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Chief Economist’s Foreword

Research and analysis is at the heart
of the way we develop and manage
policy in Defra.

Our economists, statisticians and social and operational researchers work as an integral part of the
policy process to answer some of the key questions facing our society:

e \What should we be doing to prepare for climate change?

e How can we safeguard environmental resources for future generations whilst still meeting the needs
of today?

e How can we manage the environment in a way which gives the best opportunities for businesses
and growth?

e What will a high-productivity food sector look like in the future?

e How can we adequately value the goods and services provided by the natural environment in
decision making?

Researchers and analysts in Defra create a solid platform for us to answer these questions and to shape
thinking on policy issues both within the UK and internationally.

The Defra Evidence and Analysis Series will bring this research to a wider audience, creating the basis
for discussion with the wider academic, business and policy-making community.

It is pertinent that this first paper, Adapting to Climate Change: Analysing the Role of Government,
addresses an issue that is rapidly rising on the policy agenda. While there is a great deal of analysis on
climate change mitigation, the evidence base on adaptation is still rather thin. The paper is designed to
help provide a framework for thinking about the role of government in this area, and where policy can
make the biggest difference in helping society to manage the risks we face as the climate changes. As
with all of the papers in this new series, we hope it will be useful for people engaged in developing and
debating public policy, and also that it will provoke others to do their own work and generate new
insights which will help us all to make progress in this area. So naturally, we welcome any comments or
contributions you would like to make to this debate.

DEYNRYEA

Richard Price

Chief Economist and Director for Economics, Statistics,
Operational and Social Research
Defra
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Executive Summary

Climate change is one of the greatest challenges facing the world today. Strong international action is
required to reduce greenhouse gas emissions. However, past emissions mean that we are now
committed to decades of temperature rise, and to over 100 years of sea-level rise. Projected rises in
global mean temperatures would result in a faster rate of climate change this century than the Earth has
experienced for at least 10,000 years.

The UK Climate Projections 2009 (UKCP09) suggest that the UK is likely to experience warmer wetter
winters, hotter drier summers, and more frequent extreme weather events. It will also be affected by
the impacts of climate change occurring in other countries. Preparing for a changing climate —
adaptation — will help the UK to reduce adverse consequences and take advantage of new
opportunities. This paper provides a framework for analysing the role of Government in helping people
and businesses adapt to projected changes in climate.

Understanding adaptation

There are two components to our response to the challenge posed by climate change:
addressing the causes of climate change by reducing concentrations of greenhouse gases in
the atmosphere - mitigation, and preparing for the consequences - adaptation. Both are
essential elements in our response, although there are important differences between them:

e the benefits from mitigation occur on a global scale, whereas adaptation generally results in localised
benefits; and

e there is no single metric for measuring success in adaptation, in contrast to mitigation which can be
measured by reductions in greenhouse gas emissions.

In consequence of this, people and businesses will take action to adapt when it is in their
interest and power to do so - that is, they will take measures where the benefits outweigh
the costs to them. Possible adaptation responses include: preventing, tolerating or sharing losses,
changing use or activity, changing location and restoration. For example, farmers might increase yields
by changing their crops and businesses can reduce the risk of disruption by preparing for climate risks.
In some cases, the costs of trying to prevent all losses will exceed the benefits, and it will be efficient to
accept some residual losses.

There are a range of barriers that make it challenging for people and businesses to choose the
right adaptation strategy:

e Market failures. These include lack of information or awareness of climate impacts, misaligned
incentives and the public good nature of some adaptation measures.

e Behavioural barriers. Adaptation decisions are complex, and involve dealing with long time
horizons and uncertainty. Taking into account climate change in decisions made today — such as how
and where to build new infrastructure — will have long-term benefits, but may entail additional
near-term costs. There is a tendency for people to demonstrate inertia, procrastinate, and have
implicitly high discount rates that place little weight on the future consequences of their decisions.

e Adaptive capacity. Some people lack the ability to respond to climate change because of financial
or other constraints.

e Natural capacity. Natural systems might be unable to adapt because of the natural pace of their
adaptive capacity, their resilience to frequent stresses, and the surrounding environment.
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Executive Summary

The Government can play a role in supporting people and businesses to overcome some of
these barriers and create an environment conducive to the appropriate adaptation decisions.
Evidence on our level of adaptation to current climate and the existence of barriers to adaptation
demonstrates that self-interest will not always be sufficient, particularly as climate change will be much
more rapid than previously experienced. Analysing the role of Government does, however, require a
sound understanding of these barriers to motivate any intervention.

Adaptation decisions are not made in a vacuum - the options and incentives available are
shaped by a range of non-climate related policies and institutional arrangements. For example,
water companies’ responses to the increased risk of drought will be affected by the regulator’s decisions
on how much they can charge for water, planning decisions about where and what they can build and
the legal framework governing abstractions and water use. By ensuring that these institutional
frameworks support adaptation, the Government can help to manage the UK'’s exposure to climate risk.

The Government’s own actions will be critical to successful adaptation. Public procurement,
the operation of the Government estate and involvement in the provision of important adaptation
public goods (such as flood defence) will all affect the UK’s resilience to climate impacts. Incorporating
adaptation throughout the Government’s actions will also have wider benefits such as expanding the
market for climate resilient products and services.

This framework for thinking about the costs and benefits of adaptation, and the barriers to
adaptation can help to inform policy design. Interventions to overcome barriers to adaptation
can be assessed against three criteria:

o effectiveness — the policy should reduce vulnerability to climate change;
o efficiency — the benefits should outweigh the costs; and
e equity — distributional consequences should be taken into account.

Given the long-term nature of climate change and inherent uncertainty, it is vital that policies are
designed with the flexibility to respond to changing circumstances and better information.

The economic framework applied

Insurance is a key mechanism for sharing risks and encouraging adaptation. Premiums based on
risk should provide people with the right incentives to adapt, while enabling them to spread the losses
resulting from climate hazards across time, over large geographical areas, and among different social
and commercial communities. The UK markets are well developed for dealing with flooding, which is
one of the main climate risks. The challenge for future development is to ensure that the regulatory
framework remains flexible to encourage the development of innovative approaches while ensuring the
financial resilience of the sector.

Decisions about public infrastructure will have significant, long-term consequences for the
UK’s resilience to climate change. Infrastructure is essential for UK competitiveness and economic
growth. The Government plays a crucial, but diverse role in this area through funding, regulating and in
some cases directly providing public services. It is essential that the regulatory and institutional
framework helps to ensure that climate risks are managed and provides the right incentives for
investment in adaptation.
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Executive Summary

There is a clear need to improve our understanding of the long-term fiscal implications of
climate change. For example, in the Long-Term Investment Strategy for flooding and coastal erosion,
the Environment Agency estimated that around £1bn per year would be required to maintain our
current levels of flood protection by 2035, an increase of around 80 per cent on 2010-2011 levels.
Further research should also examine the extent of any implicit liabilities borne by the Government as a
result of climate change.

The built environment will need to be adapted in order to reduce the risks associated with
rising temperatures and more frequent extreme events. More frequent extreme events will
damage the buildings themselves, and higher temperatures during the summer are likely to make the
inhabitants less comfortable. Decisions about the location and characteristics of new buildings will have
long-term consequences. However, the future occupants of these buildings will have very little say about
how and where they are built. Building standards and planning policy will play a key role in addressing
climate risks. Retrofitting will be an essential adaptation response, as most of the building stock we
expect to use in 2050 has already been built. In social and rented accommodation, the existence of split
incentives may lead to an inefficiently low level of retrofitting in the future.

The natural environment will adapt, but the rapid pace of climate change risks disruption
and losses of biodiversity and ecosystem services. Moreover, climate change will add to already
existing pressures. Analysis suggests that addressing existing inefficiencies, which additionally risk
exacerbating the vulnerability of ecosystems, will yield net benefits regardless of uncertainty over future
climate change.

Next steps

There is a need to define and measure whether the UK is adapting enough and in the right
ways. Adaptation decisions can be assessed against the criteria of effectiveness, efficiency and equity,
based on current knowledge. It is also possible to assess whether the processes and institutional
framework underpinning adaptation are appropriate and provide the right incentives for decision
makers. However, further work is needed to assess whether the cumulative result of these decisions is a
‘well-adapting” UK.

Adaptation will need to be undertaken at all levels of decision making. Businesses, the wider
public sector and households play a key role in ensuring the UK adapts to climate change. Action will be
required at local, regional and national levels, and the Government can play a coordinating role by
providing an environment conducive to adaptation which is effective, efficient and equitable.

This should present individuals and businesses with consistent and predictable signals to drive changes
in behaviour.

There is a need to develop and apply tools for making decisions with incomplete information
in the presence of uncertainty. The evidence base is improving rapidly, but dealing with incomplete
information and uncertainty is an inherent feature of adaptation. The recent Government appraisal
guidance on adaptation emphasises the importance of designing flexibility into decisions.
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Introduction

The Earth’s climate is changing. Past emissions mean we are committed to several decades of rising
global mean temperatures regardless of future mitigation efforts. For the UK, this will imply changes in
weather patterns, rising sea levels and increasing frequent and severe extreme weather.

People and ecosystems have always responded to changes in climate. For example, farmers have grown
different crops, and species have migrated to more hospitable environments. However, this has occurred
in the context of slower rates of climate change than expected in future. Past emissions mean that we
are now committed to decades of temperature rise, and to over 100 years of sea-level rise. Global
average temperatures are likely to rise by between 1.1 and 6.4°C by 2100 (compared to the 1980-99
average) depending on which emissions pathway the world follows for the rest of the century (IPCC
WG1, 2007). Projected rises in global mean temperatures could result in a faster rate of climate change
this century than the Earth has experienced for at least 10,000 years (Met Office, 2008).

The purpose of this paper is to provide a framework for analysing the role of Government in helping
people and businesses adapt to projected changes in climate. The paper does not develop new policy;
rather it is designed to help facilitate and inform discussion of the appropriate role for Government and
policy design in adaptation.

The paper is timely as the 2008 Climate Change Act introduced a new framework for building the UK’s
ability to adapt to climate change. Moreover, while there is a substantial body of research concerning
climate change mitigation to aid policy makers, there has been relatively less research on adaptation.
The Stern Review (2006) stated that although some adaptation will occur autonomously, there is a role
for Government to play in providing policy guidelines, and economic and institutional support to help
the private sector and civil society adapt. The Organisation for Economic Cooperation and Development
(OECD) (2008) reviewed regional and country-specific studies on the costs and benefits of adaptation,
and considered the role of economic and policy instruments in facilitating adaptation.

This analysis builds on previous work by examining the incentives and barriers to future autonomous
adaptation in the UK and building a framework within which to consider the role of Government in the
context of adaptation.

The economic framework has been applied to four cross-cutting themes:
1. Insurance
2. Built private assets
3. Public infrastructure and public utility services
4. Natural environment and biodiversity

These are necessarily brief discussions, not designed to be comprehensive but rather to illustrate key
issues and indicate areas for further research. For each theme, barriers to adaptation have been
identified, along with some options for addressing those barriers.

The focus of the paper is adaptation in the UK. The international aspects of adaptation are largely
outside the scope of this paper, although critical for future work.

The paper is structured as follows:
e to begin, the impact of climate change globally and for the UK in particular is overviewed,;

e Part | explains the economic framework for adaptation and the implications for the role of
Government; and

e Part Il provides an analysis of market and other barriers to adaptation by theme, while presenting
some options to address those barriers.
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How the climate is changing

The global average temperature has increased by nearly 0.8°C since the late 19th century (IPCC WGT,
2007). However, there is considerable geographic variation in temperature rises around the globe:
the temperature in central England has increased by about 1°C since the 1970s.

Nine out of the fifteen warmest years on record for England have been in the last 15 years
(Jenkins et al., 2007). This does not mean that next year will necessarily be warmer than last year,
but the long-term trend is for rising temperatures.

Inertia of the climate system means that global temperatures lag behind emissions of greenhouse gases
(GHGs): as a result, actions to cut emissions now would not slow the rate of rise of global temperature
until at least 2040 (IPCC WG1, 2007). After this time, our success at mitigation now and in the future
will have an increasingly significant effect on the amount of climate change we have to adapt to.

The latest scientific evidence suggests that there are a range of possible climate outcomes for given
emissions trajectories'. These ranges are wide and may change in future as the science develops further.
The latest UK Climate Projections (UKCPQO9) make this explicit by providing a range of projections of the
future climate with associated probabilities, based on the strength of evidence provided by current
knowledge, climate modelling capability and using expert judgement.

These projections suggest that the UK is likely to experience an increase in seasonal temperatures, more
so in summer than in winter. For example, the projections give a range of summer average temperature
increases for the south-east of England of between 2 and 6.4°C? by the 2080s (2070-2099) under a
medium emissions scenario®. In contrast, increases in winter mean temperature are given as +3
(1.6-4.7)°C (Murphy et al., 2009). Sea levels are projected to rise across the UK and central estimates for
sea level rise (taking into account land movement) show that the sea level is projected to rise around
London by 36cm*in 2080 under a medium emissions scenario (Lowe et al., 2009).

As well as rising temperatures, climate change is likely to lead to changes in the number of extreme
events: specifically, increases in hot days (nationwide and particularly in south east England) and
decreases in frost days (greatest where frost days are currently more frequent) (UK Climate Projections:
Briefing Report). Box 1 provides a summary of projected climate change for the UK in the 21st century
and changes in mean summer temperatures respectively.

T UKCPO9 provides three future scenarios of greenhouse gas emissions chosen from scenarios developed by the IPCC. These scenarios show how a range of factors such as
population, economic growth and energy use may change over time.

2 10-90% confidence interval.

* The values given are the central estimate (50% probability level) followed by the 10%-90% probability levels. Changes are in relation to a 1961-1990 baseline.

“ The figure given is the central estimate (50th percentile). The 5th-95th percentile range under a medium emissions scenario for London is 21-68cm. The results for sea level rise
in UKCPO9 provide model frequency distributions rather than probabilities which are given for the atmospheric variables.
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How the climate is changing

Box 1. Summary of climate change for the UK in the 21st Century

Long-term / seasonal averages:
e \Warmer, drier summers

e Milder, wetter winters

e Rising sea levels

Extremes:

e More very hot days — extremes of temperature increase as well as frequency
® An increase in the frequency of dry spells in summer

e A decrease in days with frost in winter

The maps below show some projections of how the UK climate may change for the 30-year period
from 2070-2099 (called the 2080s) at a resolution of 25 km. These maps give a range of climate
that we might expect, together with the likelihood of different outcomes. The central estimate is
given by the centre map. The changes are very unlikely to be less than the left hand map, and very
unlikely to be more than the right hand map.

10% probability 50% probability 90% probability
Very unlikely to be Central estimate Very unlikely to be
less than greater than

&
&

Summer mean temperature

s

1 2 3 4

Degrees C

Source: Jenkins et al (2009); UK Climate Projections: Briefing Report

UKCPQ9 provides the best available evidence on the UK’s future climate. However, it is subject to the
uncertainty that is inherent in climate modelling. The future climate we experience will depend partly on
which emissions trajectory we will be on in the future, but it will also be influenced by other aspects of
the climate system. Some of these are very challenging to model (e.g. tipping points and wind patterns).
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Part I: The Economic Framework

The IPPC (2007) refers to adaptation as “the adjustment in natural or human systems in response to
actual or expected climate stimuli or their effects, which moderates harm or exploits beneficial
opportunities”. Some adaptation is expected to occur autonomously: faced with a changing
environment, individuals and the natural environment will adapt when it is their interest and power
to do so. However, the level of adaptation of the UK will be determined by all the decisions taken
by multiple actors, and in some instances market failures and other barriers can prevent society from
achieving the appropriate level of adaptation for the UK.

Part | explains the economic principles underpinning adaptation. It proposes an economic
framework for thinking about adaptation, and explains the barriers that might prevent adaptation
from being undertaken autonomously to the efficient level. The framework is then used to clarify
the rationale for government intervention on supporting adaptation.

Section 2.1 explains the economics of adaptation. Section 2.2 presents a range of strategies that
can be undertaken to adapt to the impacts of climate change; section 2.3 explains the market
failures and other barriers that can justify Government intervention on adapting to climate change.
Section 2.4 proposes some criteria for selecting adaptation instruments, and finally section 2.5
proposes three strands to the Government’s approach to supporting adaptation.
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Part I: The Economic Framework

2.1 Understanding adaptation

There are two components to our response to the challenge posed by climate change: addressing the
causes of climate change by reducing concentrations of greenhouse gases in the atmosphere
(“mitigation”), and preparing for the consequences (“adaptation”). Although these are both essential
elements of our response, there are important differences between them:

e the benefits from mitigation occur on a global scale, whereas adaptation generally results in
localised benefits; and

e there is no single metric for measuring success in adaptation, in the same way that mitigation
can be measured by a decrease in emissions of greenhouse gases.

Figure 1 shows the total costs of climate change without adaptation (top black line) in contrast to reduced
costs through adaptation (orange line). Adaptation incurs costs but results in benefits, i.e. it reduces the
residual damages from climate change. In this framework, the efficient adaptation strategy is to minimise the
combined total of residual damages and costs of adaptation. Efficient adaptation strategies may include
accepting some residual damage, if the costs of offsetting all the impacts of climate change are greater than
the benefits of doing so. As well as minimising costs, efficient strategies will also seek to take advantage of
opportunities from climate change (e.g. the potential to grow new crops). Again, the underlying principle is
that this should occur when the benefits of exploiting these opportunities outweigh the costs.

Figure 1 — Adaptation and the costs of climate change

Cost of climate change
A

Net benefits
of adaptation

Gross benefits —

of adaptation

Total cost of
climate change
after adaptation

>
Global mean temperature

— Cost of climate change —— Cost of adaptation + residual —— Residual climate
without adaptation climate change damage change damage

Source: Stern (2006)
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Part I: The Economic Framework

Although conceptually intuitive, adaptation has complex practical implications. In particular, whether or
not individuals’ adaptation lead to net social (not only private) benefits® depends on a number of
factors. These include the types of incentives people are faced with and the extent to which actions are
coordinated within a society. In addition, the impacts of climate change are likely to be unevenly
distributed between and within regions, communities and social groups. Adaptation will reduce the
vulnerability of different individuals and the environment to different levels, depending on local and
context specific needs and capacity. There can be short-term benefits from becoming better adapted to
the current climate and long-term benefits from being better adapted to the future climate.

Several studies have estimated aggregated figures of the costs of adaptation, mainly for developing countries®.
The results of these studies along with their limitations are explained in Box 2.

Box 2. Costs of adaptation

A range of studies have attempted to estimate the aggregate costs of adapting to climate change.
Most studies have estimated these costs by adding a mark-up to climate-sensitive investment
flows, but they have increasingly tried to incorporate additional costs.

Estimates of adaptation costs for developing countries ($billion p.a.)’

World Bank (2006) 9-41 Cost of climate-proofing FDI, GDI and ODA flows

Stern (2006) 4-37 Update, with slight modification of World Bank (2006)

Oxfam (2007) >50 Based on World Bank, plus extrapolation of costs from NAPAs and NGO
projects

UNDP (2007) 86-109 World Bank, plus costing of PRS targets, better disaster response

UNFCCC (2007) 27-66 Mark-up assumptions based on various sectoral studies. Global estimates
are 49-171 $billion p.a.

Source: adapted from OECD (2008). Note: FDI = foreign direct investment, GDI = gross domestic investment, ODA = official development assistance, NAPA = National
Adaptation Programme of Action, PRS = poverty reduction strategy, NGO = non-government organisation.

These estimates should be treated with care. A recent review by the International Institute for
Environment and Development (IIED) (2009) identified a number of shortcomings with these
studies, and concluded that the actual costs were likely to be 2-3 times higher than the United
Nations Framework Convention on Climate Change (UNFCCC) had estimated. One of the main
issues is that these estimates do not consider the benefits of spending on adaptation, which would
be required to estimate how much adaptation is cost-effective. Instead, they examine the costs of
achieving some pre-determined adaptive actions.

The Government has commissioned a Climate Change Risk Assessment and Economic Analysis to
provide more detailed estimates of both the costs and benefits for adaptation in the UK.
The World Bank is undertaking more detailed analysis for developing country case studies®.

° The total increase in the welfare of society from an economic action, i.e. the sum of the benefit to the agent performing the action plus the benefit accruing to society as a result
of the action (HM Treasury, 2003).

¢ The UNFCCC (2007) study is the only one that provides global estimates of $49-171 billion per year, with costs for developed countries estimated to be between $22-105 billion
per year. For consistency reasons, in box 2 we report the estimates by UNFCCC (2007) for developing countries only.

7 Estimates of additional annual investment and financial flow needed for the period 2010-2015. The UNFCCC (2007) estimates are for additional annual investment and financial
flow needed by 2030.

# See http://beta.worldbank.org/climatechange/content/economics-adaptation-climate-change-study-homepage
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Part I: The Economic Framework

2.2 Adaptation options

In general, people might be expected to take autonomous action to adapt when it is in their interest and
power to do so; that is, they will take measures where the private benefits outweigh the costs to them?.

Adaptive strategies may include actions taken after and before the realisation of a climatic event.
Autonomous adaptation can include reactive adaptations to recover after climate impacts have occurred
including recovery and actions to prevent similar impacts in the future; and anticipatory adaptations, or
actions taken in advance to prepare for, and minimise, the risks of potential impacts. The type and extent
of autonomous adaptation that occurs will be affected by the characteristics of the climate risk, the
decision-maker and the institutional framework within which adaptation decisions are made.

Burton (1996) classified possible adaptation strategies into several categories. These include preventing,
tolerating or sharing losses, changing use or activity, changing location and restoration. Table 1 provides
a typology of adaptation strategies and examples of actions for each type of strategy.

In the case of natural systems, climate change is expected to affect the characteristics of habitats and
trigger the migration of species. The overall impact is not clear-cut, as adaptive responses will vary
depending on the location and natural capacity of different species. Some species are likely to gain climate
space'®, while others might lose it. Some habitats might be more exposed to climate stresses (for example,
coastal habitats will be more exposed to sea level rises and coastal erosion); others might be more
exposed to more frequent shocks (for example, those exposed to more frequent gales and storms');

and others might become more habitable. In some circumstances, the adaptation strategies described in
Table 1 will also apply to the natural environment: for example, tolerating losses and migrating.

Table 1 - Adaptation strategies and actions

Adaptation strategies

Description Examples of adaptive actions

Preventing losses Take action to reduce the exposure to

climate impacts

Building sea walls

Tolerating losses Accept losses where it is not possible or | Accept reduced crop yield

cost-effective to avoid them

Spreading or sharing losses Distribute the burden of impacts over a | Insurance of assets
larger region or population beyond those

directly affected by the climate event

Changing use or activity

Switch of activity or resource use to one
better suited to the changed climate

New business opportunities
(e.g. tourism, agriculture, insurance)

Changing location

Migrate to an area which is more
suitable under the changed climate

Assets moved away from areas at risk
of flooding

Restoration

Restore assets to their original condition
following damage or modification due
to climate

Re-building or replacement of
damaged assets

Source: adapted from Burton’s (1996) classification of adaptation options.

