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Foreword

A central challenge in planning for the effects of climate change is how to handle 
uncertainty about the impacts of future climate. Most experts agree, however, that in 
addition to trends such as warming and sea level rise, we will experience more extreme 
weather in the future, as the atmosphere warms up and therefore contains more energy.

Although it is not possible to ascribe any one extreme event to climate change, it is likely 
that the pattern of extreme events seen in recent years will become the new normal. 
Extreme flooding in India and in Western Canada, and extreme heatwaves in the south-
western USA, are just three recent examples. 2011 was the most expensive year on record 
for natural catastrophes worldwide. Six of the ten costliest global insurance losses since 
1970 have been weather related, including the two most expensive hurricanes in US 
history, Katrina and Sandy.

The UK has not been immune. Last year, when the Adaptation Sub-Committee published 
its annual progress report, the country had just experienced its wettest spring on 
record, following on from a period of sustained drought. The 2012 report examined 
preparedness for both flooding and water scarcity, two of the most significant climate risks 
facing the country.

This year our report is equally timely. It examines what steps are required to ensure the 
land can continue supplying important goods and services in the face of a changing 
climate – specifically supplying food and timber, providing habitat for wildlife, storing 
carbon in the soil and regulating water flows, and coping with sea level rise on the coast. 
It comes after the wettest autumn since records began, followed by the coldest spring for 
more than 50 years. These weather conditions have reduced wheat yields by one third. As 
a consequence, food manufacturers have had to import nearly 2.5 million tonnes of wheat 
to meet the shortfall. In a normal year, the UK would export this amount of wheat.

The condition of the land is a key determinant of the country’s response to climate change. 
However, we find that progress in preparing the land for climate change has been slow. 
Farmers will only be able to take advantage of a longer growing season resulting from 
climate change if water or soil resources do not become limiting. Arable and horticultural 
crops, in particular, are concentrated in the driest parts of the country. There is mixed 
evidence on whether or not the water intensity of agriculture is increasing. At the same 
time, farming practices could be reducing soil fertility in some of the richest and most 
productive soils in the country.

Despite increased efforts in recent years to restore wildlife habitats, the proportion of 
protected sites in good condition is lower than ten years ago and the number of protected 
sites has not increased. This will make it harder for species to cope with the additional 
pressures that climate change brings. In the uplands, climate change will exacerbate 
habitat degradation and reduce the ability of peat soils to store carbon and regulate 
water flows.

Images: Covers: Lone tree among the barley, Lincs Wolds. © Nicholas Silkstone 2012 and 
Chapter 2: © Caitlin Ferguson-Mir, www.Photoexpedition.co.uk
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Wildlife habitats on the coast face particular pressures from climate change. They also play 
an important role in helping the country cope with sea level rise, because they act as a 
buffer against storms and waves. However, three-quarters of coastal habitats are at risk of 
getting squeezed between rising sea levels and fixed defences.

Climate change adds to existing pressures on the land and brings to light difficult choices 
about how to manage the land so that it can continue to supply a range of goods 
and services. Our work identifies some important steps for the Government to enable 
appropriate action. The first is strengthening and streamlining the advice to farmers and 
other land managers on how to prepare for climate change. The second is ensuring that 
existing policies to protect and enhance the natural environment are implemented in full. 
The final is ensuring that the value of the services provided by the land to society are better 
reflected in the decisions of landowners in how to manage the land.
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• In order to improve the resilience of ecosystems to climate change, the Government 
should ensure that current regulations are fully implemented. It should also ensure 
that the value of ecosystem services is reflected in decision-making.

– The Government should press on with its reform of the abstraction regime so that the 
price of water reflects its scarcity. 

– To improve the condition of wildlife habitats and increase their size, the Government 
should ensure full implementation of existing regulations for protection of wildlife 
sites and provide stronger incentives for habitat restoration and creation.

– To increase the pace of peatland restoration, Government policy should establish 
an appropriate value for the carbon storage and water regulation services provided. 

– The Environment Agency and local authorities should work together on a clear 
implementation programme to speed up the pace of realignment along appropriate 
stretches of coastline.

Advice and key findings
• Providing food. The Government should press on with its reforms of the abstraction 

regime to incentivise efficient management of water on farms. Advice to farmers 
should be strengthened and streamlined to ensure they are able to make the most 
of the latest research findings on preparing for climate change, including on good 
soil management and pest and disease control.

– Higher temperatures and longer growing seasons may provide opportunities for 
farmers in England to increase productivity and so benefit from potential increases 
in global food prices. However, farmers will not be able to take advantage of these 
opportunities if the productive capacity of the land becomes limited because of water 
scarcity, loss of soil fertility or persistent presence of pests and diseases.

– Much of the cropland in England is located in areas where water resources are already 
over-stretched. These pressures are likely to grow from the combined effects of 
climate change and increased demand from economic and population growth.

– Our modelling suggests that, if current trends were allowed to continue, a gap could 
emerge between water supply and demand. In a dry year in the 2020s the gap could 
be nearly as large as total current agricultural abstraction of 120 billion litres per year. 

– Reform of the abstraction regime must ensure that the price of water reflects its 
scarcity. This is required to incentivise improved irrigation efficiency and investment in 
on-farm storage, and contribute to ensuring sufficient water supplies in the future to 
meet growing agricultural demands.

– Current farming practices may be depleting the productive capacity of some of the 
country’s richest soils. This is particularly the case in the East Anglian Fens, where 
some recent estimates suggest that the fertile peat topsoil could largely disappear 
within a few decades. The uptake of soil conservation techniques, such as reduced 
ploughing, is increasing in some locations. However, uptake is lower on the highest 
quality soils, posing a potential risk to long-term productive capacity.

Executive summary

This report is part of a series of annual progress reports by the Adaptation Sub-Committee 
to assess how the country is preparing for the major risks and opportunities from climate 
change. Together these reports will provide the baseline evidence for the Committee’s 
statutory report to Parliament on preparedness due in 2015.

Our report in July 2012 assessed preparedness for two of the largest risks identified by the 
UK Climate Change Risk Assessment: flood risk to people and property and availability of 
water for households and businesses.

This year’s report extends the work of the Committee to some of the key ecosystem 
services provided by the land.1 Specifically, the report addresses the use of land to continue 
to deliver essential goods and services in the face of a changing climate – supplying food 
and timber, providing habitat for wildlife, storing carbon in the soil, and coping with sea 
level rise on the coast. It explores the extent to which decisions about the land are helping 
the country to prepare for climate change.

Key messages
• There are low-regret opportunities to make the natural capital of this country 

more resilient to climate change. Ecosystems in good condition are more likely to cope 
with the additional pressures from climate change. Our analysis identifies early priorities 
for adaptation, which can yield immediate benefits, including:

– increasing the efficiency of water use in agriculture and on-farm water storage,

– managing agricultural soils sustainably,

– improving the condition and increasing the size of wildlife habitats,

– restoring carbon-rich peat soils in the uplands, and

– realigning some flood defences on the coast to create space for habitats that provide 
natural defences to migrate inland.

• The Government has set appropriate policy goals in some of these areas, but it is 
not clear how these goals will be met. In other cases there are policy gaps.

– The Government has a policy goal for half of all protected wildlife sites to be in good 
condition by 2020. The available data point to a decline in the proportion of sites in 
good condition from 42% to 37% over the last decade, but a large increase in the 
proportion that now have a management plan in place.

– Meeting the goal of realigning 10% of the coastline in England by 2030 requires 
a five-fold increase in the pace of effort from the current level of around 6 km of 
coastline each year to 30 km each year.

– There are no explicit policy goals on expanding the area of upland peat under 
restoration or increasing efficiency in agricultural water use.

1 We focus on England in this report, in line with our statutory duty under the UK Climate Change Act (2008) to report on progress in implementation of  
the UK Government’s National Adaptation Programme. This programme applies only to England for devolved matters, such as the environment. However,  
we have developed the mode of analysis in such a way that could be used to assess adaptation programmes in the devolved administrations if requested.



Executive summary 1110 Managing the land in a changing climate | Adaptation Sub-Committee | Progress Report 2013

1

– Reduced spending on applied research and knowledge transfer may be partly 
responsible for slower rates of increase in agricultural efficiency in the UK compared 
with many other European countries. Effective communication to farmers of new 
knowledge would enable them to respond better to increased weather variability, 
new pests and diseases, and growing pressures on water and soil resources.

• Providing habitats for wildlife. The condition and extent of wildlife habitats could 
be improved through fuller implementation of existing regulations and providing 
stronger incentives for habitat protection and creation. This will give wildlife the 
best chance of surviving in the face of the uncertain impacts of climate change.

– If action is not taken, climate change will add to existing pressures on wildlife, 
potentially accelerating species loss. Around 60% of species studied in this country 
show evidence of decline in recent decades.

– Wildlife habitats are fragmented as a result of decades of habitat loss and 
degradation. Only around one quarter of the remaining wildlife habitat in England 
comprises extensive tracts, mostly in the uplands.

– The proportion of protected wildlife sites that are in good condition has declined 
from 42% to 37% over the last decade, according to Natural England data. This is 
despite having some 8,000 km2 benefiting from restoration through agri-environment 
schemes under the Common Agricultural Policy and investment by water companies 
and charities. The majority of sites do now have management plans in place, which if 
fully implemented should result in them returning to good condition in time.

– Around 900 km2 of new habitat (mainly woods and heath) have been created since 
1998. However, there have been very few additions to England’s protected sites over 
the last ten years.

– The Government should strengthen implementation of current regulations to tackle 
deep-seated and persistent pressures, such as water and air pollution, to restore 
wildlife sites to good condition, and to expand habitat area. The Government should 
incentivise further habitat restoration and creation by maintaining funding for agri-
environment schemes through reforms to the Common Agricultural Policy and 
developing effective market mechanisms that place an economic value on nature, 
such as through biodiversity offsetting and payment for ecosystem services.

• Storing carbon in upland peat and regulating water flows. A tripling of the area of 
upland peat under restoration could be delivered through enforcing existing 
regulations and putting a price on the services provided by restored peatlands. 
This would help secure carbon stores worth billions of pounds against the risk of 
loss due to climate change and damaging land use practices.

– The majority of the 3,550 km2 of upland peat in England is currently in a degraded 
condition. The soil is no longer wet enough to allow peat-forming vegetation to 
develop. In many areas, dried-out peatlands are losing carbon to the atmosphere and 
into water systems.

– Restored peatlands are more likely to be able to survive climate change, as this gives new 
peat-forming vegetation the best chance of developing. Climate change could cause 
current assemblages of peat-forming vegetation to decline in extent by between one-half 
and two-thirds in England if the habitats remain degraded. This would increase carbon 
losses further and reduce the water-holding and filtering capacity of peat.

– There is an economic case for peatland restoration. The case becomes even stronger 
when risks associated with climate change are taken into account. Despite this, 
around two-thirds of degraded peat in the uplands currently have no clear plans for 
restoration.

– The Government should strengthen the policy framework to enable further 
restoration effort across the uplands. Specifically it should: (i) set an explicit policy 
goal to increase the area under restoration, (ii) review the enforcement of current 
regulations, and (iii) improve incentives for landowners to invest in restoration.

• Enhancing flood protection provided by coastal habitats. Realigning coastal defences 
in undeveloped locations will help to reduce risks of coastal flooding and habitat 
loss due to sea level rise. The Environment Agency and local authorities should 
work together on a clear implementation programme in order to speed up the 
rate of coastal realignment.

– Hard defences currently protect over half the coastline from flooding and erosion. 
Around half of these defences are buffered against waves and storm surges by 
coastal habitats. Sea level rise is likely to increase the spending requirement for coastal 
defence to £200 million each year by 2030, a 60% increase on current spending levels.

– Our analysis suggests that nearly three-quarters of intertidal habitats are at risk from 
sea level rise where they are blocked from migrating inland due to the presence of 
hard defences. This is known as “coastal squeeze”.

– Setting the defence line back from the coastline in selected locations, known as 
“managed realignment”, would help avoid this loss of coastal habitat and reduce 
the costs of coastal defences. Such action can have net economic benefit where the 
value of the protected land is relatively low.

– Local authorities have a goal to realign nearly 10% of the coastline by 2030 and 
nearly 15% by 2050. To meet this goal, the rate of realignment would need to 
increase five-fold from the current 6 km each year to 30 km each year. To date only 
1% of the coast has been realigned, with plans for a further 0.8% to 2016.

– Achieving the 10% goal would create around 60 km2 of additional coastal habitat by 
2030 at a cost of between £10 and £15 million each year. Over the long term, this would 
reduce flood defence costs by between £180 million and £380 million, and deliver 
environmental benefits worth between £80 million and £280 million. Around one-third 
of the agricultural land affected is likely to be high-grade, representing around 0.1% 
of the stock of such land in England. Even without realignment, some of this land may 
become inviable for conventional agricultural production due to intrusion of saltwater.

– Improving compensation arrangements to account for the value of ecosystem 
services provided by coastal habitats would help the Environment Agency and local 
authorities to meet their policy goals for coastal realignment.
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Chapter 1

Chapter 1:  

Introduction

Key messages 

This report is part of a series of progress reports by the Adaptation Sub-Committee to assess how the country 
is preparing for the major risks and opportunities from climate change. It focuses on decisions on how the land 
in England is managed.1 The land forms part of the stock of natural capital.2 It provides ecosystem services that 
underpin economic growth and societal well-being.

The land in this country, and the ecosystem services it provides, are already under pressure. Many of these 
existing pressures will continue to grow in the future. A larger, wealthier population in this country will increase 
demand for food, timber, energy crops and land for urban development. Growth in the world’s population will put 
further pressure on food supply and continued globalisation of trade could increase the spread of pests and diseases.

Climate change will alter the ability of the land to supply ecosystem services and meet these growing 
demands. The plants and animals that make up ecosystems, and the underlying flows of materials and energy, 
all depend on factors such as local temperatures, rainfall patterns and soil moisture conditions. This makes them 
highly sensitive to changes in climate. 

Ecosystems in good condition will be more able to cope with climate change. The precise nature of the changes 
in climate and the way ecosystems respond remains uncertain, but we know the impacts will be more severe if the 
land is degraded. 

At the same time, the land plays a critical role in responding to climate change. Soils and vegetation are both 
important stores of carbon. Some ecosystem services will become increasingly important to help the country cope 
with the impacts of climate change. For example, maintaining the productive capacity of land to grow food in the 
future, regulating coastal processes and water flows, and making space for wildlife.

Adaptation decisions about the way land is managed today are important for balancing growing demands on 
the land and uncertain pressures on ecosystem services due to climate change. Given that the land resource is 
already under pressure, acting early will help ensure that society can secure services from the land now and in future. 
In many cases, this will involve maintaining or enhancing the current stock of natural capital to avoid irreversible loss.

1 2

1.1 Aims of the report 

This report is part of a series of progress reports by the Adaptation Sub-Committee 
to assess how the country is preparing for the risks and opportunities from climate 
change. Together, these reports will provide the baseline evidence for the Committee’s 
statutory report to Parliament in 2015 on the Government’s progress in implementing the 
National Adaptation Programme (NAP).3

In our report last year we assessed preparedness for two of the largest risks identified 
by the UK Climate Change Risk Assessment: flood risk to people and property and 
availability of water for households and businesses.

This year’s report extends the work of the Committee to assess how climate change 
might affect the delivery of key ecosystem services provided by the land (Box 1.1). 

1 We focus on England in this report, in line with our statutory duty under the UK Climate Change Act to report on progress in implementation of the UK 
Government’s National Adaptation Programme. This Programme applies only to England for devolved matters, such as the environment. However, we 
have developed the mode of analysis in such a way that it could be used to assess adaptation programmes in the devolved administrations if requested. 

2 Throughout this report we use the term “land” to refer to terrestrial and freshwater ecosystems, namely the plants, animals, and natural resources 
(including soil and water) that are supported by the land. It includes a range of managed and semi-natural habitats, as shown in Figure 1.1. 

3 HM Government (2013).

1.1 Aims of the report 

1.2 Existing and future pressures on the supply 
of ecosystem services

1.3 Vulnerability of the supply of ecosystem services 
to climate change

1.4 Approach and scope of this report
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There have been some improvements in environmental quality in recent years.

• Agri-environment schemes, introduced as part of the Common Agricultural Policy in the 
late 1990s, have funded more environmentally sensitive farming practices. There has also 
been habitat creation and restoration delivered directly by landowners, utility companies 
and wildlife charities.

• EU environmental directives, such as the Water Framework Directive, have led to some 
reductions in pollutants in the last 10-15 years.

But many aspects of natural capital in England remain degraded or are in long-term 
decline.

• In recent decades, there has been a decline in the abundance and distribution of 
60% of species for which data are available. Nearly one third (31%) have experienced 
a particularly steep decline of more than 50%.6 

• Around three quarters of rivers in England are not meeting the requirements for good 
ecological status set out in the Water Framework Directive.7

6 State of Nature (2013).
7 Environment Agency (2012). 

It explores the way that land is used in this country and the extent to which decisions 
about the land are helping the country to prepare for climate change. 

Box 1.1: Land use and ecosystem services in England

The land in England comprises a range of managed and semi-natural habitats (Figure 1.1). Around three 
quarters (73%) of the land is enclosed farmland, extensive grassland and coniferous forests primarily used to 
produce crops, livestock and timber. Around one tenth (11%) is built-up urban environment. The remaining  
area (16%) is formed of semi-natural land cover including broadleaved woodland, mountain, moor and heath, 
coastal margins and freshwater areas.

The stock of land provides a flow of ecosystem services that are important for societal well-being. These can 
be separated into four broad categories:

• Provisioning services – the goods people obtain from ecosystems, such as food and fibre, timber, and fuel in the 
form of biomass. These services have historically been a major focus of human activity and are generally easiest 
to value by the market.

• Regulating services – the benefits obtained from the regulation of ecosystem processes. These include the 
natural processes that provide services important for responding to climate change, including coastal protection, 
the control of the movement and purification of water, and carbon storage. They also include the regulation of 
pests and diseases and pollination services that are important for food production.

• Cultural services – the enjoyment of nature by society, such as through recreation. These services are provided 
by wildlife, semi-natural habitats and greenspaces, as well as by agricultural landscapes.

• Supporting services – the services that provide the basic infrastructure of life. They include the water cycle, soil 
formation and the capture of energy from the sun to produce complex organic compounds. All other ecosystem 
services ultimately depend on them.

Together with the marine environment and the atmosphere, the land forms the basis of natural capital in 
England. In combination with other types of capital, such as manufactured, human and social capital, natural capital 
forms part of national wealth.

Source: UK National Ecosystem Assessment (2011a) and Natural Capital Committee (2013).

1.2 Existing and future pressures on the supply of ecosystem services

The stock of land in England has been used primarily to produce food. Around 
72,000 km2 (57%) of the land is enclosed farmland, mainly managed for crop and intensive 
livestock production. A further 19,000 km2 (15%) is extensive grassland used for low 
intensity farming.4 

Along with industrialisation and urbanisation, food production has put pressure 
on other ecosystem services supplied by the land. Two of the main consequences 
have been:

• Loss and fragmentation of semi-natural habitats caused by the expansion of enclosed 
farmland in the lowlands and commercial forestry and heavy livestock grazing in the 
uplands, as well as the building of towns, cities and other infrastructure.

• Pollution, particularly eutrophication5 caused by fertilisers draining into rivers and 
watercourses, pesticide residues, and the deposition of sulphur and nitrogen from the air.

4 UK National Ecosystem Assessment (2011a). 
5 Eutrophication is an increase in the concentration of nutrients in an ecosystem. This can lead to excessive plant growth, especially algae, which often causes 

harm to other organisms.

Figure 1.1: Land cover of England (km2)

Enclosed farmland

Extensive grassland

Woodland (coniferous)

Woodland (broadleaved)

Freshwater

Mountain, moor and heath

Coastal margins

Urban
72,110

18,780

2,570

9,810

1,260 6,930

13,840

1,940

Chapter 5
Coastal habitats

Chapter 4
Upland peats

Chapter 3
Semi-natural
habitats

Chapter 2
Agriculture
and forestry

Source: UK National Ecosystem Assessment (2011a). 
Notes: The UK NEA used Countryside Survey 2007 to estimate the area of Mountain, Moor and Heath, Semi-natural Grasslands, Enclosed Farmland, 
Woodlands and Freshwater (defined as Standing Water and Rivers and Streams only). The area of Urban and Coastal Margins was estimated from Land 
Cover Map 2000. Note that for the purposes of our assessment, we define semi-natural grasslands as ‘extensive’ grassland and use Countryside Survey 
2007 to distinguish between coniferous and broadleaved woodland. The area of land we describe as being broadly semi-natural (mountain, moor and 
heath, broadleaved woodland, freshwater and coastal margins and extensive grasslands) makes up just under 40,000 km2. In Chapter 3, we assess in 
more detail the proportion of this area which is classified as being Priority Habitat by Natural England.
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• Coastal habitats, which buffer coastal flood defences by dissipating or absorbing 
wave energy.

• Upland peats and agricultural soils, which help regulate water run-off and quality,  
and store carbon. Upland peats store an estimated 140 million tonnes of carbon.14

The effects of climate change will be worse if resources are degraded and habitats 
are in poor condition. For example:

• The agricultural sector will be less able to take advantage of longer growing seasons 
if water availability declines, if agricultural soils lose their productivity, or if pests and 
diseases become more prevalent.

• Species will be prevented from moving to different locations if semi-natural habitats 
are in poor condition or fragmented by development and other intensive land uses.

• New assemblages of peat-forming vegetation tolerant of warmer and drier conditions 
will be less able to develop unless peatlands maintain a higher water table.

• Coastal habitats will not be able to migrate inland in response to sea level rise if they 
are trapped by sea walls and flood embankments. 

1.4 Approach and scope of this report

This report explores how decisions on the management of the major land uses  
in England are affecting the supply of ecosystem services in a changing climate.  
We explore the role of the land in supplying key ecosystem services (Figure 1.1), including:

• Providing food and timber (Chapter 2). Currently, farmlands in the UK produce the 
equivalent of 60% of the food consumed in the UK.15 Timber production contributes 
£1.7 billion in Gross Value Added to the UK economy.16

• Providing habitats for wildlife (Chapter 3). England supports at least 55,000 species within 
a range of habitats.17 Some of these are of European and global importance. 

• Supplying regulating services important for responding to climate change (Chapter 4 and 5). 
Upland peat soils are important carbon stores and regulate freshwater supplies. Coastal 
habitats currently help protect 200,000 properties and 1,500 km2 of land from erosion 
and flooding.18

We identify a number of priority adaptation actions and develop a series of indicators 
to help measure progress. Our analysis highlights areas where policy could be targeted 
or better implemented. It focuses on two types of priority adaptation action: low-regret 
actions that deliver benefits whatever climate unfolds; and decisions involving long-term 
consequences. For each of the main land uses we develop a series of indicators that can be 
used to evaluate progress of the NAP.

14 Natural England (2010).
15 Defra (2013b).
16 Office for National Statistics.
17 Lawton et al. (2010).
18 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.

Demand for services supplied by the land will continue to grow in the future putting 
further pressure on ecosystem services.

• The total population in England is expected to grow from 53 million today to around 
67 million by 2050.8 The wealth of the population is also projected to increase over this 
period. This growth will increase demand for food, timber and energy crops, and land 
for urban development.

• The global population is forecast to rise from 7 billion today to 9 billion in 2050.9 
This will add to growing demands for food, which in turn could result in higher food 
prices. This may encourage greater food production for export in England. The spread of 
pests and diseases could also increase if long-term trends of rising global trade continue.

1.3 Vulnerability of the supply of ecosystem services to climate change

Changes in climate are likely to alter the ability of the land to supply ecosystem 
services. The precise changes in climate in the future and the way ecosystems respond 
to them are both uncertain. Both positive and negative impacts on ecosystem services 
are likely to occur. Many of the downside risks could effectively be irreversible.

• Higher temperatures could have positive effects on agricultural yields and increase 
the number of growing season days. For example, the Climate Change Risk Assessment 
(CCRA) suggested that the effects of higher temperatures alone could increase yields for 
several major crops, including wheat.10 However, warmer temperatures could increase 
the risk of heat stress for livestock and hasten the spread of pests and diseases.

• Changes in climate space11 could bring some new species from the continent but could 
also lead to the loss of species at the edge of their range. Changes in animal species 
ranges have already been observed in the UK with an average northward shift of 14 to 
25 km per decade for the most southerly distributed species.12

• Rising sea levels could lead to the loss of coastal habitats that help to prevent 
flooding and erosion, as well as the loss of agricultural land and increased risk to people 
and properties.

Changes in climate in other parts of the world will exacerbate pressures on the 
land in this country.13 International effects of climate change are likely to put additional 
pressure on global food supply, while population growth, income growth and associated 
dietary changes are expected to increase the demand for food. Given the UK may have a 
comparative advantage over food-producing regions at lower latitudes, this could increase 
the importance of the UK as a food-producing nation.

At the same time, the land plays a critical role in responding to climate change. 
Some ecosystem services will become increasingly important to help the country cope 
with the impacts of climate change, including:

8 Office for National Statistics (2011).
9 United Nations, Department of Economic and Social Affairs, Population Division (2011).
10  HR Wallingford (2012) for Defra.
11 The geographical area which is suitable for a particular species, based on the climate parameters within which the species can survive and reproduce. See 

Glossary for an extended definition.
12 Morecroft, M. and Speakman, L. (eds.) (2013). 
13 A recent study by PricewaterhouseCoopers (2013) highlights the importance of these international effects.
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Chapter 2

Chapter 2:  

Provisioning services – agriculture and forestry

Key messages

Climate change, population growth, and competing demands for land are all likely to increase pressure on 
global agricultural production in the future. Agriculture in the UK is likely to be affected less severely by climate 
change than agriculture in countries at lower latitudes. This comparative advantage could be realised provided other 
factors do not limit the capacity of the land to support food production. 

