect 

communities or special interest groups; 

• a general concern about what they can do about climate 

change; or

• sufficient commitment to the issue to allocate resources, 

usually staff time or project funding, towards initiatives on 

climate impacts and adaptation.

Two broad categories of stakeholder may be identified. “Core 

stakeholders” actively participate in studies, partnerships, 

networks and research. A wider group of stakeholders have a 

watching brief or casual interest in climate change, and receive 

information on climate change and its impacts.

A2.2 Core stakeholders
A2.2.1 Profile of core stakeholders 

In the early years of UKCIP, core stakeholders were drawn 

primarily from the public sector, with an emphasis on government 

departments and agencies. Private sector involvement was limited 

and focussed around the utilities, particularly water companies, 

with some representation from the finance and insurance sectors, 

industry and transport (McKenzie Hedger et al., 2000). 

Over the next few years involvement of regional government 

bodies, non-governmental organisations and private sector 

stakeholders from a wider range of sectors increased, reflecting 

expansion in the number of studies underway. 

By 2004, a new portfolio of studies introduced an urban / built 

environment focus complementing the natural environment 

focus of longer-established sectoral studies. Businesses and 

local authorities had also been targeted to engage in climate 

adaptation. A further six studies initiated under Defra’s cross-

regional research programme broadened the scope of active 

partners. The current stakeholder profile is illustrated in Figures 

A2.1 to A2.3.

Private sector, 399

NGO, 194

Media, 39

Local government, 434

Not specified, 977

College of further education, 2

University, 318

Research establishment, 225

Public, 19

Regional government, 62

Religious organisation, 3

Trade organisations, 33

Learned society, 4

Devolved government, 12

Government funded body, 286

Consultancy, 9

Central government, 281

Supplier, 13

Individual, 220

Figure A2.1: Contacts by type of organisation, summer 2004.
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Figure A2.2: Contacts by sectoral interests, summer 2004 (Note: a single contact may have multiple sectoral interests).
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Figure A2.3: Contacts by regional interests, summer 2004 (Note: a single contact may have interests in more than one region).

A2.2.2 Methods for engaging core stakeholders 

Studies, partnerships, networks and research 

Core stakeholders are directly involved in sectoral or regional studies and commission, fund and support these projects. Initially, 

stakeholders were encouraged to commission research that addressed their particular questions about the impacts of climate change on 

their own organisation, role and responsibilities (McKenzie-Hedger et al., forthcoming). Regional climate change groups were set up to 

fund and manage the delivery of a scoping study. These studies often recommended that further research should be commissioned to 

investigate the key risks they identified. However, the regional groups often did not have access to the research funding needed for more 

comprehensive, quantitative assessments . In some cases, this led to a loss of momentum after the scoping study was completed, and 

individuals returned to their ‘day jobs’. Sectoral groups, which were often composed of public-sector decision-makers with a national remit 

(e.g. for nature conservation), tended to have more generous research budgets, and were able to fund further assessments. 
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It was increasingly recognised that both regional and sectoral groups could fulfil a number of important roles besides funding research. 

Several groups thus developed into permanent climate change partnerships concerned with ensuring that their region or sector is 

prepared for climate change. Their activities are wide-ranging – from awareness-raising activities to monitoring of climate indicators, 

commissioning research and developing adaptation strategies or policies. For the most part, individuals in the partnerships do not 

have climate change as a main function of their day jobs. However, several organisations, most notably the Environment Agency and 

Government Offices, have provided significant staff time to support the regional partnerships.

Climate change partnerships have been established in six of the nine English regions, and have themselves established a network 

called the UK Inter-Regional Climate Change Group to help foster co-ordination and share common experiences. Memberships of the 

regional partnerships are diverse and cross-sectoral. The remaining English regions and the devolved administrations are working 

towards establishing partnerships (see Table A2.1). 

Table A2.1 The status and activities of regional partnerships. 