° Autonomous adaptations are widely interpreted as initiatives by private actors rather than by governments, usually triggered by market or welfare changes induced by actual or

anticipated climate change (Leary, 1999 in IPCC WGII, 2007).

© Climate space is the geographic area that is projected to have climatic conditions similar to the climate of those areas currently occupied by the species and likely to be

climatically suitable for their survival.

' There is uncertainty about storm patterns, and it is currently not possible to produce probabilistic projections of changes in frequency, strength and location of future storms.
The IPCC AR4 assessment concluded that the majority of current climate models show a poleward shift of the storm tracks, with some indication of fewer, but deeper,
depressions. This can only be concluded when looking at the hemispheric scale; the UK is much smaller than this scale and any climate change signal is swamped by natural
variability and sampling uncertainty resulting in a lack of any robust signal of changes for the UK (UK Climate Projections. Annex 6, at
http://ukclimateprojections.defra.gov.uk/content/view/2091/517/).
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Part I: The Economic Framework

2.3 The role of Government

The UK Government is committed to ensuring that society is adapting to the effects of climate change.
The Government may take action either to achieve a more efficient outcome than would otherwise
occur, or on distributional grounds, as is the standard approach to policy making (HM Treasury, 2003).
This also means that in designing and implementing policies, programmes and investments,

the Government should account for the impacts of climate change.

In some cases, private incentives to adapt should be a sufficient trigger for changing behaviour, and
when the market operates efficiently the price mechanism should lead to the most efficient adaptation
outcome. In practice, however, the sum of autonomous adaptation responses may not lead to a socially
efficient outcome because of:

e Market failures. Existing market distortions can affect people’s incentives to adapt. These include
imperfect information about climate impacts and misaligned incentives in the management of
physical assets. In addition, individuals will generally base their adaptation decisions on private costs
and benefits. However, some adaptive actions might have the nature of public or quasi-public goods,
or result in social costs and benefits (i.e. externalities) that if not accounted for might not lead to the
best outcome for society as a whole. Annex A describes these in more detail.

¢ Policies and institutional arrangements. The options and incentives available to individuals and
businesses are shaped by a range of non-climate related policies and institutional arrangements. This is
particularly the case for some of the most climate sensitive sectors, such as agriculture and the natural
environment.

e Behavioural barriers. Adaptation decisions can be complex, and involve dealing with long time
horizons and uncertainty. Evidence from behavioural economics suggests that people struggle to
make rational decisions in these circumstances. Instead, there is a tendency for people to
demonstrate inertia, procrastinate and have implicitly high discount rates, i.e. to place very little
weight on the future consequences of their decisions. This can be explained by short-sightedness or
impatience. Consequences of this may include adapting too little or adapting in the wrong ways.
These are also described in more detail in Annex A.

e Adaptive capacity. Some people lack the ability to respond to climate change because of financial
or other constraints. The result can be a less than efficient level of adaptation. For example, people
living in rented accommodation may have limited control over how well their houses are adapted to
a changing climate.

e Natural capacity. The ability of natural systems to adapt may be hampered by the rate of climate
change exceeding the system’s ability to respond, the existence of other stresses and the effects of
human activity. There is the risk that multiple pressures on the natural environment could lead to
irreversible damage or extinction.

In addition to the barriers explained above, there are also distributional issues to consider:
e Uneven distribution of impacts. Climate change will have different impacts across sectors, regions,
and social groups. Some communities are likely to be more exposed to climatic hazards because of

where they are located: for example, people in southern England are more likely to be exposed to
heat waves than those living in northern England.
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Part I: The Economic Framework

e Different adaptive capacity. Within sectors, regions and social groups there are variations in
people’s ability to adapt to impacts, and these can exacerbate existing inequalities. Economic
well-being, age, education and the strength of social networks can affect individuals’ adaptive
capacity by affecting their access to technology, insurance, capital, transportation, communication,
social support systems and other assets. For example, older people and children are considered highly
vulnerable to the effects of heatstroke.

As noted above, the rationale for Government intervention is generally based on the existence of
market failures or where there are clear Government distributional objectives that need to be met™.
These are not, however, sufficient reasons to justify intervention: it is also necessary that the social
benefits of any intervention outweigh the costs.

Climate change will also have macroeconomic impacts, e.g. by affecting productivity, growth, migration
and potentially the fiscal position of Governments (see Box 3). It is outside the scope of this paper to
analyse the macro-economic impacts of climate change and adaptation. However, this is a critical area
for future research work.

Box 3. Macroeconomic impacts of adaptation

There is a complex relationship between economic growth and climate change: climate change
can affect growth by increasing the depreciation of capital (such as buildings), or by affecting
productivity and output. In turn, these can affect the rate of investment and the investment
available for Research & Development (R&D) and new technologies. By reducing the impacts and
exploiting the opportunities posed by climate change adaptation might ultimately boost growth.

Economic growth (along with demographic change) may also lead to higher concentrations of
assets and people in areas exposed to climate change risk, as well as greater stress on natural
resources. This could ultimately increase the exposure and vulnerability of individuals and the
natural environment to climate change, which would drive up the value of climate change losses.
Finally, the growth path we are on will determine the types of adaptation strategies that can be
adopted by individuals, businesses and Government.

Climate change is also likely to have fiscal implications. For example, a study by the European
Central Bank (2009) found that the budgetary impact of extreme events ranges between 0.23%
and 1.1% of GDP depending on the country group, although the effects are most pronounced in
developing countries. The extent of the fiscal impacts will depend upon the extent to which the
economy is diversified, and the proportion of climate risk that is ultimately borne by the
Government.

It is outside the scope of this paper to look at the macroeconomic aspects of climate change and
adaptation. Understanding links is nonetheless important when designing interventions with a
view to enhancing growth in the long run. Fankhauser and Tol (2005) showed that transient
effects on growth (e.g. loss of sectoral output and damage to infrastructure) can have persistent
effects. The impact of climate change on output via reduced growth has been estimated to be
larger than the direct impact effect. There is a need to improve understanding of the mechanisms,
which cause persistency and design adaptation strategies that reduce the multiplier effects in the
long run.

2 Market failure refers to where the market has not and cannot of itself be expected to deliver an efficient outcome; the intervention that is contemplated will seek to redress this.
Distributional objectives are self-explanatory and are based on equity considerations (HM Treasury, 2003).
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2.4 Criteria on which to judge adaptation

Clear performance criteria can support the design of appropriate interventions to support adaptation.
Three main criteria embedding the principles for good adaptation are proposed:

e Effectiveness — the ability of an instrument to correct for the existing market or non-market failure.
This requires a good understanding (ex ante) of the level of autonomous adaptation affected by
different barriers and failures; and intervening at the most appropriate level to address local, regional,
national and international barriers to adaptation.

e Economic Efficiency — the ability of an instrument to achieve the greatest social benefits at the
lowest cost, once uncertainty is appropriately incorporated in the decision making, for example with
help of the updated supplementary guidance to the Green Book. In the UK, public intervention is
generally assessed using cost-benefit analysis'.

e Equity — the distributional impacts of an instrument. Different measures will have different effects on
different sections of society'. Following the supplementary Green Book guidance on adaptation,
distributional issues should be considered when designing instruments. Care should be taken to avoid
creating perverse or conflicting incentives.

Effectiveness, economic efficiency and equity are in principle exhaustive criteria for assessing policy
instruments for adaptation. However, the high degree of uncertainty over climate change, and the lack
of evidence over climate impacts create some practical challenges in applying these criteria.

Dealing with uncertainty

There are two important aspects to any adaptation decision: what to do and when to do it. This involves
comparing the adaptation costs with the short-term and long-term benefits. Given that the size of these
benefits (and sometimes the costs) are uncertain, the standard economic approach to decision-making
would be to use the Expected Utility theorem. In essence, this approach deals with uncertain outcomes
by determining (and comparing) their expected utilities, i.e. the weighted sums obtained by adding the
utility that would be gained in each outcome, multiplied by the probability of that outcome occurring.
Government appraisals tend to use estimates of monetary values as a proxy for society’s utility.

This approach works well for decisions where the range of possible outcomes and their associated
probabilities are known: for example, participating in a lottery. The impacts of climate change do not
have these characteristics. The existence of tipping points, feedback mechanisms and limitations of
existing models means that there are a wide range of possible future climatic scenarios (as illustrated by
UKCPQ09). There has been considerable progress in our understanding of the climate system, but there
will always be an inherent element of uncertainty about the impact of a given climate scenario on
society and the environment and the likelihood that it will occur.

A variety of approaches have been proposed to support decision-making in the presence of pervasive
uncertainty. One approach recommended in the adaptation literature is to identify and implement
‘no-regret’ measures that would be justified under all possible future climate scenarios; and ‘win-win’
measures, that reduce the vulnerability to climate change while meeting other policy objectives,
including climate change mitigation (Pew Center, 2009).

2 In the presence of uncertainty, standard cost-benefit analysis might not be appropriate. Alternative methods (such as the Real Option Approach presented in annex C and
proposed in the Green Book supplementary guidance on adaptation) may be considered to account for the type of asset under consideration, including its life span; a range of
possible future scenarios and their level of confidence; and the option of incorporating new evidence as it becomes available.

' Policy instruments may have differing impacts according to income, age, gender, ethnic group, health, skill, or location etc.

Analysing the Role of Government | 19



Part I: The Economic Framework

However, a strategy of only implementing 'no regrets’ and ‘win-win’ policies would be extremely
restrictive and likely to lead to inadequate action being taken to adapt. For this reason, the Green Book
guidance on adaptation emphasises the importance of designing flexibility into decisions. Annex C
describes how using Real Options Approach alongside the standard Green Book approach is a useful
tool for addressing those issues. A range of alternative models have also been proposed to support
decision-making in the presence of uncertainty. An example is provided by the Robust Decision Making
(RDM) framework developed by Lempert et al. (2003), discussed in Box 4 below.

Box 4. ‘No regrets’ and ‘win-win’ options

‘No regrets’ and ‘win-win’ options are strategies for dealing with uncertainty. ‘No regrets’ options
are able to deliver benefits (or net cost savings) today regardless of the extent of climate change in
the future; and ‘win-win’ options reduce vulnerability to climate change whilst also contributing to
the achievement of other social, environmental or economic outcomes.

Examples of ‘no regrets’ and ‘win-win’ adaptation may include investing in improving scientific
capabilities and research to gain a better understanding of the dynamics of the impacts of climate
change; adding flexibility into long-term infrastructure design; and creating incentives for the
efficient use of scarce resources.

It can be challenging to identify suitable ‘no regret’, or ‘win-win’ adaptation options. Lempert and
Schlesinger (2000) suggest that, under conditions of deep uncertainty, society should seek
strategies that are robust, or “that will work reasonably well no matter what the future holds”
(Lempert and Schlesinger, 2000). The authors explain that robust strategies perform well compared
to the alternatives over a wide range of assumptions about the future. In this sense, robust
strategies are “insensitive” to the resolution of the uncertainties. In general, “there can be a
trade-off between optimality and robustness such that a robust strategy may sacrifice some
optimal performance in order to achieve less sensitivity to violated assumptions” (Lempert and
Collins (2007) in Dessai et al. 2009).

The Robust Decision Making (RDM) framework proposed by Lempert et al. (2003) uses computer
simulation models to derive high regret scenarios, or states of the world where the base case
strategy — i.e. the strategy which results in the lower net costs, given the current knowledge of the
world — performs poorly compared to alternative strategies; and to identify the key-factors
determining high regrets states (e.g. population growth, decreases in rainfall patterns). This model
provides an analytical tool for selecting policy relevant scenarios, characterised by a limited number
of key-vulnerabilities; and designing adaptive strategies which better address the identified
key-vulnerabilities are “least-regret” or robust over a defined range of key-factors.

Despite the attractiveness of such an analytic method, some methodological and practical challenges
remain. In particular, the RDM approach requires significant computer support and outcomes depend, in
part, on the robustness of the proposed strategies. Nonetheless, the model provides useful insights into
the relevant aspects of decision making in the presence of high levels of uncertainty.
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Adaptation in the context of other climate change policies

Adaptation interventions should be designed with an awareness of their impact on mitigation policies.
Mitigation and adaptation will both be required to effectively tackle climate change and some measures
can support both adaptation and mitigation (e.g., improving water efficiency). However, adaptation and
mitigation are also substitutes in economic terms'™. These interrelationships need to be considered when
designing and implementing policy. It is only recently that studies have attempted to explore these
relationships in a systematic way. Box 5 describes how Integrated Assessment Models (IAMs) have
started incorporating climate change adaptation into global cost-benefit analysis of climate change.

Box 5. Modelling the links between adaptation and mitigation

Integrated assessment models (IAMs) are used for economic analyses of climate change. They combine
scientific and economic modelling to identify optimal climate change strategy; generally, this is defined
as the strategy that maximises global welfare over time. Recently these models have started
incorporating adaptation: either explicitly or implicitly through the shape of the climate change damage
function or shifts in the structure of the economy. Models of this type are DICE/RICE (Nordhaus and
Boyer, 2000), FUND (Tol, 2002, 2005), PAGE (Hope, 2006), and MERGE (Manne and Richels, 2004).

The AD-DICE model developed by de Bruin et al. (2007, 2009) builds on the DICE (Dynamic
Integrated model of Climate and the Economy) model to include adaptation. Results from this model
show that adaptation could reduce gross damages of climate change by an average of 27%

(Bruin et. al 2009). Costs to reduce the first 15% of gross damage are extremely low after which they
rise significantly, indicating that mitigation will also be needed.

Unlike the AD-DICE, the PAGE (Policy Analysis of the Greenhouse Effect) model allows a binary
choice (set by the modeller) between no adaptation and adaptation. Through this model, Hope
(2009)' shows that adaptation measures have a benefit:cost ratio in the range of 60 and 20 to 1;
and adaptation reduces the cost of future impacts over the next two centuries by about a third
(28% to 33%, mean net present value).

The different models led to a general consensus on the advantages of adaptation in reducing climate
change damages in a cost-effective way; and on the benefits resulting from undertaking both
mitigation and adaptation. However, these results should be treated as illustrative, rather than a
precise guide to the optimal balance between adaptation and mitigation. The underlying issue is that
the models and data used by IAMs need to have global coverage; both for the modelling of the
climate system and for the analysis of the costs and benefits of adaptation and mitigation. In order
to achieve this breadth of coverage, they necessarily need to make a range of simplifying
assumptions. For example, they have incomplete coverage of non-market impacts: such as the
damage to the natural environment. This means that the results do not account for the full range

of costs and benefits.

'S An increase in the cost of mitigation would be expected to lead to an increase in the demand for adaptation and vice versa.
e The study estimated costs and benefits of the adaptation measures assumed in the Stern Review; adaptation that costs about the same as assumed in the UNFCCC study. It does
that in an A2 scenario, and in 450ppm (‘aggressive abatement policy’) scenarios.
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Domestic intervention should also be considered in the context of international and EU intervention.

In 2009, the EU published a White Paper on adaptation “Adapting to climate change: towards a
European framework for action”", proposing a framework to reduce the EU’s vulnerability to the impact
of climate change. EU intervention is particularly relevant when the impact of climate change transcends
the boundaries of individual countries (e.g. river and sea basins and bio-geographic regions); and in
those sectors that are closely integrated at EU level through the single market and common policies
(e.g. agriculture, water, biodiversity, fisheries, and energy networks). This should be guided by the
principle of subsidiarity and the need to ensure that action is necessary and proportional.

Measurement

In mitigation policy there is a single, measureable, global metric of success: reducing net greenhouse
gas emissions. This is not the case for adaptation where the benefits will be local, context specific

and — in some cases — subject to long lead times. Individual adaptation decisions can be assessed
against the criteria of effectiveness, efficiency and equity, based on current knowledge. It is also possible
to assess whether the processes and institutional framework underpinning adaptation are appropriate
and provide the right incentives for decision makers.

Distribution and efficiency

In the context of adaptation, there can be trade-offs between efficiency and distributional goals,
insofar as measures to correct for the distributional implications of climate change can undermine
private incentives for people to adapt. In accordance with the Green Book guidance on adaptation,
distributional implications should be explicitly stated and quantified where possible.

There is a substantive body of literature on distribution and climate change adaptation. This addresses
not only the intra-generational aspect of equity (i.e. distribution of climate change impacts and adaptive
capacity within society), but also its inter-generational (i.e. how adaptation will affect future
generations’ well-being), and international aspects’®.

2.5 The Government’s objectives

The policy response to adaptation should be driven by the characteristics of the climate risks to be
addressed. One of the main aspects of this is that the appropriate adaptive response will vary depending
on the location, as many of the benefits will occur locally. This favours a decentralised approach based
on an efficient allocation of resources, with a strong emphasis on supporting local and regional action.

The Government can help to create an environment that is conducive to effective, efficient and
equitable adaptation by:

e providing and promoting information on the future climate;
e supporting coordination at local and regional levels;

e devising a framework that embeds consistent policy targets and incentives across different levels
of government, while promoting coordination; and

e directly providing or funding adaptation.

The aim is to provide decision makers with the appropriate incentives to incorporate adaptation into
their strategies and processes.

7 Available at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0147:FIN:EN:PDF
'8 See IPCC (2001) Chapter 18, Adaptation to Climate Change in the Context of Sustainable Development and Equity; Adger et. al. (2004, 2006); Muller (2002).
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With this in mind, there are three strands to the Government’s approach to supporting adaptation:

Mainstream adaptation into existing policies, regulatory frameworks and processes,
while addressing existing inefficiencies

The Government already plays a clear role in key areas affected by climate change either because of the
public nature of the goods provided (e.g. natural environment and biodiversity protection), or through
regulation and sometimes ownership (e.g. water, energy, and transport). Given the wide ranging nature of
this involvement, it will generally be efficient to embed adaptation into the existing institutions and practice
in a systematic way, and correct for any existing regulatory inefficiencies which risk being exacerbated by
climate change. This will require defining how the outcomes of existing programmes and policies will be
affected by climate change; and whether existing programmes, policies and regulatory frameworks either
facilitate or hamper adaptation by different agents.

The integration of adaptation into existing regulatory frameworks should occur at local, regional and
national level. In central government this entails ensuring that Departments incorporate adaptation in their
decision-making, promoting coordination and ensuring different policies create a consistent framework for
adaptation. Provided with the appropriate framework, Regional Development Agencies and local authorities
can embed adaptation in their strategies.

Some policy measures have been introduced to achieve this objective. All Government departments will
produce Departmental Adaptation Plans (by Spring 2010) that will identify the areas where climate change
will affect their departmental objectives, programmes and policies. At the local level, 56 local authorities
out of 152 across England have made adaptation a priority in their authority area through the indicator
NI188 and the first round of self-assessments were submitted in June 2009.

An example of mainstreaming has been the revised planning policy guidance produced by the
Department of Communities and Local Government: “PPS: Planning and Climate Change, a supplement
to Planning Policy Statement 1", which sets out clear expectations on how adaptation should be
integrated into planning; and “PPS 25: Development and Flood Risk”, which sets out policy on
development and flood risk.

Build adaptive capacity

Adaptive capacity is the ability of a system to adjust to climate change (including climate variability and
extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the
consequences (IPCC, 2001). This ability depends on a number of factors, including socio-economic and
cultural settings, institutional and policy contexts prevalent in a specific sector or area (OECD, 2007).
Enhancing adaptive capacity means providing people with the tools, information and support required
to make timely and efficient adaptive decisions.

One of the main ways in which the Government is currently helping to develop the UK's adaptive capacity is
through its funding of the UK Climate Impacts Programme. This programme works with organisations across
the public, private and voluntary sectors to build their capacity to adapt. At the local and regional level,

the Government provides funding to Regional Climate Change Partnerships. These Partnerships bring
together the key stakeholders at a regional level to raise awareness, provide evidence on regional impacts
and coordinate the responses of key decision-makers.
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Deliver adaptive actions

Some adaptation measures are public goods, and therefore likely to be underprovided by the market.
In these cases, the Government may intervene to ensure adequate provision through funding,

direct provision or regulation. Examples of these include investment in certain kinds of infrastructure,
or spending programmes in R&D (when these generate spillovers that cannot be fully reaped by private
agents), monitoring and warning systems, and protection of ecosystems.

Different options for investing in adaptive actions will need to be investigated, with a view to ensuring
resources are prioritised efficiently. This is particularly important because of the high degree of
uncertainty on the timing and the scale of the impacts of climate change on the UK, and the wide
range of possible interventions. Any intervention by the Government will need to focus on those areas
where ultimately failure to adapt well could lead to irreversible damage or costly retrofits, expose society
to imminent risks, or raise serious equity concerns.

In many cases the role of Government will be limited. The private' benefits from adapting, for example
in terms of avoided losses, or economic revenues when new opportunities are exploited, will be a
sufficient incentive for many people to adapt. However, recurring cases of disruption to transport
services, damage to private assets, and the risk of irreversible damage to ecosystems raise the question
of whether we are adequately adapted to the current climate, and make a strong case for investigating
what barriers may hinder adapting to the current and future climate.

' As the benefits accruing to the decision maker only, as opposed to social benefits — the sum of the benefit to the person performing the action plus the benefit accruing to
society as a result of the action.
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The appropriate adaptation responses depend upon context. In Part Il, the economic framework
proposed in Part | is applied to four cross-cutting areas. For each area, this paper considers the
evidence on climate change impacts, investigates the barriers that might impede adaptation, and
presents the existing policies supporting adaptation. Based on this analysis, it presents some
implications for future policy design.

Section 3.1 considers the role of insurance, which will be an important part of the UK's adaptation
to climate change: it can help to spread the burden of unavoidable losses, and provide incentives for
people and organisations to reduce their exposure to climate risks. Section 3.2 covers built private
assets, including housing and commercial premises. Climate change will affect both buildings
themselves, and the comfort of the people using them. Section 3.3 explores the effects of climate
change on public infrastructure, and the implications for policy design. Section 3.4 investigates the
Natural Environment and Biodiversity. The success of adaptation in this area is both intrinsically
important and will affect the provision of the ecosystem services that people rely upon.
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3.1 Insurance

Climate change will expose individuals and businesses to new risks, and affect their exposure to existing ones.
Insurance is important in this context for two main reasons: first, it enables agents to spread the losses
resulting from climate hazards across time, over large geographical areas, and among different social and
commercial communities; and second, premiums can provide incentives to adapt and drive behaviour change.

Climate change will exacerbate some of the pervasive issues affecting the private provision of insurance,
such as asymmetric and imperfect information. From a policy perspective, it is important to support the
development of an efficient insurance sector, which continues to ensure that coverage is widely available.

3.1.1 Climate change impacts

The insurance industry reported that global economic losses due to natural catastrophes have increased
seven-fold in real terms during the last 40 years, and the long-term analysis of large-scale natural
catastrophes follows a rising long-term trend, as shown in Figure 2 (Munich Re, 2008). This is driven by a
combination of increased extreme weather and rising values of insured assets.