This chapter explores the adaptation priorities for the farming sector to retain the flexibility to produce 
more food in the future. These adaptations address key components of productive capacity including: water 
availability, risks from flooding and waterlogging, and soil productivity. The chapter also considers the technological 
capability of the sector to respond to climate change threats, such as pest and disease outbreaks, through research 
dissemination and advice to farmers. 

The chapter also examines a number of adaptation priorities required for domestic timber production.  
Tree growth is likely to be at increased risk from changes in climatic suitability, pests and diseases, and wildfire as 
a result of climate change. These need to be controlled to protect the productive capacity of forests, as well as 
protecting their role as a major habitat (Chapter 3).

Potential risks
Climate change and population growth could reduce water availability for crop production in the 2020s. 
Higher temperatures, drier soils and greater demand for food from population growth are all likely to increase 
irrigation demand in the summer. Combined with reduced supply from lower summer river flows, this could create  
a supply-demand imbalance for agriculture of between 45 and 115 billion litres in a dry year in the next 10 to 20 
years. To put this in context, current abstraction by the sector is around 120 billion litres each year on average. 

Soil degradation, through erosion and reduced organic matter, could cause an irreversible decline in the 
productive capacity of the land. Intensively farmed agricultural soils may be degrading at a higher rate than other soils. 
Farmed soils in the Fens might lose all of their rich peat topsoil in the next 30 to 60 years, according to recent estimates. 

Technological capability will help to improve the efficiency and resilience of the agriculture sector and enable 
it to take advantage of any opportunities from climate change. A decline in investment and dissemination 
of applied research since the 1980s is likely to be a causal factor in the observed slowdown in the growth of UK 
agricultural efficiency compared to countries such as France, Italy, Germany and the United States. 

Options for further action
Our analysis suggests that the following areas are priorities for Government action.

• Abstraction reform. Better reflecting the true value of water to different users in its price should incentivise 
greater water efficiency and storage at the farm level. The reform of the Abstraction Regime is due to be 
completed in the early 2020s. In the meantime, other incentives should be strengthened to support water 
management. Reforms to the Common Agricultural Policy provide an opportunity to drive more ambitious 
measures on water efficiency and storage through cross-compliance, a new greening mechanism (both under 
Pillar 1) or continuing to include water efficiency and grants for on-farm reservoirs under Pillar 2. 

• Soil conservation. Although there is some evidence of an increase in soil conservation measures on all but the 
highest grade agricultural land, the effects of these measures on soil erosion and degradation are difficult to 
quantify. The effectiveness and uptake of these measures needs further research. 

• Technological capability. There should be a renewed focus on disseminating climate change advice and research 
to farmers. The Government’s new Agri-Tech Strategy will aim to improve the dissemination of new technologies 
to farmers, which should among other things boost climate change resilience. The impact of the strategy on 
the uptake of applied research and development at the farm level should be monitored as part of an evaluation 
framework. Adaptation advice should also be included in a new integrated advice framework for farmers that the 
Government announced in March 2013.

2.1 Agriculture – context

2.2 Water availability

2.3 Soil productivity

2.4 Technological capability and provision of advice to farmers

2.5 Assessing preparedness in forestry 

2.6 Conclusions
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The agriculture sector is responsive to market and policy signals.11 It should be able 
to take advantage of opportunities arising from climate change if the productive 
capacity of the land does not decrease over time. 

Protecting the productive capacity of the land involves preserving the supporting 
ecosystem services that allow food to be produced, namely water availability,  
soil productivity and pest and disease management. Increasing production in the  
short-term can lead to irreversible declines in long-term production if these ecosystem 
services become degraded. 

In order to give the sector the best chance of responding to climate change,  
sensible adaptations will be those that: 

1. respond to short-term variability in weather, and/or;

2. maintain the productive capacity of the land over the longer term.

In this chapter, we focus on both types of adaptation actions. These respond to the 
major risks facing the sector (Table 2.1), namely:

• reduced water availability (including reduced reliability of supply through time);

• increased flood and waterlogging risk to agricultural land; 

• soil erosion and reduced organic matter; and

• increased risks from pests and diseases.

In considering the extent of action to deal with these risks, we include the impact on the 
provision of other ecosystem services. For example, increasing water use in agriculture can 
have negative impacts on other abstractors and the natural environment. These trade-offs 
are discussed in this and subsequent chapters, and brought together in Chapter 6.

Measures to promote the uptake of technology, applied research, information and 
advice are also needed to help improve the efficiency of production in the face of 
climate change and other pressures on the land. 

Farmers need access to the best information and new technology in order to enable more 
appropriate action in managing short-term threats to production. This is also needed to 
facilitate access to different crops or livestock breeds and farming methods that might be 
more suitable as the climate changes. Having a range of options is important given the 
uncertainties in future climate change.

The final part of the chapter looks at options for further action. Measures to deal 
with climate risks sit across a variety of policy areas within Defra and its agencies.

11 Changes in production are evident through time. Over the past 10 years the area used for growing wheat, potatoes, and rough grazing has declined, while 
maize, and other categories of grassland has increased. About 1 million hectares of barley in England has been replaced by other crops, mainly oil seed rape, 
over the past 20 years. The population of dairy cows, sheep and pigs has declined since 1990 (Environmental Change Institute et al. (2013) for the Adaptation 
Sub-Committee), Defra Agricultural Statistics and Climate Change (2012).

2.1 Agriculture – context

Agriculture accounts for 70% of land use in England, making it the largest land use 
type nationally.1 

Enclosed farmland covers around 72,000 km2 of the total land area in England, with 
grazing land2 covering another 25,000 km2.3 UK agriculture produces 60% of the food 
consumed domestically, down from 70% in the 1980s.4 

The way land is managed for farming has an important influence on other ecosystem 
services: 

• Historically, there have been largely negative trade-offs between agricultural production 
and biodiversity through, among other things, pollution, competition for available water 
and habitat space. There has been some progress in addressing these pressures on the 
natural environment over the last decade (more detail in Chapter 3).

• Peat soils that are used for agriculture lose more carbon than those left in their natural 
state (Chapter 4).

• Agriculture accounts for around 10% of total UK greenhouse gas emissions.5 Measures 
such as using cover crops and breeding new crop varieties can help to reduce carbon 
and nitrogen emissions and retain organic matter in the soil.

Climate change could create a comparative advantage for agriculture in this country 
over other countries at lower latitudes. Coupled with growing global demand for 
food, this may increase the country’s importance as a food-producing nation.

A combination of population growth6 and economic growth are expected to increase the 
global demand for food in the future. At the same time, climate change could reduce the 
capacity of the land globally to supply food to keep pace with growing demand.7 

The size of the gap between supply and demand for food will be influenced by a wide 
range of policy decisions, for example on consumption, food waste and on non-food uses 
of crops. Global prices for food could increase in real terms by between 25% and 100% by 
2050 according to some recent models,8 driven in roughly equal amounts by increasing 
demand and by the negative effects of climate change on production.9 

Higher latitude countries, such as the UK, could have a comparative advantage for 
agricultural production in the short to medium term. Rises in global temperature of 
between 1 and 3°C could be beneficial for agriculture in higher latitude countries (if water 
is not limiting) but are likely to lead to reduced productivity at low latitudes. Temperature 
increases that exceed 3°C are expected to result in a decline in production in most regions.10 

1 Foresight (2010).
2 Semi-natural grassland and heath.
3 UK National Ecosystem Assessment Synthesis (2011a).
4 Cabinet Office (2008).
5 Including emissions from soil.
6 World population is projected to increase to around 9 billion people by 2050, up by around 30% from 7 billion today.
7 Foresight (2011).
8 Ibid.
9 These projections assume that technological advances in food production no longer keep pace with increasing demand. Over the past 60 years, food 

production globally has increased more than global demand, though there are regional inequalities (more detail in Chapter 1).
10 Intergovernmental Panel on Climate Change (2007).
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Table 2.1: Priorities for action in relation to the key risks and opportunities identified in the UK Climate 
Change Risk Assessment (2012)

Key opportunities 
(green) and threats 
(red) identified in the 
UK Climate Change 
Risk Assessment

Are there likely to be 
benefits from early 
action due to current 
vulnerability to climate or 
socio-economic change?

Are decisions likely to have long-lasting/
irreversible/knock-on effects?

Risk of increased soil 
erosion (from heavy 
rain/drying/wind), 
and soil degradation. 

Yes. 36% of cropland in 
England is at risk from 
soil erosion. Carbon-rich 
agricultural soils are losing soil 
carbon; in the Fens it may only 
take 30-60 years for the peat 
topsoil to be lost according  
to some recent studies 
(Section 2.3).

Yes. Irreversible effects caused by land management. 
Unsustainable farming practices degrade the soil. 
Once soil is lost it takes at least 100 years to be 
reformed naturally.17

Risk from pests/
diseases (crops and 
livestock)

Yes. Though difficult to 
quantify the link between 
climate and disease outbreaks, 
rising temperatures are 
making the UK more suitable 
for many pathogens and 
diseases e.g. blowfly strike18 
and Bluetongue virus.19 
Climate change could also 
increase the damage caused 
by endemic diseases through, 
for example, decreasing water 
quality and increasing the 
susceptibility of livestock to 
diseases due to heat stress.

Yes. Once diseases become endemic they are difficult 
and costly to eradicate, and can cause widespread 
damage.20 

Pest management measures such as pesticide use can 
have negative impacts on biodiversity.

Risk of loss of 
agricultural land from 
coastal erosion.

No. Less than 0.1% of 
agricultural land is at risk from 
coastal erosion.21

Yes. Once land is eroded it is lost to production. 
However, coastal cliff erosion can supply protective 
sediments to down-drift coasts. Managed 
realignment of the coast can create new habitat and 
make the coast more resilient to rising sea levels 
(Chapter 5).

Heat stress in livestock Partly. Current vulnerability 
is low for dairy cattle, but 
poultry and pigs can suffer 
from heat stress during 
transport.22

No. Measures to reduce overheating in transport can 
be implemented on relatively short timescales (less 
than 10 years).23

Source: HR Wallingford (2012) and Knox et al. (2012) (except where otherwise stated in footnotes).
 
14 15 16 17 18 19 20 21 22 23

14 Farming Futures Climate Change Series- General Opportunities and Challenges.
15 Department for Energy and Climate Change (2013).
16 National Farmers Union and Potato Council reported figures.
17 http://eusoils.jrc.ec.europa.eu/projects/soil_atlas/Key_Factors.html
18 Wall and Ellse (2011). 
19 Foresight (2006).
20 EU Animal Health Strategy (2007-2013).
21 The CCRA suggests that by the 2080s, around 8,000 ha (0.08%) of agricultural land could be at risk from coastal erosion.
22 Scotland’s Rural College (2013) for the Adaptation Sub-Committee.
23 Ibid.

In 2010 Defra published a Departmental Adaptation Plan,12 which contained a set of 
priority actions for adaptation in agriculture. This has been updated in the National 
Adaptation Programme, which focuses on embedding adaptation into key policy 
instruments.13 Relevant policies are spread across a number of different areas. For example:

• The Common Agricultural Policy (CAP) requires farmers to implement water and soil 
management measures as part of the cross-compliance mechanism. This sets out a series 
of environmental standards that must be met for farmers to qualify for single payments 
under Pillar 1. The CAP can also provide financial support for managing ecosystem 
services under Pillar 2 through the Rural Development Programme for England (RDPE).

• The Water White Paper (2011) included proposals to reform the abstraction licensing 
regime and increase water efficiency. The abstraction licensing regime, managed by the 
Environment Agency, controls the volumes of water that are abstracted from rivers and 
groundwater sources for agricultural and other uses.

• The Natural Environment White Paper (2011) sets out the Government’s aim for all soils 
to be managed sustainably by 2030.

• The Land Drainage Act 1991 created Internal Drainage Boards to manage land drainage 
in areas of special drainage need.

Table 2.1: Priorities for action in relation to the key risks and opportunities identified in the UK Climate 
Change Risk Assessment (2012)

Key opportunities 
(green) and threats 
(red) identified in the 
UK Climate Change 
Risk Assessment

Are there likely to be 
benefits from early 
action due to current 
vulnerability to climate or 
socio-economic change?

Are decisions likely to have long-lasting/
irreversible/knock-on effects?

Opportunities to grow 
new food and non-
food crops

Yes. Land suitability has 
already increased for some 
crops such as wine grapes and 
maize.14

Not in the take up of opportunities, but failure to 
deal with risks below will limit the ability of the 
agriculture sector to take advantage of opportunities 
from climate change.

Opportunities for 
increased plant 
productivity (if water 
not limiting)

Yes. The length of the thermal 
growing season has increased 
by around 20 days for the 
period 2000-2012 compared 
to the 1961-1990 average.15

Risk of reduced water 
availability for crop 
production

Yes. There is evidence from 
recent events e.g. drought 
followed by flooding in 2012 
led to a 14% reduction in 
wheat yield in the UK, while 
potato stocks declined by 18% 
compared to 2011.16

Yes. Changes to the abstraction regime will have 
long-lasting effects. Investments in on-farm water 
storage infrastructure are significant.

Risk of flooding/
waterlogging to 
agricultural land

Yes. Flood defences, drainage infrastructure and in-
field drainage are long-term investments. Increasing 
drainage can benefit agricultural land but increase 
diffuse pollution and impact on wetland habitats. 
Retaining water on agricultural land can also help to 
reduce flood risk downstream.

12 http://archive.defra.gov.uk/environment/climate/documents/climate-change-plan-2010.pdf 
13  HM Government (2013). 

http://eusoils.jrc.ec.europa.eu/projects/soil_atlas/Key_Factors.html
http://archive.defra.gov.uk/environment/climate/documents/climate-change-plan-2010.pdf
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2.2 Water availability

Adaptation priorities for agricultural water resources

Water is a key input for agriculture. Its availability will be an important determinant of 
the responsiveness of food production to longer growing seasons with climate change. 

The agriculture sector obtains water both from public water supply (around 55-60% of total 
agricultural water use24) and abstracted directly from surface water and groundwater stores. 

Irrigation accounts for a significant proportion of the water abstracted for agriculture. 
Between 2000 and 2011, around 75% (89 billion litres per year on average) of water 
directly abstracted by the agriculture sector was used for spray irrigation, with the 
remaining 25% (30 billion litres per year on average) used for other agricultural uses such 
as washing down machinery and buildings.25 

There are particular risks from climate change to future irrigation for crop 
production.26

• At present, irrigation during the summer accounts for only around 1% of total freshwater 
abstractions across all sectors, principally because a large proportion of crop production 
is rain-fed compared to many other countries.27 There is therefore potential for large 
increases in irrigation demand if summer rainfall declines.

• The majority of cropland in England is located in the south and east of the country 
(Figure 2.1), areas already facing the highest levels of water stress. In some locations 
the natural environment is already under stress from reduced water availability. Over-
abstraction is causing at least 4% of rivers to fail on achieving good ecological status 
conditions set out in the Water Framework Directive, and 11% are under investigation.28 

This is partly being driven by abstraction for agriculture.29

• The south and east are also the areas likely to experience the largest reductions in 
summer rainfall due to climate change, and the biggest increase in demand for water 
due to population growth. Both of these factors could increase the level of water 
scarcity over this period.30 Our analysis suggests that the Anglian, South-East, Thames, 
and Humber regions are all at risk from increasing levels of water stress in the 2020s 
(Figure 2.2).31

24 WRAP (2011).
25 Defra (2011).
26 This chapter does not consider livestock water use – in part because much of this water is obtained from the public water supply and therefore will be covered 

to some extent through Adaptation Sub-Committee indicators on public water supply (Adaptation Sub-Committee 2012 progress report) and in part because 
livestock is concentrated in more westerly parts of the country where water is not projected to be in such short supply in the future.

27 URS (2013) for the Adaptation Sub-Committee, Daccache et al. (2011).
28 http://www.environment-agency.gov.uk/business/topics/water/135357.aspx 
29 The Environment Agency is currently assessing how climate change will affect the ability to meet current Water Framework Directive standards.
30 Adaptation Sub-Committee (2012). 
31 Demand from all users compared to available supply can be assessed using the water exploitation index. Areas are designated as water stressed when their 

water exploitation index exceeds 20% and very stressed over 40%.

Figure 2.1: Distribution of major crop growing areas by river basin region in England (2010)
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
Notes: These areas only represent the area under cultivation for the major crops listed. A map showing the river basin regions can be found here: 
http://ukclimateprojections.defra.gov.uk/23216 

Figure 2.2: Water Exploitation Index for present day (1991-2006), 2020s and 2050s (includes all water users)
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee .
Notes: Water exploitation index is calculated as total demand divided by total effective rainfall (i.e. rainfall minus evaporation). Values above 
20% are defined as water stressed; values above 40% are defined as very stressed (See http://www.eea.europa.eu/data-and-maps/indicators/
water-exploitation-index). The height of the purple (2020s) and orange (2050s) bars shows the range in WEI between a “wet” and a “dry” climate 
change scenario.

http://www.environment-agency.gov.uk/business/topics/water/135357.aspx
http://www.eea.europa.eu/data-and-maps/indicators/water-exploitation-index
http://www.eea.europa.eu/data-and-maps/indicators/water-exploitation-index
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37 38 39 40

Box 2.1: Projected gap between supply and demand in water for irrigation in the 2020s

All scenario values  
are in thousands of  

Ml per year

Present Day Baseline
(2000 to 2010)

2020s (2010 to 2039)

Scenario A 
(less water stressed)

Scenario B 
(more water stressed)

Supply 120*  
(average supply per year)

120 100

Demand 141**  
(demand in a dry year)

165 215

Supply/Demand Balance N/A -45 -115

Explanatory notes

Present Day Baseline
*Baseline supply is derived from calculating the average annual abstraction for agriculture between 2000 and 2011, 
using ABSTAT data.

**Baseline dry year demand is the modelled dry year demand for a reference year (2006) from Weatherhead et al. 
(2008). It provides an estimate of the maximum amount of water needed by the agriculture sector in a typical dry year.

Scenario A (less water stressed)
Supply – The supply scenario is based on the median of the wettest 1,000 sample runs from UKCP09 sampled data 
using the low emissions scenario (SRES B1).37

Demand – The low demand scenario is based on the Environment Agency’s “Local Resilience” scenario.38 It assumes 
that population increases by 19% (by 2050). In the 2020s there is low resource consumption, lower yields and less 
emphasis on quality, but more land is used for cultivation because of lower yields and lower imports. There is a slight 
increase in demand in water use for growing potatoes due to climate change. The area for horticulture increases, but 
with emphasis on growing vegetables that do not need irrigation, so demand only increases modestly. This results in 
about a 15% increase in water demand overall (rounded to the nearest 5%) by 2025. 

Scenario B (more water stressed)
Supply – The supply scenario is based on the median of the driest 1,000 sample runs from UKCP09 sampled data 
using the high emissions scenario (SRES A1FI).39 

Demand – The high demand scenario is based on the Environment Agency’s “Uncontrolled demand” scenario.40 
It assumes that population increases by 46% (by 2050). In the 2020s consumption patterns remain the same as 
today’s levels, but there are more people to feed. Climate change results in substantial increases in irrigation demand 
for potatoes and horticulture. The area for potatoes increases slightly and increases more for horticulture. This results 
in about a 55% increase in water demand overall (rounded to the nearest 5%) by 2025. 

37 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
38 Environment Agency (2011a).
39 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
40 Environment Agency (2011a).

The farming sector could take low-regret adaptation actions to reduce its 
dependence on summer abstraction for crop production. This would provide a higher 
degree of resilience and be less risky than assuming a continued ability to abstract more 
water during summer periods. In the future, peak demands from other sectors such as 
public water supply (for drinking water and gardening for example) are likely to coincide 
with reduced availability in the summer. 

Scenarios of water supply and demand for crop production

This section of the chapter explores the actions that the sector has available to 
reduce its demand for water for irrigation, and boost supply without increasing 
damaging abstractions in the summer. 

There are larger uncertainties around future projections of rainfall in England than 
for temperature. Regional annual mean changes in rainfall could change by -10 to +10% 
by the 2020s (2010-2039), with changes in summer of between -30 to +20%, and changes 
in winter of between -10 to +30%. On balance, the evidence suggests that rainfall is more 
likely to increase in winter and decrease in summer,32 causing lower summer river flows. 

There is high confidence that evapo-transpiration will increase rather than decrease 
because of the driving effect of higher temperatures. This is likely to lead to increased soil 
moisture deficits, particularly in the 2050s and beyond.33

We constructed scenarios of potential changes in supply and demand for irrigation for the 
2020s (2010-2039) to explore the scale of adaptation that might be required (Box 2.1).

• Supply. Based on projections of summer rainfall, we modelled declines of 0-15% 
in the total amount of water available for abstraction from rivers and groundwater 
across England in the summer. We used the average amount of water abstracted 
between 2000 and 2011 as a proxy for the supply available for agriculture 
(approximately 120,000 megalitres per year).34

• Demand. Rising temperatures and reduced rainfall in summer are likely to increase 
soil drying. This will drive up the need for additional irrigation for crops. The CCRA 
suggested that irrigation demand in England could change by between -25,000 and 
+60,000 megalitres per year in the 2020s, depending on the direction of change in 
rainfall.35 We used the Environment Agency’s projections, which include both climate-
driven soil moisture changes and increases in cropping area driven by population 
growth. These estimates suggest that by 2025, total agricultural demand could increase 
in a dry year by 24,000 to 74,000 megalitres per year (15 to 55% over current total 
demand in a dry year of 141,000 megalitres).36

32 Murphy et al. (2009).
33 All of these impacts were assigned a medium confidence rating in the UK Climate Change Risk Assessment.
34 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
35 As there is a possibility that summer rainfall will increase, these projections include a decline in irrigation demand based on climate change alone. 

These estimates do not take into account the effects of changing levels of production to support a growing population, and are therefore likely to be an 
underestimate of the total scale of risk. As the CCRA provided units in megalitres per day, the figures presented here have been scaled up to megalitres per 
year by assuming that irrigation occurs during six months of the year.

36 Weatherhead et al. (2008). These estimates exclude other biophysical impacts on crop production in the future including the impacts of carbon dioxide 
fertilisation, and the potential for new crops to be grown or irrigated.
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in a dry year declined by an average of 1.4% each year between 1990 and 2010.43 This 
could be due to a decline in total cropping area, and some increase in irrigation efficiency 
for potatoes. However, total cropping area may not continue to decline given increased 
demand for food from a larger population in the future. The effects of climate change are 
also likely to push up demand without action to improve water efficiency.

Irrigation scheduling44 trials have produced water savings of around 30% for soft fruit 
without compromising growth.45 If this scale of benefit is transferable to other crops and 
can be scaled up, then it would suggest that further uptake in irrigation scheduling on 
farms where it is not already occurring could provide substantial water savings without 
compromising growth or marketable yields.

Changes to crop type and quality could also have large impacts on total demand 
for water. 

On average, around half of potatoes grown in Great Britain are irrigated.46 A main driver for 
this is quality assurance (scab control) to improve size, shape and skin finish. The demand 
for scab-free potatoes is largely aesthetic and driven by consumer and retailer demand. 
Increasing the market acceptability of potatoes of lower quality, or finding alternative 
means to reduce scab control with lower water use, could increase water efficiency 
markedly for this crop.47 
43 Ibid. While Defra’s Irrigation Survey suggests that water intensity for potatoes increased in 2010 compared to 2005, the overall trend from 1990-2010 appears 

to be downwards.
44 Monaghan et al. (2013). Irrigation scheduling involves matching irrigation timing and amounts to maximise yield and quality. This applies to both spray and 

drip irrigation.
45 http://79.170.40.182/iukdirectory.com/iuk/conf/Else1.pdf
46  Daccache et al. (2011)
47  Potato Council – Common Scab (cost-benefit analysis CB03).

Box 2.1: Projected gap between supply and demand in water for irrigation in the 2020s

Caveats/uncertainties
The numbers provided here are subject to the following uncertainties and caveats and should be taken as a plausible 
scenario of future water availability rather than a prediction of change:

• Uncertainties in future trends in demand are high as they depend on assumptions about annual and seasonal 
rainfall, population growth and demand. 

• Changes in future available supply are difficult to predict for two reasons: (i) it is difficult to estimate the amount 
of rainfall that is captured and available for use, and (ii) any estimates have to make assumptions about the future 
distribution of water between agriculture and other users.

• It is not currently possible to provide projections of year-on-year changes in rainfall. The projections for supply 
are based on 30-year average annual projections from UKCP09. Annual fluctuations in supply would be more 
extreme than the 30-year average, so dry years could be much drier than the projections here suggest, and 
wetter years much wetter.

• The demand scenarios for the 2020s are currently undergoing revision as part of an update to the Case for 
Change work. These are likely to be published in autumn 2013.

This analysis suggests that climate change and population growth could create an 
imbalance between supply and demand for crop production of 45 to 115 billion litres in 
a dry year in the next 10 to 20 years.41 

To illustrate the implications for the scale of action required, we looked at what 
would need to happen if adaptations to reduce demand and increase supply dealt 
with the imbalance in equal measures. 

• Reducing demand through halving water use for irrigation, or doubling the water 
available from on-farm reservoirs would both provide around 45 billion litres. Either 
option would deal with all of the gap in Scenario A. 

• Both demand and storage options together (totalling around 90 billion litres) would 
deal with about two-thirds of the gap in Scenario B, leaving a gap of 25 billion litres 
(Figure 2.3).

Actions to prepare for reduced water availability for crop production

Reducing water demand

Irrigation efficiency has the potential to address a significant amount of the future 
water imbalance for agriculture.

The amount of water that is used for irrigation fluctuates annually, and is dependent on 
summer rainfall levels, irrigation efficiency and total cropped area. The total amount of 
water abstracted for irrigation increased sharply in the 1980s, but has dropped off since 
1990, though not back to the level seen in the 1970s.42 One study that assessed how 
demand may be changing when changes in rainfall are accounted for found that demand 

41 We make the conservative assumption that the agriculture sector continues to abstract the same proportion of the total water available for use (around 1%). 
42  Weatherhead et al. (2013) – supporting analysis for the Living with Environmental Change Water Report Card.