Region Partnership established? Focus Activities in 2004

South West Yes, through Environment 

Agency

Adaptation Develop work programme based on priority themes

Establish thematic working groups 

Prepare to appoint full-time officer

South East Yes, South East Climate 

Change Partnership

Adaptation Implement work programme

Publish South East Climate Threats and Opportunities Research Study 

(SECTORS)

Input into ESPACE (European Spatial Planning: Adapting to Climate 

Events)

London Yes, London Climate 

Change Partnership

Adaptation Work on growth areas 

Project on risks and costs to transport systems 

Development of website

East of England No, pending Tbd Publication of scoping report

Launch of scoping report

Establishment of regional partnership

East Midlands Yes, through the 

Regional Assembly with 

the Environment Agency

Adaptation & 

mitigation

Reformation of regional partnership 

Gather support 

Propose and adopt work plan

West Midlands Yes, led by Sustainability 

West Midlands

Adaptation Publication of scoping report

Launch of scoping report

Establishment of regional partnership

North West Yes, North West Climate 

Group

Adaptation & 

mitigation

Deliver pilot second stage climate impacts project, Climate change 

and the visitor economy in England’s Northwest

Yorkshire & 

Humber

Yes, through Government 

Office for Yorkshire and 

Humber

Adaptation & 

mitigation 

Draft climate change action plan published Appointment of full-time 

co-ordinator

North East Yes, but informal Adaptation Host UKCIP User Forum Review of regional activity by local authorities 

Devolved Administrations

Scotland Formal development 

process to establish 

partnership underway

Tbd Formal partnership development process underway through SNIFFER 

Prepare to appoint full-time officer 

Northern 

Ireland

Preliminary work to 

establish partnership 

underway

Tbd Workshop held for Government Departments 

Conference held for wide stakeholder group

Wales Partnership under 

discussion

Tbd Partnership development under discussion

Source: Adapted from UKCIP, 2004
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Table A2.2: The status and activities of sectoral partnerships.

Sector Status of partnership and activities

Building Knowledge for Climate Change (BKCC) Nine established, one per study

Gardens Yes

Modelling natural resource response to climate change (MONARCH) Yes

Regional Integrated assessment (RegIS) Yes

Marine environment Partnership established

Box A2.1: Local authority and business networks

The local authorities network consists of English local councils and other related stakeholders, such as Local Government 

Association (LGA) and the Office of the Deputy Prime Minister (ODPM). This group is currently exploring how to make best use 

of UKCIP tools such as the Adaptation Wizard. Work initiated by UKCIP on establishing a local authority network in Scotland is 

being developed by the Scottish and Northern Ireland Forum for Environmental Research (SNIFFER). UKCIP’s work with councils 

in Wales and Northern Ireland is at an earlier stage of development. 

The business network – known as Changing Climate for Business (CCFB) – is a pilot project. Eight trade associations and 

professional bodies are developing resources that will help prepare their sector for the impacts of climate change. Each 

organisation is preparing one or more adaptation-related outputs and these include: workshops for staff and members, business 

planning documents, technical guidance notes, magazine and journal articles and sector-specific networks.

The CCFB participating organisations are: Association of British Insurers, Council for Mortgage Lenders, Concrete Centre, 

Chartered Institute of Building Services Engineers, Country Land and Business Association, National Farmers’ Union, Royal 

Institute of British Architects and the Society of Motor Manufacturers and Traders. 

Partnerships have also been established for five sectors (Table A2.2) comprising key organisations with responsibility for, or interest in, 

a particular sector. 

Two climate change networks have been established to increase participation among businesses and local authorities (see Box A2.1). 

The networks share information between participants and support organisations developing work on impacts and adaptation. They 

differ from the partnerships in that to date they have not commissioned joint research.

A2.3 The wider stakeholder community
A2.3.1 Profile of wider stakeholder community

A wider stakeholder group includes subscribers to our monthly email bulletin called e-news (currently over 3,500 subscribers 

representing some 1,300 organisations), registered website users (over 1,500 individuals) or individuals who request publications. 