Figure 2 — Overall losses and insured losses from great natural catastrophes, 1950 — 2008
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Source: Munich Re (2008)

In the UK alone, more frequent and severe extreme events have increased climate-related risks faced by
individuals, communities and organisations. These risks include damage to built private assets,
disruption to businesses and public services, changes in the profitability of economic activities

(e.g. agriculture, tourism), and health risks. During the last decade, insurance premiums have increased,
along with the number of claims (Figures 3 and 4).

Historical data show that more frequent flooding, subsidence and storm events have resulted in increasing
damages to properties. The Association of British Insurers (ABI) reported that storm and flood losses in the
period 1998-2003 totalled £6.2 billion, twice that of the previous period (ABI, 2005). The heat wave in the
summer of 2003 has been estimated to have caused 22,000 extra-cases of subsidence above business as
usual (Metroeconomica, 2006), and in that year alone costs in subsidence claims to insurers have been
estimated to be approximately £400 million. Following the more recent flooding in 2007, the insurance
industry has paid out approximately £3 billion, equivalent to four years normal claims experience (ABI, 2007).
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Figure 3 — Total premium® by type of insurance, 1997 — 2007
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Figure 4 — Claims by insurance type, and underwriting results, 1997 - 2007
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» Total net premium (written premium less reinsurance premiums paid by the insurer).
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These data should be interpreted carefully. Increases in insured losses are the result of both climate and
societal factors. Changes in population and economic growth might contribute to drive up the value of
economic losses. For example, increased standard of living might increase the take up of cover and the
value of insured assets; and population growth might explain the location of human developments in
areas exposed to climate risks (e.g. river basins). In addition, some elements of urban design (e.g. green
spaces, hard surfaces, and drainage and sewage systems) affect the resilience of the built environment
to climatic events, and contribute to reducing or increasing the impacts of climate change.

The UK also has risks and opportunities resulting from the impacts of climate change overseas because
of London’s role as a global financial centre. The UK insurance sector is the second largest in the world,
accounting for 11% of total worldwide premium income. It manages assets worth £1,478 billion,
equivalent to a quarter of the UK’s total net worth, including assets that make up 15% of the
investment in the London stock market (ABI, 2008)?'. In 2008, insurance contribution to net exports was
£8 billion, or 16% of UK financial net exports. This indicates a broad exposure and opportunities of the
insurance industry to the effects that climate change has on global economic activities and assets.

3.1.2 Market failures and other barriers to autonomous adaptation

There are a number of factors that determine the ability of the market to supply insurance. Barr (1993)
summarises them as follows:

1. The insured event for any individual is independent of that of anyone else.
2. The probability of the event occurring has to be less than one (or less than certain).
3. The probability of the event must be known and estimable.

4. There is no asymmetric information between the insurer and the insured (no adverse selection®
and/or moral hazard®).

Climate change is likely to affect the risks individuals are faced with, and therefore the conditions under
which the market can offer cover against those risks. When extreme events occur they usually result in
covariate risks (e.g. extreme events affect entire communities) and knock-on effects (damage to
properties, cars, health are correlated or occur in rapid successions), violating factor 1 above. In
addition, climate change impacts are still not fully understood and difficult to estimate (affecting factor
3); and moral hazard issues might arise in the context of climate change adaptation (factor 4).

Box 6 discusses the challenges faced by the industry in more detail.

?' This compares to 13% held by company pension funds, 3% by banks, 2% by unit trusts, and 10% by other financial institutions.

2 Adverse selection occurs when the insured has better information on the risks they face than insurers do; and people who know that they face large risks are more likely to buy
insurance than people who face small risks.

% Moral hazard occurs when one party, e.g. an insurer, is unable to observe the action of the other party, e.g. the insured; and the party whose actions are hidden, either through
acts or omissions, increases the probability of a ‘bad’ outcome.
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Box 6. Climate change and challenges to the insurance industry

The increasing severity and frequency of climate change hazards is likely to exacerbate some of the
challenges insurers are faced with, and affect the conditions under which insurance can be
provided. These challenges can be categorised as follows:

Uncertainty and information failure. Uncertainty over climate change, along with the lack of
information over the vulnerability and the impacts of climate hazards, will make the estimation of
risks particularly difficult for insurers.

Covariate risks. Risks related to climatic events are generally covariate (e.g. extreme events affect
entire communities), and the effects of increased losses due to weather-related events may lead to
more frequent spikes of payouts following extreme events, and increased insolvencies.

Fat tails and tails dependence. Climate change is likely to increase the likelihood of extreme
events, or those in the upper tails of loss distributions (i.e. it generates ‘fat’ tails); importantly, a
changing climate also seems to increase the dependencies between tails across multiple loss
distributions (i.e. it generates ‘tail dependence’). For example, due to more severe and frequent
storms, high levels of claims for property damage have occurred more frequently (fat tails); and
property insurance claims and car insurance claims, for example, have shown to be correlated
(tail dependence), or occur in close succession (showing ‘clustering’).

Asymmetric information and moral hazard. These are well-known issues affecting the
provision of insurance. In the context of climate change, insurers are likely to incur moral hazard
problems when individuals behave in a way which increases the climate risks they are exposed to,
and there are no incentives for them to behave differently. For example, farmers may plant climate
sensitive crops, or households might decide not to protect their properties from flooding if they
think they will be helped to recover from losses regardless of their investment decisions to prevent
or reduce the damage.

Source: Kousky and Cooke (2009), European Central Bank (2009).

These factors might have several implications for the industry and the insured. Insurance premiums are
generally set on an annual basis, so insurers need to account for how climate change — and the
frequency and severity of extreme events in particular — may affect their exposure to losses in the
following year. There will be an increasing need to improve the accuracy of climate data and modelling,
as historical data will be less useful as an indicator of future trends.

In most cases insurance premiums serve as a signal of exposure to current climate risk, rather than
vulnerability to future climate change. For example, the availability of flood insurance for a property
today does not guarantee that it will continue to be available at an affordable price in the future.
This can lead individuals to underestimate their true exposure to future climate risk.
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More severe and extreme events will lead to higher premiums for certain categories of risks. Risk-based
premiums would be efficient on the ground that they would signal risks in an appropriate way, thus
providing incentives to adapt. However, there might be implications for equity, particularly if those who
are already vulnerable to climate change cannot afford insurance cover, or will be left with uninsurable
(and, hence, less valuable) assets.

As with non climate-related policies, the industry can consider mechanisms to partially alleviate
asymmetric information issues. These could include deductibles, co-payments and other forms of
policies, which will generally result in higher risk burden for the insured party. For example, insurers
might use techniques such as signalling and screening (e.g. using historical records and demographic
characteristics) to reduce adverse selection; and impose deductibles (whereby the person buying
insurance has to pay the initial damages up to some set limit) and co-payments (under which the
policyholder picks up some percentage of the bill for damages when there is a claim) to discourage
moral hazard.

Other mechanisms include index-based insurance, whereby the insured party receives a pay-out
independent of the losses experienced, and indemnifications are triggered by pre-specified patterns of an
independently verifiable index*. Such mechanisms have been used in agriculture insurance schemes in
low- and middle-income countries to reduce moral hazard, adverse selection, and the administrative costs
associated with traditional insurance contracts in these countries?*. However, as the OECD (2008) points
out, “the inherent disadvantage of index-insurance is the lack of relation between the predetermined
payout and actual damage. This ‘basis risk’ results in a potential lack of correlation between premium
and payout that is difficult to correct due to the increasing unpredictability of the climate”.

To summarise, climate change will exacerbate a number of challenges already inherent in insurance
provision, potentially affecting the ability of premiums to appropriately signal risk, and leading to liquidity
issues for the industry at the time of extreme events. This could also have distributional implications if it
leads to higher premiums for insurance cover. Climate change could, however, also present the insurance
industry with new opportunities, such as the development of new services and products.

On the demand side, barriers to the uptake of insurance cover might stem from inertia and behavioural
barriers, or lack of information. For example, the Environment Agency (EA) estimates that 45% of
people living in floodplains do not understand the risk affecting their property*, and the ABI reports
that homeowners and small and medium-sized enterprises (SMEs) have difficulty identifying risks outside
flood prone areas (where Government, the EA, and insurers have focussed their guidance and support
the most)?.

ABI (2007b) reports that many businesses, particularly SMEs, did not have adequate flooding or business
interruption insurance in place prior to the floods of summer 2007. In addition, the ABI estimates that
around 78% of households nationwide have contents insurance, but that in some of the areas affected
by the summer 2007 floods the figure is barely over a quarter, with low-income households the most
likely to be uninsured?.

* For example, these trigger levels for pay-outs correspond to rainfall levels at which the crop would begin to feel water-deficit stress.

» See the World Bank (2009).

26 By April 2009 the number of people living in flood risk areas that know they are at risk had risen to 55 per cent, up from 46 per cent in 2005-2006 EA (2009¢).
2 ABI (2007¢).

% ABI Response to the Interim Report of the Pitt Review.

30 | Adapting to Climate Change



Part Il: The Analysis Applied

3.1.3 Evidence of effects of climate change on the insurance market

The insurance industry has already reported an increasing number of claims due to weather related events.
The ABI (2004) stated that in the case of property insurance, small changes in the severity of extreme
events can result in increases in damage of four or five times greater, and “on reasonable projections of
extreme events, the pure risk rate?* for weather catastrophes is already rising at an unprecedented rate of
2-4% per year”. As regards specific classes of risks, the ABI estimated that changing weather risks have
been increasing retail and commercial property insurance costs by 3-4% per annum due to incremental
climate change and increasing frequency and severity of extreme events (ABI, 2007c¢).

Classes of insurance cover against weather-related losses are already available in the UK market, and the
market has shown some changes in response to climate change. The Business Interruption (BI) cover for
business covers firms for any periods when they cannot do business as normal because of damage to
their premises (such as essential machines) due to flooding, for example.

The UK Government and the insurance industry co-operate to offer flood cover. In 2002, ABI agreed a
statement of principles on flood cover with the Government, whereby the industry would continue to
provide flood cover as a standard feature of household and small business policies conditional on the
risk of flooding being no greater than once in 75 years. In return, the Government agreed to a set of
actions intended to minimise the number of households and small businesses that would not be eligible
for cover under this commitment®.

In the UK, flood cover is bundled with home building insurance, which is usually a condition for
obtaining a mortgage. In 2007, around 92% of homeowners had home buildings insurance
(ABI, 2007¢). Following the floods in 2007, demand increased significantly, and some insurance
companies have changed policies to encourage the uptake of measures to reduce flood risks®'.

In the future the industry might respond to rising risks and liquidity issues by finding new ways to re-insure
risks through alternative risk transfer markets, by raising premiums or by withdrawing from the market®

(see Box 7). On the demand side, rising risks could lead to increasing demand for cover. For example,
animal disease insurance, which currently has a low penetration rate of 10% (ABI, 2004), might become
requested more in the future, as higher temperatures might increase illnesses associated with heat stress®.

» This is the average loss determining the pure premium, i.e. the premium which doesn’t account for added taxes, expenses and commissions. The pure risk rate also reflects the
monetary amount that would need to be set aside each year to fund the full range of future losses.

% See http://www.defra.gov.uk/News/2008/080711a.htm.

" In Carlisle, for example, policy excess levels have been reduced, and in some cases “no excess” policies have been granted to people who have built flood prevention measures
(ABI, 20070¢).

32 |Insurers could opt for a selective withdrawal of services, although this could generate loss of business in other insurance lines due to a consumer backlash; or lock the
companies out for the medium to long-term, even if the risk profile to that area changes.

* Defra (2004), Publication of outputs arising from Defra CC03 and related programmes (CC0366).
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Box 7. Alternative Risk Transfer (ART) markets

The following instruments facilitate the broadening of the capital base of risks by transferring
insurance risks to financial markets.

Catastrophe bonds are financial contracts that pay out a fixed amount whenever a defined event
occurs: for example a Category-4 hurricane striking mainland USA. Payments are not linked to the
actual loss suffered by the insured party. The benefit of this is that they are simple to administer,
but they have proved expensive to set up. The capital is provided by investors, who receive a
superior interest rate in exchange for the risk of losing their return — and, in some contracts,

their capital.

Weather derivatives also pay out on a specified trigger, for example, temperature over a
specified period, not on proof of loss. They apply in situations where profitability is sensitive to
even moderate deviations from the norm, not catastrophes. In this case, the derivative is usually
purchased by another party, who wants to avoid or ‘hedge’ risk in the opposite direction, and an
active market in these securities can develop. However, a company could also accumulate a book
of weather contracts, as a profit centre in its own right.

Insurers and large corporations are already experimenting with catastrophe bonds as an option
instead of reinsurance. In the USA many corporations and local government bodies use weather
derivatives to smooth their financial performance. ART tools are useful complements to conventional
(re)insurance, but the accounting and taxation rules currently make it difficult to offer these products.

Source: ABI (2004), A Changing climate for insurance

3.1.4 Implications for policy design

There is scope for the Government and the insurance industry to continue to co-operate to ensure risks
are kept to a manageable level and coverage remains wide. This co-operation needs to develop while
ensuring prices reflect (and signal) underlying risks. The current statement of principles is due to expire
in 2013. The way in which this co-operation develops after then will determine the distribution of the
risk burden between various parties, including low and high risk individuals (and within them, those
who experience losses and those who do not), the industry and tax payers.

Implications for policy design could include:

e Supporting the development of climate models and information sharing of risk data. In June
2009 the Government launched the UK Climate Projections 2009 (UKCP09), which gives probabilistic
distributions of a range of climate variables. In addition, the Government can help the industry acquire
new data to help risk calculation, as is currently being done by the Environment Agency for surface
water flooding*. Understanding how to reduce informational uncertainty by providing a legal
framework, which favours the sharing of best practices within the industry, with a view to improving
understanding of correlated and cross-sectors risks, will be important for any future policy development.

e Regulation. [IWG (2009) notes that “the uptake of insurance products partly reflects the extent to
which the Government currently either enforces or encourages uptake of each product type”.
Further investigation into whether active promotion of some types of cover, e.g. risk signalling
which enables individuals to account for climate change over a relatively long time period (> 1 year),

3 See http://www.environment-agency.gov.uk/research/library/publications/56742.aspx.

32 | Adapting to Climate Change



Part Il: The Analysis Applied

might be particularly useful in overcoming some of the market failures outlined above. In the case of
risk-signalling this could be achieved by requiring insurance companies to signal possible upward
trends in premiums for assets located in vulnerable areas.

e Protecting the most vulnerable. If the risks reach very high levels, a purely market-based approach
may leave the most vulnerable financially excluded.

e Managing moral hazard. One of the ways in which responsible behaviour can be encouraged
is to signal in advance if there are any specific circumstances under which the Government (and,
ultimately, taxpayers) would bear losses. To control for moral hazard in any part of the system, the
Government will continue to encourage responsible behaviour and clarify the split of responsibilities
between the public, businesses and the Government in managing private and public assets.

e Managing implicit liabilities. In light of the trends of increasing losses and projected climate
change projections, adequate care will need to be taken to ensure insurers and re-insurers will have
sufficient reserves to meet their liabilities. Further research could help identify circumstances where
the Government might be exposed to implicit liabilities due to extreme events.

e Correcting for institutional distortions. Care needs to be taken that existing policies and
programmes do not create perverse incentives or increase the exposures of individuals and business
to climate risks. This can be overcome by mainstreaming climate change into planning systems
(e.g. accounting for the role of hard surfaces in increasing flood risk, green spaces etc in
improving/reducing the impacts of climatic events) and sectoral policies (e.g. by ensuring agricultural
policies do not inadvertently encourage individuals to remain in high risk flooding areas).

Table 2 - Insurance. Implications for policy design

Policy instruments Main reasons for intervention Implications for policy design
Regulatory measures Regulatory failures e Correct for existing institutional distortions
(including direct fES?U'at'O“ and | |nformation failure e Provide legal certainty to insurance companies
market / economic instruments) | o, oo and favour sharing best practices®
Equity e Promote insurance lines linked to adaptive
measures
e Ensure safety nets for the most vulnerable are
appropriate
Research and monitoring Public goods e Support the development of climate models
spending programmes Information failures e Encourage a better understanding of
Behavioural barriers inter-related impacts across sectors

(i.e. covariate risks)

* Exploring the capacity of financial markets to
absorb new risk management tools

Information provision and public | Information failures e Provide a clear signal of the Government's

engagement Behavioural barriers stance in relation to insurance

e Encourage the public to adopt responsible
behaviour in managing risks

Investment in infrastructure and | Public and club goods e Consider and help others consider options for
other adaptive actions Externalities investing in physical infrastructure to keep risks
to a manageable level (e.g. flood barriers)

e Continue improving early warning systems

* The Block Exemption Regulation (BER) sets exception to competition rules to certain categories of agreements, decisions and concerted practices in the insurance sector. The BER
will expire in 2010.
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3.2 Built private assets

Climate change exacerbates the risks that private assets (such as housing, business buildings and
contents) and their occupants are exposed to. Floods, for example, are expected to become more
frequent and severe in the future®; rising sea levels will increase the risk of coastal erosion and floods
for coastal communities; and increasing temperatures in the summer might increase discomfort in
houses and buildings. There will also be benefits from climate change resulting from reduced risk of
frost damage and reduced demand for heating in the winter.

Given the large scale of potential impacts to society, and the long-term nature of decisions needed to
reduce those impacts, the literature suggests a wide range of potential adaptation options, from changes
in individual behaviour, to incorporating adaptation into building regulations and planning policies.

3.2.1 Climate change impacts

Flooding is one of the major weather related risks for the UK. During the flooding events in 2007%, over
55,000 properties were flooded and 7,000 people rescued from the flood waters by the emergency services
(Pitt Review, 2008). A large proportion of the flooded properties were flooded from surface water®, and a
study published by Defra® estimated an increase in flood volumes of 75% by the 2080s due to climate
change and urbanisation.

The Environment Agency (2009a) estimated that in England around 5.2 million properties (or one in six
residential and commercial properties) are at risk from river, coastal or surface water flooding. Of the
2.4 million properties at risk of flooding from rivers or the sea, almost half a million have a 1 in 75
chance of flooding in any given year. Some properties may be at risk of coastal erosion. The EA (2009a)
points out that, “although the overall number is considerably smaller, local impact can be severe.
Coastal erosion is progressive and practically irreversible”.

It is predicted that in England, flood management assets will need to cope with an expected average
20% increase in river flows by 2080. The degree of increase varies between regions.

The Foresight Future Flooding report published in 2004 identified the need for year-on-year increases of
£10 — £30 million in funding for new and improved management assets (for England and \Wales) every
year until the 2080s on top of inflation to respond to climate change. Increasing losses will be the result
of different drivers, including climate change, urban design and socio-economic conditions®.

Despite climate change modelling developed since then, the impacts remain uncertain (EA, 2009a).

Increasing summer temperatures affect living conditions for employees and residents in buildings and
houses, generating potential discomfort and health problems, particularly during consecutive hot days
(i.e. heat waves). Populations typically display an optimum temperature range*'. Temperatures outside

* Due to climate change, but also socio economic and governance factors (Foresight study, 2004).

¥ Mainly localised in South Yorkshire and Hull in June, and Gloucestershire, Worcestershire and the Thames Valley in July.

* The Environment Agency (2007) reported that two thirds of the flooded properties were flooded from surface water.

* Gill (2008), “Making Space for Water Urban flood risk & integrated drainage (HA2)", IUD pilot summary report, available at
http://www.defra.gov.uk/environment/flooding/documents/manage/surfacewater/urbandrainagereport.pdf

“ See Annexes A and B of the Foresight study (DTI, 2004).

' For example, WHO (2004) states that “perceptual scales have been developed to evaluate thermal comfort in an individual (such as the ASHRAE scale). In temperate climates, the
optimum indoor temperature for health is between 18 °C and 24 °C. Warmer climates have a higher limit of comfortable temperature, such as 28 °C in Greece and 25 °C in France”.
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this range can lead to discomfort and lower productivity levels*, with tolerance to heat tending to get
narrower with age or infirmity (WHO, 2004). Kovats and Hajat (2007) point out that “high temperatures
cause the clinical syndromes of heat stroke, heat exhaustion, heat syncope and heat cramps. Heat
stroke has a substantial case-mortality ratio, and progression to death can be very rapid (within hours)”.
The impacts of heat waves are more severe in urban areas, where buildings retain heat causing
sustained thermal stress both during the day and night, while rural areas often obtain some relief from
thermal stress at night (WHO, 2004; Clarke, 1972; Jendritzky, 2000).

Average temperatures are expected to rise in the future and heat waves are likely to become more
frequent. For example, a report by the Health Protection Agency stated that, “there is a 1 in 40 chance
that by 2012 South-East England will have experienced a severe heat wave that will potentially cause
3,000 immediate heat-related deaths” (DH, 2008).

Climate change will also bring benefits. For example, during the winter higher temperatures might
reduce the need for heating, damage to buildings from frost, and the rate of cold-related diseases and
deaths. Metroeconomica (2006) show that the benefits from lower winter heating demand from future
climate may be greater than the increase in summer cooling demand in the UK, with likely net benefits
in the UK for energy demand.

3.2.2 Market failures and other barriers

Uncertainty over climate impacts, and the long span of the built environment (typically in excess of 50
years)®, contribute to a range of barriers to adaptation.

The extent to which the built environment is adapted to climate change depends on the decisions of a
range of decision makers, including developers, building companies, insurance companies, property
owners and occupants. In this area, decision makers take their adaptive decisions on the basis of
different timescales, something which may lead to misaligned or split incentives; and the adaptive
decisions of some actors (e.g. developers and building companies) are likely to affect the adaptive
capacity of other individuals (e.g. owners and occupants).

The expected timescale of the impact of climate change determines the incentives for people to adapt.
Developers and building companies will generally bear some of the costs of climate change when they
occur within the warranty time, currently 10 years*. However, even during this time many costs will be
borne by the occupants. While the costs of introducing new technologies to increase the resilience of
the built environment (e.g. new flood defences, cooling systems or climate resilient building materials)
beyond that time would fall on developers, the benefits — if not fully captured in the sale price — such as
lower maintenance costs and higher long-term property value, would be reaped by property owners
and housing associations.

Due to the low turnover rate of the building stock, decisions taken today on where and how to build the
new stock will have implications for those who live in those houses in the future. Future property owners
and occupants are likely to bear the costs of badly-adapted properties, without generally exerting control
on the design and location of the stock. Property owners and housing associations will typically bear the

“2 WHO (2004) states that productivity and efficiency are likely to be adversely affected as a result of rising temperatures. “Reduced mental concentration because of discomfort
can lead to an increased risk of accidents. In addition, some people with existing health conditions such as heart problems, high or low blood pressure, respiratory conditions and
kidney disease may be susceptible to adverse health effects from working in hot and/or humid conditions. Thermal comfort is determined by subjective judgement, and even in
optimal conditions, some individuals may experience discomfort”.