Figure 2.3: Illustration of the scale of action required to deal with potential supply-demand imbalance for 
irrigation in the 2020s
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http://79.170.40.182/iukdirectory.com/iuk/conf/Else1.pdf
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summer.53 Depending on their design and location, reservoirs also have the potential to 
contribute to other objectives including habitat creation and flood alleviation.

Barriers exist to reservoir uptake. Investing in reservoirs is a more expensive option 
for farmers than direct summer abstraction.

• On-farm storage has high upfront costs, with typical on-farm reservoirs costing between 
£50,000 and £400,000 to build depending on size, location and whether an artificial 
waterproof liner is needed. 

• These costs are not balanced out for farmers by cheaper abstraction charges in winter, 
even where summer water charges per unit of water are higher than in winter by a 
factor of ten.54 

• Before making such a long-term investment, farmers need to be very confident that 
water will be available to fill the reservoir, and that the farm will still be growing irrigated 
crops well into the future to make the investment worthwhile through higher returns on 
irrigated crop production. Farmers therefore tend only to opt for reservoirs to protect 
crop production where there is a risk of being unable to abstract water in the summer. 
Being unable to irrigate carries high risks for high-value, water intensive crops such as 
potatoes. As such, most reservoirs are associated with potato production.55

At present, most farmers require assistance with up-front capital costs for reservoir 
development to make the investment a sensible business decision.56

Incentivising efficient water management 

Having a price for water that better reflects scarcity will provide a stronger incentive 
for action.

• At present, there is no relationship between water availability and the cost of water to 
farmers at the regional level (Figure 2.4). The price of water should reflect its scarcity 
in order to signal the value of water to abstractors.57 

• As water scarcity increases, prices should rise, which in turn should drive greater 
efficiency in water use.58 Agricultural demand for water may start to become elastic as 
prices approach £0.6 per m3, though potato farmers appear to reduce demand at much 
lower prices of around £0.12 per m3.59 As the value of water increases, measures such as 
on-farm reservoirs and more efficient irrigation technology are likely to become more 
worthwhile financially. 

• Pricing water to reflect its value to users would also drive allocation of available 
resources to the highest value uses. In some cases, this may result in lower agricultural 
consumption to free up water for other users such as water companies.60 

53 Scotland’s Rural College (2013) for the Adaptation Sub-Committee, gives a range in the value of water of between £0.75/m3 and £2.50/m3 by 2100.
54  Morris et al. (2013).
55  Ibid.
56 http://79.170.40.182/iukdirectory.com/iuk/pdfs/Reservoirs.pdf 
57  This should include spatial and temporal variations in availability.
58 Anglian Water and Frontier Economics (2011).
59  Morris et al. (2003).
60 URS (2013) for the Adaptation Sub-Committee.

Other potential measures for reducing demand without a reduction in crop yield include 
better soil management,48 developing more water efficient cultivars, or switching the crop 
types grown. Irrigating an equivalent area of cereals currently uses only one third of the 
water used for irrigating the same area of potatoes.49 However, water use will not be the 
only factor determining crop type. The ability to grow crops in certain areas will also be 
determined by land suitability (including soil type) and prevalence of pests and diseases. 
Historically, crop switching has primarily been driven by economic factors such as relative 
prices of different crops. 

Reducing overall demand through tackling food waste might also have positive 
impacts on total water use, as the total amount of food produced to meet demand  
could decrease.

Increasing supply through on-farm storage reservoirs

On-farm reservoirs are an important adaptation measure alongside improving water 
efficiency, as they provide an additional water source for irrigation at times when 
there is less water available from rivers and groundwater sources.

Farmers with reservoirs can abstract water from rivers and groundwater sources during 
high-flow periods. This is then stored and used for irrigation at times of low flows, which 
occurs most often during the summer months when irrigation demand is at its peak. 
Across England, on-farm reservoirs provided around 21,000 megalitres of water in 2009/10 
(around 20% of the total annual volume of water used for irrigation).50 

We analysed the costs and benefits of on-farm storage to investigate the potential for 
increased uptake of this measure by farmers. 

The costs of building and maintaining reservoirs were compared to the benefits of avoided 
damage from over-abstraction from rivers in the summer, which is reflected in an estimate 
of the value of the water stored. Reservoirs were found to be justified on economic grounds 
where the value of the water stored was greater than £0.23 per m3.51 

• At present, the value of water is estimated to be between £0.23 per m3 in Northern 
England to well over £1.50 per m3 in Eastern England.52 As such, reservoirs are likely to 
be cost-beneficial in many locations. 

• These estimates are limited in that they do not include an estimate of the value of water 
to the natural environment, and are therefore likely to be conservative.

Reservoirs become more viable economically as the value of water increases, which is 
likely to be the case under climate change due to an increased risk of water scarcity in the 

48 See Section 2.3.
49 Defra (2011).
50 Morris et al. (2013). The storage volume is calculated from the highest amount of water which was abstracted in winter to fill reservoirs, which was around 

21,000 megalitres in 2009/10. The total capacity is almost certainly larger than this, as not all reservoirs would have been empty and completely filled during 
the winter of 2009/10. There may also be reservoirs which have been built but are not being used at all at present.

51 Reservoirs reduce the water which is abstracted from rivers in summer. Because water is scarcer in summer, this water is of higher value than water abstracted 
in winter. The value to society of the water collected in a reservoir can be estimated by considering the benefits of leaving water in rivers in the summer. 
Scotland’s Rural College (2013) use agricultural and household use values as indicative values for this water, which vary from £0.36/m3 to £1.20/m3.

52 Moran and Dann (2007).

http://79.170.40.182/iukdirectory.com/iuk/pdfs/Reservoirs.pdf
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pollution from agricultural land into water courses. Deciding how, where and when to 
address land drainage and flood protection therefore involves a complex set of trade-
offs between agricultural production, environmental impacts and wider impacts on flood 
risk elsewhere.64

Responsibility for managing these trade-offs rests across several bodies. Funding for 
flood risk management is provided primarily through the Environment Agency. Drainage 
provision and maintenance is carried out by Internal Drainage Boards (IDBs) which are 
community-funded bodies that undertake works to reduce flood risk and manage water 
levels. Approximately 10% of land area in England is covered by IDBs, containing around 
50,000 farms or land-holdings.65 In other locations, farmers have direct responsibility to 
install and maintain their own drainage. 

While the current risks to agricultural land from flooding and waterlogging are well 
characterised, there is less evidence about the risks from future climate change.

Around 59% (47,000 km2) of agricultural land in England is at risk from waterlogging, 
of which 10,000 km2 is not currently drained.66 Around 2,000 km2 of agricultural land has 
a 10% or greater annual probability of being flooded from rivers or the sea.67 

The CCRA suggests that 5,000 km2 of agricultural land could be at significant risk of 
flooding by the 2080s.68 The future risk from surface water flooding and waterlogging 
caused by heavy rainfall could not be quantified for the CCRA. 

Greater understanding of the net benefits, costs and impacts of land drainage 
across a range of future climate scenarios, will help to evaluate the case for further 
drainage. 

The National Adaptation Programme includes actions to consider the costs and benefits 
of widening the scope of the Internal Drainage Boards to take a stronger role in managing 
water availability risks, and a review of the status of drainage infrastructure. This work 
should consider the pros and cons of land drainage to manage the future risks to 
agriculture from extreme or prolonged rainfall. 

2.3 Soil productivity

Current and future vulnerability

Soil erosion and loss of soil organic matter have the potential to limit the ability of 
farmers to take advantage of future opportunities to increase agricultural production.

Soil degradation reduces the depth, volume and quality of soil, and hence limits the 
productive capacity of agricultural land. It represents a reduction in the capacity for 
nutrient supply and has negative implications for food production and other ecosystem 

64 Whelan et al. (2013).
65 Association of Drainage Authorities (2012).
66 ADAS (2011).
67 Knox et al. (2012).
68 Ibid.

The abstraction regime is currently undergoing reform in order to make it more 
responsive to changing water availability. The new regime needs to establish a pricing 
framework that is more responsive to water scarcity, while taking into account the needs 
of the natural environment, in order to incentivise the measures considered above.

Waterlogging and flooding

As well as being at risk from water scarcity, agricultural productivity is also at risk 
from waterlogging and flooding. 

Alongside increased average winter rainfall, current climate projections suggest that when 
rain does fall, it is likely to do so in heavier bursts. A combination of rainfall that is heavier 
and of longer duration is likely to lead to an increased risk of inundation of agricultural 
land from surface water and river flooding, while sea level rise could increase the risks of 
tidal flooding. 

Flooding and waterlogging both damage agricultural productivity.61 Crop growth is 
reduced, ploughing is made more difficult, and livestock cannot be grazed without 
poaching the soil. For example, wet conditions in 2012 resulted in a reduced area being 
planted with wheat. This could reduce the harvest in 2013 by up to one third.62

Conversely, flooding of farmland can have benefits through retaining water on the land to 
reduce downstream flooding, re-wetting peatlands and recharging groundwater reserves.63 
Draining waterlogged land can have negative impacts through increasing transport of 

61 Flooding is defined as there being standing water on top of the land surface; waterlogging is when the ground is saturated.
62 According to a National Farmers Union survey, see http://www.bbc.co.uk/news/uk-22866982
63 Environment Agency and Defra (2011b).

Figure 2.4: Relationship between the price paid for water by agriculture, and water scarcity (present day)
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http://www.bbc.co.uk/news/uk-22866982


Chapter 2: Provisioning services – agriculture and forestry  3534 Managing the land in a changing climate | Adaptation Sub-Committee | Progress Report 2013

1Climate change could increase the area of land at risk of soil erosion, as well as 
increase the severity of erosion. In addition, it could increase carbon losses. 

Soil erosion. The risk of soil erosion will be affected by changes in temperature, rainfall and 
wind. Rates of erosion from rainfall are projected to increase by 0.1 tonnes per hectare per 
year to an average of 0.55 tonnes per hectare per year by the 2080s. Erosion from wind, 
on the other hand, is projected to be negligible (based on current projections of changes 
in wind speed).82 

Soil carbon losses. Higher temperatures and reduced soil moisture could increase rates of 
decomposition of soil organic matter. Warmer temperatures could also increase losses of 
soil carbon through emissions to the atmosphere. One recent study suggests that climate 
change may have already contributed between 10-20% to the observed carbon losses 
between 1978 and 2003,83 with land use change being the more significant driver. Some 
projections suggest small increases in carbon loss (up to 1.4% by the 2080s) as a direct 
result of climate change in the future.84 Other studies suggest that higher temperatures 
may increase soil organic matter content through increased net primary productivity.85 

Together, land management and climate change pose a risk to future soil productivity. 
In the Fens, there is a risk that the peat topsoil layer could be lost in the next 30 to 
60 years.

82 Cooper et al. (2010). 
83  Bellamy et al. (2005), Smith et al. (2007).
84 Cooper et al. (2010).
85 HR Wallingford (2012).

services, such as regulation of water and carbon.69 Soil degradation can occur through 
the permanent loss of soil volume (erosion) and through soil losing its organic matter.70 
Losses in soil organic matter render soil less fertile because the nutrient and water holding 
capacity is reduced, leading to a deterioration of soil structure.71 Losses in soil organic 
carbon also increase greenhouse gas emissions.72

There is a risk of irreversible losses from erosion on intensively farmed cropland soils. 

Around two million tonnes of soil are lost each year to soil erosion,73 costing the UK 
economy about £9 million in lost food production. Although erosion losses in England are 
relatively small,74 soil losses are effectively irreversible as the natural process of soil formation 
is slow (at least 100 years).75 The total economic cost of erosion is likely to be significantly 
higher than production losses alone when the costs of water treatment, sediment removal 
from drains and soil carbon losses are included.76 The majority of soil lost to erosion occurs 
on arable and horticultural land where bare soil is exposed. It is estimated that around one 
third of cropland soils in England are at moderate to very high risk of erosion.77

Losses in soil organic carbon in England have been particularly marked on the most 
carbon-rich soils, such as peat. 

The National Soil Inventory78 reported a decrease in soil organic carbon of about 0.7 grams 
per kilogram each year in all soils over the period 1978-2003 (Figure 2.5).79 Although losses 
on arable soils were lower at around 0.4 grams per kilogram each year, supporting analysis 
found more significant losses of over 5 grams per kilogram each year, on the most carbon-
rich arable soils (such as peat soils).80 

The Countryside Survey81 for England found a decrease in soil organic carbon of about 
3 grams per kilogram across soils currently under arable and horticultural production 
(Figure 2.5). Unlike the National Soil Inventory however, the Countryside Survey found no 
significant change in soil organic carbon across all soils for the period 1978-2007. 

69 UK National Ecosystem Assessment (2011a). Soil productivity is also a function of a range of other factors, such as texture, minerality, climate and soil 
management.

70  As well as through loss of nutrients and soil structure.
71  Soil organic carbon (SOC) often serves as a proxy for total soil organic matter. See King et al. (2005); DEFRA project SP0546 (2005); KeySoil:  

http://www.keysoil.com/
72 Lal (2008); Woodward et al. (2009).
73 Environment Agency (2004).
74 This losses from erosion are small in relation to the estimated total mass of soil of 200,000 Mt in the UK (UK National Ecosystem Assessment 2011). Although 

rates of soil erosion by water is typically in the order of 0.1-15 tonnes per hectare per year (SP08007), rates as high as 200 tonnes per hectare per year have 
been reported. 

75  European Commission Joint Research Centre (2012).
76 Defra (2011). 
77 Evans (1990). Classification of risk is based on land use, soil type and landform. Small risk means erosion affects less than 1% of arable land each year, medium 

risk refers to 1-5% of arable land; and high risk refers to more than 5% of arable land each year.
78 This study is based on data from National Soil Research Institute at Cranfield University. The “topsoil” soil sample (from which the carbon estimate is derived) 

is from the top 15cm of soil. 
79 Defra (2005).
80 Bellamy et al. (2005) refers to carbon rich arable soils with up to 200g/kg of soil organic carbon concentration. The rate of change in organic carbon content 

is calculated as 0.6 – 0.0187 x original organic carbon content.
81 Countryside Survey data is produced by the Centre for Ecology and Hydrology. Soil sampling focuses on the top 15 cm of soil.

Figure 2.5: Concentration of soil organic carbon across all soils and arable soils in England (1978-2007) 
according to National Soil Inventory and Countryside Survey
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However, uptake of measures is less on Grade 1 (highest grade) agricultural land compared 
to other grades of land. 

Development on agricultural land

Developing agricultural land for housing or commercial property effectively takes 
soil out of productive use permanently. Development therefore has the potential to 
lock out certain areas from food production in the future and reduce the productive 
capacity of the land in response to climate change.

Besides erosion and degradation of soils through unsustainable agricultural practices, 
development of agricultural land carries a risk of reducing the productive capacity of the 
land permanently. The National Planning Policy Framework provides guidance to local 
authorities on making decisions on where to site new development, including development 
of agricultural land. Other things being equal, lower grade agricultural land should be 
favoured over higher grade land. The Planning Inspectorate can hold inquiries to scrutinise 
plans on this basis.

Over the past 10 years, around 50 km2 (0.2%) of high grade agricultural land has 
been lost to development. 

The number of properties built on agricultural land has increased by around 800,000 from 
just under 6 million between 2000 and 2010, with 160,000 properties built on Grades 1 

Land management and climate change could lead to irreversible losses in some important 
agricultural soils.86 For example, a study of the East Anglian Fens recorded a faster rate 
of soil degradation under some intensive farming practices compared to unfarmed soils.87 

If these rates continue, intensively farmed soils could lose all of their peat topsoil in 50-
80 years under current land management practices. With climate change, the rate of 
degradation could increase, resulting in complete loss in 30-60 years (Figure 2.6).88 

Uptake of soil management measures

Part of the adaptation response for soil loss may involve greater uptake of soil 
conservation measures. There remain significant knowledge gaps in the effectiveness 
and uptake of different measures.

Soil conservation measures, such as the use of cover crops, contour ploughing and 
minimum tillage have the potential to ameliorate both soil erosion and losses of soil 
carbon. This is because they reduce the exposure of bare soil to the atmosphere and help 
to maintain soil structure. However, the evidence base on the cost-effectiveness of such 
measures for soil conservation remains limited.89

Survey data90 suggest that there has been an increase in the uptake of minimum tillage 
practices across all grades of agricultural land cultivating wheat between 1985 and 201091 
(Figure 2.7). There has been some uptake of shallow ploughing and deep drilling practices. 

86  Some studies suggest that trends in soil organic carbon may also be driven by historical changes in land use from grassland to arable during and after the 
Second World War (See Defra 2003 Project SP0533).

87 Holman (2009) based on Burton and Hodgson (1987).
88  Cranfield University (2013) for the Adaptation Sub-Committee. The time period of 25-45 years depends on the extent of climate change and assumed rate of 

peat degradation (See explanatory notes in Figure 2.6).
89 Agriculture and Horticulture Development Board (2012). 
90 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee, using data from the Defra Food and Environment Research Agency.
91  Data for other types of crop production are not available.

Figure 2.6: Estimated degradation times (in years from present) of peat soils in the East Anglian Fens
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Figure 2.7: Land area covered by different soil management measures for wheat cultivation by 
Agricultural Land Classification (ALC) Class (1985-2010)
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Total investment in research and development in the UK declined between 1987 
and 2009. One impact of this decline is likely to be a slowing of the increase in 
agricultural efficiency.

Current spend on agricultural research is around £380 million per year, around half of 
which is spent by the Research Councils.100 Applied research that directly benefits industry 
is conducted through the Agricultural and Horticultural Development Board (AHDB), which 
collects an income of around £55 million from farmers that is primarily spent on research, 
knowledge transfers and market development. 

Overall spend on research and development (R&D) declined slightly between 1987 and 
2009 (Figure 2.8). This was largely driven by declines in public sector R&D spend over this 
time period. This contrasts to previous growth of 6% each year between 1953 and 1982 
(in real terms).101 It is unclear how the level of research dissemination and engagement with 
the farming community on adaptation has changed since the 1980s.

Total factor productivity (TFP) for the UK has risen more slowly relative to other European 
countries and the US between 1973 and 2002 (Figure 2.9). TFP is a widely used index of 
the efficiency of the agricultural sector.102 

The slow growth of TFP could have many explanations, including for example that the UK 
is approaching its maximum level of agricultural efficiency. However, statistical analysis of 
a range of causal factors, including the effect of climate on production, suggests that the 
trend correlates to the levelling off of investment in applied R&D spend.103 The decline in 
knowledge transfer could also be a contributing factor in slowing down the dissemination 
of research down to the farm level.104

100 Pollock (2013). 
101 Thirtle and Holding (2003).
102 Fuglie (2012).
103 Thirtle and Holding (2003).
104 Ibid., based on expert opinion.

and 2 land.92 Around 50 km2 (0.2% of high grade land) has been lost as a result. 93 If this 
trend were to continue, around 250 km2 (1% of high grade land) would be lost by 2050 
(since 2000).

The rate of development on high grade land between 2000 and 2010 was faster than 
on lower grades, with a 16% increase in the number of properties on Grades 1 and 2 
compared to a 9% increase elsewhere. Agricultural land will come under increasing 
pressure from development in the future to support a growing population, so although 
small at present, this rate could accelerate. 

2.4 Technological capability and provision of advice to farmers

Technological capability

The agriculture sector has the best chance of adapting to an uncertain future climate 
and other pressures if it has a range of technologies and information available for 
managing the land, controlling pests and diseases and having choices of crops/
livestock available to best suit the future climate. For example:

• Monitoring and surveillance of pests and diseases is critical as early detection has 
a large benefit in preventing damages.94 The potential average cost of animal disease 
outbreaks in the UK in 2010 was estimated to be around £98 million, with £63 million of 
that from outbreaks of currently unknown or unexpected diseases.95 Around £34 million 
is spent each year on surveillance. Case studies suggest that that scanning surveillance 
could deliver benefits of over £200 million each year from reduced disease incidence.96 

• New methods of farming can act to reduce vulnerability to changes such as reduced 
water availability, for example. Irrigation scheduling trials have shown that using better 
technology can reduce water demand in strawberry plants by one third.97

• Genetic diversity is important to maintain a diverse gene pool for both crops and 
livestock, in order to source adaptations that may suit the future climate. The UK 
has 235 native breeds of livestock, of which over 75% are currently under threat of 
disappearing.98 

• Genetic enhancements to both crop and livestock breeds can make a substantial 
difference to their suitability under a changing climate. For example, drought-resistant 
wheat varieties are being investigated for use in more arid countries like Australia.99 

• Good knowledge transfer programmes are vital to ensure that technologies, once 
developed, are taken up and used effectively on as wide a scale as possible.

92 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
93 This rate is also found in a study for Defra (SP1501) looking at different methods for calculating the area of land lost, which gave a figure of 0.35% of high 

grade agricultural land lost between 1998-2008.
94 EU Animal Health Strategy (2007-2013).
95 Defra (2010).
96 Animal Health and Veterinary Laboratories Agency (2011).
97 http://79.170.40.182/iukdirectory.com/iuk/conf/Else1.pdf
98 Defra (2013d).
99 http://sciencewise.anu.edu.au/articles/Drought%20Resistant%20Wheat 

Figure 2.8: Change in UK Research and Development (R&D) spend on agriculture (1987-2009)
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The Government’s new Agri-tech Strategy should be an important lever for delivering 
greater dissemination of research and technology to the farm. Its effectiveness 
should be monitored.

The Government published a new Agri-Tech Strategy in July 2013. This aims to improve 
the productivity, sustainability and competitiveness of the agricultural industry by plugging 
a gap in applied research and facilitating collaboration between industry and the public 
and private research base. It also aims to improve the dissemination of research to farmers, 
including new technology and farming methods that should be beneficial for adaptation. 
The success of this strategy in terms of outreach to farmers and land managers, and its 
effect on total factor productivity, should be monitored.

2.5 Assessing preparedness in forestry 

Context

Timber production is an important provisioning service alongside agriculture, 
contributing £1.7 billion in Gross Value Added (GVA) to the UK economy. This section 
of the report considers adaptation to changing climate space for timber production. 
Chapter 3 considers the role of woodlands as a habitat.

The Public Forest Estate is the largest timber producer in the country. Managed by Forestry 
Commission England, it accounts for around 16% of English woodland (2,050 km2).

In addition, the Forestry Commission licenses felling and provides grants to private forest 
managers for planting, improving and managing woodlands. At present there are about 
20,000 grant schemes active. Together with the Public Forest Estate, this means that about 
53% of the total woodland area in England is under active management.108 

Vulnerability to climate change

Pest and disease outbreaks are currently the largest climate-related threat to tree 
health. Climate suitability (based on temperature, soil moisture, wind and soil type) 
for broadleaf and conifer species is expected to become a more significant risk with 
climate change, as is wildfire damage. 

Current vulnerability:

• Current tree losses are caused predominantly by pest and disease outbreaks. In 2012 
alone, new outbreaks of Chalara dieback in Ash, sweet chestnut blight, oak processionary 
moth and Asian longhorn beetle were reported. Pest and disease risk have already led 
to adaptive measures being taken, such as the moratorium on the planting of Corsican 
Pine due to Dothistroma needle blight,109 restrictions on the movement of ash and 
notification requirements for importation of ash, sweet chestnut and plane trees.

108 Forestry Commission Corporate Plan Performance Indicators. Best practice and legal requirements are set out in the UK Forestry Standard, including its 
Forestry and Climate Change Guidelines.

109 Also known as Red Band Needle Blight.

Currently, 64% of farmers report that they are acting to adapt to climate change. 
Only around 17% of farmers receive direct advice on adaptation through publicly 
funded programmes. 

The Defra Farm Business Survey suggests that about 64% of farmers are consciously acting 
to adapt to climate change through undertaking at least one of a range of measures, 
including water and soil conservation.105 These numbers should be treated with caution. 
Firstly, they are self-reported. Secondly, some farmers could be taking measures that will 
build resilience to weather variability, without labelling them specifically as adaptation 
measures. 

Defra currently funds the Farming Advice Service (£1.1 million over 2012 and 2013) to provide 
advice to farmers on climate change mitigation and adaptation, as well as wider cross-
compliance issues.106 This advice is delivered through a website, helpline and by engagement 
with farmers at events such as drop-in clinics, workshops and farm walks. It does not provide 
tailored one-to-one advice via individual farm visits. The service currently interacts with 
around 17,000 farmers in England (17% of the total number of farms). In March 2013, Defra 
announced that it would be integrating the service under a new integrated advice framework 
contract in 2014, in order to streamline different sources of advice.107

105 Defra (2013c).
106 http://www.defra.gov.uk/farming-advice/. The Farming Advice Service is delivered through Ricardo-AEA.
107 Defra (2013e).

Figure 2.9: Total factor productivity (TFP) of the UK and other European countries and the United States  
(1973 and 2002)
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http://www.defra.gov.uk/farming-advice/
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The number and range of minor species ordered has increased markedly, now making up 
4% of the trees ordered. The Forestry Commission could work with nurseries to increase 
the number of orders for more minor tress species, through identifying suitable non-native 
species and placing orders early and in significant enough numbers to give confidence to 
the nursery sector.

Between 5 and 40% of oak, pine, spruce and beech trees planted in the last 40 years 
are situated in areas that may not be suitable for timber production in the 2050s. 

The choice of planting site for new trees partly determines how the suitability of those 
trees will change in the future, because trees planted in suitable areas now could become 
unsuitable for those areas over the next 40 years and beyond due to climate change. 

For spruce, oak and pine, the locations in which these species are being planted now have 
become slightly more suitable for the climate projected for the 2050s compared to where 
planting was taking place in the 1970s (Figure 2.11). 