Some are from organisations based outside the UK; many are students from all levels of the education sector. There is also a body 

of researchers that uses UKCIP data and information, and helps to inform data development to ensure it meets their needs. User 

feedback will help to scope the requirements for the new set of climate change information.

A2.3.2 Methods for engaging the wider stakeholder community

Reports, guidance and information are produced for stakeholders covering almost all aspects of UKCIP’s work. These are available via 

the website, or to order as digital or paper copies. The website provides basic information to the casual browser, as well as access to 

more detailed data and tools. E-news has proved the most effective way to communicate with this group of stakeholders. Not only 

does it convey information, but it also prompts feedback and participation.
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A2.4 Barriers to stakeholder 
engagement
A number of barriers to action on climate change have been 

identified by stakeholders. The most common are discussed here. 

A2.4.1 Uncertainty

The lack of certainty about the nature and extent of climate 

change impacts is difficult for many stakeholders to cope with. 

High profile disagreements between scientists about climate 

change cause public confusion because they present the science 

as very unclear and many of the arguments as evenly balanced. It 

continues to be necessary to emphasise the consensus of scientific 

opinion and the on-going research into areas of uncertainty. The 

decision-making framework has been a powerful tool to help 

organisations consider climate risks alongside other risks they 

manage and to address decision-making despite the uncertainty. 

A2.4.2 Complexity and challenge of the message

The climate impacts and adaptation message is not a 

straightforward one. The impacts can be summarised briefly, 

but this conceals the variety and complexity of detail that lies 

beneath. The adaptation response is equally challenging. Both 

impacts and adaptations depend on a unique mix of factors, 

including: sector, geography, resource, approach to risk and 

technological know-how. These complexities make it difficult 

to communicate precise information on climate impacts and 

adaptation to a wide audience. Additionally, many stakeholders 

have grasped the climate change mitigation message, and 

struggle to add adaptation to that knowledge. Others are still 

confused about the two responses. UKCIP has produced a concise 

message to put the two responses into context: 

The climate change we expect in the next 30-40 years will be 

due to our past greenhouse gas emissions. Climate change later 

this century will be determined by the emissions we allow now.

We need to adapt our way of life so that we can prepare for the 

changes that are already in the climate system, as well as limiting 

our future greenhouse gas emissions.

A2.4.3 Planning horizons and competition for 
resources 

Adaptation is often regarded as something to be done in the 

future, because the more significant impacts will not occur until 

later in this century. Stakeholders may consider the relatively 

small shifts in climate conditions until the 2020s, coupled with 

the uncertainty of the science, to be sufficient reason to adopt a 

‘wait and see’ approach. With a focus firmly on the future, even 

organisations that have a good understanding of how climate 

change will affect them, may have difficulty convincing senior 

managers to allocate resources for adaptation action today for 

events that may not happen for decades, particularly when those 

resources could be used for more immediate benefits.

A2.4.4 Resource constraints

At a more general level, the formula for funding future work may 

need to be reviewed as most stakeholders have very real resource 

limitations. A mix of stakeholder and core funding is probably 

needed to maintain progress, but a number of consequences of 

this mixed model need to be addressed:

• Stakeholders have very limited resources, so additional 

funding may enable further research to be conducted and may 

enable partnerships to develop adaptive capacity and actions; 

however,

• External funding may delay the formation of active self-

sustaining adaptation partnerships;

• External funding may reduce stakeholder ownership of research 

and the uptake of the results;

• Separation of the funding role from the steering role raises the 

potential for conflict over control or direction of research; and

• Experienced stakeholder/funders may develop an expectation 

that they can alter the direction of research funded by a 

central authority.

A2.5 Gaps in the stakeholder 
community
People-centred services, for example, housing, education, social 

services and service-sector businesses, are poorly represented 

among UKCIP contacts to date. The small and medium sized 

enterprises business sector has been difficult to engage. For 

many small businesses, decision-making is often focused on the 

short-term, driven by factors such as market demand or changes 

in professional standards. For some businesses and sectors 

climate change is a marginal issue, and a periodic climate change 

‘health check’ might be in order. 
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