“ The housing stock turns over at a rate of about 1% a year, commercial property at about 2% so decisions today will still have an effect in the latter part of the century (ABI, 2009).
“ The National House-Building Council (NHBC) is the leading warranty and insurance provider for new and newly-converted homes in the UK. Their 10-year warranty and
insurance policy called ‘Buildmark’ covers more than 80% of new homes built in the UK. Around 1.7 million homeowners are currently covered by Buildmark policies.

See http://www.nhbc.co.uk/
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costs of maintaining or re-building the existing stock; and occupants will bear the costs of increasing
discomfort in buildings, which are not well adapted to the current and future climate.
Badly designed stock may require substantial retrofitting measures in the future®.

People do not react passively to the conditions buildings provide, but interact actively with them by
adapting themselves (e.g. by changing clothing); and adjusting the conditions provideder (e.g. by moving
appliances to reduce exposure to flood risk; opening windows, or using air-conditioning to reduce indoor
temperatures). It is important the built environment facilitates (and does not hinder) the natural ability of
individuals to adapt, and enables occupants to exert control over the surrounding environment.

In some cases adaptation may require changes to typical behaviour — or coping strategies — especially in
cases of extreme and unexpected events. In other cases, adaptation may include changes to the existing
built environment (e.g. retrofitting). However, a more resilient built environment would come at a
near-term cost. Uncertainty over the timescales of benefits from adaptation, along with the historically
high turnover rate of property sales in the UK suggests that property owners today may have little
incentive to pay for extra-resilience, as benefits are likely to be reaped in the long-term by future
purchasers. Unless adaptation becomes a marketable commodity (in the same way as energy efficiency
is via the Energy Performance Certificates) and buyers value adaptation features, developers and
building companies may lack confidence that extra resilience will be fully reflected in sale prices,

and thus be less likely to incorporate it into new developments.

In addition to the long and uncertain timescale of benefits, barriers to adaptation include financial
barriers (when adaptation requires significant capital investments), physical/regulatory barriers (when for
example the built environment is in historical or conservation areas), lack of information on the
availability of existing measures, bounded rationality and inertia. For example, developers’ ability and
incentive to build climate resilient properties is shaped by internal organisational features (mainly
financial and management capabilities), and the external regulatory frameworks, e.g. planning
regulations and building codes.

Adaptation might also be undermined by asymmetric information or moral hazard, when individuals
choose not to adapt to the appropriate level because they think losses will ultimately be borne by the
Government or insurers, and they are not provided with adequate incentives for take up of preventive
measures.

Some adaptive measures may generate positive (negative) externalities with public good characteristics.
This would occur if an individual’s adaptation behaviour generates benefits (costs) to other individuals.
For example, a flood defence built to protect one individual’s property might also protect neighbouring
properties (generating positive externalities), and/or divert water to other properties (generating
negative externalities).

Adaptation actions may have the characteristics of club goods, i.e. being non rivalrous but excludable®.
In these instances, adaptation would require joint action that generates benefits to particular groups
and communities, and could be managed and funded locally, e.g. community flood defences. However,
the need for a coordinated action itself might represent a barrier to adaptation and there might be a
role for Government to support adaptation.

“ For example, for the regions of London, the East and South East of England it is predicted that by 2050, only 30% of the total stock will have been constructed post-2006 (The
Three Regions Climate Change Group, 2008).
“ Annex A describes these goods in more detail.
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3.2.3 Evidence and existing policies

There are specific elements of the existing Government policy that support autonomous adaptation.
These are described in more detail in Table 3. For example, to avoid inappropriate development in areas
at risk of flooding, and direct development away from areas at highest risk, since December 2006 the
Planning Policy Statement 25 (PPS 25%) requires regional planning bodies (RPBs) and local planning
authorities (LPAs) to do the following:

e prepare and implement planning strategies accounting for flood risks;
e avoid flood risk to people and property where possible; and

e only permit development in areas of flood risk when there are no reasonably available sites in
areas of lower flood risk and the benefits of the development outweigh the risks from flooding*.

Adaptive instruments to reduce the impacts from floods are also available. As explained in section 3.1
on insurance, different stakeholders including Government, the Environment Agency and the insurance
industry have introduced a range of information tools and regulatory measures to overcome some of
the barriers to adaption.

Notwithstanding existing measures, evidence suggests that there remains scope for making the built
environment more resilient. The Environment Agency estimates that 45% of people living in floodplains
do not understand the risk affecting their property, something that may prevent them from taking
adaptive measures to reduce risks. Following the 2007 floods, the Pitt Review stated that the existing
water and flood management systems could be improved, and proposed several recommendations such
as: better defining the responsibilities for flood risks, including surface water and groundwater flood risk;
improving warning systems for flooding; incorporating existing guidance for home buyers with accurate
and clear information on risks (e.g. by extending the Home Information Pack contents); and removing
the automatic right to connect surface water drainage of new developments to the sewerage system®.

The Pitt recommendations are being taken forward by Defra. In June 2009, Defra published a Progress
Report™ setting out progress made in the six months since the publication of the Government's response
to the Pitt Review in December 2008. This report shows what has been achieved and what remains to
be done to fulfil the Government commitments. Some of the recommendations are being addressed
through forthcoming legislation: the draft Floods and Water Management Bill included proposals to give
responsibility for local flood risk management to local authorities and to remove the automatic right to
connect to the public sewers for new developments.

Improving information to help people make better informed decisions about flood risk is important.
Defra has published guidance to assist local authorities in drawing up Surface Water Management Plans
(SWMP)*'; the Environment Agency are working with Local Resilience Forums and Regional Resilience
teams to improve their response to flooding from surface water®; and changes to regulations will
encourage households to lay permeable surfaces in their front gardens®.

47 http://www.ambiental.co.uk/flood-risk-assessment-legislation-pps25

“ In particular, planning strategies are aimed at identifying land at risk of flooding; framing policies for the location of development, which avoid flood risk to properties and people
where possible, and manage any residual risk; reducing flood risk to and from new development through location, layout and design, including making the most of the benefits from
green infrastructure for flood storage, conveyance and sustainable drainage systems (SUDS) (DCLG, 2006).

“ Such automatic rights bring the risk of overloading sewage systems and any sewage treatment works forming part of or connected with the system (with the risk of subsequent
overflowing); and are a disincentive to design and implement more sustainable drainage systems (SUDS).

%0 Available at http://www.defra.gov.uk/environment/flooding/risk/floodreview2007.htm

°" http://www.defra.gov.uk/News/2009/090304b.htm

52 The Environment Agency will complete a third generation surface water maps by 31 December 2010.

%3 Changes were made to the Town and Country Planning (General Permitted Development) Order 1995 so that as from 1 October 2008, households in England can lay permeable
surfaces without planning permission. Impermeable surfaces, where the surface area exceeds five square metres require specific approval from the local planning authority.
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Flooding is not the only risk faced by built private assets. Private properties are also exposed to the risks
of subsidence and ground disruption®. For example, the heat wave in the summer 2003 has been
estimated to have caused 22,000 extra-cases of subsidence above business as usual (Metroeconomica,
2006), and hot summers similar to those of 2003 could be normal within 30-40 years (Shaw et al.,
2007). Adaptive actions can be taken now to prepare for future climate. For example, urban vegetation
management that accounts for both increasing risk of subsidence and need for cooling in the summer
would be a sensible option.

Table 3 - Built private assets. Existing measures to encourage adaptation

Regulation Regulatory measure Link with adaptation

Building Regulations (review The Building Regulations (Approved Document L — 2006)
in 2010 to include adaptation) introduced a requirement for builders to consider heat gains as
well as heat losses in domestic buildings and to prevent solar gain.

Building Regulations encourage new developments to incorporate
sustainable drainage systems (SUDS) to avoid overloading sewers
during storms and to recharge groundwater. Reviews of Building
Regulations will be considering the standards that need to be
applied to meet current and future climate challenges including
those of flooding, temperature, wind, rain and ground conditions.

Code for Sustainable Homes*® The Code encourages new developments to incorporate
sustainable drainage systems (SUDS). Within the Code,
mandatory requirements include meeting minimum standards to
meet current and future climate challenges, including water
management and flood risks.

Planning Policy Statement: Planning | Planning Policy Statements (PPS) set out the Government’s

and Climate Change — Supplement | national policies on different aspects of spatial planning in

to Planning Policy Statement 1°° England. PPS1 sets out the overarching planning policies on the
delivery of sustainable development through the planning system.
This PPS on climate change supplements PPS1 by setting out how
planning should contribute to reducing emissions and stabilising
climate change and take into account the unavoidable
conseqguences. In particular, the supplement requires applicants
for planning permission to consider climate change into all spatial
planning concerns, and to consider mitigation and adaptation
jointly when planning new development.

Planning Policy Statement 25 It sets out Government policy on development and flood risk. It
(PPS25)* aims to ensure that flood risk is taken into account at all stages in
the planning process to avoid inappropriate development in areas
at risk of flooding, and to direct development away from areas of
highest risk. Where new development is exceptionally necessary in
such areas, policy aims to make it safe, without increasing flood
risk elsewhere, and, where possible, reducing flood risk overall.

Planning Policy Guidance 14 Planning Policy Guidance 14 (PPG14) sets out the broad planning
(PPG14)% and technical issues to be addressed in respect of development
on unstable land.

** According to the British Geological Survey this has cost the economy an estimated £3 billion over the last decade.

> The Code for Sustainable Homes has been developed to enable a step change in sustainable building practice for new homes. The Code is intended as a single national standard to
guide industry in the design and construction of sustainable homes by using a sustainability rating system to communicate the overall sustainability performance of a home. Minimum
standards exist for a number of categories — these must be achieved to gain a one star sustainability rating. Apart from these minimum requirements the Code is completely flexible;
developers can choose which and how many standards they implement to obtain ‘points’ under the Code in order to achieve a higher sustainability rating.

Available at: http:/www.planningportal.gov.uk/uploads/code_for_sust_homes.pdf

* http://www.communities.gov.uk/publications/planningandbuilding/ppsclimatechange

57 http://www.communities.gov.uk/publications/planningandbuilding/pps25practiceguide

¢ http://www.communities.gov.uk/planningandbuilding/planning/planningpolicyguidance/planningpolicystatements/planningpolicyguidance/ppg 14/
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Regulation Regulatory measure Link with adaptation
(Cont...)

Strategy for Sustainable The strategy sets out targets to improve the productivity,
Constructions™ efficiency and sustainability of the UK's construction sector.
The strategy includes a section describing measures to support
climate change adaptation.

Sustainability appraisal (SA)® The sustainability appraisal (SA) promotes sustainable

produced by regional planning development through the integration of social, environmental and
bodies (RPBs) and local planning economic considerations into the preparation of revisions of
authorities (LPAs)®! Regional Spatial Strategies (RSS) and for new or revised

Development Plan Documents (DPDs) and Supplementary
Planning Documents (SPDs). The SA encourages RPBs and LPAs to
account for climate change impacts (e.g. flooding, subsidence,
water quality).

Local Authorities National Indicator® | NI188 is designed to measure progress in preparedness in
assessing and addressing the risks and opportunities of a
changing climate. The aim of this indicator is to embed the
management of climate risks and opportunities across local
government services, plans and estates. It is a process indicator
which gauges progress of a local area to: assess the risks and
opportunities comprehensively across the area; take action in any
identified priority areas; develop an adaptation strategy and
action plan setting out the risk assessment, where the priority
areas are — where necessary in consultation and exhibiting
leadership of local partners — what action is being taken to
address these, and how risks will be continually assessed and
monitored in the future; and implement, assess and monitor the
actions on an ongoing basis.

*° Published by BERR in June 2008, http:/www.berr.gov.uk/whatwedo/sectors/construction/sustainability/page13691.html

% Under Section 39(2) of the Planning and Compulsory Purchase Act 2004 (hereafter referred to as ‘the Act’), sustainability appraisal is mandatory for RSS revisions and for new or
revised Development Plan Documents (DPDs) and Supplementary Planning Documents (SPDs).

¢ See Guidance http:/Awww.communities.gov.uk/documents/planningandbuilding/pdf/142520.pdf

¢ http://www.defra.gov.uk/corporate/about/what/localgovindicators/ni188.htm
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Information, Regulatory measure Link with adaptation

?3;3?:'1' UK Climate Projections® The UK Climate Projections are based on a method that looks at

9 the strength of evidence for different outcomes, called probabilistic
modelling. Through UKCPO9 information is provided for
temperature, precipitation, humidity, cloud, radiation, sea level rise
and sea level pressure. Probabilistic projections give an indication of
the likelihood of different outcomes, in this case the change in a
given climate variable under a set of pre-specified conditions.

Your Home in a Changing Climate: | This research investigates the climate change impacts on our
Retrofitting Existing Homes for existing housing stock, and identifies the primary options, and
Climate Change Impacts® attendant costs, of retrofitting the stock. The study covers
dwellings from private individuals to housing associations, with an
emphasis on water conservation, drainage, flood risk and
ventilation’, and outlines the main technologies, designs,
appliances, installations and practices for retrofitting.

GeoSure dataset and reports Produced by the British Geological Survey, GeoSure national
datasets and reports provide geological information about potential
ground movement or subsidence that can help planning decisions.

Environment Agency Flood Map®® Provides information on floodplains, along with data on the
likelihood (significant, moderate or low) of flooding.

Climate Change & Your Home®® Developed by English Heritage, this is an interactive web portal
designed specifically to help further understanding about the ways
climate change affects houses built before the Second World War.

Home Information Packs (HIPs) Introduced in 2007 these packs are designed to provide home
buyers with the information necessary to make an informed
choice a property they wish to buy. However, the packs do not
provide information on flood risk from groundwater, rivers and the
coast, but only from surface water flooding, or risk of flooding
due to an overloaded public sewer.

Adaptation and Resilience to a ARCC provides funding to support engineering research on
Changing Climate (ARCC) adaptation options for buildings, infrastructure and utilities. ARCC
programme®’ has been developed in order to build upon on the successes of

the EPSRC/UKCIP programme Building Knowledge for a Changing
Climate (BKCC) and the knowledge transfer and networking
activity Sustaining Knowledge for a Changing Climate (SKCC).

3.2.4 Implications for policy design

Given the existing market failures (mainly information failure and misaligned incentives) there is scope
for the Government to encourage appropriate incentives by providing the supply side with a regulatory
framework conducive to adaptation and supporting the development of well informed demand for
adaptive measures.

There is a low turnover rate for the building stock. The majority of the housing stock in 2050 has
already been built. This has two implications: first, there is a more urgent need to investigate options for

& http://ukclimateprojections.defra.gov.uk/

& http://www.london.gov.uk/lccp/publications/home-feb08.jsp

% Guidance available at http://www.environment-agency.gov.uk/homeandleisure/floods/31656.aspx
% http://www.climatechangeandyourhome.org.uk/live/

7 See http://www.ukcip-arcc.org.uk/
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adapting the existing housing stock; second, there is a need to ensure that the appropriate regulatory
framework exists for new-build.

The implications for policy design can be summarised as follows:

¢ Incorporating adaptation into existing regulatory frameworks. Regulatory measures can be
used to encourage climate resilience. For example, building regulations and development plans can
help to ensure that potential future damage costs are minimised by requiring that new developments
are not located in areas exposed to significant climatic hazards, and that the buildings themselves are
resilient to the future climate. Regulation can also help to ensure that people are provided with all
the necessary information to incorporate climate change costs in their decision making. There may
also be a case for intervention when individual actions result in significant negative externalities.

e Adopting an integrated approach, which accounts for climate and non-climate factors.
For the built environment to be appropriately adapted it is important to ensure that policy objectives
are set so as to account for multiple climate and non-climate factors. Upstream policies that cut
across the built environment (housing, healthcare, natural resources) will need to incorporate
adaptation in a consistent way, and provide regional and local bodies with a consistent framework,
which enables them to implement regional and local adaptive strategies.

e Improving understanding of costs and benefits of adaptive measures for the built stock.
Further research is needed to understand the cost and benefits of different adaptive measures to
improve the robustness or build in flexibility into new buildings (e.g. materials, design)®; and options
for retrofitting. Due to the low turnover rate of the building stock, it will be important to find ways
of incorporating adaptation measures through retrofitting.

e Correcting for information failures. This could include organising information campaigns and
devising guidance on climate risks, as well as information on existing adaptive tools tailored to
specific audiences. Individuals should be encouraged to adopt measures which improve their living
conditions at low costs first (e.g. use existing internal shadings in houses; or place vulnerable items in
dry-bags). Consistent with the Pitt Review's recommendations, information on climate risks could also
be incorporated into existing frameworks and practices (as flood risk became part of the Home
Information Pack).

¢ Investing in adaptive actions. The lessons learnt from the 2007 floods will inform the
development of future adaptive strategies to reduce the vulnerability of the built environment to
flooding. Recommended measures in the Pitt Review that have been taken forward by Government
include: systematically incorporating flood risk assessments into the Regional Spatial Strategy (RSS),
Local Development Framework and individual planning applications; ensuring that developers make a
full contribution to the costs both of building and maintaining any necessary defences; improving
warning systems, and communication systems in case of emergency; and considering the roll-out of
new schemes (e.g. telephone opt-out flood warning schemes).

e Addressing distributional issues. \When climate change leads to significant distributional impacts,
the Government will aim to ensure that all socio-economic groups have equal adaptive opportunities;
and planning legislation accounts for climate change, while avoiding creating or exacerbating existing
equity issues. It will be important to ensure that the social housing stock is resilient to the future
climate; and there is a need to investigate options for increasing the uptake of cost-effective adaptive
measures by vulnerable groups, including risk management tools (e.g. insurance) and investments in
hard measures (e.g. foundation deepening).

% Robustness is the ability to accommodate any uncertain future events or unexpected developments such that the initially desired future state can still be reached. Flexibility is the
inherent capability to modify a current direction to accommodate and successfully adapt to changes in the environment.
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Table 4 - Built private assets. Implications for policy design

Policy instruments Main reasons for intervention Implications for policy design

Regulatory measures Regulatory failures e Correct for existing institutional distortions

(including direct feg.ulatlon and | externalities e Incorporate climate change risks in existing

market / economic instruments) Equity regulations (building regulations, planning
systems)

e Ensure externalities are incorporated into
autonomous adaptive strategies (polluter pays
principle)

e Investigate price-based instruments to
incentivise adaptation

Research and monitoring Public goods e Improve understanding of costs and benefits
spending programmes Information failures of adaptive measures for the built stock
Information provision and public | Information failure e Consider guidance for the public on ex-ante
engagement Behavioural barriers adaptive measures and ex-post coping

strategies (including information on
dealing with services disruption in case
of extreme events)

Investment in infrastructure and | Public and club goods e Consider and help others consider options for
other adaptive actions Externalities investing in physical infrastructure to reduce
risks (e.g. flood defences, sea walls)

e Continue improving early warning systems

e Improve risk management and emergency
planning (e.g. define accountability of
different bodies in case of extreme events)

Financial barriers
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3.3. Public infrastructure

The focus of this section is on the basic physical and organisational structures that are needed by society
to operate, and are key to UK competitiveness and economic growth. These include infrastructure assets
in a wide range of sectors such as water, energy, transport, telecommunications and so forth.

Today, national infrastructure is a system of networks, where failure in one part can cascade through to
others. It is mostly owned, operated, built and maintained by the private sector, subject to a variety of
regulatory frameworks. In light of this, it is important that both Government and the private sector
implement the necessary adaptive measures to ensure the national infrastructure is prepared to operate
under current and future warming scenarios.

Due to the wide range of sectors covered under this section, and the complex interconnectivity and
interdependency of the infrastructure network, the analysis presented does not intend to be exhaustive
but rather provide insights into the overarching aspects of adaptation for public infrastructure

and utilities.

3.3.1 Climate change impacts

The supply of services such as transport, energy, water and health care, has been subject to pressures
due to climate change. Extreme weather conditions can disrupt or cause physical damage to
infrastructure, resulting in knock-on effects. A review of the impacts of climate change to some sectors
is provided as follows:

¢ Transport

In 2001 the Department for Transport (DfT) provided £23 million to 22 authorities to help deal with
flood damage to their transport infrastructure. More recently, during the flooding events of 2007,
in South-West England 10,000 motorists were trapped overnight between 2 junctions of the M5,
and about 200 people were stranded after the rail network failed in Gloucester (Pitt Review, 2008).

Other events, such as heat waves, might cause network disruption due to road deformation, rail
buckling or underground network failure, as well as passenger discomfort and heat exhaustion.

The heat wave in 2003 for example, led to major time delays on the rail network from speed restrictions
and very high temperatures on the London Underground®.

Along with increasing temperatures and increased frequency of high or extreme temperature episodes,
other changes might impact on the transport sector. The existing literature on the likely impacts of
climate change™ reports that changes in soil moisture content might increase the risk of structural
failures of infrastructure such as bridges, tunnels and embankments; maritime transport is likely to be
subject to increasing pressures due to sea level rises and coastal erosion; and aviation might be affected
by more frequent and severe extreme events such as storms and higher temperatures (affecting the
conditions of the runaways).

Some positive impacts are also likely: less frequent fog, frost and snowfall are expected to result in a
decreased number of related accidents, restrictions and disruptions, particularly during the winter. All of
these impacts, both positive and negative, are likely to differ at the regional level, even within the UK.

 In the hot summer of 2003 there were 165,000 delay minutes nationally (compared with just 30,000 in the cooler summer of 2004). The number of buckled rails (approximately
130) was also high and consistent with other hot years (1976 and 1995) (Greater London Authority, 2005). On one day in July 2003, 4,000 passengers were trapped on London
Underground in broken down trains for at least 90 minutes, and subjected to combined temperatures and humidity approaching 40 °C (DfT, 2004).

7 Metroeconomica (2006) reports a summary of the literature on the likely impacts of climate change on the transport sector.
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¢ Energy

Warmer winters and hotter summers will change the seasonal pattern of energy use by decreasing the
demand for space heating in the winter, and increasing the demand for cooling in the summer. It is
challenging to estimate net changes in demand for energy due to the need to make extensive
assumptions to model the changes. Metroeconomica (2006) estimated that net changes for both the
domestic and service sectors will be negative: decreases in energy demand during the winter will
outweigh increases in demand during the summer’'. Along with changes in average temperatures,
more extreme events (such as heat waves) might lead to spikes in demand, put pressures on supply
capacity, and increase the risks of blackouts.

More frequent floods and more intense and frequent storms will also place significant pressures on energy
infrastructure. Damage to power lines, transmission grids and offshore infrastructure can lead to power
disruption”. Metroeconomica (2006) estimated the costs of supply disruption” caused by the severe
storms in October 2002 to be approximately £30 million.

e Water

In the UK, there is evidence of a reduction of groundwater layers’ throughout the country by 5-15%,
which is mainly due to reduced precipitation during the winter (UKWIR, 2003). Water scarcity might be
exacerbated by more frequent droughts, along with increases in the demand for water (particularly
during the summer) for irrigation and drinking water’”, cooling systems and recreation. However, water
shortages are likely to be unevenly distributed across the country and concentrated in some periods of
the year’.

Water infrastructure and sewage systems are likely to be placed under increased pressure, particularly in
those areas most exposed to flooding. The events in July 2007, for example, culminated in the
temporary loss of supply from the Mythe Water Treatment Works in Gloucestershire”.