• Storm damage can also pose a significant threat. In the 1987 storm, 15 million trees 
were lost in England due to high winds. 

• Drought and high temperatures only have a significant impact on productivity and 
mortality in extreme years such as 1976. The successful establishment of forestry crops 
is highly dependent on conditions, particularly soil moisture availability.

• Wildfires present a small risk to the total area of English woodlands at present, although 

individual fires can have significant impacts locally. In 2011/12, 140 km2 (0.1%) of the 
total land area was affected by wildfire, with the majority of fires occurring on mountain, 
heath and bog habitat rather than in woodland.

Future risks from climate change:

• Changing climate suitability of species such as beech and spruce is likely to become 
a much more significant driver of vulnerability in the future.110 

• Pests and diseases may also become a much greater risk, though the extent and nature 
of the risks are highly uncertain.

• The CCRA suggests that wildfire risk could increase by between 10-50% by the 2080s. 
Most wildfires in England are caused by human triggers rather than natural factors such 
as lightning, so an increase in outdoor activities associated with a warmer climate could 
increase the risk further.

Species choice and location in the Public Forest Estate

The diversity of coniferous tree species delivered to the Forestry Commission for 
planting has risen between 2005/6 and 2012/13. This will increase the likelihood of 
having suitable trees for future climatic conditions, and reduce the vulnerability to 
individual pest and disease outbreaks.

Increasing the diversity of species planted – both within stands and at forest or landscape 
scale – can reduce overall vulnerability to changing climate suitability and to pest and 
disease outbreaks. However, there can be barriers to diversification through lack of access 
to new planting stock from alternative and less frequently planted species.111

Between 2005/6 and 2012/13, the variety of different conifer species delivered to the 
Forestry Commission for planting increased (Figure 2.10).112 Notably, the ordering of 
Corsican Pine has ceased in response to concerns about the spread of Dothistroma 
(Red Band) needle blight.113 This was highlighted as a significant future risk from climate 
change in the CCRA. 

110 Read et al. (2009).
111 Moffat et al. (2012).
112 The analysis is restricted to the Public Forest Estate because information is available on which species have been planted in specific locations through the 

Forestry Commission’s sub-compartment database.
113 The extent of pest and disease outbreaks through time can be monitored through the total area of woodland in England that is subject to plant health 

notices. In 2012, up to 7 km2 (0.05% of total woodland area) had plant health notices in effect in any one month. There is only a short time series available for 
this indicator, but we will monitor trends going forward.

Figure 2.10: Diversity of conifer species delivered to the Forestry Commission for planting
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Timber production in privately owned woodlands

An issue for increasing the preparedness for climate change of timber-producing 
woodlands in England is bringing more privately owned woodlands into active 
management.

Around half of woodlands in England do not have management plans and are unlikely  
to be in active management.116 Landowners can receive grant aid for the preparation  
of management plans, for restocking woodland and for woodland improvement  
(Chapter 3), including access and preparation for harvesting, but these on their own  
may not be a sufficient driver to bring more woodlands into active management. 

The lack of active management increases the sector’s vulnerability because it is only 
possible to implement adaptation measures in actively managed woodland. These 
measures include species diversification, the planting of species likely to be more suited 
to the future climate, changes to forest infrastructure (roads, drains and culverts), 
restructuring to increase resilience to wildfire and the conversion to continuous cover 
systems of management.117 

Currently, the Forestry Commission monitors the percentage of woodlands that are in 
receipt of grant aid. Incentives to manage woodlands are provided through conditions 
attached to grant aid and felling licenses based on the UK Forestry Standard’s (UKFS) 
Forests and Climate Change Guidelines. The Government’s Forestry and Woodlands Policy 
Statement (2013) includes an aim to increase the proportion of woodland in management, 
defined as having a UKFS-compliant management plan in place. The Woodland Carbon 
Task Force also has an aim to increase woodland management.

Woodfuel markets could also act as an additional driver for increased woodland 
management, including through landowners responding to the Renewable Heat Incentive.

2.6 Conclusions

Our analysis suggests that there are risks to the productive capacity of farmland 
in England through reduced water availability and soil degradation. If realised, this 
will limit the ability of the sector to respond to warmer temperatures and higher 
food prices. These risks are being driven by land management decisions as well as 
climatic factors.

• Increased temperatures, reductions in summer rainfall and increases in demand for 
public water supply are likely to be concentrated in the largest crop producing areas 
in the south and east of England. 

• Land use change and land management are the dominant drivers of soil erosion and 
losses in soil organic carbon. Climate change is likely to exacerbate the risk. Together, 
these factors could lead to irreversible losses in the productive capacity of some 
important agricultural soils. There is some evidence that the uptake of soil conservation 
measures is increasing on all but the highest grade agricultural land.

116 Frontier Economics (2013).
117 Stokes and Kerr (2009).

This has not been the case for beech, with between 10 and 35% of planting sites  
between 2000 and 2010 becoming unsuitable by the 2050s. This trend may be skewed 
because of the very small area of beech planted since 2000 (only 0.1 km2).114 The reduction 
in beech planting could be an adaptation response to published guidance based on 
evidence suggesting that the south and east of England may become less suitable for 
beech over time.115

There is a degree of uncertainty in the projections of future climate suitability. It is also 
important that trees are planted in areas that are suitable now. As such, planting a small 
percentage of trees in areas not currently deemed suitable for the climate in 2050 may be a 
sensible strategy to spread risk across a number of areas and against future climate uncertainty.

114 The low planting rate was likely due to the impact of summer drought on the species, particularly in 1976 (Peterken and Mountford, 1996).
115 Broadmeadow et al. (2005), Read et al. (2009).

Figure 2.11: Climate suitability in 2050 for trees planted in England, shown by decade when planted
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change scenario. Suitability is determined based on the Forestry Commission’s Ecological Site Classification model, which considers how productive 
trees will become for timber in the future based on climatic factors including temperature, water availability, and biogeographical factors such as 
soil type. This data refers to trees planted by the Forestry Commission within the Public Forest Estate only. 
Definitions of the different categories of suitability: unsuitable = < 50% of maximum observed UK productivity, suitable = between 50 and 75%, 
very suitable = >75% of maximum productivity. 
Four of the site factors are climatic: accumulated temperature (warmth) moisture deficit (dryness), wind exposure, and continentality. Two factors 
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Site Classification model does not take into account pest and disease effects on trees, nor the effect of environmental changes associated with 
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Increasing the diversity of tree species planted for timber production is beneficial in 
reducing the risks of changing climatic suitability and pests and diseases. A greater 
proportion of woodland needs to come into active management to increase the 
resilience of forests for timber production.

• The diversity of species being planted in the Public Forest Estate is increasing, with 
17 different species being ordered in 2012/13 compared to 11 in 2005/6. 

• Around half of woodlands in England are unmanaged or under-managed. This is 
increasing the sector’s vulnerability because it is only possible to implement adaptation 
measures in actively managed forests.

Table 2.2 shows how the risks above are covered by existing policies.
118

Table 2.2: Barriers to adaptation and current policies for agriculture and forestry

Climate risk Barriers to action Current policy and action

Agriculture

Reduced water 
availability

The costs of 
abstraction to 
farmers do not reflect 
the scarcity of water.

The Environment Agency operates the Abstraction Licensing 
Regime, which grants licenses to farmers to abstract from rivers and 
groundwater stores. The regime is currently being reformed to make 
it more responsive to changing water availability, with draft legislation 
expected during the next Parliament, and a new regime in operation 
by the 2020s. A reformed abstraction regime should include a pricing 
framework which reflects changing water availability through time 
and space.

High up-front capital 
costs are a barrier for 
farmers to install on-
farm reservoirs.

Grants available through the Rural Development Programme for 
England of around £5 million were provided between 2007 and 2013 
to part-fund the development of 50 reservoirs, mainly in the south 
and east of England. The next Rural Development Programme is being 
developed as part of the new round of the CAP. A new programme is 
likely to commence in 2015. It is not yet clear what the level of support 
will be for water management measures.

The Water Bill (2013) includes a requirement to consider how farmers 
could trade water stored in on-farm reservoirs.

More voluntary Water Abstractors Groups117 could be formed to enable 
joint decision making on the need for reservoirs and efficient allocation 
of available water.

Flooding/ 
waterlogging

The scale of risk 
to farmland from 
waterlogging/
flooding is currently 
unclear.

The scale of risk to agricultural land from flooding from rivers and 
the sea was estimated for CCRA (2012). These estimates did not 
include scenarios or projections of risk from surface water flooding or 
waterlogging. 

The costs, benefits 
and impacts of land 
drainage are unclear.

Drainage of agricultural land is controlled by Internal Drainage Boards 
(IDBs) in areas where these exist. They currently cover around 10% of 
land area in England. Each IDB has permissive powers to undertake 
works to reduce flood risk to people, and manage water levels for local 
needs. In other locations there is no centralised control of drainage at 
present, and the degree of drainage is left to individual farmers.

118 http://www.ukia.org/eeda_files/4927%20WAGs%20Brochure.pdf

The Government should consider how to incentivise further uptake of low-regret 
measures; water efficiency, on-farm water storage and soil conservation. These 
measures will help to manage the risks to productive capacity and retain flexibility 
about the way land is used.

• A reformed abstraction regime should include a pricing framework that reflects actual 
water scarcity, including changes in availability through time and space. If the reform 
process is not implemented until the mid 2020s, the Government should consider 
how to incentivise increased uptake of water efficiency and storage measures in the 
intervening period.

• Reforms to the Common Agricultural Policy (CAP) represent both an opportunity and 
a risk for incentivising uptake of water and soil management measures. The ongoing 
revision of Pillars 1 and 2 of the CAP present an opportunity to mainstream adaptation 
into measures for soil and water conservation. However, there is a risk that the level 
of effort required could be too low to incentivise further action on water and soil 
management. Funding for the CAP as a whole will decline from 2015, and could lead to 
reductions in support for water efficiency and storage measures. It is not yet clear what 
the UK requirements for water and soil management will be under the revised cross 
compliance mechanism or greening proposals under Pillar 1. 

Research is needed to help better understand and build resilience to other threats to 
productive capacity.

• The risks to agricultural land from flooding and waterlogging are likely to increase 
with climate change, though the extent of future risk from waterlogging is uncertain. 
The costs, benefits and impacts of drainage infrastructure are unclear. On one 
hand, protecting the soil from inundation and waterlogging can protect agricultural 
productivity. On the other, it can increase the level of diffuse pollution or increase flood 
risk elsewhere.

• Although it is likely that the risks from pests and diseases for agriculture and forestry 
will increase, it is difficult to predict which pathogens are likely to become the most 
problematic under a changing climate. Increased surveillance is likely to be a low-regret 
response regardless of which pathogens take hold. More research is needed to quantify 
the relationship between increased surveillance effort and earlier detection of pests 
and diseases.

Improving the dissemination of applied research to the farm level should increase the 
resilience of the agriculture sector to future climate uncertainty, as well as improve 
agricultural efficiency overall.

• There is evidence that the decline in agricultural efficiency is being driven by a reduction 
in R&D spend and dissemination. More needs to be done through the Agri-tech strategy 
and on adaptation advice to support farmers in making the best decisions in the face of 
climate change. Adaptation advice should be included in Defra’s new integrated advice 
framework.

http://www.ukia.org/eeda_files/4927%20WAGs%20Brochure.pdf
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Table 2.2: Barriers to adaptation and current policies for agriculture and forestry

Climate risk Barriers to action Current policy and action

Agriculture

Technological 
capability and 
advice

Public funding of 
R&D and advice to 
farmers has dropped 
off since the 1980s. 
This is contributing 
to a reduction in 
growth of efficiency 
of the agricultural 
sector.

As part of its CAP requirements, Defra funds the Farming Advice 
Service (FAS) to provide advice and information to farmers on climate 
change adaptation (and mitigation) as well as matters relating to 
the CAP. The current two-year contract for this work (2012-2013) is 
worth around £1.1 million. The service is delivered by Ricardo-AEA, 
and includes on-line advice, a telephone helpline and events such as 
workshops, farm walks and drop-in clinics where face-to-face advice 
is given.

Dissemination of applied R&D to farmers is provided by the Agriculture 
and Horticulture Development Board (AHDB), which is a statutory, 
independent levy board. The AHDB delivers research and knowledge-
transfer programmes across all of the key agricultural sub-sectors in 
the UK. 

The Government’s Agri-tech Strategy was published in July 2013. 
This new investment is a step forward towards increasing the degree 
of dissemination of R&D and new technology to the farm level. The 
effectiveness of the strategy should be monitored to measure the 
impact it has on uptake of new research and technology. 

Forestry

Risks to 
woodland 
from climate 
change (pests 
and diseases, 
drought, 
storm damage, 
wildfire)

Around half of 
woodland in 
England is unlikely 
to be under active 
management, 
meaning adaptation 
cannot take place.

Incentives to manage woodlands are provided through conditions 
attached to grant aid and felling licenses based on the UK Forestry 
Standard’s (UKFS) Forests and Climate Change Guidelines. The 
Government’s Forestry and Woodlands Policy Statement (2013) 
includes an aim to increase the proportion of woodland in 
management, defined as having a UKFS-compliant management plan 
in place. The Woodland Carbon Task Force also has an aim to increase 
woodland management.

Woodfuel markets could also act as an additional driver for increased 
woodland management, including through landowners responding to 
the Renewable Heat Incentive.

Table 2.2: Barriers to adaptation and current policies for agriculture and forestry

Climate risk Barriers to action Current policy and action

Agriculture

Soil erosion and 
degradation

There is limited 
evidence on the 
effectiveness of 
soil management 
measures in 
increasing soil 
organic matter and 
organic carbon.

The Natural Environment White Paper (2011) stated the Government’s 
ambition for all soils in England to be managed sustainably by 2030. 
It includes a commitment to a four year research programme on the 
impact of soil degradation on the supply of ecosystem services.

The Agricultural and Horticultural Development Board is undertaking 
a research programme to better quantify the benefits of soil 
conservation measures.

There is limited 
information on 
current levels of 
uptake of soil 
conservation 
measures.

There is limited 
evidence on the 
extent to which 
provision of 
information and 
advice results in 
desired changes to 
land management 
practices.

The EU Common Agricultural Policy (CAP) provides some incentives for 
soil management:

Pillar 1: Under the CAPs cross-compliance mechanism, soil 
management is part of minimum standards that farmers are required 
to meet to qualify for single farm payments. These include conditions 
for usage of sewage sludge and for application of nitrogen in 
vulnerable zones. Farmers are required to produce and implement a 
soil management plan. 

Pillar 2: The RDPE’s Environmental Stewardship scheme also provides 
payments for the implementation of a range of land management 
practices which include some measures that reduce the risk of soil 
erosion and carbon loss such as the use of grass/legume as understorey 
to cereal crops and use of cover crops.

Defra provides information and advice on good soil management 
practices through:

• Code of good agricultural practice for water, soil and air (CoGAP) 
provide farmers and land managers with a benchmark for good 
agricultural practice. 

• Advisory services: Defra funds advice through the Farming Advice 
Service.

Crop, plant and 
livestock pests 
and diseases 
(and welfare)

There is a lack of 
evidence on how 
increasing spend on 
surveillance decreases 
the detection time 
for new pathogens.

Only around 1% 
of livestock are 
currently screened for 
emerging pests and 
diseases.

Animal disease control and prevention is managed through the Animal 
Health and Veterinary Laboratories Agency (AHVLA) in collaboration 
with other organisations e.g. the Research Councils. The national 
approach to surveillance is managed by the Epidemiology, Surveillance 
and Risk Group (ESRG). At present, around £34 million is spent per 
year on livestock surveillance. AHVLA also produces guidelines on heat 
stress in livestock, particularly during transport.

AHVLA could consider the case for increasing the surveillance effort 
in livestock given the evidence available on how earlier detection can 
reduce costs substantially. 

A management plan detailing the Government’s response to Chalara 
in England was published in March 2013. 

The Tree Health and Plant Biosecurity Task Force report was published 
in May 2013. Defra will respond to the report later in the year, and 
has started work on the task force recommendations regarding the 
creation of a prioritised risk register for plant diseases, and developing 
improved procedures for preparedness and contingency planning. 
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Chapter 3

Chapter 3:  

Wildlife – semi-natural habitats 

Key messages

Wildlife is highly sensitive to climate change. While a warmer climate may bring some new species to this 
country, on balance the impacts of changes in temperature and rainfall patterns, sea level rise and extreme weather 
events are likely to be more negative than positive. 

The ability of wildlife to adapt to climate change is directly affected by the way land, particularly semi-
natural habitat, is managed. Wildlife stands the best chance of surviving and new species will be most able to 
colonise if there is an available, coherent suite of semi-natural habitats in good ecological condition. 

The first priority for adaptation is to conserve and enhance the existing suite of semi-natural habitats and 
protected wildlife sites. Sustaining species at current sites for as long as possible will buy time for adaptation. 
This requires:

• Managing sites so that they are in a good ecological condition and restoring them where they are degraded.

• Increasing the size of existing wildlife sites and creating new areas of habitat. 

• Enhancing the permeability of the wider landscape for wildlife, by creating stepping stones and restoring natural 
connections, such as ponds, rivers and hedgerows, and by improving the ecological quality of agricultural 
landscapes and urban areas. 

Other adaptation actions may be needed to accommodate inevitable changes. These are likely to include: 
translocating some species, and adapting conservation objectives and site management regimes to reflect changing 
climatic conditions and shifting species distributions. However, these adaptations can only be effective if there is 
a coherent network of habitats in good condition for species to occupy in the first place.

Potential risks
Decades of loss, pollution and fragmentation have resulted in most semi-natural habitats in England being 
degraded and reduced in extent. As a result, around one-third of priority species are in long-term decline. 

Some 8,000 km2 of habitat has benefitted from restoration over the last decade or so. This has laid the 
foundations for future improvements that could start to reverse the long-term decline, but only if such effort is 
sustained. In 2012, the Government announced 12 Nature Improvement Areas that aim, through time, to restore 
and connect nature at a ‘landscape-scale’.

Despite these efforts, our analysis finds that:

• Three-quarters of semi-natural habitat is fragmented. Of the 17,000 km2 of semi-natural habitat in England 
(13% of land area), only around 4,000 km2 remain as extensive tracts, as for example in the North Pennines and 
the New Forest. 

• Even in the case of protected wildlife sites, the available data points to a decline in the proportion of sites 
in an ecologically favourable condition, from 42% in 2003 to 37% in 2013. On the positive side, the majority 
of protected sites (60%) are now classed as ‘recovering’, compared to 14% in 2003. This means they have a 
management plan in place that should result in the site returning to a favourable condition in time, but only if 
the plan is fully implemented.

• Despite there being increases in some types of semi-natural habitat, there have been very few additions 
to the number and extent of protected wildlife sites over the last ten years. Some 540 km2 of new 
broadleaved woodland and 430 km2 of heathlands were created between 1998 and 2007 and 150 km2 of new 
wetland and intertidal habitat has been created since 2008. However, the total number of protected sites and 
the area of land they cover have remained broadly constant, at around 4,100 and 10,000 km2 respectively. Some 
habitat types have declined in extent over the last decade, such as fen and marsh.

3.1 Introduction

3.2 Importance of wildlife in England

3.3 Vulnerability of wildlife to climate change

3.4 Priorities for wildlife adaptation

3.5 Assessing the ability of wildlife to adapt to climate change

3.6 Conclusions and policy advice
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As noted in Chapter 1, the natural environment provides a range of services that are 
vital for wellbeing and economic prosperity. Wildlife and semi-natural habitats are key 
components of the natural environment and central to the provision of ecosystem services.

Semi-natural habitats in England deliver key regulating services. Woodlands are 
important for regulating climate by taking up carbon from the atmosphere and can play a 
role in mitigating flood risk. Peatlands provide vital carbon storage and water purification. 
Coastal habitats are critically important for buffering flood defences and providing 
sediment supply. Chapters 4 and 5 assess the resilience of upland peat and coastal habitats 
to climate change. 

Wildlife has great cultural significance. Many people feel a strong emotional connection 
to nature. Birds of all kinds, butterflies, trees such as oak, ash and beech, and mammals 
such as badgers, otters and seals collectively have a huge hold over the popular 
imagination. Public interest in wildlife has grown in recent decades, as seen with the 
increased membership of conservation charities.3 

Wildlife and semi-natural habitats directly contribute to the leisure and tourist 
industries. Between 2009 and 2010, just over half the adult population in England visited 
natural environment settings at least once per week. This equated to approximately 
2.9 billion leisure visits, generating revenue of £8.8 billion. More than half (55%) of all 
international visitors to England in 2011 went to countryside destinations.4 

Wildlife also provides and supports provisioning services. There is direct economic 
value from fisheries, game species and honey production.5 Insect pollination (primarily by 
bees) is vital to crop production, with an estimated value of £370 million per year (8% of 
the UK cropping markets).6 

The importance of conserving and enhancing wildlife in England has long been 
recognised. There is a history of protecting wildlife and designating nature reserves, 
starting with the formation of voluntary organisations concerned with nature conservation 
in late Victorian times. Since then, successive governments have put in place legislation 
and signed up to commitments to protect and enhance wildlife, both in the UK and 
internationally. 

3.3 Vulnerability of wildlife to climate change

Species evolve to survive in a range of environmental conditions and are therefore 
highly sensitive to rapid and extreme changes, including from climate change. 

All species have a ‘climate space’ within which they can survive and reproduce. As the 
climate changes, climate space will move. Species will need to track these movements. 
Their ability to move in line with climate space will depend on the availability of suitable 
habitat and their natural dispersal capability. 

3 In 1944 the National Trust had fewer than 7,000 members; by 2011 it was 3.5 million. The RSPB currently has over 1 million members, compared with just 
10,000 in 1960. UK National Ecosystem Assessment (2011a). 

4 UK National Ecosystem Assessment (2011a).
5 An estimated 3,000 tonnes of honey was produced in 2009. UK National Ecosystem Assessment (2011a).
6 UK National Ecosystem Assessment (2011a).

Key messages

Options for further action
Ambitious policy goals have been set to enhance England’s semi-natural habitats by 2020, but it is not 
clear how these will be met. These goals include getting 50% of protected sites into a favourable condition and 
increasing the area of semi-natural habitat by 2,000 km2 by 2020. Meeting these goals would do much to sustain 
the improvements delivered over the last decade and so enhance the ability of wildlife to cope with changing 
climatic conditions. 

To ensure that these policy goals are met, the Government should:

• Increase effort to tackle deep-seated and persistent pressures on semi-natural habitats, particularly from 
water and air pollution. Some action is underway, including measures to tackle water pollution through the 
EU Water Framework Directive. However, the continued and long-term decline in the condition and extent of 
a number of habitats and of the populations and ranges of many species, indicates that more effort is required.

• Strengthen the effectiveness of current regulations to facilitate wildlife adaptation. England has had 
a regulatory framework in place to protect and enhance wildlife for over 60 years, of which the EU Nature 
Directives have formed a core part since the 1990s. If implemented in full, the regulations would ensure that 
England has a coherent network of protected areas that are being managed in ways that support healthy 
populations of priority species. Going forward, the interpretation of the regulations will increasingly need to 
accommodate inevitable changes to species distributions.

• Further incentivise habitat restoration and creation. Any significant reduction in funding for conservation 
from existing schemes, particularly the Rural Development Programme for England (RDPE), would make 
it extremely challenging to meet the 2020 policy goals. There may be scope to develop effective market 
mechanisms that place an economic value on nature, such as through payment for ecosystem services and 
biodiversity offsetting.

3.1 Introduction

This chapter assesses the ability of wildlife in England to adapt to climate change.1 
The chapter summarises the importance of wildlife in England; sets out how climate 
change may compound existing pressures, as well as provide opportunities for new species; 
explains the priorities for adaptation and explores how far existing actions go towards 
meeting these priorities. The chapter concludes with advice to Government on how the 
suite of semi-natural habitats in England can be enhanced so wildlife will be in a better 
position to cope with changing climatic conditions.

3.2 Importance of wildlife in England

England has a diverse range of wildlife and semi-natural habitats, with some species 
and habitats of global and European importance. England is home to internationally 
significant populations of breeding seabirds and wintering waders, over half the European 
species of mosses and about 10% of the world’s species of bumblebees. In an international 
context, some of the semi-natural habitats in England are relatively rare, for example 
England has 18% of the world’s heathlands, over half of all European chalk coasts and one-
fifth of Europe’s Atlantic and North Sea estuaries.2 

1 The focus of the chapter is on terrestrial and freshwater habitats and species.
2 Natural England (2008).
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for some plants may not coincide with the emergence of key insect pollinators.15

Climate change is likely to compound a number of existing pressures facing wildlife. 
The UK Climate Change Risk Assessment highlighted:16

• Reductions in water availability and quality. Warmer, drier summers could increase soil 
moisture deficits and low river flows. Reduction in flow levels combined with higher 
water temperatures would decrease oxygen supplies available for aquatic habitats and 
increase the likelihood of harmful algal blooms. It is may also lead to the concentration 
of harmful pollutants in water bodies. These impacts on water quantity and quality will 
be exacerbated during drought events, when there will be increased demand for water 
from agriculture, industry and the public.

• Pests and diseases. Low winter temperatures currently act as a climatic control on many 
pests and diseases that pose a risk to native wildlife and habitats. Milder, wetter winters 
could increase the risk from damaging pathogens, such as red band needle blight, and 
increase problems from fungi and related organisms that thrive on high moisture levels. 
Changed conditions may also facilitate the spread of invasive species, further threatening 
native species already vulnerable because of other pressures.

• Extreme events. Any increase in the frequency and magnitude of heavy rainfall events, 
flooding, heatwaves and droughts could cause major damage to wildlife and habitats. 
Rising sea levels, combined with storm surges, could lead to the irreversible change 
of some habitats. Fire risk is particularly apparent during hot dry years or unusually 
dry seasons. At these times, a large-scale fire can cause severe damage to woodlands, 
heathland, or grassland habitats and the species they support. 

On balance, the impacts of changes in climate are likely to be more negative than 
positive for wildlife. The CCRA, along with other major studies, concluded that climate 
change this century poses serious threats to wildlife in England and the UK as a whole.

3.4 Priorities for wildlife adaptation

The first priority for adaptation is to ensure that the existing suite of semi-natural 
habitats and protected wildlife sites are in a good condition and ecologically 
coherent, in order that wildlife has the best chance of being able to adapt. 

The National Adaptation Programme (NAP) highlights the need to build ecological 
resilience and accommodate inevitable change.17 These are based on principles for 
conserving wildlife in a changing climate18 developed by the conservation sector over the 
last decade or so.19

15 See for example, Pearce-Higgins et al. (2004) in relation to golden plover and the availability of their prey, the Tipulid larvae.
16 HR Wallingford (2012) for Defra.
17 HM Government (2013). The NAP notes that if species populations are in a healthy condition, they stand the best chance of being able to survive the impacts 

of climate change. It also highlights that adaptation will require an increasingly dynamic approach to conservation, accepting that species will shift location, 
current assemblages of wildlife will alter and new species will colonise. 

18 Defra (2008). See also Morecroft et al. (2012) for a review of translating adaptation principles into practice. 
19 Studies in the late 1990s and early 2000s (such as MONARCH and BRANCH) modelled changes in climate space for a range of UK species. The England 

Biodiversity Strategy assessed the vulnerability of priority species and habitats in 2007, from which guidance was developed for conserving biodiversity in a 
changing climate. The Royal Commission on Environmental Pollution (2010) assessed the capacity of key institutional and legislative frameworks for coping 
with a changing climate.

Some species will gain climate space, while others will lose it. 

• Many species are expected to gain space in England, as there are more species restricted by 
cooler northern range margins than warmer southern ones.7

• In the long-term, some species will run out of climate space. The geographical shifts in suitable 
climate conditions with higher average global temperatures are expected to be significant. 
For example, modelling suggests that by the end of the century the majority of European 
bird species will have experienced north and north-easterly shifts in their potential ranges 
of between 500 and 1,000 kilometres.8 Some species, particularly those associated with 
cold and mountainous areas, will eventually run out of suitable climate space. 

• In the shorter term, some species will not be able to track the rapid changes in climate space 
expected with climate change, unless steps are taken to ensure suitable habitat is available. 
Species with limited dispersal abilities will be particularly vulnerable. For example, 30 out 
of 35 species of butterfly in the UK have failed to track changes in climate space due to 
warming over the last few decades.9 

Some observed changes in the distribution of species in the UK can be attributed to 
warmer temperatures. 

• Some southern species have expanded their range by between 30 and 60 km 
northwards over the last 25 years.10 Some species have also shifted to higher altitudes, 
in some cases at a rate of 3 to 10 metres per decade over the same time period. For 
example, three out of four northern butterfly species have retreated northwards and to 
higher elevations seeking cooler climate space.11

• A number of recent colonisations in this country, for example the Southern Emerald 
Damselfly, may have been facilitated by recent warming.12

• Migratory species are responding particularly rapidly. Reduced numbers of coastal 
wildfowl and wading birds have been recorded in the south and west of the UK. This is 
most likely because of ‘short-stopping’, where warmer conditions enable birds to remain 
longer at stop-over sites along their migration flyway in Germany and the Netherlands.13 

As well as changes in distribution, there is some evidence that climate change 
may be directly affecting fundamental bio-physical processes that could have 
significant implications for wildlife and habitats. There is evidence that some spring 
and summer events now occur earlier in the year than previously. This includes earlier 
first leafing dates of trees (for example, oak leafing is occurring on average three weeks 
earlier than 100 years ago), flight times of moths and butterflies, egg-laying dates in 
birds, first spawning of amphibians and earlier fruiting of species such as blackberry.14 Such 
changes could disrupt critical food chains. For example, the timing of peak invertebrate 
abundance may be out of sync with the food-needs of nesting birds; the flowering times 

7 Morecroft and Speakman (eds.) (2013). 
8 Huntley et al. (2007) note that the modelling shows wide variation between species, with three-quarters projected to suffer declines in range.
9 HR Wallingford (2012) for Defra.
10 Morecroft and Speakman (eds.) (2013). 
11 Ibid.
12 Ibid.
13 For example, between 1997 and 2007 winter populations of Berwick’s swan in the UK have declined by 44%. Morecroft and Speakman (eds.) (2013). 
14 UK Biodiversity Partnership (2007) for Defra.
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The Lawton review summarised the essence of what needs to be done to enhance 
ecological coherence as: “more, bigger, better and joined” (Table 3.1).

Table 3.1: Action needed to enhance the coherence of semi-natural habitats in England (from Lawton 
et al. 2010)

Type of action Rationale 

Better: improve 
the quality and 
heterogeneity of 
current wildlife sites 
through better habitat 
management; restore 
degraded habitats.

Well managed sites tend to have large populations of species, which are more robust 
to extreme events and produce more propagates to aid dispersal to new locations. 
Populations in well-managed sites are less likely to go extinct and produce up to 100 
times more emigrants than poorly managed sites, which may colonise new areas. 

Better management of remaining wildlife sites and habitats will mean that less new 
habitat will need to be created. 

Bigger and More: make 
existing sites bigger, 
including through 
buffer zones; create 
new habitats.

Sites must be of a sufficient size so that wildlife populations can be self-sustaining and so 
more resilient to shocks, such as from extreme weather events. 

Smaller sites also suffer from the ‘edge effect’, where the edges of habitats abutting a 
more hostile environment (e.g. a cereal field) differ from the habitat core, making them 
less suitable for many species and effectively reducing the working size of the site. 

Joined: enhance 
connections between 
sites, either through 
physical corridors, 
or through ‘stepping 
stones’.

Ensuring sufficient ecological connections between sites is important, to enable species 
movement in response to changing climatic conditions and to reduce pressure on 
protected sites. 

Wildlife moves through the countryside in part by using habitat features that act as 
natural connections, such as rivers, canals, hedgerows and ponds. However, species also 
need to move between wildlife sites or habitat patches via stepping stones in the wider 
environment, without using continuous corridors. 

Action to enhance connectivity requires planning, as there is a risk it may make it easier 
for invasive species, pests and diseases to colonise new sites. 

Improving the management of protected wildlife sites, such as Sites of Special Scientific 
Interest (SSSI), is a key adaptation step. Protected sites are the foundations of the semi-
natural habitat resource in England. They are the remnants of previously extensive tracts of 
habitats.28 Improving the management of protected sites, for example, by increasing the 
structural diversity of vegetation can provide a range of microclimates that can help species 
adapt to changing climatic conditions at a site level. Recent analysis of changing distributions 
of seven bird and butterfly species in England found protected sites were colonised four times 
more frequently than would have been expected solely from the availability of protected sites 
in the landscape.29 

The Lawton Review highlighted that there are areas of the country where delivering 
‘more, bigger, better and joined’ requires ‘landscape-scale’ action. The report 
recommended that large areas should be recognised as Ecological Restoration Zones, 
where approaches aimed at establishing ecological networks should join up with other 
activities to achieve multiple benefits for wildlife and people. By working at the landscape-
scale, there is also scope to identify and protect potential ‘refugia’ – areas such as north 

28 Primarily made up of the Sites of Special Scientific Interest (SSSI) series and the EU Nature Directive sites (Special Protection Areas and Special Areas of 
Conservation, together known as Natura 2000 sites). Local Wildlife Sites and non-SSSI Ancient Semi-Natural Woodlands are also important, although they do 
not have a legislative underpinning. See Glossary for more details.

29 Thomas et al. (2012). 75% of new colonisations occurred in SSSIs, which only covered 14% of the area where colonization was being recorded. Records of an 
additional 256 invertebrate species with less intensive surveys supported these findings and showed 98% of species are disproportionately associated with 
SSSIs in newly colonised parts of their ranges.

An independent review in 2010, chaired by Professor Sir John Lawton, concluded that semi-
natural habitats in England are not sufficiently coherent for wildlife to be resilient to climate 
change (Box 3.1).20

Box 3.1: Ecological coherence and condition of semi-natural habitats in England

The Lawton Review (2010) found that the current suite of semi-natural habitats and protected sites in 
England lacks the coherence for wildlife to be resilient to climate change. The main reasons for this are:

• Habitat loss and fragmentation: there have been widespread habitat losses over the last 60 years. For example, 
97% of species-rich grasslands have been replaced by those managed for more intensive livestock production. 
Remaining patches of habitat are generally too small and fragmented.21 Many ‘natural connections’ in the 
landscape (such as rivers, hedgerows and ponds) have either been degraded or lost.22 

• Lack of suitable management: many semi-natural habitats are under-managed, often because previous 
management regimes are no longer economically viable. For example, the cessation of grazing on habitats such 
as chalk grassland has resulted in scrub-invasion and a loss of the associated specialised wildlife. There has also 
been a sharp decline in the number of woodlands being regularly coppiced and managed,23 which leads to the 
canopy closing, causing specialist plants to decline and limiting natural regeneration.24 

As well as habitat loss and fragmentation, there are other deep-seated and persistent pressures on wildlife 
in England.

• Pollution and nutrient enrichment: primarily caused by nitrogen fertilisers draining into watercourses; 
agricultural pesticides; and sulphur, nitrogen and ammonia emissions to the air. Between 1990 and 2006 there 
was a 16% increase in the area of crops treated with pesticides. In England, critical loads of nitrogen are currently 
exceeded across 89% of the area of sensitive habitats. About half of all rivers are failing to meet Good Ecological 
Status required by the Water Framework Directive (WFD) due to diffuse pollution.

• Low water levels: the abstraction of water for public supply and other uses, including agricultural and industrial, 
can put pressure on freshwater habitats, particularly during periods of drought. Over-abstraction is estimated to 
be putting up to 15% of rivers at risk of not meeting Good Ecological Status.25 

• Spread of invasive species: some invasive species have detrimental impacts on native wildlife. An audit of 
England in 2005 found some 2,700 non-native species living in the wild, of which around 100 species, including 
Grey Squirrels, Sudden Oak Death, and Signal Crayfish, have caused considerable harm.

As a result, most wildlife in England is in decline. The scale of decline was highlighted by the recent State of 
Nature report, which concluded that 60% of the species for which data are available have declined over recent 
decades; 31% strongly so.26 Records going back to the 1970s for key indicator species show declines in the 
abundance of 52% of farmland bird species, 93% of habitat specialist butterflies, 44% of land snails and 89% of 
flowering plants. 

Over the last decade there have been some improvements, but these have not been sufficient to reverse the 
general downward trend in species populations. The proportion of priority species increasing in abundance rose 
slightly from 10% in 2002 to 12% in 2008. However, around one-third of priority species in England are continuing 
to decline in population size and/or range and a small number have been lost over the last decade. The fact that 
many ‘specialist’ species are in decline, while more adaptable ‘generalists’ tend to be faring better, has profound 
implications for the future diversity of wildlife in England.27

21 22 23 24 25 26 27

20 Lawton et al. (2010).
21 77% of SSSIs and 98% of Local Wildlife Sites are less than 100 hectares. The median size for SSSIs is 25 hectares and for LWS is 5 hectares. Lawton et al. 

(2010).
22 62% of rivers are heavily modified, 80% of ponds are in a poor condition and there has been a 21% loss of hedgerows between 1984-1990, followed by 

a further 6% loss since 1998. Lawton et al. (2010).
23 The proportion of broadleaved woodland classified as coppice or scrub fell from 49% in 1947 to 3% in 2007. Kirby et al.(2005).
24 Three quarters of specialist woodland plants have declined since 1947. Kirby et al. (2005).
25 Environment Agency (2012).
26 State of Nature (2013).
27 Defra (2012b).
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• The remaining areas of semi-natural habitat, making up three quarters of the total, 
are fragmented to varying degrees. Most are river valleys and relatively large patches 
of habitat on the fringes of the extensive tracts. There are also many small patches of 
habitat separated by modified land uses, such as arable land, intensive grassland and 
built-up areas.

• SSSIs cover nearly half (45%) of the area of semi-natural habitats identified above, 
particularly the more extensive blocks and larger patches.

Table 3.2: Estimated area of semi-natural habitats, categorised by level of fragmentation, and the area of 
each habitat class designated as SSSI in England

Habitat class Area (km2) Area SSSI (km2)

Extensive blocks of core habitats 4,200 3,240 

Large connected patches 10,700 4,100 

Small isolated patches 2,400 480

Total area 17,300 7,820

facing slopes or naturally damp places at spring lines, where species may be able to survive 
better than in the surrounding landscape.

Other adaptation actions are also likely to be needed in order to accommodate 
change, but they can only be effective if the existing suite of semi-natural habitats 
is in a healthy condition and coherent. 

• There is likely to be a need to translocate some species that have a poor dispersive 
capability. This may require developing captive breeding programmes. 

• The way some sites are managed will need to reflect changing climatic conditions. 
For example, there may need to be alterations to the management of water tables in 
wetlands in areas prone to drought, or to mowing and grazing regimes for upland 
grasslands. Some actions, such as the diversification of tree species when restocking 
semi-natural woodlands, need to start now.

• It will also be necessary to regularly review conservation objectives, at both national and 
individual site levels, to respond to changes in habitat character, and to the distribution 
and abundance of species. Responses could include the creation of new, or adoption of 
existing, habitats for new species that arrive to colonise sites.

3.5 Assessing the ability of wildlife to adapt to climate change

Our assessment focuses on how the management and use of land in England is 
affecting the ability of wildlife to adapt to climate change. We use a range of existing 
indicators and data to explore the extent to which the types of action identified by the 
Lawton Review to enhance the suite of semi-natural habitats are underway. We assess the 
‘better’ principle using data on the condition of Sites of Special Scientific Interest (SSSIs); 
‘bigger’ on the extent of semi-natural habitats; and ‘more’ on the number of and area 
covered by SSSIs. It was only possible to make a very limited assessment of progress against 
the ‘joined’ principle due to data limitations.

Semi-natural habitats in England

Using data from Natural England and the Land Cover Map, we have identified the 
broad extent of the suite of semi-natural habitats in England (Table 3.2).30

• Semi-natural habitats cover around 13% of England’s land area (17,300 km2). They 
principally comprise of broadleaved woodlands,31 heathlands, bogs, species-rich 
grasslands,32 freshwater habitats,33 coastal habitats34 and montane habitats (Figure 3.1).35

• Of this area, around one-quarter (4,200 km2) comprises extensive blocks of core habitat. 
These are generally large expanses of relatively unmodified landscape mostly in the 
uplands, including areas such as the North Pennines and Dartmoor, as well as some 
remaining extensive lowland areas, such as the New Forest and Salisbury Plain.

30 Primary datasets used were Natural England’s National Biodiversity Climate Change Vulnerability Model and the Land Cover Map 2007 (Morton et al. 2011). 
Not all semi-natural habitats were included to limitations and inconsistencies with the mapping of Priority Habitats. See Environmental Change Institute et al. 
(2013) for Adaptation Sub-Committee. 

31 Comprising broadleaved, mixed and yew woodlands.
32 Defined by Land Cover Map 2007 as acid, neutral and calcareous grasslands and rough grazing. 
33 Fens, marshes, rivers, lakes and wetlands.
34 Saltmarsh, estuaries, shingle beaches, sand dunes and sub-littoral rock.
35 Many areas not classified as semi-natural habitat are still valuable for wildlife. These include urban gardens, parks and greenspace and some land used for 

intensive agricultural and forestry production.

Figure 3.1: Main types of semi-natural habitats, categorised by level of fragmentation, in England
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Source: Environmental Change Institute et al. (2013) for Adaptation Sub-Committee.
Notes: The broad area of semi-natural habitats in England and the scale of their fragmentation was estimated using a combination of Natural 
England’s National Biodiversity Climate Change Vulnerability Model (NBCCVM) and the Land Cover Map 2007. The NBCCVM assesses whether 
Priority Habitat is present or absent at a 200 m2 resolution across the whole of England. This identified that nearly one-third of the country 
(approximately 40,000 km2) contains some Priority Habitat. However, in most cases each 200 m2 square includes other land uses that are adjacent 
to Priority Habitat, such as built-up areas, arable land and improved grassland. We used LCM to estimate the proportion of the 40,000 km2 that has 
semi-natural land cover. To do this, we categorised the LCM land cover types that can be classed as broadly semi-natural: broadleaved woodland, 
bog, dwarf shrub heath, extensive grasslands, freshwater/fen, coastal, and montane/inland rock. We overlaid these LCM classes within the 
40,000 km2 identified by the NBCCVM. This identified that 17,300 km2 (43%) of the NBCCVM area is made up of semi-natural land covers. Finally, 
the NBCCVM was used to categorise the broad semi-natural area (17,300 km2) in terms of its scale of fragmentation. The NBCCVM classifies each 
200 m2 based on the amount and proximity of each type of Priority Habitat and the amount and proximity of other land cover types that are likely 
to be semi-natural. From this we identified three classes of fragmentation:
– Extensive blocks: areas of Priority Habitat characterised by very low fragmentation.
– Large patches: areas of Priority Habitat that fall between the core areas and isolated areas characterised by a moderate level of fragmentation. 
– Small, isolated patches: small often poorly connected or disconnected areas of Priority Habitat characterised by a high level of fragmentation.
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Despite these efforts, there has been a decrease in the proportion of SSSIs in 
favourable condition, from 44% in 2003 to 37% in 2013 (Figure 3.3a). Within the 
4,200 km2 of extensive core tracts of semi-natural habitat, the proportion of SSSIs in 
favourable condition is even lower at 23% (Figure 3.3b). Only around one-tenth of upland 
SSSIs (blanket bog and upland heath) are in favourable condition. (Figure 3.3c).

At the same time, there has been a four-fold increase in SSSIs classed as ‘unfavourable 
recovering’, from 14% in 2003 to around 60% in 2013. This classification signifies that 
Natural England is satisfied that an appropriate management plan is in place for the site 
to reach favourable condition, assuming the plan is fully implemented. This substantial 
improvement was the result of a ten year programme, established in 2000, that set a 
clear target to bring 95% of SSSIs into a favourable or recovering condition by 2010.38 
Agri-environment funding has been the main delivery mechanism, with 93% of the SSSI 
network covered by one or more scheme.39

Uncertainty remains as to the proportion of recovering SSSIs that will reach 
favourable status by 2020. Having in place an agreed plan for recovery is clearly a positive 
step, but does not necessarily mean that favourable condition will be achieved, at least in 
the short-term. Restoration of habitats such as woodlands and blanket bogs can take many 
decades. Success is also dependent on continued funding to deliver the management plan. 
Natural England estimates that nearly one-fifth of all SSSIs (covering some 2,050 km2) may 
be at risk of moving into a declining ecological condition over the next 10 years. They 
identify two main causes of this risk:40

• Long-term management not continuing. Some 580 km2 of SSSIs do not have 
management agreements in place and a further 450 km2 are at risk of the land 
manager either not complying with the agreement or implementation failing due to 
a lapse in funding.

• Persistent and long-term pressures. These include declines in water quality or changes 
in water levels (370 km2) and invasive species, disease and deer damage (70 km2).

38 The programme was coordinated by Defra in partnership with those regulating or incentivising SSSI land use (Natural England, Environment Agency and 
Forestry Commission), as well as major public landowners (Ministry of Defence, Crown Estates), private landowners (water companies) and charitable 
landowners (National Trust, The Wildlife Trusts and RSPB).

39 Natural England (2011a). One-third (33%) of SSSIs are under Environmental Stewardship and 60% are under the classic schemes (Countryside Stewardship 
and Environmentally Sensitive Areas). 

40 Natural England (2011b) states that by 2020 a “higher proportion” of SSSIs are expected to be in favourable condition if the management agreements in 
place continue, although they note that “a significant number” will require more than ten years. 

‘Better’: trends in condition of the semi-natural habitat network

We estimate that around 8,000 km2 of semi-natural habitat has benefited from 
restoration over the last decade or so (Annex 3.1). 

• Most of this has been delivered with funding from the Rural Development Programme 
for England (RDPE), which is part of Pillar 2 of the EU Common Agricultural Policy. 

The current RDPE runs between 2007 and 2013 and has two primary mechanisms 
that deliver habitat restoration: agri-environment schemes and woodland grants.36 The 
agri-environment component of RDPE has focussed principally on funding options that 
maintain habitats associated with farmland, with wider habitat restoration options only 
applying to around 10% of the total area covered by the scheme. This has resulted 
in nearly 5,000 km2 of restoration delivered since 2007, of which 90% was within the 
17,300 km2 of semi-natural habitat identified above (Figure 3.2). 

• Habitat restoration has also been delivered through a range of other programmes and 
initiatives, including flood risk management funding, water price round investment, 
lottery funding and charitable expenditure. Some of these programmes are no 
longer available.37

36 Agri-environment schemes (AES) are voluntary agreements that provide annual payments to farmers and land managers to ensure they manage their land in 
an environmentally sensitive way that goes beyond the minimum required by regulation. Natural England delivers AES in England on behalf of Defra. AES in 
England started in 1987 with Environmentally Sensitive Areas followed by a national scheme in 1991 (Countryside Stewardship). After a review in 2005 a new 
scheme, Environmental Stewardship was launched as part of Axis II of the Rural Development Programme for England (RDPE) in 2007. The England Woodland 
Grant Scheme is administered by the Forestry Commission and consists of a range of funding to assist landowners with the costs of creating, managing, 
restocking and improving woodlands.

37 Such as the Heritage Lottery Fund’s Tomorrow’s Heathland Heritage programme and the Aggregates Levy Scheme.

Figure 3.2: Uptake of agri-environment options funded by Rural Development Programme for England (RDPE) 
since 2007 (a) for whole of England and (b) habitat restoration options under the Higher Level Scheme 
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
Notes: Chart (a): The full set of Environmental Stewardship options (comprising the Entry Level Scheme and Higher Level Scheme) was classified based 
on expert assessment of whether the option contributed to habitat creation, habitat restoration, habitat maintenance and specific focus on linear/
boundary features. Options that are of low relevance for biodiversity were categorised as ‘other’. The combined area (km2) across England covered by 
one or more option was mapped. Note that some options will overlap.  
Chart (b): The area covered by habitat restoration options available under the Higher Level Scheme was overlaid with the 17,000 km2 of semi-natural 
habitat set out in Figure 3.1 and categorised as either core, fragmented or isolated. The ‘other’ category relates to where HLS habitat restoration 
options were taken up in areas outside of the 17,000 km2.
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While the Natural England dataset is currently the most robust available for assessing 
trends in habitat condition, there are some limitations with using this as an indicator 
to assess progress.

• Less than half the area covered by semi-natural habitats has a SSSI designation. There are 
no equivalent data with an assessment of the condition of non-SSSI sites. There is some 
evidence that non-designated sites are generally in a worse condition than SSSIs. For 
example, a survey of 500 English non-SSSI grassland sites found that only 21% were in 
a favourable condition, even though the standard applied for these non-statutory sites 
is lower than for SSSIs.41 Only around one-third of Local Wildlife Sites are thought to be 
receiving positive management.42 

• SSSI condition assessment does not currently account for shifts in the range or distribution 
of species as a result of climate change. Condition is based on the presence or absence 
of certain natural features, including species representative of a certain habitat type. 
As noted earlier, in some SSSIs, species assemblages are changing, in part as a result of 
climate. The current SSSI monitoring process records this as a decline in the feature of 
interest, potentially resulting in sites being classed as unfavourable.43 To address this, 
Natural England is taking an increasingly flexible approach to SSSIs, ensuring that the 
‘special interest features’ for which a site is notified take account of the requirements of 
a wider range of species, both now and in the future.44

• Some apparent change in site condition may reflect a change in the assessment methodology. 
The introduction of Common Standards Monitoring in 2005 has been offered as a partial 
explanation for the decline in the proportion of SSSIs in favourable condition since 2010.45 

‘Bigger and more’: trends in the extent of semi-natural habitats and number 
of protected sites

There have been very few additions to the network of protected sites over the last 
ten years. The total area of SSSI across England has increased by 1.8% since 2003, to 
just over 10,000 km2 in 2013.46 The increase has been lower (0.9%) for SSSIs within the 
4,200 km2 of extensive tracts of habitat. The total number of terrestrial and freshwater 
SSSIs in England rose slightly from 4,112 in 2003 to 4,120 in 2013, an increase of 0.2%.

At the same time, there has been an increase of nearly 1,000 km2 in the extent of 
broadleaved woodland and dwarf shrub heath between 1998 and 2007 (Figure 3.4).47 
More than half (535 km2) of this increase was within the 17,300 km2 of semi-natural 
habitats identified above. Against this, there was a decline in the area of fen habitats during 
the same period. The net effect of these changes suggests that the 17,300 km2 of semi-
natural habitats increased in extent by approximately 3% between 1998 and 2007.48

41 Hewins et al. (2005).
42 Carr (2010). 
43 As highlighted by Royal Commission on Environmental Pollution (2010).
44 Natural England (2012). 
45 Defra (2012b). 
46 Defra (2012b). 
47 Carey et al. (2008).
48 The data do not allow for an estimate of the change in extent of the other habitat types.