The quality of water resources is also likely to be indirectly affected. Changes in temperatures are likely
to affect the bacteriological conditions and oxygen content of water, in some cases leading to changes
in the distribution of habitats and ecosystems responsible for services such as water regulation and
purification. Moreover, floods might result in sewage overflow, and increase the potential for spread of
water-borne disease.

e Health service

More frequent flooding would have indirect but significant impacts on this sector by putting localised
strain on NHS services. Floods increase the risk of contaminated waters (e.g. with chemical waste, oil,
diesel, pesticides, fertilisers, etc.), and related infectious diseases, in addition to causing potential damage
to hospitals, nurseries, clinics, general practices etc., in some cases forcing the evacuation or closure of
some utilities. In addition, flooding might have implications for mental health’®, and lead to increased
levels of anxiety amongst the population (Pitt Review, 2008).

" Impacts on the demand for heating and cooling are based on several assumptions, including for example people’s ability to adjust their demand for energy to take account of
changed energy needs i.e. switch off heating systems according to temperature signals; and penetration rates of air conditioning etc. The study concluded that values for the service
sector are particularly uncertain. It is highlighted that with different assumptions, than the values above could change significantly and possibly even the overall energy balance.

72 Indicative values for the costs of disruption have been estimated at between €3.8/Kwh for one-hour outage to €1.8/Kwh for an outage of longer than 24 hours (Egenhofer et al., 2004).
72 This figure does not include the costs of infrastructure damage and maintenance (Metroeconomica, 2006).

7 Water availability is particularly affected by changes in rainfall patterns, lower snow cover (with lower retention of water as snow), and changes in the soil conditions. These factors
reduce the natural recharge of groundwater, which is a crucial source of water for nature, especially wetlands and coastal ecosystems, and for water supply, especially for drinking water.
7> Estimates of rises in water demand are provided by Downing et al. (2003), who estimated increases in irrigation use in England of around 20% by the 2020s and around 30% by
the 2050s, and rises in per capita domestic demand by 2 to 5% during the coming 20 to 50 years as a result of climate change.

7 For example, it has been estimated (UKCP09) that under the medium emissions scenario (central estimates) the South West is expected to experience 23% less rain by 2080,
whereas winter rainfall is projected to increase, for example in the North West of England by 16% in 2080s. The demand for irrigation in the summer is likely to be concentrated
particularly on lighter soils, sands and sandy loams, in Eastern England, the East Midlands and the South East, where most field crop irrigation is carried out.

7 The loss of piped drinking water affected around 350,000 people and constituted a major incident requiring a multi-agency response to deliver alternative water supplies to the
affected areas (Defra, 2008).

& A case-control study found that psychological distress among adults whose homes were flooded is fourfold higher than for those whose homes were not flooded (Reacher et. al, 2004).
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Changes in climate variability are likely to affect seasonal demand for services. For example, warming
temperatures during the winter are likely to reduce the number of cold-related diseases. During the
summer, extreme events such as heat waves are likely to cause health problems (e.g. heat exhaustion).
More frequent droughts may lead to more frequent water shortages (particularly in the South East),
possibly increasing the demand for health services for particular groups such as the elderly and disabled.

3.3.2 Market failures and other barriers to autonomous adaptation

Due to the distinctive nature of the services under consideration — public goods generating positive
externalities (e.g. health), natural monopolies (e.g. energy distribution)’, and merit goods (e.g. water®) —
the national infrastructure is subject to specific regulatory interventions. In different sectors, public bodies
and private organisations that manage, operate and maintain infrastructure have to meet statutory
requirements and performance standards for the services they provide, and climate change is one of the
risk-factors that they should account for in the decision making in order to fulfil their obligations.

Investment decisions on infrastructure involve multiple actors. From 2010, a new independent body
introduced by the Planning Act 2008, the Infrastructure Planning Commission (IPC), will take land use
planning decisions on Nationally Significant Infrastructure Projects (NSIPs)®'. The IPC will refer to National
Policy Statements (NPSs)®? while examining the applications®. NPSs must set out how they address
adaptation (as a statutory requirement set by the Planning Act 2008), including providing guidance to
the applicants on how to account for climate change adaptation, and to advise the IPC on how
adaptation must be part of its decision making framework. For infrastructure other than NSIPs (e.g.
schools, hospitals, small scale renewable and smaller transport infrastructure), investment decisions will
continue to be framed within regional strategies, and be part of local authorities’ development plans.

When investment decisions are taken by companies subject to economic regulation (e.g. water
companies), adaptation may be potentially affected by regulators’ price setting, or more in general by
the framework the regulated companies are subject to. Regulators have powers and remits designed to
reflect the different needs of their sector and therefore different channels to influence adaptation in
regulated companies. In sectors, which are exempt from regulation, decisions on the resilience of the
infrastructure will be at the discretion of individual companies.

Due to the multiple levels of decision making involved, in this area barriers to adaptation might stem from
a lack of consistency between the frameworks used. The interconnectivity between the infrastructure
assets means that any poorly defined responsibilities, or lack of coordination between the various
operators, could undermine their ability to contribute to the adaptation of the national infrastructure and
public services in an efficient and effective way, and exacerbate the impacts of climate change.

There is an important interface between infrastructure and users. The public and businesses could also
contribute to reduce the impacts of climate change on infrastructure through, for example, a more
sustainable use of water; a more sustainable use of drainage systems; and a better understanding and
implementation of emergency strategies in case of disruption of services. Barriers to adaptation in this
case might stem from lack of information, price signals that do not reflect the costs of provision or

A natural monopoly exists when there is great scope for economies of scale to be exploited over a very large range of output. Natural monopolies tend to be associated with
industries where there is a high ratio of fixed to variable costs. For example, the fixed costs of establishing a national distribution network for a product might be enormous, but the
marginal (variable) cost of supplying extra units of output may be very small.

% Water is both excludable and rivalrous. Unlike a public good, there is a marginal cost attached to each unit of water consumed associated with production, purification and delivery of
water to an individual’s home. However, given the strong positive (particularly health-related) externalities related to its consumption, water has the characteristics of a “merit good”.

& The definition of “nationally significant infrastructure project” covers specified categories of project in the energy, transport, water, waste water and waste sectors. For further
details on the types of project which fall within the definition of a “nationally significant infrastructure project” see sections 14 to 30 of the Planning Act 2008.

# NPSs are produced by central Government departments for nationally significant infrastructure. These will integrate environmental, social and economic objectives, including climate
change commitments, in order to help deliver sustainable development. They will set out the national need for infrastructure development and set the policy framework for IPC decisions.
# In cases where no NPS has effect, the IPC will examine the application and make recommendations to the Secretary of State who will determine the application.
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1

behavioural inertia. Research also suggests that lack of or low social capital also undermines communities
adaptive capacity, particularly when dealing with unforeseen and periodic hazardous events®.

3.3.3 Evidence of autonomous adaptation and existing policies

To ensure national infrastructure is well adapted to climate change, several policy measures are already
in place. Along with responsibility for providing essential services, statutory undertakers and public
bodies are now subject to specific requirements aimed at ensuring climate change and adaptation are
incorporated into the decision process in a systematic way. These include measures explicitly aimed at
supporting adaptation, such as the Reporting Power set in the Climate Change Act; the Green Book
guidance for policy appraisal; the local authorities’ adaptation indicator (NI188); and other measures to
improve the readiness of the country to one-off threats and risks (including extreme weather events) as
set in the Civil Contingency Act, and the National Risk Register.

In 2008 the Government started the Adapting to Climate Change (ACC) programme. The programme
brings together the work being led by Government and the wider public sector on adapting to climate
change, and will co-ordinate and drive forward the development of the Government’s work on
adaptation in the future. Box 8 provides an overview of the different projects under the programme.

Box 8. The Adapting to Climate Change (ACC) programme

The UK Government’s ACC programme started in 2008 and consists of two phases. Phase 1
(2008-2011) comprises 4 workstreams:

1. Providing the evidence, through the UKCPQ9; the Climate Change Risk Assessment;
and a cross-departmental project on infrastructure and adaptation coordinated by the
ACC programme.

. Raising awareness and support actions, e.g. through asking public bodies and statutory
undertakers to report on climate change adaptation (through implementing the Reporting
Power); and providing funding to Regional Climate Change Partnerships.

. Ensuring and measuring progress, e.g. through developing indicators for the success of the
cross-Government Programme; and monitoring the performance of local authorities’ indicator
on adaptation (N188).

. Embedding adaptation in Government policy and process, through the Green Book
supplementary Guidance on adaptation (published in June 2009).

Phase 2 (2012 and beyond) will build on the results of the National Climate Change Risk
Assessment and the Adaptation Economic Analysis to start the statutory National Adaptation
Programme in 2012, as stated in the Climate Change Act.

Given the nature of adaptation, this policy area is very wide ranging and constantly developing.
Up-to-date information about the programme’s work can be found at
http://www.defra.gov.uk/adaptation

# Social capital, and in particular networking social capital, is thought to enhance adaptive capacity, encourage self-regulation and the sustainable use of environmental resources (see
Adger, 2003; Agrawal, 2001). Social capital is thought to be important for communities’ coping and recovery, particularly in the absence of Government support. However, it does not
necessarily facilitate pro-active adaptation and the enhancement of well being (Dasgupta, 2003 in Adger, 2003).
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In April 2009, the ACC Programme established a cross-departmental Infrastructure and Adaptation project
to identify, examine and implement strategic solutions to “improve the long-term resilience of new and
existing infrastructure in the energy, transport and water sectors to future climate change impacts”. This
also encompasses the role of ICT/telecommunications and interconnectivity within and across the sectors.

The Government has recently announced the creation of a body — Infrastructure UK — to advise on
management and planning for the UK's critical infrastructure, taking a 5-50 year horizon it will identify the
country’s long-term infrastructure needs. The impacts of climate change will be considered in doing this.

Alongside the ACC Programme, the Government has other instruments to support adaptation.
These include:

e the Local Authority performance indicator (NI1188);

e an adaptation indicator against which all local authorities in England report each year as part of
the local area agreements framework®;

e the Cabinet Office Civil Contingency Act and National Risk Assessment, aimed at improving
understanding of the impacts of one-off threats and hazards to the UK, and devising emergency
plans to deal with them; and

e the Heat Wave Plan 2009, which raises awareness on the health impacts of heatwaves and
provides guidance on preventive measures to reduce those impacts.

3.3.4 Implications for policy design

Climate change is one of the main challenges faced by the UK national infrastructure® and the public
services that rely upon it. The interdependency between various infrastructure assets and services
highlights the need to improve understanding of where vulnerabilities and accountabilities lie; and the
importance of having a coordinated and coherent approach to reducing those vulnerabilities. Given the
highly regulated nature of this sector, it is important to consider whether the overall regulatory framework
is conducive to good adaptation.

The Government can play a role in ensuring the national infrastructure is adapting well in two ways.
On the supply side, it can help to ensure that the institutional framework supports adaptation in a
coherent and coordinated way, where the benefits justify the costs of doing so. On the demand side,

it can promote the efficient use of scarce resources, and help individuals and firms deal with emergency
situations and public services disruption.

Maintaining current levels of resilience against the effects of a changing climate may require additional
resources. For example, in the long-term investment strategy for flooding and coastal risk management,
the Environment Agency estimated that it would require an increase to around £1040 million a year

(in real terms) by 2035 to maintain current standards of protection®.

Research on the long-term fiscal implications of climate change is not well developed and needs to be
considered carefully. There is a two-way relationship between climate change and the fiscal stance of
the UK. In one direction, more frequent and severe extreme weather events may have an impact on

® The Local area agreement framework including responsibilities and process are led by CLG and further details can be found at
http://www.communities.gov.uk/localgovernment/performanceframeworkpartnerships/localareaagreements/

# The Council for Science and Technology (2009) identified three main challenges for UK infrastructure: its highly fragmented nature (both in terms of delivery and governance); its
weak resilience to systematic failure; and the existing pressures posed by climate change and socio-demographic changes. The report is available at
http://www.cst.gov.uk/reports/files/national-infrastructure-report.pdf

# This figure is an increase of around 80 per cent on 2010-2011 levels (£570 million) and excludes the costs of managing the risk of surface and groundwater flooding (EA, 2009a).
http://publications.environment-agency.gov.uk/pdf/GEHO0609BQDF-E-E.pdf
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public finances®. Although research suggests that advanced economies have been able to cope well so
far, this may not continue to be the case as extreme events become more frequent and more severe®.
In the other direction, the fiscal stance of the UK in the future may affect investment in adaptation.
Although outside the scope of this paper, this is a critical area for future work.

Implications for policy design can be summarised as follows:

e Harmonising adaptation in existing regulatory frameworks. In order to create a regulatory
environment, which is supportive of adaptation, it is important to investigate potential requlatory
barriers, and support a coordinated approach to adaptation when this is cost-effective to do so.
Climate change is likely to exacerbate existing inefficiencies, and make an even stronger case for
removing such inefficiencies. Overall, consideration should be given to how climate change risks are
accounted for across the different networks, and whether these accounting methods create the right
incentives for regulated bodies and organisations to adapt.

¢ Investigate options for mainstreaming adaptation into direct public investment decisions in
a systematic way. Some of the existing policy instruments (e.g. Green Book guidance on
adaptation) and powers (e.g. Reporting Power) aim to ensure public infrastructure and Government
investments more in general are adapted to climate change. It has also been suggested that
responsibility for adaptation could be built into contracts with private operators (OECD, 2008).
For example, adaptation could be mainstreamed into public procurement through setting
performance requirements or specifications for private companies so that they account for climate
change in a more systematic way®’; and allocating climate change risks between private and public
partners in a more transparent way®'. The costs and benefits of these arrangements should be
assessed against conventional models of public finance (OECD, 2008). The ACC programme is
working jointly with the Office of Government Commerce to produce guidance to help incorporate
climate change adaptation into public procurement.

e Improve understanding of customers’ role, including adaptive capacity. It is important to
understand customers’ willingness to pay and which incentives they need in order to contribute to
increase the resilience of the national infrastructure. More research is needed to improve
understanding of individuals’ tolerance to risks resulting from the failure of infrastructure,
their willingness to pay to reduce those risks; and what barriers prevent people from changing
behaviour and reducing their use of scarce resources. This critically needs cross-disciplinary study
(including social, economic and engineering sciences).

e Devising participatory awareness/information campaigns. These could promote a more
sustainable use of resources, and create a better understanding of how to behave/co-ordinate during
emergencies in order to reduce the pressure on infrastructure and public services. Measures, which
contribute to building up social capital, should be implemented as win-win options. These could
include, for example, programmes to raise awareness and encourage simple changes in behaviour to
help the most vulnerable in case of extreme events (e.g. providing support to the elderly living next
door during heat waves).

e Investing in protective measures, such as sea walls and flood defences when this would reduce the
vulnerability of the infrastructure and public utility services in the most cost-effective way. Options
should include investing in robustness and flexibility. Also, various funding options will need to be
explored, to ensure close alignment between payments for such protective measures and beneficiaries.

# There are 2 mechanisms through which extreme weather events affect fiscal policies: i) directly, through financing relief payments, and recovery response; and ii) indirectly, through
causing a drop in output (and therefore in fiscal revenues), and increasing public expenses on social payments.

# See European Central Bank (2009).

* See the study by PwC (2009).

°' Acclimatise (2005) reports that there is little evidence that PFI/PPP participants have any appreciation of the threats and opportunities arising from the impacts of a changing climate
on assets and users during concession periods. Through reducing operating and financing costs, loss of income, construction delays, asset failures, poor performance, and customer
concerns, adaptation would result in benefits to projects participants, but also to the Government and the public.
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Table 5 - Public infrastructure. Implications for policy design

Policy instruments Main reasons for intervention Implications for policy design

Regulatory measures Regulatory failures e Harmonise existing regulatory frameworks

(including direct feg.ulatlon and | pyplic goods e Incorporate climate change risks in existing

market / economic instruments) appraisal frameworks and decision making in
policy making

e Introduce performance standards in
procurement which account for climate
change risks

e Allocate climate change risks between public
and private actors in a more transparent way

Research and monitoring Public goods e Improve understanding of customers’ role,

spending Information failures including adaptive capacity

Information provision and public | Information failures e Consider producing guidance for the public

engagement Behavioural barriers on ex-ante adaptive measures and ex-post
Equity coping strategies

e Consider producing guidance tailored to
specific audience (e.g. the most vulnerable)

Investment in infrastructure and | Public goods e Consider and help others consider options for
other adaptive actions Externalities investing in physical infrastructure to reduce
risks (e.g. flood defences, sea walls)

e Improve forecasting, monitoring and warning
systems

e |Improve communication and ensure a
coordinated response between public bodies
responsible for dealing with emergencies
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3.4 Natural Environment and Biodiversity

Humanity relies heavily upon the services provided by the natural environment, and climate change will be
mediated through the natural environment. The natural environment has the capacity to adapt to a
changing climate: the boundaries of ecosystems can change, and species migrate. However, there are
limits to the pace and extent of this adaptation, and there is a risk of experiencing permanent changes or
losses to our environmental assets. Moreover, the natural environment is already subject to significant
stress from other sources.

Adaptations by humans and the natural environment are inter-related. The way the natural environment
will change in response to a changing climate will have an impact on agriculture and land use
management, for example, and farming practices and land use management will affect the capacity of
the natural environment to adapt. This inter-dependency points to the need to investigate the links
between climate and non-climate drivers to environmental adaptation, and adopt a coordinated and
consistent approach to supporting adaptation of the environment and across different sectors.

3.4.1 Climate change impacts

The impacts of climate on natural resources are likely to differ depending on their location and adaptive
capacity. When ecosystems are not able to recover or adapt at the same rate as climatic hazards, climate
change is likely to result in changes in the availability of natural resources (such as water), along with
changes in the location, composition and number of species. These impacts might compromise
ecosystems’ equilibrium, exacerbating the vulnerability of the environment to current and future climate
scenarios, and reducing the supply of ecosystem services that people rely upon (Defra, 2007).

The services are explained in Box 9.

Box 9. Ecosystem services

The term Ecosystem Services was developed to describe the benefits humans derive from nature.
The concept was brought into popular use by the Millennium Ecosystem Assessment®? which
categorised services into four distinct groups:

Supporting services — such as nutrient cycling, oxygen production and soil formation.
These underpin the provision of the other ‘service’ categories.

Provisioning services — such as food, fibre, fuel and water.

Regulating services — such as climate regulation, water purification and flood protection.
Cultural services — such as education, recreation, and aesthetic value.

The economic value of an ecosystem will depend on the sum of the value of final services.

For example, the value of a service like pollination will come through in the delivery of other
services like the provision of food. Here pollination would be an intermediate service and food

would be a final service.

Investment in ecosystems can help adaptation to climate change in many ways. Examples would
include flood alleviation and regulating fresh water supplies.

% See MEA (2003).
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Metroeconomica (2006) estimated that the number of species experiencing changes in their suitable
climate space® will increase as climate change progresses, with losses of climate space almost doubling
between the 2020s and 2050s in UK-based scenarios. This study concluded that many wetland habitats
in southern England could see a net loss of species; while those in the north, especially Scotland could
have net gains, counteracted to some extent in losses in certain upland and montane species at their
southern range margins. These conclusions are predicated on the assumption that species will adapt
quickly and autonomously to the changes in their climate space®.

Ecosystems and natural resources are going to be affected directly by climate change, and indirectly
through changes in socio-economic drivers, working practices, policies and resources use, in some cases
triggered by climate change itself. An extensive report on adaptation and biodiversity was published by
Defra in 2007 (Mitchell et al., 2007). Based on a previous set of climate projections to UKCPQ9, this
report identifies the following ways that climate change could affect biodiversity:

e |oss of synchronisation between species as a result of changes in the timing of their natural cycles;

e changes in species distribution (including arrival of non-native species and potentially loss of
species for which suitable climate conditions disappear);

e changes in community composition;
e changes in ecosystem functions; and
e |oss of physical space due to sea level rise and increased storminess.

The report indicates that of the 32 habitats considered, 7 are at high risk of direct impacts, based on
good to moderate evidence available, and 5 of these are coastal or marine.

Climatic changes will have complex effects on the ecosystem services that people rely on. For example,
changes in annual and seasonal rain fall patterns will have effects on agricultural systems, cooling
systems for industry and the availability of drinking water. More frequent extreme events might affect
the conditions in which some sectors operate (e.g. agriculture, water management), and undermine the
quantity, quality and sustainability of certain outputs (e.g. food production).

There is interdependency, however, between the natural environment and various sectors, meaning that
changes in the availability and quality of natural resources might trigger changes in practices and vice versa
decisions on adaptation might hinder or support the natural environment’s adaptation.

The sectors identified by the Defra (2007) study as responsible for indirect changes on habitat and species
include: agriculture; water and wetlands; woodland and forestry; towns cities and development; and coasts
and seas, including fishing.

3.4.2 Market failures and other barriers to autonomous adaptation

In the context of natural environment, barriers to spontaneous adaptation of species and habitats may
stem from their inability to keep up with the speed of climatic perturbations and shocks (i.e. lack of
resilience); and/or the inability to adapt given the prevailing conditions in the immediate environment
(i.e. land management, urban development, pollution or non-climate factors affecting their adaptive
capacity).

% Climate space is the geographic area that is projected to have climatic conditions similar to the climate of those areas currently occupied by the species and likely to be
climatically suitable for their survival.

°* However, given the species considered (mainly plants) the authors highlight that ‘many of the gains are unlikely to be realised, while losses are more likely to occur as species
become stressed and suffer a mortality response. The loss, however, may also be delayed, especially for long-lived species [...]. This provides a further level of uncertainty relating
to the degree to which the simulated changes will be realised’ (Metroeconomica, 2006).

Analysing the Role of Government | 51



Part Il: The Analysis Applied

Ecosystem services often have characteristics of public goods, which make them difficult to value in
traditional markets. This can lead to the over-exploitation of natural resources, which provides the
underlying rationale for many Government interventions in this area. Climate change will pose stresses
on natural resources over and above these existing pressures, making an efficient framework an even
more important tool for protecting the environment.

If not incorporated into the existing policies, climate change could exacerbate existing inefficiencies, or
lead to inappropriate adaptation. For example, in order to exploit new opportunities offered by a warming
climate, businesses operating in the tourism sector might want to invest in facilities and premises to meet
an increased demand for outdoor activities and leisure. These investments might result in increasing water
consumption, noise, litter and road congestion. Good adaptation would require that the cost of using
scarce resources is fully internalised by agents; noise and waste regulation are enforced effectively; and
travellers pay for the cost of congestion and air pollution they cause.

Another example is farmers switching to different crops, which can be grown in a warmer climate
(e.g. grapes). On a large scale, this could have significant implications for the natural environment.
Ensuring agricultural regulation and agri-environmental schemes account for both the impacts of
climate change and autonomous adaptation is necessary to send the right incentives to farmers to
adapt in the appropriate way and support the environment’s adaptive capacity.