Figure 3.3: Trends in condition of Sites of Special Scientific Interest in England: (a) proportion of all SSSIs 
in a favourable condition; (b) condition of SSSIs in core habitat areas, 2003 and 2013; (c) condition of 
SSSIs in 2003 (left-hand bar) and 2013 (right-hand bar) for selected habitat types
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Source: Defra (2012) and Environmental Change Institute et al. (2013) for Adaptation Sub-Committee.
Notes: Chart (a): Nationally important SSSIs are designated with the aim of conserving specific biological or geological features. The condition 
of these features is assessed on a rolling programme against agreed standards. ‘Favourable‘ condition status indicates that the SSSI meets the 
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Chart (b): SSSI Condition data for 2003 and 2013 was obtained for SSSI sites within the 4,200 km2 identified as forming extensive core habitats.  
Chart (c): SSSI condition data for 2003 and 2013 was obtained for SSSIs within selected Priority Habitats. 
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’Landscape-scale’ conservation is gaining increasing focus. Initiatives such as the RSPB’s 
Futurescapes and the Wildlife Trust’s Living Landscapes have pioneered strategic approaches 
to landscape-scale ecological restoration. In the Natural Environment White Paper, the 
Government committed to fund the creation of 12 Nature Improvement Areas between 
2011 and 2015.51 The areas identify opportunities to restore and create habitats on a 
significant scale and look to incorporate relevant policies to safeguard sites for potential 
restoration and creation in local development plans.52 

‘Joined’: trends in the connectivity of the wider countryside

Assessing connectivity between areas of semi-natural habitat is not straightforward, 
either conceptually or practically. Species will often move between wildlife sites or 
habitat patches without using continuous corridors. Connectivity should, therefore, ideally 
be measured in terms of the size and distribution of patches of habitat and the relative 
ease with which species can move between them. However, this will vary from species to 
species, making it difficult to arrive at a single measure. 

Understanding trends in connectivity would be a useful addition to the evidence 
base. Defra have published an indicator of connectivity for two broad habitat types  
(broad-leaved woodland and neutral grassland). This calculates the probability of 
movement of a hypothetical species typical of the habitat type, between habitat patches. 
However, the indicator is not thought to be sufficiently robust for use at this stage and 
further work is planned.53 

For the purposes of our assessment, we have focussed on assessing trends in the 
extent and condition of natural ‘stepping stones’ and connections, such as ponds, 
hedgerows, rivers and streams. Based on data from the most recent Countryside Survey, 
there is evidence of both positive and negative trends between 1998 and 2007.

• The number of ponds increased by 18% to 37,000 in total, with most of the increase 
in the eastern half of the country. At the same time, there was a decline in the species 
richness of ponds, with almost 80% considered to be in poor condition.54 

• There was a statistically significant decrease of 6% in the length of managed hedgerows 
(from 428,000 km to 402,000 km). Over one-fifth of hedgerows present in 1984 had 
been lost by 2007,55 replaced by lines of individual trees and relict hedges, reflecting a 
reduction in management intensity. 

• The average number of aquatic plant species in headwater streams increased by 44%.56 
The physical quality of headwater streams also improved, with an increase in the 
frequency of natural features, such as gravel bars and bank-side trees.

51 Defra (2012a). 
52 This is in line with the National Planning Policy Framework, which states that local authorities should set out a strategic approach in their local plans, planning 

positively for the creation, protection, enhancement and management of networks of biodiversity and green infrastructure. 
53 Defra (2012b). 
54 Based on an assessment of a range of vegetation known to be indicative of degradation. On average, only seven plant species were present per pond, 

compared with an expected richness of 20 species in good quality ponds. Only 9% of ponds were assessed as being in a good condition in 2007. Carey et al. 
(2008).

55 The total length of managed hedgerows in 1984 was 511,000 km. Carey et al. (2008).
56 From 2.7 to 3.9 aquatic plant species per stream section. 29 plant species were recorded in 2007 that were not present in previous surveys. Carey et al. (2008).

• The area of broadleaved woodland in England grew from 9,270 km2 in 1998 to 
9,810 km2 in 2007, an increase of 540 km2. Since 2007, a further 160 km2 of new 
woodland has been created across England through the Woodland Grant Scheme 
(Annex 3.1). More than half of the new woodland created between 1998 and 2007 
was within 17,300 km2 of semi-natural habitat identified above. This suggests that some 
woodland creation is directly enhancing coherence.49

• Across England, the area of dwarf shrub heath increased by 430 km2 from 2880 km2 
to 3310 km2. The majority of this was within the 17,300 km2 of semi-natural habitat. 
This increase in heathland is likely to be the result of a number of habitat creation 
schemes noted in Annex 3.1.50

• The combined area of bog and fen declined by 50 km2 from 2,620 km2 to 2,570 km2 
across England. It is not clear from the data what land use replaced these habitats.

Action has also been taken to create compensatory habitat under the EU Habitats 
Directive. For example, the Environment Agency has created some 150 km2 of wetland 
and intertidal habitat since 2008/09. This has been in order to comply with requirements 
to provide compensatory habitat for the impact of coastal squeeze on Natura 2000 sites 
(see Chapter 5 for more detail). In many cases, the Environment Agency has worked in 
partnership with land-owning charities, such as the RSPB, Wildlife Trusts and National 
Trust, who have also contributed through their own funds. However, these new wildlife 
sites are often not designated as they can take time to develop sufficient ecological interest.

49 See also Quine and Watts (2007), who examined how targeted woodland creation has helped to de-fragment agricultural landscapes on the Isle of Wight.
50 Specifically the Heritage Lottery Fund’s Tomorrow’s Heathland Heritage programme and the Aggregates Levy Scheme.

Figure 3.4: Changes in extent of broadleaved woodland, dwarf shrub heath, bog and fen between  
1998-2007 in England and proportion of change within area currently defined as semi-natural habitat

Outside semi-natural 
habitat area 
(as currently defined)

Inside semi-natural 
habitat area
(as currently defined)

km
2

19982007199820071998 2007
0

2,000

4,000

6,000

8,000

10,000

Broadleaved woodland Dwarf shrub heath

Broad semi-natural habitat types

Bog and fen

Source: Environmental Change Institute et al. (2013) for Adaptation Sub-Committee using Countryside Survey 2007 data.
Notes: Countryside Survey (2007) data was used to identify changes in the extent of broadleaved woodland, dwarf shrub heath, bog and fen for 
the whole of England between 1998 and 2007. The area of each of these habitats was then calculated within the suite of semi-natural habitats 
identified in Figure 3.1 above using LCM2007. Values for 1998 were estimated by applying the changes identified within the Countryside Survey to 
the LCM data. Note that for the purposes of this assessment, bog and fen were grouped into one category. This was due to the data that was used 
to identify the 17,000 km2 is based on Natural England mapping of Priority Habitats, which does not match with the Countryside Survey data for 
these two broad habitat types. 
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• Strengthen the implementation of current regulations to facilitate wildlife 
adaptation. England has had a regulatory framework in place to protect and enhance 
wildlife for over 60 years. The EU Nature Directives have formed a core part of this 
framework since the 1990s57 and require action to enhance connectivity through the 
creation or restoration of habitat.58 However, there is both scope and need for fuller 
implementation of these regulations so they deliver effectively for adaptation.59 This 
could include strategically identifying and safeguarding land for habitat creation that 
coincides with projected changes in climate space. The Nature Improvement Areas 
provide an important opportunity to take forward this approach. Local authorities outside 
the NIAs should also proactively seek opportunities for habitat restoration and creation 
through the planning system. 

• Further incentivise habitat restoration and creation: given the public nature of the 
benefits of wildlife conservation, there is a need to provide incentives to private actors 
to deliver additional action beyond that required by regulation. Incentives could be 
enhanced by:

– Providing clarity on the next phase of the Rural Development Plan for England (RDPE). This 
has provided some £3 billion of funding for agri-environment schemes and improving 
woodland management between 2007 and 2013.60 Any significant reduction in 
funding in the next phase of the programme would make it extremely challenging 
to meet the 2020 policy goals, particularly putting at risk current management 
agreements to improve the condition of SSSIs. 

– Developing effective market mechanisms that place an economic value on nature. The 
Government is currently considering how it can develop the potential for market 
mechanisms that deliver additional investment in the natural environment. The 
Ecosystem Market Task Force recently highlighted biodiversity offsetting as a way 
of securing net gain for nature through planning and development.61 The recently 
published action plan for developing the potential of Payment for Ecosystem 
Services includes possible mechanisms that could deliver additional habitat restoration 
and creation, including ways to potentially enhance agri-environment schemes in 
the future.62

57 The Habitats Directive was transposed into the Conservation (Natural Habitats, &c.) Regulations in 1994 (England and Wales).
58 Article 3 of the Birds Directive and Article 10 of the Habitats Directive require Member States to take action to restore and create habitat where this will 

contribute to the conservation of notified habitat or species. 
59 See Cliquet et al. (2009) and Dodd et al. (2010) who both argue there has been an inconsistency across Member States in the implementation of these 

provisions, particularly on connectivity and habitat restoration.
60 The Rural Development Programme for England (RDPE) has a total budget of £3.7 billion between 2007 and 2013. Of this, the majority (approximately £3.1 

billion) is allocated for environmental improvements under Axis II of the programme, which equates to average spend of £446 million a year over the lifetime 
of the scheme (Natural England, 2011a).

61 The Ecosystem Market Task Force (2013) highlighted that a correctly designed nationwide biodiversity offsetting scheme could deliver the restoration, 
creation and long-term management of 3000 km2 of semi-natural habitat over the next 20 years. However, the review noted that devising such a scheme will 
not be simple and that it would need to have a number of safeguards, along with a transparent framework based on accredited standards.

62 Defra (2013a).

3.6 Conclusions and policy advice

The last decade has seen some action to improve the condition and coherence of 
semi-natural habitats in England. The focus has been primarily on getting management 
plans in place that, if fully implemented, should eventually result in the ecological recovery 
of the SSSI network. There have also been some innovative examples of habitat restoration 
and creation beyond protected sites, and the first steps have been taken towards 
‘landscape-scale’ approaches. This effort has laid the foundations for future improvements 
that could begin to reverse some of the long-term trends of wildlife decline. Such an 
outcome, however, depends critically on the level of habitat management, restoration and 
creation being sustained and increased. 

Ambitious policy goals are in place that would help to enhance the health and 
coherence of semi-natural habitats. The UK has signed up to international commitments 
to halt the loss of global biodiversity by 2020. In England, these commitments have been 
translated into a number of specific goals (Box 3.2). Meeting these goals would do much 
to increase the ability of wildlife to cope with changing climatic conditions. 

It is far from clear, however, how these goals will be delivered. Our analysis suggests 
a mix of positive and negative trends in terms of both the ecological condition and 
coherence of semi-natural habitats. However, deep-seated and long-standing pressures  
on semi-natural habitats continue to cause habitat loss, degradation and fragmentation.  
At the current rate of progress, the goal of having half of all SSSIs in favourable condition 
by 2020 is unlikely to be achieved. The rate of habitat creation will also need to be 
increased for the goal of 2,000 km2 of additional habitat by 2020 to be met. It also is 
unclear how the remaining policy goals (17% of land and inland water being conserved 
and 15% of ‘degraded ecosystems’ being restored by 2020) are to be defined.

In order to meet these policy goals, the Government should:

• Ensure concerted effort to tackle deep-seated and persistent pressures on semi-
natural habitats, particularly from water and air pollution. Some action is underway, 
including measures to tackle water pollution through the EU Water Framework Directive. 
However, the continued and long-term decline in a number of habitats and many 
species suggests that more effort is required.
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Annex 3.1: Estimated areas of habitat restoration and creation in England since mid-1990s 

Mechanism Timescale Area of habitat 
under restoration 

(km2)

Area of habitat 
created  
(km2)

Higher Level Stewardship (HLS) – contains a 
number of specific habitat restoration and creation 
options where payment is made to compensate for 
income foregone. Some options also contribute a 
proportion of upfront capital costs. 

2007 to 
present

4,800 300

English Woodland Grant Scheme (EWGS) – 
includes grants for private landowners for re-stocking 
(Woodland Regeneration Grant) and restoration 
(Woodland Improvement Grant). Woodland creation 
is funded through the Woodland Creation Grant.

2006 to 
present

2,100 160

Heritage Lottery Fund – the Tomorrow’s Heathland 
Heritage Programme restored and recreated lowland 
heath habitat across the UK.

1997 to 2010 460 25

EU LIFE programme – an EU financial instrument 
supporting environmental and conservation projects 
throughout the European Union.

1998 to 
present

200 –

Landfill Communities Programme – a tax credit 
scheme that enables landfill operators to fund 
projects, including for habitat restoration. 

1996 to 
present

Data not available.

Aggregates Levy Sustainability Fund – a tax levied 
on the extraction of aggregates (mainly sand and 
gravel) was used to fund the transformation of 
degraded extraction sites. 

2002 to 2010 35 20

Environment Agency – freshwater and inter-tidal 
habitat created through flood and coastal erosion risk 
management.

2008/09 to 
present

– 150*

Water companies – catchment-scale initiatives 
funded through the current water price review (see 
Chapter 4 for more detail).

2005 to 
present

600 –

Wildlife charities – the RSPB manages 107 reserves 
nearly 600 km2 across England and the National 
Trust is the country’s largest landowner. Other 
key organisations that own and/or manage land 
for nature include the local Wildlife Trusts and the 
Woodland Trust.

Mid-1990s to 
present

120 45

Total – 8,315 700

Note that there is likely to be overlap between many of these schemes, particularly for habitat creation where delivery is often in partnership 
between statutory bodies and charitable organisations.

* 25 km2 of this was inter-tidal habitat. The remaining 125 km2 was freshwater habitat.

Box 3.2: Biodiversity 2020: Strategy for England’s Biodiversity

The UK has international obligations to conserve biodiversity through the UN Convention on Biological Diversity 
(CBD). At the Nagoya UN Biodiversity Summit in October 2010, 192 countries and the European Union agreed on 
a set of strategic goals and targets (known as the ‘Aichi’ targets) to protect global biodiversity. 

The Aichi targets have been translated into policy through the Biodiversity 2020: Strategy for England’s Biodiversity:

• 1A. Better wildlife habitats with 90% of Priority Habitats in favourable or recovering condition and at least 50% 
of SSSIs in favourable condition, while maintaining at least 95% in favourable or recovering condition.

• 1B. More, bigger and less fragmented areas for wildlife with no net loss of Priority Habitat and an increase in the 
overall extent of Priority Habitats by at least 200,000 hectares.

• 1C. At least 17% of land and inland water, especially areas of particular importance for biodiversity and 
ecosystem services, conserved through effective, integrated and joined up approaches to safeguard biodiversity 
and ecosystem services including through management of our existing systems of protected areas and the 
establishment of nature improvement areas.

• 1D. Restoring at least 15% of degraded ecosystems: as a contribution to climate change mitigation and 
adaptation.

The Strategy also includes priority actions in relation to SSSIs, namely:

• Natural England and other partners will ensure that the management of SSSIs and other habitats takes better 
account of the requirements of a wider range of species. 

• Natural England will consider the impact of climate change and other long-term processes on the existing 
SSSI network through its Notification Strategy, which will also identify gaps in the present coverage of Priority 
Habitats and species within the SSSI series.
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Chapter 4

Chapter 4:  

Regulating services – upland peat

Key messages

Peatlands provide a number of services to society. 

• They are significant natural carbon stores, with upland deep peats in England holding an estimated 140 million 
tonnes of carbon, worth billions of pounds.

• Upland peat plays a key role in regulating the supply and quality of drinking water, as the source of a number 
of major river catchments in England. 

• They also provide highly valued cultural services and are internationally important wildlife habitats.

If functioning peatlands are to survive in a changing climate and continue to provide these services, they 
need to be in a good condition. The peat archive going back over 9,000 years shows that new assemblages of 
peat-forming mosses that are tolerant of warmer and drier conditions may develop and continue to lay down peat. 
But in order for new assemblages to be able to develop, peatlands need to retain their water holding capacity.

Climate change strengthens the case for action to protect and restore peatlands. Warmer and drier 
conditions in the future are likely to increase the rate of carbon losses from degraded peatlands, and reduce the 
water-holding and filtering capacity of degraded peat. The longer the delay in reversing degradation, the more 
expensive it will become to deliver.

Potential risks
The majority of upland peat is not in a sufficiently good condition for peat-forming vegetation to persist or 
colonise in the face of climate change.

• Of the total area of upland deep peat (3,550 km2), only 160 km2 (4%) is in a favourable ecological condition 
where mosses are still actively forming peat. This has declined from 210 km2 (6%) in 2003. 

• Nearly half (1,600 km2) of the total area of deep peat has been modified to the extent that little, if any, peat-
forming vegetation remains. Of this, nearly 1,000 km2 (30% of the deep peat area) has become more like 
heathland as a result of regular burning.

• Decades of damaging land management practices and pollution have caused widespread degradation: almost 
all upland peat has been acidified from atmospheric pollution; some 750 km2 (21%) has been drained due to 
attempts in the 19th century and in the 1970s to modify the land for agriculture; a further 500 km2 (14%) is 
intersected by deep gullies; some 350 km2 (10%) is over-grazed as a result of the drive to increase sheep stocking 
levels since the 1950s.

Many upland peats are losing carbon to the atmosphere and erosion of peat into water courses is increasing. 
This has implications for the provision of regulating services and is adversely affecting wildlife and the amenity value 
of upland peats.

4.1 Introduction

4.2 Importance of upland peat

4.3 Vulnerability of upland peat to climate change

4.4 Assessing the resilience of upland peat in the face  
of climate change

4.5 Conclusions and policy advice
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4.2 Importance of upland peat

Peatlands are freshwater habitats that, when in good condition, are effectively 
waterlogged for most of the time. This inhibits the aerobic decomposition of organic 
matter, which form organic rich peat layers. Over thousands of years of accumulation, 
these layers can reach depths of many metres. Intact upland peats provide a range of 
services to society (Box 4.1).

Box 4.1: Ecosystem services provided by intact upland peats

The UK is among the top ten nations of the world in terms of its total peatland area. England has some 6,700 km2 of 
deep peat1 soils making up 5% of land cover.2 Just over half of deep peats in England (3,550 km2) are located in the 
uplands.

The main type of semi-natural habitat associated with deep peat in the uplands is ‘blanket bog’, so called because 
it literally blankets upland plateaus. As their water is sourced solely from rainfall, snow and mist, these habitats only 
occur where rainfall is very frequent. 

The UK is home to 13% of the world’s blanket bog habitat, which is a notified Priority Habitat.3 The main locations in 
England are Dartmoor, the Peak District, the Lake District and the Pennines, as well as to a lesser extent in the North 
York Moors and Exmoor. 

Regulating services
Climate regulation through carbon storage 

• In an active, peat-forming state, deep peat represents net sinks of carbon dioxide, accumulating between 3 and 
7 tonnes of carbon per hectare each year.4 In the UK, many peatland areas have been accumulating carbon since 
the retreat of the last glaciers 10,000 years ago.

• An estimated 140 million tonnes of carbon is stored in England’s upland deep peats.5 If, over time, this were all 
to be lost to the atmosphere, it would equate to around 500 million tonnes of of carbon dioxide with a value of 
billions of pounds based on the price of carbon.

• Due to their waterlogged nature, intact peatlands can also be sources of methane.6 Even though methane has 
a higher global warming potential than carbon dioxide, it has a shorter lifetime in the atmosphere, meaning that 
over the long term the amount of carbon sequestered outweighs the amount of methane emitted.7

Water quality regulation (waste detoxification)

• The plant-soil systems of deep peats intercept and retain various atmospheric pollutants, such as sulphur, 
nitrogen and heavy metals, that would otherwise contaminate drinking waters. These pollutants do, however, 
contribute to degradation of the peat.

Flood hazard regulation 

• As undamaged peatlands are waterlogged, they have very little ability to store additional water during heavy 
rainfall events.8 Consequently, upland catchments with a high proportion of blanket bog habitat often exhibit 
a rapid runoff response, so that stream flow rises quickly during rainstorms and returns rapidly afterwards to low-
flow conditions.

• The creation of drainage channels accelerates the rate at which water leaves a peatland. Run-off may also be 
accelerated by the loss of vegetation, where areas of bare peat can become so dry that water will no longer infiltrate.

1 2 3 4 5 6 7 8

1 Defined as being at least 25 cm in depth.
2 Additionally, shallow peaty soils and soils with peaty pockets make up a further 5% of England’s land (5,270 km2 and 2,100 km2 respectively). Natural England 

(2010). 
3 Over 50 Priority Habitats of principal conservation importance have been notified by Natural England under the Natural Environment and Rural Communities 

Act 2006. See Chapter 3 for more detail.
4 Billett et al. (2010); Worrall et al. (2010).
5 Natural England (2010).
6 Gorham (1991). 
7 Bain et al. (2011).
8 Holden et al. (2007).

Key messages

Options for further action
Over the last decade some efforts have been made to restore degraded peats in the uplands. 

• Nearly one-third (1,100 km2) of upland peat has management plans in place that, if fully implemented, could 
return protected sites to a favourable condition. In practice, it may take many decades for degraded peats to 
recover the full range of services provided by undamaged habitats.

• Payments of £27 million to livestock farmers through the Rural Development Programme for England have 
reduced grazing intensity in over 40% (some 3,000 km2) of the uplands since 2007.

• Investment of £45 million by water companies between 2005 and 2015, often in partnership with conservation 
organisations, is funding measures such as re-vegetating bare and gullied peat and blocking drainage channels.

Around two-thirds of degraded peat lack clear plans for restoration. We found limited evidence of reductions in 
the amount or intensity of burning. Revegetation schemes cover only around one-quarter of bare peat and there has 
been limited restoration of gullied areas.

In many cases, the benefits of restoration to society outweigh the costs. The case for restoration becomes 
stronger with climate change. However, some landowners will not experience the full range of benefits from 
restoration, such as those from reduced carbon emissions and therefore lack incentives to act.

The Government should strengthen the policy framework to enable further restoration effort across the 
uplands. Specifically, it should:

• Set a clear policy signal on the urgent need to increase restoration. An explicit policy goal would help to 
drive forward the concerted action required. 

• Review the enforcement of existing regulations for protecting and enhancing peat sites. Damaging 
practices on many protected sites are continuing, despite regulations being in place that require active measures 
to prevent site deterioration. 

• Improve incentives for land-owners to invest in restoration. In some cases, restoration can require a high 
upfront capital outlay and result in reduced revenues from current activities. It is therefore important to explore 
ways to manage peatlands that deliver multiple benefits both to society and to landowners. In this regard, 
effective price and market mechanisms that fully value the services from well-managed peatlands will be required 
to stimulate further restoration effort.

4.1 Introduction

This chapter assesses the resilience of upland deep peat in England in the face of 
climate change. We focus on upland peats because it:

• provides a wide range of ecosystem services that are particularly important from a 
climate change perspective, including carbon storage and water purification;

• is sensitive to changes in climate, particularly reduced water availability and the 
increased risk of wildfire; and

• has been subject to decades of pollution and modification by land uses, which have 
increased their vulnerability to the impacts of climate change.

The chapter assesses how climate change may impact on upland peat; reviews how historic 
and current land uses are likely to have affected its vulnerability; and analyses the types  
of restoration available and the scale of uptake to date. The chapter concludes with analysis 
of the costs and benefits of restoration to provide an insight on the appropriateness of 
current effort.
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New assemblages of peat-forming vegetation that can tolerate warmer and drier 
conditions may develop. Paleo-ecological evidence stretching back over 9,000 years 
show that drier conditions give rise to a shift in the assemblage of Sphagnum mosses, from 
species typical of wet conditions to those more typical of drier conditions.13 Sphagnum 
species more tolerant of dry conditions are better at forming peat than Sphagnum species 
typical of hollows and pools, as they tend to form raised hummocks. This explains why the 
deepest bogs in England are generally found at the southernmost limit of bog formation.14

Sphagnum mosses require a high water table to have the best chance of persisting 
or new species developing. If the water table is consistently lower than the surface, peat-
forming mosses will tend to dry out and shrink. As a result, the stored carbon reacts with 
oxygen, decomposes and is released as carbon dioxide to the atmosphere and as dissolved 
organic carbon (DOC) to water courses. A dried out peatland will also be colonised by 
non-peat forming species (such as scrub, heather and grasses), which maintain a low water 
table. If the majority of peatlands were in a good condition, then it would be more likely 
that future compositions of Sphagnum would be able to develop and continue to form peat 
in the future, even with a warmer and drier climate.

13 Barber (1981). See also Dise (2009), Lindsay (2010), Belyea and Clmyo (1998) and Belyea and Clymo (2001).
14 Swanson (2007).

Box 4.1: Ecosystem services provided by intact upland peats

Provisioning services 
Water supply

• Peatlands are the headwaters for some of England’s major water supply catchments that supply drinking water 
reservoirs across the uplands. For example, there are 55 reservoirs in the Peak District that provide water to the 
major surrounding conurbations of Sheffield and Manchester.

• Water derived from functioning peatlands is naturally of very high quality, being relatively pure due to limited 
human impacts, low weathering rates and widespread overland flow.9

Cultural services
Landscape/amenity

• Peatlands are a highly significant part of England’s natural heritage. As they generally form relatively large tracts 
of semi-natural habitat, they can provide a strong ‘sense of place’ and ‘wilderness’, which is rare within the 
heavily modified landscapes typical of England.

Archaeology

• Peat soils are of considerable archaeological importance as they can preserve records of species, environment, 
climate and land use for 10,000 years or more.10 Such records provide insights into past environment and culture, 
including historic climate changes and land management regimes.11 

Biodiversity
• In England, around 1,300 km2 (nearly 40% of all upland deep peat) are designated as Sites of Special Scientific 

Interest (SSSI), reflecting their national importance for biodiversity. 

• Blanket bog habitats make up one-fifth of all Special Conservation Areas (SACs) in England, highlighting the 
importance of this habitat under the EU Habitats Directive.

• Some Sphagnum mosses are priority species for conservation. Unusual and rare invertebrates are supported on 
bog habitats, including the most diverse range of dragonfly assemblages of any British habitat. For birds, blanket 
bog is an important nesting or feeding habitat for upland breeding species, especially golden plover and dunlin.