When climate and non-climate stresses directly or indirectly put protected areas, high-quality wildlife
habitats® and ecosystems services at risk of permanent damage or extinction, intervention might be
required. Designing intervention in this sector poses a number of challenges, including:

e understanding of the direct and indirect impacts of climate change on ecosystem services;

e prioritising planned adaptations, which can be challenging because of incomplete evidence on the
value of the ecosystem services affected by climate change; and

e ensuring sustainability, which requires that we understand the substitution possibilities between
affected assets (e.g. natural and manmade) and how environmental limits should be set.

3.4.3 Existing policies

A number of measures are already in place to protect the environment and directly or indirectly support
adaptation. These include research funding; evaluation frameworks requiring the incorporation of
environmental costs and benefits into policy making; legislative frameworks; and environmental regulation
incorporating objectives such as sustainable use of natural resources and biodiversity preservation.

Following the Millennium Ecosystem Assessment, the UK will undertake a National Ecosystem
Assessment (NEA). This project aims to provide a comprehensive assessment of the current state of all of
the ecosystems in the UK, and will produce the world’s first national assessment of its kind. The
assessment is intended to raise awareness among institutions on the importance of ecosystems and the
services they provide to society, and to strengthen policy making and management.

% High quality wildlife habitat is used to describe any semi-natural habitat of high biodiversity value due to its species richness, scarcity as a habitat and / or presence of rare and
local species.
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Adaptation is explicitly part of the Ecosystem Approach Action Plan®, and the Strategy for England’s
Trees, Woods and Forests®. There are other programmes and policies aimed at biodiversity preservation
that indirectly address climate change adaptation. For example, the objectives of Environmental
Stewardship® include conservation of wildlife (biodiversity); maintenance and enhancement of landscape
quality and character; and protection of the historic environment and natural resources (Box 10).

In 2009, the European Union (EU) published “Adapting to climate change: the challenge for European
agriculture and rural areas”, which summarises the main impacts of climate change on EU agriculture,
examines adaptation needs, describes the implications for the Common Agricultural Policy (CAP) and
explores possible orientations for future action. Pillar 2 of the CAP presents farmers with some options
for short to medium term adaptive solutions. However, climate risks are only one aspect influencing
farmers’ decisions, which involve many other socio-economic and market considerations.

Box 10. Role of agri-environment schemes (AES) in supporting
climate change adaptation

It is widely recognised that agriculture has a key role to play in contributing to overall resilience to
climate change.

Pillar 2 of the European Union’s (EU) Common Agricultural Policy (CAP) contains a list of possible
interventions, some of which provide opportunities to help offset the adverse effects of climate
change. Most prominently, agri-environment support schemes (AES) that encourage better
management of soil and water resources, conservation of a broad genetic resource base,
restoration of woodlands and prevention of forest fires will aid adaptation to varying and harsher
environmental conditions. Guidelines have been given to Member States for rural development
programmes for the period 2007-13 to address climate change.

Coherent AES can contribute to wider climate change adaptation objectives including safeguarding
water quality, carbon storage, biodiversity and habitat conservation. For instance, new research
suggests that integrating Sustainable Flood Management (SFM) principles into agricultural practice
will require relatively few changes under the current legislative framework (Kenyon et al., 2008).

In the UK, the Environment Agency’s Organisational Adaptation Strategy (2005-08)* agreed on
actions influencing the development of AES to include options for water efficiency, rural
Sustainable Drainage Systems (SUDS) and better soil management (EA, 2009b).

Nevertheless, there are a number of issues that could limit the potential of AES to support climate
change adaptation. Currently AES are voluntary in nature and there is scope to increase farmer
participation. Local schemes, which play a significant role in AES, do not currently have to take
climate change adaptation into account. Climate change is also a long-term challenge that
requires agreements and commitments on appropriate timescales (AEA & Universidad de
Politécnica de Madrid, 2007).

° Published in December 2007, the Plan states that the priorities and targets identified in the UK Biodiversity Action Plan (UK BAP) will need to be reviewed periodically to ensure
they continue to be relevant and achievable, and that adaptations in sectors such agriculture, forestry, water management and energy also contribute to biodiversity objectives.
See http://www.defra.gov.uk/wildlife-pets/policy/natural-environ/documents/eco-actionplan.pdf

°7 Launched in June 2007, the strategy aims to ensure that existing and newly planted trees, woods and forests are resilient to the impacts of climate change and also contribute
to the way in which biodiversity and natural resources adjust to a changing climate. Available at http:/Awww.defra.gov.uk/wildlife-countryside/forestry/strategy.htm

° An agri-environment scheme which provides funding to farmers and other land managers in England who deliver effective environmental management on their land.

* This established a detailed methodology, based on work by the UK Climate Impacts Programme (UKCIP), for integrating adaptation into business planning.
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3.4.4 Implications for policy design

There is still limited knowledge of the impacts of climate change on the natural environment, making
planned adaptation particularly challenging. As a result, a dynamic approach to intervention is required,
where ecosystem management is based on testing assumptions, monitoring and adjusting management
plans accordingly.

There are some actions that are a priority, and are likely to yield net benefits regardless of uncertainty over
the future climate. These include addressing existing inefficiencies which risk exacerbating the vulnerability
of ecosystems (e.g. ensure compliance with existing regulations on the use of land, water and marine
resources); lessening existing pressures on ecosystems (e.g. pollution); and creating a framework which
includes adaptation to climate change in resource planning and management objectives.

Areas to consider for future policy design include:

¢ Reducing uncertainty and information failure. Research and monitoring programmes can
improve understanding of the impacts of climate change on ecosystems characteristics and
functionality, the risks of invasive species, the spontaneous adaptation by habitats and species,
and the inter-linkages between the natural environment’s and manmade adaptation. Also, greater
research is needed to improve understanding and valuation of ecosystems able to provide
‘adaptive services' (see final point below).

e Mainstreaming climate change adaptation into existing environmental regulation.
Natural resources are protected as a public good through existing regulations covering land use and
agriculture, coastal zone management and water management. The complex interdependencies
between agriculture and the natural environment and the challenges that both are faced with,
support the need for adopting a joined-up approach to supporting adaptation in these two areas. In
particular, due to the potential implications of climate change and adaptations on food security and
ecosystems, in the long run adaptive strategies in the agriculture sector may need to go beyond
current practices to include coordinated strategies accounting for environmental risks and market
considerations.

¢ Investigating the potential for environmental markets and pricing. Policies such as payments
for ecosystem services (PES) should be investigated. These could help reduce the pressures on
environmental resources while ensuring the social cost of using environmental resources are
internalised and encourage adaptation.

¢ Investing in green infrastructure for adaptation. There is the potential to identify win-win
options for adaptation. These include those which increase the resilience of ecosystems by reducing
other pressures (manmade pollution) or countering habitat fragmentation; or options that exploit the
‘adaptive value’ provided by some natural resources while contributing to environmental outcomes
(e.g. natural reservoirs providing water resources, wetlands absorbing runoff and filter discharges
flowing into bays and estuaries etc.)'®. Also, when protected areas such as high-quality wildlife
habitats'® and other essential ecosystems services are at risk of permanent damage or extinction,
the Government could investigate the need for refuges, parks, and reserves with corridors to enable
species’ adaptation.

1© The Economics of Ecosystems and Biodiversity (TEEB) study identified three broad areas for adaptation: agricultural productivity, fresh water supply, and natural hazard

management.
" High quality wildlife habitat is used to describe any semi-natural habitat of high biodiversity value due to its species richness, scarcity as a habitat and / or presence of rare and

local species.
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Table 6 — Natural environment and biodiversity. Implications for policy design

Policy instruments Main reasons for intervention Implications for policy design
Regulatory measures Regulatory failures e Ensure environmental policies (e.g. agriculture
(including direct regulation and | pyp|ic goods and land use policies, coastal management

market / economic instruments) policies, water management policies)

account for climate change risks

e Explore the potential for supporting private
adaptive strategies through environmental
markets (e.g. payments for ecosystem
services) and price-based instruments
(e.g. conservation payments)

Externalities

Research and monitoring Public goods ¢ Improve the understanding of climate change

spending programmes Information failures impacts on biodiversity and non-native species

¢ Improve understanding of the
interdependency between manmade
adaptation and the natural environment

Information provision and public | Information failure e Raise awareness of climate change impacts on
engagement Behavioural barriers ecosystems’ services

Investment in infrastructure and | Public goods e Invest in win-win options, or environmental
other adaptive actions Externalities resources with adaptive value

¢ Investigate options for active management of
ecosystems (e.g. creating corridors to allow
species migration, planting desired species)
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Conclusions

Due to past carbon emissions, we are already committed to inevitable climate change effects for the
following 40 years, and to over 100 years of sea-level rise. Global average temperatures are likely to rise
by between 1.1 and 6.4°C by 2100 (compared to the 1980-99 average) depending on which emissions
pathway the world follows for the rest of this century. Projected rises in global mean temperatures could
result in a faster rate of climate change this century than the Earth has experienced for at least 10,000
years (Met Office, 2008). The UK is faced with increasing average temperatures, rising sea levels and
more frequent floods and droughts. It will also be affected by the impacts of climate change occurring
in other countries.

Adaptation entails minimising the damage and exploiting the new opportunities posed by climate change.
The right decisions on adaptation today are likely to contribute to economic growth in the long run.

This paper contributes to the existing literature by describing the economic theory underpinning
adaptation and considering the role of Government in supporting adaptation within that economic
framework. The framework has been applied to four areas (insurance, built private assets, public
infrastructure and the natural environment) to identify existing market and regulatory failures preventing
autonomous actions from being undertaken at the appropriate level. Based on this analysis, it has
proposed some implications for policy design.

Adaptation will have public (national, regional and local) and private impacts. For this reason,
adaptation will need to be undertaken at different levels of decision making. Individuals and businesses
play a key role in ensuring the UK adapts to climate change. To ensure the sum of individual actions
leads to the appropriate level of adaptation for the UK, the Government can play a coordinating role by
providing an environment conducive to adaptation which is effective, efficient and equitable; creating
consistent incentives across the wide range of Government policy areas; and presenting individuals and
businesses with the right signals to drive changes in behaviour.

Options for action include mainstreaming climate change adaptation into existing frameworks; raising
awareness among households, businesses and the different actors involved in decision making across
different areas; promoting systems that are able to incorporate learning potential; and, when identified,
investing in adaptive measures which are robust across a range of possible future scenarios.

Overall, there is a need to define and measure whether the UK is adapting enough and in the right
ways. In mitigation policy there is a single, measureable, global metric of success — reducing net
greenhouse gas emissions. This is not the case for adaptation where the benefits will be local, context
specific and (in some cases) subject to long lead times. When offsetting all the impacts of climate
change will not be cost-effective, the most appropriate decision will be to accept some losses. Individual
adaptation decisions can be assessed against the criteria of effectiveness, efficiency and equity, based on
current knowledge. It is also possible to assess whether the processes and institutional framework
underpinning adaptation are appropriate and provide the right incentives for decision makers.

However, further work is needed to assess whether the cumulative result of these decisions is a
‘well-adapting” UK.

To support adaptation, the Government can create consistent incentives across the wide range of policy
areas. The context specific nature of adaptation makes this difficult to achieve. The research priority here
is to provide pragmatic decision rules that help people to make sensible decisions, with the depth of
analysis required proportional to the potential consequences of the decisions.
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There is a need to develop and apply tools for making decisions with incomplete information in the
presence of uncertainty. The evidence base is improving rapidly, but dealing with incomplete information
and uncertainty is an inherent feature of adaptation. Government appraisal guidance on adaptation
emphasises the importance of designing flexibility into decisions. It would be valuable to explore
alternative decision-support mechanisms.

Finally, the analytical work of this paper along with the applied analysis allowed it to identify areas for
future research that could usefully contribute to filling the existing evidence gaps on adaptation,
and inform the development of future policies. Future areas of work could include:

the macro economics of climate change adaptation, including the impact of climate change on
the fiscal stance and growth of the UK;

equity and distributional implications of climate change adaptation;

climate change adaptation and risk burden — the split of responsibilities between Government,
the insurance industry and the public;

costs and benefits of adaptation of built private assets;

individuals’ tolerance of risks resulting from the failure of infrastructure, their willingness to pay
to reduce those risks, and the barriers that prevent people from changing their behaviour;

adaptation of the natural environment, including improving understanding of the impacts of
climate change on ecosystems’ functionality, spontaneous adaptation by habitats and species,
and the interrelationships between the natural environment’s and society’s adaptation;

the adaptive value of ecosystems, e.g. investigating the value of green infrastructure for
adaptation; and

investigating the feasibility of policies to incentivise a more efficient use of scarce resources,
such as payments for ecosystem services (PES).
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adaptation

Market failure refers to where the market has not and cannot of itself be expected to deliver an efficient
outcome (HM Treasury, 2003). Alongside market failures, other barriers can prevent the market from
achieving an efficient outcome. These include institutional arrangements, behavioural and

organisational barriers.

Building on Stern (2006), this annex discusses market failures and other barriers that may prevent
individuals and firms from undertaking adaptation that is effective, efficient end equitable.

A.1 Market failures

‘Market failures’ occur when the market leads to an inefficient allocation of resources'.

Information failures’®:
There are three main information failures in the context of adaptation:

e Lack of awareness. Individuals and businesses might not be aware of the effects of a changing
climate and the various adaptive options which are at their disposal. For example, they may not know
about the range of different options to reduce damage from flooding (from soft measures such as
placing vulnerable items in dry-bags or raising appliances above flood level to more substantive
measures such as replacing carpet with hard flooring). They may not be aware of the costs and
benefits of different adaptive strategies.

e Misaligned incentives and missing markets. In some instances, the costs of adaptation will fall on
certain individuals, while the benefits will accrue to others. A typical example of this is the split
between property owners and tenants. In theory, the value of investments in water efficiency should
be reflected in the rent charged if the supply is metered, but uncertainty and lack of information
(combined with short-planning horizons) may prevent this from occurring. The result of this can be
an inefficient level of investment in adaptation, because there is then a lack of incentive for the
owner to invest if they do not pay the water bills.

e Asymmetric information and moral hazard. Asymmetric information occurs when information is
known to some people but not to others. This can lead to opportunism as one party seeks to take
advantage of superior information. For example, individuals and organisations will be less likely to
take action to adapt if the actions they take are unobservable to insurers, and hence not reflected
In premiums.

Public and club goods

Some adaptation measures have the characteristics of public goods. Pure public goods are characterised
by non-excludability, that is if a public good is made available to one consumer it is effectively made
available to everyone'; and non-rivalry in consumption, that is the consumption of the good by one
person does not prevent someone else from using or consuming that good'®. Classic examples of these
goods are clean air and national defence.

The characteristics of pure public goods generally make them unlikely to be supplied in the private
market, because of the free-rider problem. This problem occurs because people can benefit from the
existence of a public good without having to contribute to its provision. In practice, however, public
goods are rarely pure: most public goods exhibit degrees of excludability and rivalry.

192 Barr (1993) states that “the Invisible Hand theorem asserts that a market allocation will automatically be efficient if and only if the standard assumptions all hold”.

[These] concern perfect competition, the absence of market failures, and perfect information.”

19 1n Barr (1993), complete information is said to require “at least three types of knowledge: about the quality and nature of the products; about prices; and about the future.”
1% HM Treasury (2003). Also, a good is non-excludable when it is not feasible to exclude those who do not pay for it (Bruce, 2001 in Robbins, 2005). This can be due to the
physical characteristics of the goods (e.g. for natural resources such as clean air, sunlight) or the lack of an efficient exclusion mechanism (e.g. city streetlights).

19 HM Treasury (2003).
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Public goods that exhibit some rivalry in consumption and excludability are generally referred to as club
goods'®. For example, television transmission through satellites is restricted to those who have a decoder.
In the context of adaptation, community flood defences can have the characteristics of club goods.
However, these may be underprovided privately because high transaction costs prevent potential
beneficiaries from finding mutually satisfactory agreements for the provision, or additional members could
lead to crowding which in the long run could be regarded as rivalrous consumption (McNutt, 2000).

Public goods can be classified as:

Global, such as biodiversity preservation, climate models explaining climate change and its likely
impacts, and Research & Development (R&D) in drought-resistant crops'”. The large scale of investments
required, the nature of benefits from investments (uncertain, typically realised in the long-term, and on
a global scale), and the existence of effects that spill over across international boundaries (when
investors can not entirely exploit the benefits from their investments), generate a rationale for policy and
legal intervention.

National, such as infrastructure protection measures, ecosystems and wildlife protection, public health
and safety, emergency preparedness and security planning'®. Different countries have different degrees
of exposure, sensitivity and adaptive capacity which determine the urgency with which adaptation is
required, and what intervention is needed to address domestic priorities.

Local, such as sea walls and barriers to protect specific areas (e.g. the Thames barrier in London).
Some regions or areas might be subject to more frequent or severe hazards, or be more vulnerable to
future warming scenarios. Local adaptation actions might be provided as club goods under certain
circumstances: when the costs and benefits occur locally, and the beneficiaries can be identified and
efficiently share the costs. However, the scale of the required investments, information failures, equity
considerations or coordination problems might prevent the private sector from adapting in an efficient
way, and may call for Government intervention to provide a supportive institutional framework.

Externalities

Externalities can occur when actions by some individuals result in unintended consequences for other
individuals. In the context of adaptation, they occur when adaptive actions generate social costs or
social benefits to third parties without compensation or payment taking place between the parties
(i.e. markets for such externalities are missing). Negative externalities can be internalised by having
prices that reflect the social costs and benefits of people’s actions. For example, the price of electricity
can make people internalise the negative externality of the resulting carbon emissions. However, other
externalities might need to be captured as well. For instance, air conditioning systems used on a large
scale contribute to the urban heat island (UHI) effect, with negative effects on air quality which may
lead to health and environment impacts'®.

1% “A club is a voluntary group of individuals who derive mutual benefit from sharing one or more of the following: production costs, the members’ characteristics, or a good
characterised by excludable benefits” (Cornes and Sandler, 1996). The exclusion mechanism for these goods needs to be effectively enforced to avoid free-riding, which would
undermine the incentive to pay a fee to join the club. Non-excludability is not immutable and may change with technology for example (Robbins, 2005).

197 There are reasons why R&D may be excludable however. This includes the tacit nature of complex knowledge and existence of intellectual property rights.

1% National public goods are often non-excludable but only within a country’s borders. However, they may lead to positive spillovers that go beyond national boundaries

(e.g. ecosystem protection, health).

1% The term urban heat island is used to describe the dome of warm air that frequently builds up over towns and cities. Among the consequences of UHI effects are increasing
discomfort and increases in mortality rates during the summer; and altering the development of clouds, fog, humidity and precipitation.
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Adaptive decisions may result in positive externalities (where the social return remains higher than the
return that will be captured by private investors). This might be the case when individual decisions
generate benefits to other individuals as well, or when the benefits from joint actions are greater than
individual actions. For example, a sea wall built by an individual to protect their own property might also
protect neighbours’ properties.

A.2 Institutional and regulatory barriers

Individual adaptation actions may be constrained by existing institutional processes and regulatory
structures. Some of the existing regulations (e.g. biodiversity, water, and agriculture regulations) which have
been designed to achieve policy objectives other than adaptation, will nonetheless have an impact on
adaptation decisions. For example, agriculture policies can affect the resilience of the natural environment.

For policy intervention to be as efficient as possible, it is important to understand how climate change
might affect sectoral policies and the delivery of policies and programme objectives; where institutional
barriers to adaptation lie; and how they can be effectively overcome to obtain the most efficient outcome.

A.3 Behavioural barriers

Along with market failures, there are other factors which affect the decision making of individuals and
firms. A common problem for decision makers is dealing with future uncertainty, and taking inter-
temporal decisions which affect present and future utility. Evidence suggests that behaviour patterns
often include inertia, procrastination, and implicit high discount rates which may lead to high costs in
the long run, and are inconsistent with classic economic models of utility maximisation'®. For example,
O'Donoghue and Rabin (2000) found that when people are faced with more than one option (and in
some cases, the more important and ambitious their plans are), they are likely to procrastinate, even if
this might result in significant losses of well-being in the future.

When behavioural patterns generate negative externalities, Government intervention may be
considered. Behavioural barriers can be the result of people’s short sightedness, inertia, or inability to
take decisions which are perceived as complex. Whatever the reasons are, individual choices not to
adapt today can defer costs to future generations'"', which might require Government intervention''?.

The following paragraphs examine the reasons behind observed behavioural patterns such as inertia and
procrastination. This will provide insights into understanding why individuals and firms procrastinate or
do not take adaptive actions that would be in their interest. Adaptation is the sum of multiple individual
decisions, and behavioural patterns will heavily influence autonomous adaptation, and therefore
resilience in the UK.

o “Economists use the term utility to represent the satisfaction people derive from their consumption activities. The assumption is that people try to allocate their incomes so as to
maximise their satisfaction, a goal that is referred to as utility maximisation” (Frank and Bernanke, 2004).

" In the form of high costs of refurbishing, maintaining or retrofitting the built stock, for example.

"2 \When defining the basis for intervention, Government should investigate whether the problem to be addressed changes in scope or magnitude over time e.g., effects can
multiply over generations (HM Treasury, 2003).
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Bounded rationality

For agents to undertake the appropriate level of adaptive action they should be able to acquire and use
complex information on climate change, including: probabilistic distributions of climatic hazards and
impacts; understanding of the different factors causing them (including non-climate drivers); and
predicting how their decisions would affect themselves and other agents. Even when information is
available and individuals are motivated to make optimal inter-temporal decisions, the ability to assimilate
and use complex data, and solve cost-benefit optimisation problems may be limited.

Uncertainty makes decision-making even more challenging. In the presence of uncertainty, the perceived
rather than the actual riskiness of events is likely to drive people’s behaviour. The perception of risk can be
affected by several factors, including memory and emotions, which may lead to people over-estimating
the likelihood of low probability events occurring'. In the case of adaptation, people and firms may find
it difficult to estimate the timing of climate risks, and therefore the urgency with which they need to
adapt. Finally, factors such as habit'%, cultural transmission, and imitation of others' may affect
individuals” decisions on adaptation.

Hyperbolic discounting and time-inconsistency

The way people implicitly discount'® the future explains behaviours such as procrastination and inertia.
An individual’s impatience has been found to increase as the time-horizon of payoff shortens, with
people tending to attach greater weights to those payoffs which are perceived as relatively more
imminent'”. In other words, the implicit discount rate used by individuals over longer time horizons is
lower than the rate over shorter time horizons, i.e. they use hyperbolic discounting. Hence, hyperbolic
preferences are time-inconsistent, in the sense that preferences at time t are inconsistent with
preferences at time t+7 (Laibson, 1997). This helps explain why individuals and firms tend to put off
investment decisions up to the point when it is no longer feasible or it would be too costly to
procrastinate further.

Finally, hyperbolic discounting can affect the incentives for individuals to acquire new information and
lead to “strategic ignorance” (Carillo and Mariotti, 2000), i.e. they prefer to ignore information that
could increase the risk of withdrawing from a course of action (Frederick et al., 2002).

Adaptation measures may require agents to invest financial resources today in order to protect their
assets from climate events with unknown probability distributions, or that might occur in the distant
future. Payoffs (including their time-horizon) are therefore highly uncertain. If individuals do not see risks
as imminent, they may procrastinate in taking action.

3 "For example, a recent disaster or a vivid film could seriously distort risk judgement (Kahneman et al., 1982). The authors also stress the role of media coverage in forming
people’s risk perception.

"4 When faced with complex decisions, individuals are likely to use nonlinear strategies whereby they chose between options by assessing them against threshold goals
determined by habit or living standards (see Binswanger, 2008).

115 Social factors affect decision-making in that people respond not just to the risk itself, but to other people’s responses to risk (Kasperson et. al, 2003). Dawnay et al. (2005)
showed that people tend to observe the behaviour of others and, if successful, imitate it, especially under ambiguous situations, in crises, and when others are seen as experts.
¢ “Discounting is a technique used to compare costs and benefits that occur in different time periods [...] and is based on the principle that, generally, people prefer to receive
goods and services now rather than later” (HM Treasury, 2003).

"7 See, for instance, Ainslie (1975, 1991, 1992), Ainslie and Haslam (1992), Thaler (1991), and Thaler and Loewenstein (1992).
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A.4 Financial constraints, immobility of assets, and other
organisational barriers

When adaptive actions have upfront costs, some individuals and firms, particularly low income groups
and small businesses, can be financially constrained. This can delay the uptake of adaptive measures or
explain the preference for measures which do not have the highest expected net benefits in dealing
with the impacts of climate change.

Alongside financial constraints, organisational inertia can result from the gap between the timing of
costs and benefits. Given the long-term nature of climate change, the benefits of adaptation decisions
may occur beyond the organisation's planning horizon. This favours the use of adaptation decisions
with low capital costs and/or immediate benefits, even if other measures would be more cost-effective
in the longer-term. For example, using portable air-conditioning units to deal with hotter summers,
rather than retrofitting buildings to reduce solar gain.
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There are a range of instruments that the Government could use to support adapting to climate
change. These include:

Direct regulation

This includes regulatory measures such as standards or prohibitions relating to particular processes and
technologies.

Standards and prohibitions can help overcome information failures, and prescribe specific methods
which align private incentives to the socially optimal level of adaptation. For example, the use of
hosepipe restrictions can help to ease water shortages in times of drought. However, high uncertainty
and the lack of a common metric of success for adaptation mean that these instruments may lock in
practices or technologies which may lead to outcomes that appear to be inefficient as new evidence
becomes available — while also creating little incentive for investment in alternative adaptation actions
with greater benefits, or investing in R&D.

Other regulatory instruments include regulatory measures such as Planning Policy Statement 25 (PPS
25), which requires regional planning bodies and local planning authorities to prepare and implement
planning strategies while accounting for flood risks.

Market-based (economic) instruments

These instruments use price or other economic variables to create incentives for people and firms to
adapt. They include fiscal instruments, such as charges, taxes and subsidies; marketable (or tradable)
permits; and other instruments such as licenses and property rights.

Market-based instruments can make individuals and businesses internalise the externality generated
through their adaptive actions (e.g., by setting a tax capturing the negative externality); create a price
for natural resources (e.q., licenses); or restrict the available quantity of natural resources and use the
market principle of scarcity (e.g., marketable permits). Compared to direct regulation, these instruments
can lead to efficiency gains, and generate incentives for technology innovation, as well as potential
Government revenues. However, this needs to be balanced against the potential transaction costs,

for example in terms of obtaining the necessary information to ascertain the level of scarcity necessary
for an efficient market of permits.

The most appropriate instrument should be selected with care. For instance, for a tax to be efficient,
the value of the negative externality to be corrected has to be known and measurable. In addition,

a tax does not necessarily lead to the desired level of externality. When a specific level of externality is
required, a quantity-based market instrument (e.g., marketable permits) may be more appropriate.

Research and monitoring programmes

Research on climate change risks and adaptation technologies have the nature of public goods in that,
given their non-rivalrous and non-excludable nature, they are likely to be underprovided by the private
sector. Spending programmes on R&D and monitoring would contribute to improving the understanding
of climate change risks, reduce information failures, and help the Government define priorities in
adaptation.
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Instruments under this category would include, for example, spending programmes on climate
modelling; R&D of systems to monitor climate change hazards and progress in adaptation; R&D of
resilient materials and technologies; research and monitoring of climate impacts on ecosystems;
and R&D of climate-resistant crops.

Information provision and public engagement

A communication strategy for adaptation can contribute to the widespread dissemination of the best
information available on climate change risks and adaptation options. This can include guidance,
information and awareness campaigns, and systems (e.g. warning systems) to help individuals handle
climate risks and cope with the consequences of climate hazards in the most efficient way. These
instruments can help overcome problems relating to misaligned incentives (by raising awareness among
the public on climate change risks); behavioural and organisational barriers (by providing individuals
with information on risks and the time-horizon of events, thus affecting their private discounting);
incomplete markets (by providing businesses with the information they need to offer adaptive tools,
such as insurance cover); and stimulate R&D of adaptive measures. To be effective in overcoming
behavioural and organisational barriers, it is important that information on climate risks and adaptation
is as clear and simple as possible, easily accessible, and tailored to the intended audience.

Investment in infrastructure and other adaptive actions

Adaptive actions include investing in new infrastructure for adaptation, or enhancing the resilience of
the existing stock. These include, for example, improving the resilience of roads and railways; investing
in large-scale infrastructure such as sea walls, coastal defences and flood barriers; or investing in green
infrastructure for adaptation. To ensure the best use of public finances, different options for funding
and delivering infrastructure services and other adaptive actions can be investigated. For example, the
Organisation for Economic Co-operation and Development (OECD, 2008) suggested that responsibility
for adaptation could be built into contracts with private operators.

Redistributive measures

Redistributive measures include compensation or credit schemes which look at correcting for the
distributional impacts caused by climate change. These may be used to help the most vulnerable adapt,
or ensure their vulnerability is not exacerbated by climate change. The existing trade off between equity
and efficiency in adaptation requires redistributive measures to be used carefully, and with a view to
ensuring they do not weaken the incentives created by other measures or encourage moral hazard.

Institutional reforms

When existing programmes and policies prevent adaptation from being undertaken at the appropriate
level, intervention might entail reforming existing regulation. This should be pursued with a view to
ensuring climate change risks are accounted for across sectoral policies (e.g. water, agriculture,
biodiversity) in a coherent and effective way.

Some reforms can also contribute to reducing transaction costs and building adaptive capacity.

For instance, institutional reforms could be introduced to improve communication and co-operation
between different stakeholders at different levels of decision making (national, regional and local).
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Annex C — Policy appraisal in the presence

of uncertainty: the Real Options Approach™®

A common issue for both private and planned adaptation lies in dealing with uncertainty, and defining
the timescale and nature of adaptation responses in the face of a continually changing environment.
The design of policies in supporting adaptation is, therefore, particularly challenging. Intervention

(in particular delivering adaptive actions) might require large capital investments in infrastructure for
which cost-effectiveness is likely to become clearer as uncertainty reduces over time or better
information is gathered. For example, protective measures might be effective today, but not be as
effective in the future if climate pressures are greater than expected. In the presence of uncertainty,
current investments might result in irreversible costs or costly retrofits in the future.

Adaptation is intrinsically a dynamic process. For planned adaptation to be cost-effective in the long-run,
it should be flexible or able to incorporate learning potential as far as possible. At the same time,
policies need to provide individuals and businesses with the stability necessary to make investment
decisions. Therefore, Government intervention should be the result of balanced decision making where
flexibility and policy certainty are traded-off in a sensible way.

The Green Book appraisal framework provides policy makers with several tools for addressing
uncertainty. The standard approach to appraisal involves defining different policy intervention options;
weighting the costs and benefits of each option according to the probability of occurrence; discounting
them by using a discount rate of 3.5% (which is reduced for projects with a schedule beyond 30 years);
and summing them to obtain comparable Net Present Values (NPVs). Sensitivity analysis is also carried
out to test the assumptions about costs and benefits. Once implemented, policy measures are
monitored and, if necessary, refined after three years.

The Government's standard appraisal framework addresses issues of uncertainty through discounting
and risk assessment. To incorporate flexibility into investment decision making, the recent Green Book
supplementary guidance on adaptation recommends the use of the Real Options Approach (ROA).

This approach allows the inclusion of incorporating flexibility as part of the costs of investment (i.e. as
an opportunity cost). Pindyck (1989) and Dixit and Pindyck (1994) applied ROA to explore firms’ optimal
investment decisions under uncertainty. Their analysis concentrated on the value of waiting when:

e the investment is irreversible or implies large sunk costs;

e there is uncertainty about the payoffs of the investment;

e the investment can be delayed; and

* more information about payoffs becomes available during any waiting period.

Pindyck (1989) showed that under these conditions the NPV rule is invalidated. Unlike the standard NPV
approach where the probabilities of costs and benefits are taken as given over the whole time of the
appraisal, the ROA incorporates what may be defined as uncertainty relaxation or dissipation points,
after which a programme or project will be continued, stopped or changed so as to generate the
highest benefits or minimise losses' in the light of new information.

"'® Further information and applied examples of the Real Options Approach can be found in the Green Book Supplementary Guidance for Adaptation in appraisal, available at:
http:/Avww.hm-treasury.gov.uk/data_greenbook_supguidance.htm#Adaptation_to_Climate_Change

"% The value at the date of the original investment is given by the probability that the manager will decide to continue the project multiplied by the expected (discounted) value of
profits that are enjoyed if the project is continued. Thus the value of delaying the decision (i.e. the value of new information) is given by the expected value of losses multiplied by
the probability of losses.
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Having a ‘real option’ means there is the possibility for a certain period to choose either for or against
an action, without the decision being initially binding. In practice, the ROA incorporates a dynamic
learning mechanism which provides the opportunity to phase investments and stage key decisions, to
then assess the costs and benefits of options such as'*:

e investing now and make follow-up investments later if the original project is cost-effective
(a growth option);

e abandoning the project if losses outweigh the benefits (an exit option); and
e waiting and learning before investing (a timing option).

The ROA is readily applicable to a number of adaptation measures. For example, to reduce the impact
of flooding, rather than investing in high protective barriers immediately, a real option could be building
only the base of a wall (or low walls) today, with the option of raising them in the future, if and when
necessary. Another example could be in the context of the built environment. Buildings are long-lasting
durable assets, and the building stock in the future will include some of current stock and some future
stock. Designing in flexibility can help to extend the useful life of the building stock. Investment in R&D
should also be considered as a possible option to be pursued prior to other investment decisions in
physical assets.

Despite its attractiveness, the application of ROA poses some practical challenges. These include:

e The stochastic nature of climate patterns. Uncertainty may not be significantly reduced in the
future because of the inherently non-linear nature of climate hazards and impacts.

e Irreversibility. Climate change might result in irreversible damage. Due to the uncertainty over
tipping points (after which climate stresses have irreversible consequences), and low-probability
catastrophic events, delaying decisions might lead to irreversible damage.

e Timing. To be effective, the ROA requires a good understanding of when the cut-off points will
occur. An inaccurate estimate of these points would ultimately affect the outcomes of the
appraisal.

e Costs of information. Gathering information incurs a cost, and given the high level of
uncertainty around climate change, significant investment in information gathering does not
ensure the complete resolution of uncertainty.

Allowing for these caveats, the conceptual approach of real options is applicable to investment
appraisals regarding adaptation measures, including the evaluation of complex and long term
adaptation projects'. The ROA is a useful analytical tool that can enrich standard NPV analysis'?.
The extent of benefits for ROA will depend upon the type of investment decisions to be made.

The supplementary Green Book guidance on adaptation provides a 1-page filter to identify where the
ROA will be most useful.

120 See Munn (2006), Swartz and Trigeorgis (2004).

21 An example is provided by the Thames Estuary 2100 (TE2100) project by the Environment Agency, which develops a tidal flood risk management plan for the Thames estuary
for the next 100 years. The TE2100 strategy incorporates flexibility to account for uncertainty in the effects of climate change. It identifies options to cope with different levels of
sea level rise, and the thresholds at which they will be required. The options were designed so as to leave major irreversible decisions as far as possible into the future to make
best use of the information available (Defra and HM Treasury, 2009).

22 \andoros and Pantouvakis (2006) show that ROA represents a better analytical approach to evaluating Public Private Partnership (PPP) or Private Financial Initiative (PFI) projects.
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Glossary

Adaptation is defined by IPCC (2007) as “adjustment in natural or human systems in response to
actual or expected climate stimuli or their effects, which moderates harm or exploits beneficial
opportunities.”

Adaptive capacity is the ability of a system to adjust to climate change (including climate variability
and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the
consequences. In social systems, adaptive capacity is determined by factors such as economic resources,
technology, information and skills, infrastructure, institutions, and equity

(Smit and Pilifosova, 2001; Yohe and Tol, 2002).

Climate change refers to a statistically significant variation in either the mean state of the climate or in
its variability, persisting for an extended period (typically decades or longer — the World Meteorological
Society uses 30 year time periods to describe climate).

Exposure is the nature and degree to which a system is exposed to significant climatic variations.

Hazards are defined as physical manifestations of climatic variability or change, such as droughts,
floods, storms, episodes of heavy rainfall, long-term changes in the mean values of climatic variables,
potential future shifts in climatic regimes and so on (Brooks, 2003). A hazard should be thought as a
source of danger, which might have an impact on human and natural systems, depending on their
exposure, sensitivity and adaptive capacity.

Likelihood is the probability of an outcome occurring.

Mitigation is defined by IPCC (2007) as an anthropogenic intervention to reduce the anthropogenic
forcing of the climate system; it includes strategies to reduce greenhouse gas sources and emissions and
enhancing greenhouse gas sinks.

Resilience is the degree to which a system can absorb disturbance and still return to its pre-disturbance
steady state (Holling, 1986 and Gunderson et al., 1995). The Resilience Alliance'”® defines “resilience” as
a property of social-ecological systems with three defining characteristics: a) the amount of change the
system can undergo and still retain the same controls on function and structure; b) the degree to which
the system is capable of self-organisation; and c) the ability to build and increase the capacity for
learning and adaptation.

Risk is defined here as a combination of the probability of an event and its consequences, with several
ways of combining these two factors being possible (Defra, 2009).

Sensitivity is the degree to which a system is affected, either adversely or beneficially,

by climate-related stimuli (IPCC WG2, 2001). The effect may be direct (e.g. a change in crop yield in
response to a change in the mean, range, or variability of temperature) or indirect (e.g. damages caused
by an increase in the frequency of coastal flooding due to sea level rise).

Vulnerability is defined as the degree to which a system is susceptible to, and unable to cope with,
adverse effects of climate change, including climate variability and extremes. Vulnerability is a function
of the character, magnitude, and rate of climate change and variation to which a system is exposed,
its sensitivity and adaptive capacity.

% http://www.resallianceresiliance.org

Analysing the Role of Government | 67



List of references

Aakre, S. and Ribbelke, D. (2008). Adaptation to Climate Change in the European Union.
Efficiency vs. Equity Considerations. CEPS working document n. 301. September.

ABI (2004). A Changing Climate for Insurance. A summary reports for chief executives and policy makers.

ABI (2005). UK Insurance — key facts, in “Adapting to climate change, Business as usual?”,
London Climate Change Partnership, 2006.

ABI (2006). Stern review into the economics of climate change: evidence from the Association of
British Insurers. Available at http://www.hm-treasury.gov.uk/d/FINAL_STERN_EVIDENCE_9-12.pdf

ABI (2007a). The Insurance for Small Businesses: a quide to protecting your business.
ABI (2007b). Summer floods 2007: learning the lesson November.

ABI (2007¢). Insuring our future climate. Think for tomorrow, today. September.

ABI (2008). UK Insurance — Key facts.

ABI (2009). Response to the consultation on EU Green Paper “Adaptation to climate change in
Europe — options for EU action”.

Acclimatise (2005). Climate change risks for PFI/PPP projects. Briefing Note.

Adger W.N. et al. (2006). Fairness in Adaptation to Climate Change, Edited by W. Neil Adger, Jouni
Paavola, Saleemul Hug and M. J. Mace.

Adger W.N., N.W. Arnell and E.L. Tompkins (2006). Successful adaptation to climate change across
scales. Global Environmental Change 15:77-86.

Adger W.N. (2003). Social capital, collective action, and adaptation to climate change. Economic
Geography 79:4, October.

AEA Energy & Environment & Universidad de Politécnica de Madrid (2007), Adaptation to Climate
Change in the Agricultural Sector, Report to European Commission Directorate-General for Agriculture
and Rural Development ED05334, no. 1, December 2007.

AEA Technology Environment, Stockholm Environment Institute, and Metroeconomica (2005).
Objective setting for climate change adaptation policy, December.

Agrawal A. (2001). Common property institutions and sustainable government of resources.
World Development 29:1649-72.

Ainslie G. (1975). Specious Reward: A Behavioral Theory of Impulsiveness and Impulse Control,
Psychological Bulletin 82(4): 463-496.

Ainslie G. (1991). Derivation of ‘Rational’” Economic Behavior from Hyperbolic Discount Curves.
American Economic Review 81(2): 334-340.

Ainslie G. (1992). Picoeconomics: The strategic interaction of successive motivational states within
the person. Cambridge University Press; New York.

Ainslie G., N. Haslam (1992). Hyperbolic Discounting, in “Choice over time”, G. Loewenstein and
J. Elster, eds., Russell Sage Foundation, New York: 57-92.

Barr N. (1993). The economics of welfare estate. Stanford University press.

68 | Adapting to Climate Change



List of references

Barredo J.I. (2009). Normalised flood losses in Europe: 1970-2006. Natural Hazards and Earth System
Sciences 9:97-104.

Bennear L., R. Stavins (2007). Second-best theory and the use of multiple policy instruments.
Environmental and Resource Economics, Volume 37, Number 1/ May, 2007.

Berkhout F. (2005). Rationales for adaptation in EU climate change policies. Climate Policy Options
Post-2012: European Strategy, technology and adaptation after Kyoto, 5:3.

Binswanger J. (2008). A Simple Bounded-Rationality Life Cycle Model, Center Discussion Paper
No. 2008-13, January.

Boyce J.K. (2002). The Political Economy of the Environment. Edward Elgar, Cheltenham.

Bowen A., B. Chatterjee and S. Fankhauser (2009). Adaptation and economic growth. Paper prepared
for the Department for International Development. February.

Brooks N. (2003). Vulnerability, risk and adaptation: A conceptual framework, Tyndall Centre for
Climate Change Research, Working Paper 38.

Bruce D. (2001). State and local sales tax revenue losses from e-commerce: updated estimates.
Center for Business and Economic Research.

Burton I. (1996). The growth of adaptation capacity: practice and policy. In: Adapting to Climate
Change: An International Perspective [Smith, J., N. Bhatti, G. Menzhulin, R. Benioff, M.I. Budyko,
M. Campos, B. Jallow, and F. Rijsberman (Eds.)]. Springer- Verlag, New York, NY, USA.

Carrillo J.D., T. Mariotti (2000). Strategic ignorance as a self disciplining device, Review of economic
studies, 67:529-544.

Cassar M. et al. (2007). The Building Stock: Impacts and Adaptation. A position paper prepared for the
Sustaining Knowledge for a Changing Climate (SKCC) workshop for researchers and stakeholders held
in Birmingham on 14-15 May, 2007.

Clarke J.F. (1972). Some effects of the urban structure on heat mortality. Environmental Research,
5:93-104.

Cornes R., T. Sandler (1996). The theory of externalities, public goods and club goods.
Cambridge University Press.

Dasgupta P. (2003). Social Capital and Economic Performance: Analytics, in E. Ostrom and T.K. Ahn,
[Eds.], Critical Studies in Economic Institutions: Foundations of Social Capital, Edward Elgar.

Dawnay E., H. Shah (2005). Behavioural economics: seven principles for policy makers.
New Economics Foundation working paper.

De Bruin, K.R. Dellink and R. Tol (2007). AD-DICE: an implementation of adaptation in the DICE model.
Working paper FNU-126.

De Bruin K., R. Dellink and S. Agrawala (2009). Economic Aspects of Adaptation to Climate Change:
Integrated Assessment Modelling of Adaptation Costs and benefits. OECD Environment Working Papers,
No. 6, OECD publishing.

Analysing the Role of Government | 69



List of references

Department for Environment Food and Rural Affairs and HM Treasury (2009). Accounting for the effects
of climate change. Supplementary quidance to the Green Book. Available at
http://www.hm-treasury.gov.uk/data_greenbook_supguidance.htm#Adaptation_to_Climate_Change.

Department for Environment Food and Rural Affairs (2009). Adapting to climate change.
UK Climate Projections. Available at http://www.defra.gov.uk/environment/climate/documents/uk-
climate-projections.pdf

Department for Environment Food and Rural Affairs (2007). An introductory guide to value ecosystem
services. Available at http://www.defra.gov.uk/wildlife-pets/policy/natural-environ/documents/eco-
actionplan.pdf

Department for Environment Food and Rural Affairs (2007). Conserving biodiversity in a changing climate:
guidance on building capacity to adapt. Published by Defra on behalf of the UK Biodiversity Partnership.

Department for Environment Food and Rural Affairs & Natural England (2008). Environmental
Stewardship Review of Progress.

Department for Environment, Food and Rural Affairs (2008). Adapting to climate change in England.
A framework for action.

Department for Environment, Food and Rural Affairs (2008). England Biodiversity Strateqy Climate
Change Adaptation Principles Conserving biodiversity in a changing climate. Available at
http://www.defra.gov.uk/wildlife-countryside/pdf/biodiversity/ebs-ccap.pdf

Department for Environment, Food and Rural Affairs (2008). Future Water: the Government’s water
strateqy for England. Available at
http://www.defra.gov.uk/Environment/quality/water/strategy/pdf/future-water.pdf

Department for Transport (2004). The changing climate: its impact on the Department for Transport.
Available at http://www.dft.gov.uk/pgr/scienceresearch/key/thechangingclimateitsimpacto1909

Department for Work and Pensions (2006). Personal accounts: a new way to save.
Available at http://www.dwp.gov.uk/policy/pensions-reform/personal-accounts/
Department of Communities and Local Government (2006). Planning Policy Statement 25: Development

and Flood Risk. December.

Department of Communities and Local Government (2007). Home Information Packs. Housing Market
Analysis. Available at http://www.communities.gov.uk/documents/housing/pdf/556789.pdf

Department of Communities and Local Government (2007). Planning Policy Statement: Planning and
Climate Change. Supplement to Planning Policy Statement 1. December.

Department of Health (2008). Health Effects of Climate Change in the UK 2008. An update of the
Department of Health report 2001/2002. Edited by Sari Kovats. Available at
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_080702

Department of Health (2009). Heat wave plan for England 2009. Available at
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_099015

Department of Trade and Investment (2004). Foresight Future Flooding report.