9 10 11

4.3 Vulnerability of upland peat to climate change

Modelling suggests that warmer and drier conditions could increase the vulnerability 
of vegetation communities that currently dominate upland blanket bogs. The area of 
suitable climate for current assemblages of peat forming vegetation is projected to decline 
in extent by between one-half and two-thirds by the 2050s. (Figure 4.1).12 However, some 
care is needed when interpreting such models as they do not account for non-climatic 
factors that affect suitability, such as underlying geology, topography and drainage. 
Neither do they account for the condition of blanket bog or its current management. 

9 UK National Ecosystem Assessment (2011b), Chapter 5: Mountain, Moors & Heaths.
10 Brunning (2001); Blackford et al. (2006); Yeloff et al. (2007).
11 UK National Ecosystem Assessment (2011b), Chapter 5: Mountain, Moors & Heaths.
12 Clark et al. (2010). Between 1,320 km2 and 720 km2 of blanket bog on deep peat will retain climate suitability by 2050 under low and high climate scenarios 

respectively.

Figure 4.1: Projected changes in climatic suitability for upland blanket bog in England for the 2050s

Not suitable in any models

Suitable in at least one model

Suitable in more than half models

Suitable all models

Baseline (1961-1990) 2050 (low) 2050 (high)

Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee, based on Clark et al. (2010). 
Notes: Clark et al. (2010) used an ensemble of eight statistical bioclimatic models to identify the vulnerability of blanket bog habitats to climate 
change. These models vary in complexity and include simple thresholds based on precipitation or potential evaporation/transpiration, general 
linear models based on temperature, and classification trees and generalised additive models. The modelling is only based on climatic variables and 
does not account for other factors that influence the formation of blanket bog, including underlying geology, topography and drainage conditions. 
This explains why some models identify suitability in areas where blanket bog is not currently located. However, over half of the models correctly 
identify 94% of existing habitat as being within climatically suitable areas. The bioclimatic models do not account for the condition of blanket bog 
or their ability to continue to function with different assemblages of Sphagnum species. 
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• Around one-fifth (750 km2) has been drained through the cutting of shallow ditches 
(known as ‘grips’). This was the result of grants to land managers to drain moorland 
for agricultural improvement in the post-war period. Gripped peats drain water more 
quickly away from the mossy surface, which thins or disappears completely. 

• Nearly 500 km2 (14%) is gullied; these are branched erosion features that extend into 
the peat mass to form a network of channels. These often erode down to the mineral 
layer under the peat and lose peat material from their bare sides. 

• The uplands support around 3 million sheep (45% of the national stock) with stocking 
levels increasing from the 1950s onwards in response to targeted payments.19 Farmers 
were encouraged to stock hardy breeds that could withstand longer periods on the 
moors. This led to many areas becoming overgrazed. Although stocking levels have 
declined over the last decade or so,20 around 300 km2 of deep peat (9%) continue to 
suffer from the impacts of overgrazing.

19 The headage based Sheep Annual Premium Scheme (SAPS) was introduced in 1981. As a result the breeding flock expanded throughout the 1980s  
(Defra Agricultural Observatory, 2011.)

20 Overall numbers have reduced during the 2000s, with the most recent figures showing that the national breeding flock fell by 0.5% in 2010  
(Defra Agricultural Observatory, 2011).

4.4 Assessing the resilience of upland peat in the face of climate change

We have used indicators to assess trends in the condition of the 3,550 km2 of upland 
deep peat in England and on the uptake of restoration effort.

Condition of upland deep peats

Nearly half (some 1,600 km2) of upland deep peat has been modified to the extent 
that little, if any, peat-forming vegetation remains (Figure 4.2). 

• 980 km2 has become more like heathland. In these areas, decades of drainage and regular 
burning has resulted in the deep peat now being dominated by heather. Although 
heather is a characteristic component of blanket bog vegetation, if it becomes dominant 
it can displace peat-forming Sphagnum mosses. Heather is the preferred habitat for red 
grouse, the primary game bird used for shooting. There are approximately 140 shooting 
estates in the English uplands with an average size of 20 km2.15 The sport is becoming 
increasingly popular, with both the number of recorded shooting days and the number 
of gamekeepers employed increasing between 2000 and 2009.16

• 320 km2 is now dominated by grasses. Drainage and decades of relatively intensive livestock 
grazing has caused a change in vegetation cover from Sphagnum species to grasses such 
as Purple Moor Grass, which is less likely to be peat-forming.

• 325 km2 is wooded, mostly by coniferous plantation forestry. The early and mid-20th century 
saw a concerted programme of afforestation, mostly using fast-growing conifer species. 
Land that was marginal for agriculture was targeted, which often meant deep peat in 
the uplands. To enable tree growth, deep peats as ploughed and drained, resulting 
in the complete loss of Sphagnum.17 The encroachment of scrub and broadleaved 
woodland also dries out the peat. While some of these areas have high value for 
wildlife, many are associated with peat drainage and invasive scrub species, such as 
Rhododendron.

Detailed surveys show that the majority of upland peat is physically degraded and 
virtually all is affected by historic and on-going atmospheric pollution (Figure 4.3).18 

• Almost all (98%) of the total area of deep peat in England suffers from a legacy of 
acidification and heavy metal contamination from centuries of industrial air pollution. 
It continues to be adversely impacted by ammonia emissions from lowland agricultural 
production and oxidised nitrogen pollution from fossil fuel burning. These acidify the 
peat and raise nutrient levels, which cause peat-forming vegetation to be replaced by 
nutrient-demanding species such as grasses.

15 Olivier and Van de Noort 2002; Simmons 2003. 
16 Number of recorded shooting days increased from 1,560 in 2000 to 1,898 in 2009. The number of gamekeepers employed rose from 196 to 253 in the same 

period. Natural England (2013b).
17 Natural England (2010). 
18 Ibid. 

Figure 4.2: Estimated land cover of the 3,550 km2 of upland deep peat classed as mainly peat-forming 
(green shades) and non-peat forming (grey shades) (2007)
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee. 
Notes: Natural England’s deep peat map was used to identify the total area of deep peat in England covering a total area of 6,700 km2. To identify 
the proportion of deep peat located in the uplands we referred to Natural England (2010). This identified that 3,550 km2 of deep peat as either 
currently or previously blanket bog, which is exclusively an upland habitat. We estimated the current land cover of the upland deep peat area by 
overlaying the deep peat map with the Land Cover Map 2007 (Morton, 2011) and referring to the Natural England Priority Habitat Inventories for 
blanket bog, fen and raised bog. From this, we identified: 
– 1,700 km2 of bog over deep peat, of which 90 km2 is in fen and/or raised bog. We assumed that the remaining area of bog (1,640 km2) is over 
upland deep peat.
– 290 km2 of montane over deep peat, of which 10 km2 is in fen. We assumed that the remaining area (280 km2) is over upland deep peat. 
– 1,025 km2 of dwarf shrub heath over deep peat, of which 50 km2 is in fen. We assumed that the remaining 980 km2 is over upland deep peat. 
– 335 km2 of coniferous woodland over deep peat. We assumed that 7% of the upland peat area (250 km2) is under this land cover (based on 
Natural England 2009). 
– 195 km2 of broadleaved woodland over deep peat. We assumed that 3% of the upland peat area (75 km2) is under this land cover (based on 
Natural England 2009). 
– 850 km2 of extensive grassland over deep peat, of which 60 km2 is on fen. We assumed that the remaining area (320 km2) of upland deep peat is 
under this land cover.
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than most other types of SSSI habitats. On the positive side, the majority (83%) of blanket 
bog SSSI is now classed as being in an ‘unfavourable recovering’ condition, compared to 
16% in 2003. The unfavourable recovering classification  means that a management plan 
is in place that, if fully implemented, should result in the site returning to a favourable 
condition in time. We assess what this means in practice for the scale of restoration effort 
later in this chapter.

The majority of upland peat is losing carbon to the atmosphere. An estimated  
350,000 tonnes of carbon dioxide each year is emitted from upland peat in England,  
the majority of which is from areas that are being rotationally burnt (260,000 tonnes 
carbon dioxide). Less than 20,000 tonnes of carbon dioxide a year are sequestered by 
undamaged blanket bogs.22

Increasing amounts of carbon are being lost into water bodies. 

• Levels of dissolved organic carbon (DOC) in water courses have doubled over the last 
30 years, with the associated discolouration of water.23 This has been responsible for the 
single largest change in upland water quality.24 The increase in DOC levels may be in 
part due to recovery from the long-term effects of acid rain,25 however it is also likely to 
be caused at least in part by managed burning.26 

• Erosion of upland peats is resulting in the release into river systems of airborne 
contaminants that were previously locked in the peat.27 

• The transportation of particulate organic carbon (POC) into reservoirs is reducing water 
storage capacity in many parts of the uplands.28 

These pressures represent a significant long-term challenge for water companies in the 
uplands, particularly given the requirements under the Water Framework Directive to 
reduce the levels of purification treatment.29 

Climate change could result in a three-fold increase in the rate of carbon loss over the 
next few decades unless current levels of degradation are reduced. The rate of carbon 
loss is dependent on a number of factors, such as soil temperature, vegetation cover, 
microbial activity and peat chemical characteristics. Studies estimate that for every one 
degree increase in temperature, there is likely to be a 30% increase in CO2 emissions from 
degraded peats.30,31

22 Natural England (2010). 
23 Carbon losses into water courses are in the form of Dissolved Organic Carbon (DOC), which turns water brown, and Particulate Organic Carbon (POC), both 

of which incur water treatment costs.
24 UK National Ecosystem Assessment (2011b), Chapter 5: Mountain, Moors & Heaths. 
25 Ibid.
26 Natural England (2013b) found strong evidence that burning results in increased water colouration and/or DOC in peatland watercourses.
27 Rothwell et al. (2007); Nizzetto et al. (2010).
28 For example, average losses of 260 tonnes per km2 per year have been recorded in the heavily eroded peatlands of the Peak District. UK National Ecosystem 

Assessment (2011b), Chapter 5: Mountain, Moors & Heaths.
29 Article 7: “Member States shall ensure the necessary protection for all bodies of water identified with the aim of avoiding deterioration in their quality in order 

to reduce the level of purification treatment required in the production of drinking water”.
30 Blodau (2002).
31 Graves and Morris (2013) for the Adaptation Sub-Committee.

• Erosion at the sides of haggs and gullies can eventually undermine the remaining 
vegetation and leave a landscape of bare peat. This can also occur as a result of severe 
wildfires that burn into the peat. Around 40 km2 (1%) of deep peat is completely bare of 
vegetation. Bare peat is constantly being eroded by rain splash, frost heave and wind as 
well as becoming very hot and dry in warm weather. Much of the eroded peat is carried 
into rivers and reservoirs.

• An estimated 10 km2 of upland peat has been lost to development, primarily for mineral 
extraction, landfill sites and wind turbines. 

Only around 160 km2 (4% of deep peat) is in a sufficiently good condition to still be 
actively forming peat.21 This has declined from 210 km2 in 2003 (Figure 4.4). As noted in 
Chapter 3, a lower proportion of blanket bogs SSSIs are in a favourable ecological condition 

21 This is the area of blanket bog SSSI currently assessed as being in a favourable ecological condition. Favourable condition means that the features for which 
the site was notified are present and that the management regime in place is likely to retain those features. For blanket bog SSSIs, the key features will include 
peat-forming Sphagnum mosses, as well as other species representative of this habitat type. See Chapter 3 for more detail on SSSI condition.

Figure 4.3: Scale of degradation of peat soils in England (2010)

Evidence of degradation
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© Cranfield University (NSRI) 2008/09.

© Natural England copyright. Contains 
Ordnance Survey data © Crown copyright 
and database right 2010.

© Crown Copyright and database rights 2010. 
Ordnance Survey 100022021.

0 50km

Source: Natural England (2010). 
Notes: Using data from the National Soils Map, Priority Habitat Inventory and the British Geological Survey and field assessment, Natural England 
(2010) collated and mapped evidence on the condition of peat soils. These include deep peats (areas covered with a majority of peat >40cm deep), 
shallow peaty soils (areas with a majority of soils with peat 10-40cm deep) and soils with peaty pockets. Overall, Natural England (2010) report that 
74% of deep peats show visible signs of degradation or are subject to damaging land management practices (red areas in the above map). 96% of 
deep peat is affected by atmospheric pollution.
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• Methane spike: although re-wetting a drained peatland will usually reduce carbon 
dioxide emissions, it is also likely to cause a temporary methane ‘spike’. As a result, net 
greenhouse gas emissions may increase after re-wetting, before decreasing subsequently.35 
However, there is evidence that post-restoration methane emissions can be managed to 
some extent, for example, by controlling the abundance of plants that act as methane 
shunts and re-establishing bog mosses that will break the methane down.36 

Table 4.1: Summary of peatland restoration measures and their effectiveness

Restoration 
measure

Degradation 
type

Approach Evidence of effectiveness

Re-vegetation Bare Usually dwarf shrub and 
nurse grass seeds mixes 
are used to re-establish a 
covering of vegetation.

Severely eroded and 
sloping sites firstly require 
stabilisation with heather 
brash or geo-jute37  
in order to allow  
re-vegetation. 

Major reductions in particulate organic carbon 
(POC) release occur when bare peat is re-vegetated. 

Surface re-vegetation, especially with Sphagnum, 
slows down the flow of water. Recent modelling 
and field work suggests that re-vegetation could 
have a larger effect than blocking drains on 
downstream flood risk.

Water 
management  
(‘re-wetting’)

Drained Drainage ditches (‘grips’) 
and gullies are blocked 
at regular intervals 
using peat scooped up 
from adjacent areas 
and packed as a plug 
into the ditch. Plastic, 
wood, heather bales 
and plywood have also 
been used. 

Water tables rise in the first two years after 
blocking. However, there is a longer time-lag 
(>10 years) before water tables start to operate 
similarly to those in intact peatlands. Thus it is 
expected that the full extent of dissolved organic 
carbon (DOC) and colour reductions from grip 
blocking might not be realised for at least 10 years.

Major reductions in POC release occur following 
gully blocking.

Benefits of gully blocking mainly come from 
reduced sediment loss (and associated heavy 
metals) rather than reduced DOC.

Vegetation 
management

Rotationally 
burnt 
 
 
 

Overgrazed

Reducing the intensity 
and/or rotations of 
controlled burns, or 
completely ceasing 
burning regimes 
altogether.

Reducing stocking rates 
or complete removal of 
any grazing.

Vegetation cover is a key driver of DOC 
concentrations. Sphagnum seems to be associated 
with low concentrations while heather is associated 
with higher concentrations of DOC. 

The evidence base is increasing that burning 
increases colour production. Abandonment of 
burning should lead to water quality improvements 
over a 10-20 year timescale.

Source: Bain et al. (2011) and Holden et al. (2012).

37

35 Natural England (2010).
36 Ibid.
37 Fibrous mesh webs that disintegrate over time leaving stabilised peat surfaces.

Effectiveness of peatland restoration

Restoration of degraded deep peats is technically and ecologically possible. 
However, unlike for some other habitats, the cessation of damaging activities is not 
generally sufficient to allow a degraded peatland to recover key functions, such as carbon 
sequestration.

Generally, restoration involves raising the water table nearer to the surface in order 
to re-establish peat-forming vegetation. The types of action required to deliver this can 
be divided into three broad categories, although in many cases one or more of these types 
of restoration will be required in the same location (Table 4.1).32

If undertaken properly, restoration is anticipated to recover at least some of the 
original ecosystem functionality over a period of time.33 There are, however, some 
uncertainties.

• Timescale: the time it will take for a restored site to revert to an undamaged state 
will vary between sites. Although re-establishment of peat-forming vegetation within 
a period of five to ten years is widely reported, changes to ecological condition, 
greenhouse gas balances, water quality and hydrological functionality are harder to 
discern conclusively or consistently. In many cases it may take decades for peatland 
functionality to recover and be observable.34 

32 Lunt et al. (2010), Natural England (2013b).
33 Ibid.
34 Lucchesea et al. ( 2010); Mills et al. (2010); JNCC (2011); Grand-Clement et al. (2013).

Figure 4.4: Condition of SSSI blanket bog on deep peat in England, 2003 and 2013 (km2)
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee. 
Notes: Nationally important SSSIs are designated with the aim of conserving specific biological or geological features. The condition of these features 
is assessed on a rolling programme against agreed standards. ‘Favourable‘ condition status indicates that the SSSI meets the agreed standards for the 
features of interest. ‘Unfavourable recovering‘ condition status indicates that the SSSI fails to meet the standards, but has appropriate management in 
place that will achieve those standards . Sites with inappropriate or no suitable management are Unfavourable. ‘No change’ or ‘Declining’. UK-wide 
Common Standards Monitoring programme is undertaken by the statutory conservation agencies to assess the effectiveness of management of the 
features for which protected areas have been designated. Favourable Condition Target(s) have been set for each site. The monitoring tests whether 
these targets have been met. These results are the condition assessments for Blanket Bog SSSI’s located on deep peat. 



Chapter 4: Regulating services – upland peat  8382 Managing the land in a changing climate | Adaptation Sub-Committee | Progress Report 2013

1

We found limited evidence of clear plans to restore the two-thirds of peat (Figure 4.5). 
We have not found evidence of any reductions in burning and there remain areas of both 
bare and gullied peat that are not being restored. 

It appears that restoration to date has generally been focused on SSSIs that are in quasi-
public ownership such as land owned by water companies and voluntary organisations. 
There has been much lower uptake of restoration on privately owned land.

Current scale of restoration

The last decade has seen effort to restore around one-third of upland peat. A key 
driver has been the target of getting 95% of SSSIs into either a favourable or unfavourable 
recovering condition by 2010.38 As a result, 1,100 km2 of blanket bog SSSI (31% of the total 
area of deep peat) is now classed as being in a recovering condition, compared to only 200 
km2 in 2003 (Figure 4.4). As highlighted in Chapter 3, this means that a management plan 
is in place that, if implemented, should result in the SSSI eventually reverting to favourable 
condition in time. There have been two main mechanisms for delivering restoration:

• Environmental Stewardship scheme. Some £27 million has been paid to farmers and 
landowners who have taken up moorland restoration options under the Higher Level 
Scheme (HLS) since 2007. These options now cover some 3,500 km2 of the uplands, of 
which 2,000 km2 are on deep peat.39 The main type of restoration supported by HLS is 
a reduction in grazing,40 although payments can also be made for grip blocking.41 This 
would suggest that the main contribution to restoration from the scheme has been to 
reduce stocking levels across a large area of upland peat. On this basis, it is likely that the 
300 km2 of deep peat classed as being over-grazed is being restored and that any SSSIs 
that were in an unfavourable condition due to over-grazing are now recovering. 

• Catchment-scale restoration to improve water quality. Some £45 million will be 
invested by water companies in partnership with land-owning charities (such as 
RSPB and the National Trust) between 2010 and 2015, much of which is on SSSI sites 
(Box 4.2). We estimate that some 600 km2 of upland peat is being restored by these 
partnerships, which are mostly delivering hydrological restoration (namely grip and gully 
blocking). As such, it is likely that a relatively high proportion of the 750 km2 of gripped 
peat and a proportion of the 500 km2 of gullied peat is in the process of being restored. 
The partnerships have also been re-vegetating around one-quarter of the 40 km2 of bare 
peat. Many, if not all, of these partnerships have accessed HLS funding to also reduce 
overgrazing pressure.

It is not clear whether all of the SSSI area classed as recovering is currently being 
restored. Our analysis suggests that catchment scale partnerships only cover around 
half of the 1,100 km2 classed as recovering. Although uptake of HLS restoration options 
is much wider, these are unlikely to be delivering more costly hydrological restoration or 
revegetation. It is also not clear how the remaining 35 km2 of SSSI classed as being in a 
declining condition is being restored.

38 See Chapter 3 for more detail on this target and how it was delivered for all SSSIs.
39 Natural England data provided at the request of the ASC. See Environmental Change Institute et al. (2013) for Adaptation Sub-Committee. 
40 By following an agreed stocking calendar and funding for temporary fencing.
41 Data on the amount of grip-blocking supported through this option are not available, but anecdotal evidence suggests it is a low proportion due to the  

up-front capital costs.

Figure 4.5: Estimated areas (km2) of total, restored and unrestored upland deep peat in England
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Source: Based on Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee. 
Notes: The total area of deep peat is the estimate from Natural England (2010). The area in good condition is the proportion of SSSI blanket bog 
assessed as being in favourable condition in 2013 (Figure 4.4). The area of overgrazed land being restored has been estimated based on the area 
of deep peat covered by the HLS Moorland Restoration option (approximately 1,900 km2). This suggests that the 350 km2 identified by Natural 
England (2010) as being over-grazed is likely to be under restoration. The areas of gripped, gullied and bare peat under restoration are based on 
estimates from various projects described in Box 4.2. The remaining area is deep peat under the different land cover types estimated by Natural 
England (2010) for which we have not found evidence of restoration.
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Assessing the scope for additional restoration

Understanding the economics of restoration can help to establish whether or 
not there is a case for wider restoration effort than is currently being delivered. 
This section presents results of our analysis on the costs and benefits of restoration.43 

The economic case is based on the scale of benefits derived from restored peatlands, 
relative to the costs of restoration as summarised in Box 4.3.44

Box 4.3: Economics of upland peat restoration as an adaptive response to climate change

Our analysis estimates the net benefits, namely benefits minus operating and opportunity costs but excluding 
capital costs, of restoring degraded peatlands.45 The value of net benefits is compared to the capital costs of 
restoration. Restoration projects that deliver net benefits above the capital investments required can be justified  
on economic grounds, while projects where net benefits are below the capital cost cannot. Net benefits are 
expressed as a discounted present value of future costs and benefits over 80 years, while the capital costs are  
one-off (upfront) costs. 

Benefits of restoration 
Restoration of degraded peatlands can recover a number of ecosystem services associated with undamaged 
peatlands. A key benefit is improved carbon storage, because restoration reduces carbon losses due to degradation 
and can eventually re-start carbon sequestration. Restoration also improves the condition of habitats for wildlife, 
as well as delivering water regulation services provided by functioning peatlands. 

Our analysis models the benefits of reduced carbon losses as the difference in net carbon emissions between 
restored and degraded sites, which we estimate to be between 1 and 4 tonnes of CO2 equivalent per hectare per 
year. These are based on a range of emission factors estimated by Natural England (2010), Artz et al. (2012) and 
Smyth (2013). The range of emission factors reflects the degree of uncertainty in these estimates, as well as a debate 
as to whether or not restored sites ever reach the same carbon sequestration levels as undamaged sites.46

Emission savings are valued using DECC central (non-traded) carbon prices which increase from £58 per tonne 
of CO2 equivalent in 2014 to £284 per tonne of CO2 equivalent in 2100. We account for a short term increase in 
methane emissions of 2.5 tonnes of CO2 equivalent each year for the first 10 years due to re-wetting and the length 
of time it takes to re-start peat formation.

Our analysis includes a value of £152 per hectare per year to cover the non-market value of the biodiversity and 
ecosystem services (other than carbon storage) provided by peatlands.47 While this value is only indicative, other 
valuations are generally of a similar magnitude.48

Climate change increases the benefits of restoration because warmer temperatures are likely to accelerate carbon 
losses from degraded peatlands.49 In our analysis we account for the effects of climate change based on a low 
emissions p10 probability scenario and a high emissions p90 probability scenario from UKCP09. In our model, 
we assume climate change increases the difference in emission savings between a restored and a degraded site 
by 0.5% per year under a low climate change scenario, and by 1.5% under a high climate change scenario. This 
is based on the assumption that emissions from degraded peats increase by 30% for each degree increase in 
temperature.50 

45 46 47 48 49 50

43 Scotland’s Rural College (2013) for the Adaptation Sub-Committee. 
44 A full description of the assumptions is included in the report produced by Scotland’s Rural College (2013) for the Adaptation Sub-Committee. 
45 Here the term `net benefits’ is used in an unconventional sense, to refer to benefits net of all costs with the exception of capital costs. This approach allows 

easy identification of what levels of capital investment are likely to be merited by restoration under a range of benefit scenarios. 
46 Lucchesea et al., (2010); Mills et al., (2010); Joint Nature Conservancy Council, (2011); Grand-Clement et al., (2013). 
47 Our use of £152 per hectare per year is based on an even split of the marginal valuation of £304 per hectare per year for the biodiversity benefits provided by 

UK inland wetlands (from UK National Ecosystem Assessment 2011b, Chapter 22). This is to account for optimism bias (following Harlow et al. 2012).
48 For example, Christie et al. (2011) provide estimates of £136 per hectare per year.
49 See Orr et al., (2008); Acreman et al., (2009); Clark et al., (2010); Gallego-Sala et al., (2012); Essl et al., (2012). 
50 Graves and Morris (2013) for the Adaptation Sub-Committee. Graves & Morris (2013) estimate per hectare emissions in 2020, 2050 and 2080 for different 

peatland categories under low and high climate change scenarios. This is based on a relationship described by Blodau (2002) that every one degree increase 
in temperature results in approximately 30% increase in CO2 emissions. The difference between reported baseline and 2080 emissions per hectare are 
approximated here by applying a linear annual increase in per hectare emissions of 0.5% and 1.5% for the low and high change scenarios respectively. This is a 
simplification, not least since the time profile is more likely to be non-linear, but is adequate to illustrate the relative effect of different climate change scenarios.

Box 4.2: Summary of catchment-scale peat restoration projects in English uplands

At the 2009 price review, the water regulator (Ofwat) supported water companies’ proposals to spend some 
£60 million on 100 catchment management schemes and investigations over the period 2010-2015, with the aim  
of helping to address deteriorating water quality in the natural environment. Nearly two-thirds of this expenditure 
(£45 million) is for work that United Utilities, South West Water and Yorkshire Water are carrying out to restore 
degraded upland water catchments.

Many of these catchment schemes are being delivered through innovative multi-agency partnerships. Alongside 
the water industry, National Park Authorities and Areas of Outstanding Natural Beauty (AONBs) bodies play key 
roles in co-ordinating a number of these partnerships, which have also benefited from funding and advice from the 
statutory environmental bodies (Natural England, the Environment Agency and Forestry Commission) including 
through agri-environment payments. Non-governmental organisations, such as the National Trust, RSPB and the 
Wildlife Trusts, have also made key contributions to these partnerships.