Dessai S., M. Hulme, R. Lempert, R. Pielke (2009). Climate prediction: a limit to adaptation? Chapter 5
in, “Adapting to climate change: thresholds, values, governance” (eds.) Adger,W.N., Lorenzoni,l. and
O’Brien, K. Cambridge University Press, Cambridge, 530pp.

70 | Adapting to Climate Change



List of references

Dixit A., R. Pindyck (1994). Investment Under Uncertainty, Princeton University Press.

Downing T. et al. (2003). Climate Change and the Demand for Water. Research Report, Stockholm
Environment Institute Oxford Office, Oxford.

Downing T. et al. (2005). Scoping uncertainty in the social cost of carbon. Final project report. Social
Cost of Carbon: A Closer Look at Uncertainty (SCCU). Report to Defra. Available at
http://www.decc.gov.uk/media/viewfile.ashx?filepath=what we do/a low carbon uk/carbon
valuation/social_cost/sei-scc-report.pdf&filetype=4

Eales R. et al. (2006). Climate Change Mitigation and Adaptation Implementation Plan for the Draft
South East Plan. Final Report. Prepared for the South East Regional Assembly by Collingwood
Environmental Planning and Land Use Consultants, pp. 93.

Easterling W.E., B.H. Hurd and J.B. Smith (2004). Coping with global Climate Change. The Role of
Adaptation in the United States. Available at
http://Awww.pewtrusts.org/uploadedFiles/wwwpewtrustsorg/Reports/Global_warming/pew_climate_0704.pdf

Egenhofer C. et al. (2004). Market-based Options for Security of Energy Supply, INDES Working Paper
1. Centre for European Policy Studies.

English Nature (2008). England’s Ecosystem Services A preliminary assessment of three habitat types:
broad-leaved woodland, the inter-tidal zone and fresh-water wetlands. Research Report 701.

Environment Agency (2007). Review of 2007 summer floods. Available at
http://publications.environment-agency.gov.uk/pdf/GEHO1107BNMI-e-e.pdf?lang=_e

Environment Agency (2009a). Investing for the future Flood and coastal risk management in England.
A long-term investment strategy. Available at http:/publications.environment-
agency.gov.uk/pdf/GEHO0609BQDF-E-E.pdf

Environment Agency (2009b). Climate Change Adaptation Strateqy (2008-11).

Environment Agency (2009¢). Flooding in England: a national assessment of flood risk. Available at
http://publications.environment-agency.gov.uk/pdf/GEHO0609BQDS-E-E.pdf

European Central Bank (2009). The impact of extreme weather events on budget balances and
implications for fiscal policy. Working paper series n. 1055, May 2009.

European Commission Directorate-General for Agriculture and Rural Development (EC DG AGRI) (2008).
EU agriculture — taking on the climate change challenge.

European Environment Agency (2005). Vulnerability and adaptation to climate change in Europe.
EEA Technical report No 7/2005.

European Environment Agency (2007). Climate Change: The Cost of Inaction and the Cost of
Adaptation, EEA Technical Report No 13/2007, European Environment Agency, Copenhagen.

European Environment Agency (2007). Climate Change: the cost of inaction and the cost of adaptation.
EEA Technical report no 13/2007.

Environmental Resources Management (2000). Potential UK adaptation strategies for climate change,
London: Department for Environment, Transport and the Regions (DETR).

European Union (2008). The Economics of Ecosystems & Biodiversity (TEEB) study. An Interim report.
Available at http://ec.europa.eu/environment/nature/biodiversity/economics/

Analysing the Role of Government | 71



List of references

European Union (2009). White Paper. Adapting to climate change: Towards a European framework
for action.

European Union (2009). Adapting to climate change: the challenge for European agriculture and rural
areas. Available at http://ec.europa.eu/agriculture/climate_change/index_en.htm

Fankhauser S., R. Tol and D. Pearce (1996). Equity and the aggregation of climate change damages.
Cserge working paper, 96-18.

Fankhauser S., R. Tol (2005). On climate change and economic growth. Resource and Energy Economics,
27:1-17.

Frank R.H., B. Bernanke (2004). Principles of Microeconomics. McGraw Hill Publication.

Frederick S., G. Loewenstein, and T. O'Donoghue, (2002). Time discounting and time preference:
a critical review, Journal of Economic Literature, 40: 350-401.

Fussel H.M., R. Klein (2006). Climate change vulnerability assessment: an evolution of conceptual
thinking. Climatic Change, 75: 301-329.

Gill E. (2008). Making Space for Water Urban flood risk & integrated drainage (HA2), IUD pilot summary
report, published by Department for Environment Food and Rural Affairs, June. Available at
http://www.defra.gov.uk/environment/flooding/documents/manage/surfacewater/urbandrainagereport.pdf

Greater London Authority (2005). Climate change and London’s transport systems. Summary Report.
September.

Heipertz, M. and C. Nickel (2008). Climate Change Brings Stormy Days: Case studies on the impact of
extreme weather events on public finances, Proceedings of the Workshop in Public Finances of the
Banca d’ltalia in Perugia 3 — 5 April 2008, forthcoming.

Heltberg R, S.L. Jorgensen, and P.B. Siegel (2008). Addressing human vulnerability to climate change:
towards a “no regrets” approach. Global Environmental Change, Forthcoming.

Hertin J.J., F. Berkhout, D.M. Gann and J. Barlow (2003). Climate Change and the UK house building
sector: perceptions, impacts and adaptive capacity. Building Research & Information 31 (3-4): 278-290.

HM Treasury (2003). The Green Book — Appraisal and Evaluation in Central Government. Available at
http://www.hm-treasury.gov.uk/d/green_book_complete.pdf

Hope (2009). The costs and benefits of adaptation, in IlED (2009), “Assessing the costs of adaptation to
climate change: a review of the UNFCCC and other estimates”.

IIED (2009). Assessing the costs of adaptation to climate change: a review of the UNFCCC and other
estimates., August. Available at http://www.iied.org/pubs/pdfs/11501IIED.pdf

Insurance Industry Working Group (IIWG) (2009). Vision for the insurance industry in 2020, July.
International Financial Services London (2009). UK Financial sector net exports 2009, August.

IPCC WG2 (2001). Climate Change 2001: Impacts, Adaptation, and Vulnerability, Working Group |l
Contribution to the Intergovernmental Panel on Climate Change Third Assessment Report [J.J. McCarthy,
O.F. Canziani, N. A. Leary, D. J. Dokken, K. S. White, Eds.] Cambridge: Cambridge University Press.

72 | Adapting to Climate Change



List of references

IPCC WG2 (2007), Climate Change 2007: Climate Change Impacts, Adaptation and Vulnerability,
Working Group Il Contribution to the Intergovernmental Panel on Climate Change Fourth Assessment
Report, [M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. Van Der Linden and C.E. Hanson, Eds.] Cambridge:
Cambridge University Press.

IPCC WG1 (2007). Climate Change 2007: The Physical Science Basis. Contribution of Working Group 1
to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Solomon, S;

D. Qin; M. Manning; Z. Chen; M. Marquis; K.B. Averyt; M. Tignor; and H.L. Miller, Eds.], Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.

Jenkins G.J., M.C. Perry and M.J.O. Prior (2007). The climate of the United Kingdom and Recent Trends.
Met Office Hadley Centre, Exeter, UK.

Jenkins G.J., J.M. Murphy, D.S. Sexton, J.A. Lowe, P. Jones and C.G. Kilsby (2009). UK Climate
Projections: Briefing Report. Met Office Hadley Centre, Exeter, UK.

Jendritzky G. (2000). Impacts of extreme and persistent temperatures — cold waves and heat waves.
In “Proceedings of the WMO/UNESCO Sub-Forum on Science and Technology in Support of Natural
Disaster Reduction”, Geneva, 6-8 July 1999. Geneva, World Meteorological Organization:43-53
(WMO No. 914).

Jones B.D. (2002). Bounded rationality and public policy: Herbert A. Simon and the decisional
foundation of collective choice. Policy Sciences 35: 269-284.

Kahneman D., P. Slovic, and A. Tversky (1982). Judgement under uncertainty: heuristics and biases.
Cambridge University Press.

Kasperson R., J. Kasperson (1996). The social amplification and attenuation of risk. Annals of the
American Academy of Political and Social Science, 545:1, 95-105 (1996).

Kasperson R.E., J.X. Kasperson, N. Pidgeon and P. Slovic (2003). The social amplification of risks:
assessing fifteen years of research and theory, in “The social amplification of risk”, Ed. Pidgeon,
Kasperson, Slovic, Cambridge University Press, 2003.

Katz M, H. Rosen (1994). Microeconomics, 2nd ed, Irwin, Illinios.

Kelly D.L., C.D. Kolstad (1999). Integrated Assessment Models for Climate Change Control. Edward
Elgar, Cheltenham, U.K, pp.171 - 197.

Kenyon, W., G. Hill and P. Shannon (2008). Scoping the role of agriculture in sustainable flood
management, Land Use Policy 25:3, 351-360.

Klein, R.J.T., R.S.J Tol (1997), Adaptation to Climate Change: Options and Technologies, Vrije Universiteit
Amsterdam

Klein R.J.T., E.L. Schipper and S. Dessai (2005). Integrating mitigation and adaptation into climate and
development policy: three research questions. Environmental Science and Policy 8: 579-588.

Kousky C., M. Cooke (2009). Climate Change and Risk Management. Challenges for Insurance,
Adaptation, and Loss Estimation. Resources for the Future discussion paper 09-03.

Kovats R.S., S. Hajat (2007). Heat Stress and Public Health: A Critical Review. Annu. Rev. Public Health
29:9.1-9.15.

Kovats S., H. Johnson and H. Griffiths (2006). Mortality in Southern England during the 2003 heat
wave. Health Statistics Quarterly 29 Spring.

Analysing the Role of Government | 73



List of references

Laibson D. (1997). Golden Eggs and Hyperbolic Discounting, Quarterly Journal of Economics, 112 (2),
pp. 443-77.

Leary N.A. (1999). A framework for benefit-cost analysis of adaptation to climate change and climate
variability, Mitigation and Adaptation Strategies for Global Change, 4:3-4, 307-18.

Lempert R.J., M.E. Schlesinger (2000), Robust Strategies for Abating Climate Change, Climatic Change,
45 (3/4): 387-401.

Lempert R.J., M.T. Collins (2007). Manaqging the risk of uncertain threshold response: comparison of
robust, optimum, and precautionary approaches. Risk Analysis 27: 1009 —1026.

Lempert, R.J., S.W. Popper and S.C. Bankes (2003). Shaping the Next One Hundred Years: New
Methods for Quantitative, Long-term Policy Analysis. RAND, Santa Monica, CA.

Levett-Therivel Consultants (2007). Strategic Environmental Assessment and climate change: quidance
for practitioners. Available at http://www.environment-
agency.gov.uk/static/documents/Research/seaccjune07_1797458.pdf

London Climate Change Partnership (2006). Adapting to Climate Change. Business as usual? Available
at http://www.london.gov.uk/Iccp/publications/business-usual.jsp

London Climate Change Partnership (2008). Adapting Existing Social Housing to our Changing Climate.
Report of workshop.

Lowe R. (2007). Addressing the challenges of climate change for the built environment. Building
Research and Information 35:4, 343-350.

Lowe R. et al. (2009). UK Climate Projections science report; Marine and coastal projections. Met Office
Hadley Centre, Exeter, UK.

Manne A.S., R. Mendhelson and R.G. Richels (1995), MERGE: a model for evaluating regional and
global effects of GHG reduction policies. Energy Policy 234:1, 17,34,

McNutt P. (2000). Public goods and club goods, in Bouckaert, B., G. De Geest (Eds), “Encyclopedia of
Law and Economics”, Edward Elgar Publishing, Cheltenham, 1:927-51.

Mendelshon R. (2000). Efficient Adaptation to Climate Change. Climate Change 45: 583-600.

Mendelshon R. (2006). The role of markets and governments in helping society adapt to climate
change. Climatic Change, 78: 203-215.

Met Office (2008). Clearer. Make a difference the facts about climate change. Met Office publication,
available at www.metoffice.gov.uk

Metroeconomica (2006). Quantify the Cost of Impacts and Adaptation. Climate Change Impacts and
Adaptation: Cross-Regional Research Programme, published by DEFRA.

Millenium Ecosystem Assessment (MEA) (2003). Ecosystems and Human Well-being: a Framework for
Assessment. Available at http://www.millenniumassessment.org/en/index.aspx

Mills E. (2007). From Risk to Opportunity 2007: Insurer responses to climate change. CERES report,
November.

74 | Adapting to Climate Change



List of references

Mitchell, R.J., M.D. Morecroft, M. Acreman, H.Q.P. Crick, M. Frost, M. Harley, .M.D. Maclean, O.
Mountford, J. Piper, H. Pontier, M.M. Rehfisch, L.C. Ross, R. Smithers, A. Stott, C. Walmsey, O. Watts
and E. Wilson (2007). England Biodiversity Strategy — Towards adaptation to climate change, final report
for Defra. Available at http://nora.nerc.ac.uk/915/1/Mitchelletalebs-climate-change.pdf

Muller B. (2002). Equity in Climate Change: The Great Divide. Oxford Institute for Energy Studies.
Munich Re (2008). Topics Geo. Natural catastrophes 2008. Analyses, assessments, positions.
Munn J. (2006). Real Options analysis. Tools and techniques for valuing investment and decisions.
Publication John Wiley & Sons, Inc.

Murphy J.M. et al. (2009). UK Climate Projections Science Report: Climate Change Projections.
Met Office Hadley Centre, Exeter, UK

Nordhaus W.D., J. Boyer (2007). Warming the World: Economic Models of Global Warming.
MIT Press, Cambridge, Mass, 2000.

Nordvick V., K.R. Lisg (2004). A primer on the building economics of climate change. Construction
Management and Economics 22: 765-775, September.

O'Donoghue T., M. Rabin (1999). Choice and procrastination. Available at
http://www.arts.cornell.edu/econ/cae/choice.pdf.

O’Donoghue T., M. Rabin (2000). Choice and procrastination. Economics Department, University of
California, Berkeley, Working Paper E00-281.

OECD (2007). Metrics for Assessing The Economic Benefits of Climate Change Policies in Agriculture.
Available at http://www.olis.oecd.org/olis/2006doc.nsf/LinkTo/NTO0009682/$FILE/JT03238268.PDF

OECD (2008). Economic aspects of adaptation to climate change: an assessment of costs, benefits
and policy instruments, edited by S. Agrawala and S. Frankhauser, February.

Parson E.A., K. Fisher-Vanden (1997). Integrated Assessment Models of Global Climate Change,
Annual Review of Energy and Environment, 22:589-628.

Patt A. et al. (2009). Adaptation in integrated assessment modelling: where do we stand?
International Institute for Applied System Analysis.

Perrings C. (2003). The economics of abrupt climate change. Philosophical Transactions: Mathematical,
Physical and Engineering sciences, 361:1810.

Pew Center (2009). Climate change 101. Adaptation. Part of the series “Climate Change 101:
Understanding and Responding to Global Climate Change”, published by the Pew Center on Global
Climate Change and the Pew Center on the States. Available at http://www.pewclimate.org/global-
warming-basics/climate_change_101

Pindyck R. (1989). Irreversibility, uncertainty and investment. Policy Research Working Paper Series
No 294, The World Bank, available at http://Awww-wds.worldbank.org/servlet/WDSContentServer/
WDSP/IB/1989/10/01/000009265_3960928101003/Rendered/PDF/multi_page.pdf

Pitt M. (2008). Learning lessons from the 2007 floods (the Pitt Review). Cabinet Office, June.

Price Waterhouse Coopers (2009). Public Procurement and Climate Change Adaptation. Paper prepared
for the London Climate Partnership (15 May).

Analysing the Role of Government | 75



List of references

Reacher et. al. (2004). Health impacts of flooding in Lewes: a comparison of reported gastrointestinal
and other illness and mental health in flooded and non-flooded households, Communicable disease
and public health, 7:1, 39-46.

Robbins D. (2005). Handbook of Public Sector Economics. Publication Taylor and Francis Group.

Ruderman, H., M.D. Levine, and J.E. McMahon (1987). The Behavior of the Market for Energy Efficiency
in Residential Appliances including Heating and Cooling Equipment. Energy Journal, 8 (1):101-124.

Schwartz E.S., L. Trigeorgis (2004). Real options and Investment under uncertainty. Classcal readings
and recent contributions. MIT Press.

Shaw, R., M. Colley and R. Connell (2007). Climate change adaptation by design: a quide for
sustainable communities. Prepared for the Town and Country Planning Association (TCPA).

Simms A., D. Woodward and P. Kjell (2004). Cast adrift — how the rich are leaving the poor to sink in a
warming world, London: new economics foundation.

Smit B., O. Pilifosova (2001). Adaptation to Climate Change in the Context of sustainable Development
and Equity, Chapter 18 in “Climate Change 2001: Impacts, Adaptation, and Vulnerability”, Contribution
of Working Group Il to the Third Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK.

Stern N. (2006). The Economics of Climate Change (The Stern Review), report for the Cabinet Office —
HM Treasury, Cambridge: Cambridge University press.

Sussman F.G., R. Freed (2008). Adapting to Climate Change: a Business Approach. Prepared for the
Pew Center on Global Climate Change, April.

Swart R., F. Raes (2007). Making integration of adaptation and mitigation work: mainstreaming into
sustainable development policies? Climate Policy 7: 288-303.

Thaler R.H. (1991). Some Empirical Evidence on Dynamic Inconsistency. Quasi Rational Economics,
Russell Sage Foundation: 127-133.

Thaler R., G. Loewenstein (1992). Intertemporal Choice, in “The Winner's Curse: Paradoxes & Anomalies
of Economic Life”, R. Thaler, ed., Free Press, New York: 92-106.

The Council for Science and Technology (2009). A national infrastructure for the 21st century.

The Three Regions Climate Change Group (2008). Your home in a changing climate: retrofitting existing
homes for climate change impacts. Available at http://www.london.gov.uk/trccg/docs/pub1.pdf

Tol R.S.J (2002). Estimates of the damage costs of climate change. Environmental and Resources
Economics 21: 47-73.

Tol R.S.J (2005). Adaptation and mitigation:
trade-off in substance and methods. Environmental Science and Policy, 8:6, 572-578.

Tompkins E., W.N. Adger (2003). Building resilience to climate change through adaptive management
of natural resources. Tyndall Centre for Climate Change Research Working Paper 27, January.

UKCIP (2005), Measuring Progress. Preparing for climate change through the UK Climate Impacts
Programme. UKCIP Technical Report, June.

76 | Adapting to Climate Change



List of references

UKCIP (2009). A changing climate for business. Business planning for the impacts of climate change.
UKCIP Publication.

UKCPO9 (2009). UK Climate Projections 2009. Available at http:/ukcp09.defra.gov.uk/

UK Water Industry Research (2003). Effect of climate change on river flows and groundwater recharge
UKCIPO2 scenarios. UK Water Industries Research, London.

UNDP (2002). A climate risk management approach do disaster reduction and adaptation to climate
change. UNDP Expert Group Meeting. Havana, June 17-19.

UNDP (2007). Human Development Report 2007/08. Palgrave McMillan, New York.

UNFCCC (2007). Investment and Financial Flows to Address Climate Change. Climate Change
Secretariat, Bonn.

Vandoros N., J.P. Pantouvakis (2006). Using real options in evaluating PPP/PFI projects. CIB W92
Construction Symposium on “Sustainability and Value through Construction Procurement”,
Manchester UK, 29 Nov. — 2 Dec. 2006.

Watkiss P. (2009). Literature Review. Scoping Study for a National Climate Change Risk Assessment.

WHO (2003). The health impacts of 2003 summer heat-waves: Briefing note for the Delegations of the
fifty-third session of the WHO Regional Committee for Europe. Available at
http://www.euro.who.int/document/Gch/HEAT-WAVES % 20RC3.pdf

WHO (2004). Heat waves: risks and responses. Health and global environmental change. Series No. 2.

World Bank (2009). Catastrophe for risk financing in developing countries. Principles for public
intervention.

World Resources Institute (2001). World Resources 2000-2001: The Fraying Web of Life.
Executive Summary.

Yohe G., R. Tol (2002). Indicators for social and economic coping capacity—moving toward a working
definition of adaptive capacity. Global Environmental Change 12: 25-40.

Analysing the Role of Government | 77



Other Defra Publications

2009

Making The Right Choices For Our Future — An Economic Framework For Designing Policies
To Reduce Carbon Emissions
March 2009, Defra and DECC

http://www.defra.gov.uk/evidence/economics/documents/economicframework-0309.pdf

2008

A framework For Pro-Environmental Behaviours
January 2008, Andrea Collier, Kirsten Reeves, Philip Stamp, Rachel Muckle, Defra

http://www.defra.gov.uk/evidence/social/behaviour/documents/behaviours-jan08-report.pdf

The Impact of Biofuels on Commodity Prices
April 2008, Simone Pfuderer, Maria del Castillo, Economics Group, Defra

http://www.ebio.org/downloads/sustainabilty/Impact-BiofuelsonCommodityPrices.pdf

Understanding Behaviours In A Farming Context
November 2008, Tony Pike, Defra

https://statistics.defra.gov.uk/esg/ace/research/pdf/ACEO % 20Behaviours% 20Discussion % 20Paper %
20(new % ?20links).pdf

2007

An Introductory Guide To Valuing Ecosystem Services
December 2007, Helen Dunn, Defra

http://www.defra.gov.uk/environment/policy/natural-environ/documents/eco-valuing.pdf

Change In The Area And Distribution Of Set-Aside In England And Its Environmental Impact
June 2007, Defra Agricultural Change and Environment, Observatory Research

https://statistics.defra.gov.uk/esg/ace/research/pdf/observatory08.pdf

Climate Change Instruments: Areas Of Overlap And Options For Simplification
December 2007, Mallika Ishwaran, Federica Cimato, Defra

The Social Cost Of Carbon And The Shadow Price Of Carbon: What They Are, And How To Use
Them In Economic Appraisal In The UK
December 2007, Richard Price, Simeon Thornton and Stephen Nelson, Economics Group, Defra

http://www.decc.gov.uk/en/content/cms/what_we_do/lc_uk/valuation/shadow_price/shadow_price.aspx

78 | Adapting to Climate Change



Other Defra Publications

2006

Cumulative Impact Of Forthcoming Regulatory Proposals On The Economics Of Farming
December 2006, Mary Holland, Defra

http://www.defra.gov.uk/foodfarm/policy/farm/regulation/documents/cumulative-burdens. pdf

Food Security and the UK: An Evidence and Analysis Paper
December 2006, Colin Smith, Philip Earl, Food Chain Analysis Group, Defra

https://statistics.defra.gov.uk/esg/reports/foodsecurity/foodsecurity.pdf

Quantifying And Valuing Ecosystem Services
September 2006, Prashant Vaze, Helen Dunn, Richard Price, Defra

Analysing the Role of Government | 79



Department for Environment
Food and Rural Affairs PB13341 January 2010 ‘