• Sustainable Catchment Management Programme (SCaMP): United Utilities pioneered catchment-scale 
management in the North-West uplands, in partnership with the RSPB. The project aims to have restored around 
205 km2 by 2015. In the first phase of the project between 2005 and 2010, some 55 km2 has been re-wetted 
through grip blocking and 5 km2 of bare peat has been re-vegetated.

• Yorkshire Peat Partnership: managed by the Yorkshire Wildlife Trust in partnership with Yorkshire Water, two 
National Park Authorities (Yorkshire Dales and North York Moors) and the National Trust. The partnership aims to 
restore 425 km2 of degraded blanket bog across the county by 2017. Since 2009, over 30 km2 has been brought 
into restoration, with over 300 km of grips blocked and 40 km of eroding gullies re-vegetated. Yorkshire Water 
has also been funding research and monitoring, including an Ecosystem Valuation of the restoration carried out 
on Keighley Moor. This demonstrated that for every £1 spent in the catchment, society would benefit by £1.31. 
Conversely, for every £1 not spent on restoration in the catchment, society stands to lose £2.03.42 

• Moors for the Future: a ten year partnership between the Peak District National Park Authority, Natural 
England, Environment Agency, Severn Trent Water, United Utilities, Yorkshire Water, National Trust, Derbyshire 
County Council and the RSPB to restore bare peat in the Peak District and South Pennines. Since 2003, nearly 
500 km2 of the South Pennines Special Area of Conservation has been brought into restoration management, 
including stabilising around 8 km² of bare and eroding peat. The programme is also being funded by Yorkshire 
Water to improve the condition of 100 km2 of upland SSSI sites owned by the company across the county. 
Pioneering work has been developed by the partnership to re-introduce Sphagnum on a landscape-scale.

• North Pennines AONB Partnership’s Peatland Programme: the AONB has almost 30% of England’s blanket 
bog, a large proportion of which has been drained. Since 2006, effort has focussed primarily on blocking nearly 
7000 km of drainage channels, restoring an area of around 70 km2. More recently, the project has begun to 
restore the 25 km2 of bare peat within the AONB, with around 1 km2 re-vegetated to date. 

• Exmoor and Dartmoor Mires on the Moors project: began in 2010 with significant financial support from 
South West Water as part of its Upstream Thinking initiative. In Exmoor, the project aims to restore 20 km2 of 
blanket bog and by 2010 had blocked 50 km of ditches, covering nearly 4 km2 of moorland. On Dartmoor, 
a pilot project has also recently been started with the National Park Authority, the Duchy of Cornwall and 
Dartmoor Commoners Council. 

42

42 Harlow et al. (2012). 
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The wide range in the estimated net benefits (as reflected in the height of the blue bars in 
Figure 4.6) highlights the uncertainty around these estimates and the fact that the balance 
of costs and benefits will be site-specific in nature. Restoration projects yield net benefits 
that lie anywhere in between the two net benefit scenarios. These benefits generally lie 
above the actual range of capital costs of restoration.

Once climate change is factored in, the net benefits from restoration are sufficient to merit 
capital investments that are generally higher than the range of actual capital costs reported 
for typical restoration activities.

• No climate change: restoration projects deliver net benefits of up to £20,000 per hectare 
in present value terms under a high net benefit scenario. This is well above the range 
of capital costs observed in practice of £150 to £7,000 per hectare.54 Even in the low 
scenario, net benefits of around £1,000 are realised, making many restoration projects 
cost-effective.

• With climate change: restoration projects deliver net benefits (excluding capital costs) of 
up to £24,000 (under a low p10 climate) and £35,000 per hectare (under a high p90 
climate) under a high net benefit scenario. Even in the low net benefit scenario, projects 
deliver benefits of over £5,000 per hectare under a p90 climate.

54 Refer to Table B4.3 in Box 4.3.

Box 4.3: Economics of upland peat restoration as an adaptive response to climate change

Ongoing costs of restoration
Restoration incurs ongoing management and monitoring costs such as replacement of dams, and management of 
vegetation cover. In addition, restoration may impose opportunity costs51 in cases where it displaces current land 
use activities such as farming and grouse shooting.52 Evidence on the scale of opportunity costs is mixed, given 
uncertainty over both the physical displacement of activities and the net value of such activities. Our analysis assumes 
opportunity costs ranging from zero (such as in the case of revegetation of bare peat, which has no productive 
value) to £100 per hectare per year for restoration measures that result in partial to complete displacement of grouse 
shooting activities.53 Our analysis assumes low and high estimates of £100 per hectare per year and £400 per hectare 
per year for these ongoing and opportunity costs. This is more pessimistic than actual restoration experience, as 
shown in Table B4.3.

Capital costs of restoration
Capital costs include upfront costs such as dams for blocking drainage grips and gullies, geo-jute for stabilising 
bare peat and fencing for stock control. Table B4.3 provides a range of capital costs observed in actual restoration 
projects. 

 

Source: Capital cost estimates are derived from Holden et al. (2008); Estimates of opportunity costs for livestock farming and grouse shooting are 
based on the Farm Business Survey (Scott & Harvey) and Fraser of Allander Institute (2010) respectively. 
Notes: Estimates of capital costs are based on a limited number of observations and are not normalised to account for differences in site conditions/
project objectives so may not be representative of all sites. Here we assume that ongoing costs are uniform across restoration types and range 
between £25 and £100.
* represents restoration options that incur positive opportunity costs.  
** high-end estimate of the capital cost for reduced burning is due to the fact that reduced burning often occurs in tandem with grip blocking. 

51 52 53

Our analysis demonstrates that in many cases if a value is placed on the benefits from 
restoration, they will outweigh the costs. The benefits from restoration become even 
stronger with climate change. Figure 4.6 presents a range of estimates of net benefits 
(excluding capital costs) based on two benefit and costs scenarios: 

• High net benefit scenario: high carbon savings (4 tCO2e per hectare per year) and low 
ongoing and opportunity costs (£100 per hectare per year). 

• Low net benefit scenario: low carbon savings (1 tCO2e per hectare per year) and high 
ongoing and opportunity costs (£400 per hectare per year).

51 Opportunity costs refer to the economic activity a restored peatland replaces. 
52 There are other land uses which may impose higher opportunity costs. For example, forestry where early clear felling of standing timber will impose 

significant costs in terms of income foregone.
53 Based on Fraser of Allander Institute (2010).

Figure 4.6: Assessing the costs and benefits of upland peat restoration as an adaptive response  
to climate change
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Source: Based on Scotland’s Rural College (2013) and Graves and Morris (2013) for the Adaptation Sub-Committee.
Notes: Figure shows the net benefits (blue bars) over an 80-year period and actual range of capital costs (pink shaded region) of restoring 
peatlands. The bottom and top of the blue bars represent low and high net benefit scenarios respectively. Net benefits are expressed as a 
discounted present value (of stream of future ongoing costs and opportunity costs and benefits), while the capital costs are one-off (upfront) 
costs. The low net benefit scenario represents a low emission differential of 1 tonne of CO2 equivalent per hectare per year and a high ongoing 
and opportunity cost) of £400 per hectare per year; and the high net benefit scenario represents a high emission differential of 4 tonnes of CO2 
equivalent per hectare per year, and a low ongoing cost (and opportunity cost) of £100 per hectare per year. We include a Willingness To Pay value 
of £152 per hectare per year for the non-market value of the biodiversity and ecosystem services (other than carbon storage) provided by peatlands. 
The analysis also includes a  methane spike of 2.5 tonnes of CO2 equivalent per year for the first 10 years following restoration. We account for the 
impact of climate change on degradation rates by assuming that climate change increases the difference in emission savings between a restored 
and a degraded site by 0.5% per year under a low climate change scenario (p10) and by 1.5% under a high climate change scenario (p90).

Table B4.3: Estimated range of costs for five restoration options.

Restoration options Capital costs (£/ha)

Ongoing costs  
(including opportunity costs)  

(£/ha/yr)

Low High Low High

Re-vegetation of bare beat 200 7,000 25 100

Grip blocking 150 600 25 200*

Gully blocking 1,000 4,000 25 100

Reduced burning 0 300** 25 200*

Reduced livestock intensity 0 3,000 25 150*
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water quality and mitigating climate change . However, the statement did not recognise 
that climate change accentuates the need for additional action on restoration. Nor did 
it make any explicit commitment to ensure that a specified proportion of degraded 
peatlands are restored within an agreed timescale. The goal in the England Biodiversity 
Strategy of restoring 15% of ‘degraded ecosystems’ by 2020 for climate change 
mitigation and adaptation benefits is clearly relevant in this regard. However, it is not yet 
clear how this policy ambition is being defined or how it will be delivered.57 

• Review the enforcement of existing regulations for protecting and enhancing peat 
sites. Our analysis has highlighted that there has been action taken over the last decade 
to put in place management agreements to improve the condition of protected sites. 
Despite this, it is also clear that damaging practices are continuing on some protected 
sites. For example, there is no difference between the rate of managed burning on SSSI 
and non-SSSI sites.58 A review of the enforcement regime would highlight the extent 
to which current regulations are being effectively implemented and thus leading to 
protection and enhancement of upland peat sites. A key issue the review should explore 
is how much of the protected site network is being regularly burnt and whether such 
burning is causing damage to the biodiversity interest for which the site was designated 
or to the supply of regulating services. 

• Improve incentives for land owners to invest in restoration. A major barrier to 
the wider uptake of restoration measures is the lack of adequate financial incentives 
for landowners, both to underpin the capital outlay and to help address reduced 
revenue from current activities. There is also uncertainty on the future of some 
existing incentives, particularly agri-environment payments and water company 
investment in catchment-scale action to improve water quality. It will be important 
that the Government pushes forward with its plans to develop effective market 
mechanisms that deliver additional investment for appropriate management of the 
natural environment.59 A key priority is the development of a Peatland Carbon Code, 
which could facilitate private investment in restoration. The value of the benefits 
could be sold on the voluntary carbon market via the Corporate Social Responsibility 
(CSR) route, or potentially through companies’ meeting their requirements to report 
on their corporate greenhouse gas emissions. There are many practical challenges to 
overcome in developing such a scheme, but if successful, this could unlock additional 
restoration investment.

57 It is currently not clear how this goal is being defined in terms of the types of ‘degraded ecosystems’ that will be included, or the baseline that will be used by 
which to assess if the 15% ambition has been met by 2020.

58 Natural England (2013b). 
59 Defra have recently published an action plan for developing the potential for Payments for Ecosystem Services (Defra 2013a). This highlights schemes that 

aim to improve water quality and restore peatlands, following on from the recommendations of the recent Ecosystem Markets Taskforce report.

The analysis suggests there is potential for a wider uptake of upland peat restoration 
than is being delivered at present. Additional uptake would potentially yield large net 
benefits even under conservative assumptions about emission savings and allowing for 
high-end capital and ongoing costs. Further restoration effort in areas that meet these 
conditions could be justified. The public nature of benefits and the private nature of costs 
suggest that engagement with land managers will be important in identifying appropriate 
policy structures to align incentives between private land owners and society. Key to this 
will be developing approaches to managing peatlands in ways that allow landowners 
to run their businesses, while also delivering benefits to society through protecting and 
enhancing the supply of regulating services.

4.5 Conclusions and policy advice

Our analysis has highlighted that upland peat in England is generally in a degraded 
condition due to a combination of land use and management practices, and 
pollution. Without further action, it is likely that the current level of degradation will 
increase with climate change. Instead of providing important and valued services, 
peatlands will increasingly cause costly problems to society that may become irreversible. 
At the same time, their international importance to biodiversity will continue to decline.

There is a need for additional restoration effort if peatlands are going to have any 
chance of continuing to provide key regulation services in a changing climate. The 
longer the delay, the more expensive it will become to reverse the scale of degradation 
from increasing losses of carbon to the atmosphere and into water supplies. If further 
action is not taken soon on the two-thirds of upland peats that do not have clear plans for 
restoration, then it is feasible that the level of degradation could be effectively irreversible 
by the middle of the century with climate change.

There is a case to strengthen the policy framework to enable additional restoration 
effort across the uplands. There are already regulations and incentives in place that go 
some way to protecting upland peats. As highlighted earlier in this chapter, these have had 
a measure of success in facilitating restoration schemes. There are, however, questions as to 
whether or not the current policy framework will enable the scale of additional restoration 
effort required (summarised in Table 4.2). Furthermore, there is no explicit policy goal 
driving forward additional restoration effort. 

To strengthen the policy framework, the Government should:

• Set a clear policy signal on the need to increase restoration effort. The Government 
has a generic policy of managing all of England’s soils sustainably by 2030.55 In 2013, the 
Government provided a Statement of Intent to “protect and enhance the natural capital 
provided by peatlands in the UK”.56 This statement noted that there is “a strong case 
for improving the condition of our peatlands” due to their importance for regulating 

55 HM Government (2011). The only specific provision on peat in the White Paper is the policy goal of making the transition to peat-free alternatives for 
horticultural uses. This is not relevant to upland blanket bog, as the extraction of peat for horticultural uses in England is only from lowland raised bogs.

56 Joint Ministerial letter to the IUCN Peatland Programme: Securing Benefits from UK Peatlands (February 2013). The statement outlined the actions and 
intentions of Defra, the Scottish Government, the Welsh Government and the Northern Ireland Executive to enhance UK Peatlands.
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Table 4.2: Current policy mechanisms for protecting and restoring upland peat 

Current incentives Effectiveness

Environmental Stewardship
Upland Entry Level Scheme provides payments for 
the implementation of a range of land management 
practices, including a number of moorland maintenance 
requirements such as avoiding overgrazing by 
maintaining a minimum stocking rate and not 
maintaining existing grips or drains.

The Higher Level Scheme includes a range of moorland 
restoration options, primarily concerned with reducing 
stocking levels.

UELS is similar to cross-compliance as an important 
mechanism for maintaining blanket bog, but not actively 
restoring them.

HLS restoration has widespread uptake and plays key 
role in reducing over-grazing pressure, but has been less 
effective in other types of restoration.

There is some uncertainty on the future of these 
schemes following reforms to the Common Agricultural 
Policy post-2016.

UK Forestry Standard and Open Habitat Policy
The Forestry Commission publishes guidelines that 
promote specific management practices that protect 
peat soils from a number of potentially damaging 
forestry operations, including planting, felling and 
drainage. They also state that new planting should not 
occur on deep peat soils.

Government policy in place on the conversion of 
some woodland to open habitat restoration of 
unimproved grasslands, heaths and moors, marshlands, 
fens and bogs.

Important mechanism for protecting remaining blanket 
bog through avoiding future planting. 

Since publication of the Open Habitat Policy in 2010, 
there has been targeted open habitat restoration 
although the majority has been on lowland heath sites 
and not upland blanket bog. The Forestry Commission 
will be publishing an Open Habitat Strategy for the 
Public Forest Estate in England in July 2013, which is 
likely to include more detailed plans on the scale of 
restoration planned.

Heather and Grass Burning Code
A voluntary code that describes minimum standards for 
environmental good practice in burning. Advises against 
burning in sensitive areas, including on blanket bog and 
within five metres of watercourses.

Important addition to Burning Regulations that should 
be reducing frequency and intensity of burning in 
sensitive areas, although not clear if widely taken up.

Water company investment
Water companies can fund improvement in areas of 
a catchment that is important for water quality, for 
example, in a Safeguard Zone. Ofwat allowed three 
water companies (United Utilities, South West Water and 
Yorkshire Water) to invest around £45 million in upland 
catchment-scale restoration schemes.

Has been an important driver for water companies to 
invest in catchment-scale restoration during current 
price review period (2005 to 2015). 

Ofwat will decide in 2014 if water companies will be 
able to continue to invest in catchment-scale restoration 
projects in the next price review period (2015-2025). 
Ofwat has made clear that water companies will need to 
build the evidence base to demonstrate the effectiveness 
and benefits of catchment-scale approaches for meeting 
water quality objectives.

Table 4.2: Current policy mechanisms for protecting and restoring upland peat 

Current regulations Effectiveness

SSSI designation
Entails a legal requirement to avoid damaging practices.

Low proportion of blanket bog SSSI in favourable 
condition raises questions as to whether damaging 
practices are being avoided. 

EU Habitats Directive
Article 6(2) requires appropriate steps to avoid the 
deterioration of Special Areas for Conservation (SACs).

As with SSSIs, low proportion of SACs in favourable 
condition suggests that appropriate steps are not 
being taken.

Heather and Grass Burning Regulations
Limits the size and duration of controlled burns.

Does not preclude burning on sensitive bog habitats.

Cross-compliance
All claimants of the Single Farm Payment must keep 
their land in Good Agricultural and Ecological Condition 
(GAEC). In the uplands, measures include avoiding 
burning on blanket bog and preventing overgrazing.

Important for protecting and maintaining blanket bog, 
but does not actively deliver restoration.

Environmental Impact Assessment Regulations
Requires projects that aim to increase agricultural 
productivity of more than 2 hectares of semi-natural 
land to assess the scale of environmental effects and 
identify mitigation options. Where significant impacts 
are identified that cannot be mitigated, consent for the 
proposal will not be given. 

Safeguards remaining semi-natural blanket bog from 
agricultural intensification, although this is not currently 
a major pressure in the uplands.

Does not apply to non-agricultural projects, such as 
drainage for grouse moor management.

Water Framework Directive
The Environment Agency has statutory powers under 
Article 7 to notify Drinking Water Protected Areas 
(DrWPAs). Where DrWPAs are ‘at risk’ of not meeting 
their objectives, the Environment Agency establishes 
Safeguard Zones where a voluntary action plan is 
produced in partnership with relevant landowners to 
identify where and what measures are needed to protect 
and improve drinking water quality.

Should voluntary measures not be effective, the EA can 
look to other regulatory approaches, including Water 
Protection Zones (WPZs). These require changes to land 
practices that are having a demonstrably adverse effect 
on drinking water quality.

Currently there are 53 ‘at risk’ DrWPAs due to DOC 
(discolouration) in England. The EA has established 
Safeguard Zones in these catchments and will review 
if they are effective in delivering measures to improve 
water quality.

The EA has only notified one WPZ in England to date. 
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Chapter 5

Chapter 5:  

Regulating services – coastal habitats 

Key messages

The 105,000 hectares of coastal habitat along the coastline in England play a critical role in reducing flood 
and erosion risks to people, properties and land. Around half of all sea defences are protected and buffered 
against waves and storm surges by these habitats. Many of the remaining defences are protected by some form of 
mobile sediment or modified beaches, which require regular artificial recharge.

These coastal habitats comprise internationally important sites for biodiversity and are highly valued 
culturally. They include saltmarsh, mudflats, shingle beaches, sand dunes and sea cliffs.

Setting back the defences and restoring coastal habitats, known as ‘managed realignment’, is an important 
adaptation to rising sea levels. Managed realignment gives coastal habitats space to migrate inland as sea levels 
rise. Maintenance costs of realigned defences are typically lower than those of the original defences. Realigned 
defences often have lower construction costs when compared to refurbishing the original defences to cope with 
higher sea levels.

Potential risks
Coastal habitats, excluding mudflats, have declined in extent by 20%, from around 62,000 hectares in  
1945 to 49,000 hectares in 2010. This loss has primarily been due to development, conversion to agricultural use 
and coastal erosion. The loss of mudflats has not been quantified but is likely to be of similar magnitude.

In the future, up to three-quarters of intertidal coastal habitats may not be able to adapt naturally  
to sea level rise where they are blocked from migrating inland by sea defences, known as ‘coastal squeeze’.

Protecting coastal areas from flooding and erosion in the face of sea level rise will require greater effort in 
the future. In part, this will involve increased investment in maintaining and improving the 3,000 km of existing 
coastal defences. Annual coastal spending requirements are expected to rise from current levels of £125 million to  
in excess of £200 million by 2030. 

Options for strategic action
Long-term plans for the coastal zone in England have a goal to realign some 10% of the coastline by 2030, 
rising to nearly 15% by 2060. The implementation of these plans, developed by local authorities in partnership 
with the Environment Agency and community groups, would involve breaching or removing some flood and erosion 
defences. This would create around 6,200 hectares of coastal habitat by 2030, at a cost of £10-15 million per year. 
It would then rise to 11,500 hectares by 2060. Our modelling suggests that achieving the 2030 goal would save 
between £180 million and £380 million in capital and maintenance costs over the long-term, when compared to the 
cost of replacing and maintaining hard defences.

The rate of managed realignment since 2000 would need to increase five-fold, to around 30 km each year,  
to meet the 2030 goal. Around 1% of the coastline has been realigned since the 1990s. Projects currently in the 
pipeline should realign an additional 0.8% to 2016. Together, these should create 2,200 hectares of new coastal habitat. 

Creating 6,200 hectares of habitat by 2030 could be achieved without losing a single property. Most of the 
realigned land would be agricultural, and one third of it would be high-grade. This represents 0.1% of all high-
grade agricultural land in England. Even without any further realignment, some of this land may become inviable for 
conventional agricultural production due to saline intrusion.

Clearer financial incentives that consistently reflect the ecosystem services provided by reinstated coastal 
habitats could help increase the pace of realignment. Such action could facilitate some of the existing 
negotiations with landowners on changes to land use. 

Local authorities and the Environment Agency should develop a more transparent programme for 
implementation of their long-term coastal plans to provide greater certainty to local communities.  
Sustaining efforts to concentrate scarce resources in protecting strategic stretches of coast, while reinstating  
natural habitat elsewhere, will require difficult choices about future development of the coastal zone in England. 

5.1 Introduction

5.2 Importance of coastal habitats

5.3 Vulnerability of coastal habitats to climate change

5.4 Assessing the resilience of coastal habitats in England 
to climate change

5.5 Conclusions and policy advice

Annex 5.1
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Box 5.1: Ecosystem services provided by coastal habitats

Provisioning services

Saltmarsh can be used for grazing or wildfowling and thus provide meat and wool.6

Mudflat and shallow water enable aquaculture, act as nurseries, grazing and reproduction grounds for fish stocks, 
and can be used to grow some crops, such as samphire.7

Biodiversity
The coasts of England comprise internationally important wetlands and sites for migratory bird populations.

Coastal habitats make up around 40% of the Special Areas of Conservation (SAC) network in England designated 
under the EU Habitats Directive.8

Sources: UK National Ecosystem Assessment (2011b), Chapter 11 (Coastal margins) and Chapter 17 (England).

6 7 8

Coastal habitats play an important role in protecting people, property and land from 
flooding and erosion risk.

• Around 2.3 million people live in the coastal floodplain (680,000 hectares) and 1 million 
properties are located there. About 10% of these properties (100,000 properties) are 
at significant risk from coastal flooding.9

• A further 60,000 properties are also located in areas at risk from coastal erosion.10 

• Around 60% of the coast line is protected by some form of artificial defence,11  
with 390,000 properties protected from a 1 in 200 year coastal flooding event.12

• For just under half (46%) of the protected coastal area, defences are buffered from waves 
and storms by coastal habitats. Many of the remaining defences are protected by some 
form of mobile sediment or modified beaches, which require regular artificial recharge.

5.3 Vulnerability of coastal habitats to climate change

Coastal habitats have an important role to play in helping the coastal zone respond 
to climate change. They are however under threat from development pressures, 
sea level rise and increasing storminess, particularly where they are blocked from 
migrating inland by fixed defences such as sea walls.

Coastal habitats are formed and modified by the natural processes of sediment movement 
(erosion/accretion) and vegetation succession (colonisation/dieback). Most coastal habitats 
can re-establish themselves after extreme events. When unconstrained they could be 
resilient to some elements of climate change, such as rising sea levels, through natural 
processes of submergence and emergence.13 

Artificial defences protect properties, agricultural land, communities and infrastructure from 
coastal flooding and erosion. Such coastal defences can, however, hamper and obstruct coastal 

6 Luisetti et al. (2011).
7 JNCC, Joint Nature Conservation Committee England site list (2012).
8 HR Wallingford (2012) for the Adaptation Sub-Committee.
9 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
10 These properties are defined as houses located in erodible coastlines that are predicted to be at risk within the next 100 years under a central scenario.
11 Nicholls et al. (2013), using Channel Coastal Observatory data. Beach management accounts for 10% while other methods of holding the line, such 

asseawalls, revetments, groynes, timber structures, represent almost almost.
12 The definition of a 1 in a 200 year event is highly uncertain, as this time scale includes a high degree of predictive uncertainty around meteorological forcing 

(see IPCC 2007).
13 Rees et al. (2010). 

5.1 Introduction

This chapter assesses the resilience of coastal habitats to climate change in England. 
We focus on coastal habitats because they:

• provide a wide range of services, including those that are particularly important from an 
adaptation perspective, namely the regulation of flooding and coastal erosion risks;

• are sensitive to changes in climate, particularly sea level rise; and

• have been subject to decades of degradation from land use change and erosion in some 
locations. This has increased their vulnerability to the impacts of climate change.

The chapter reviews how land use change has affected the vulnerability of coastal habitats 
and assesses how climate change may affect them. It focuses on one of the main ways 
of adapting to the loss of coastal habitats: setting back the defence line or ‘managed 
realignment’. Finally, the chapter looks at the barriers to managed realignment and 
provides advice on how these could be overcome.

5.2 Importance of coastal habitats

The 105,000 hectares of coastal habitat in England1 provide a wide range of services (Box 5.1).

Box 5.1: Ecosystem services provided by coastal habitats

Flood and erosion hazard regulation

Coastal habitats, particularly intertidal habitats, can provide a buffer in front of sea defences by dissipating or 
absorbing wave and tidal energy. Up to half of the wave energy is dissipated in the first 10–20 metres of a vegetated 
saltmarsh surface.2 

Eroding cliffs have the potential to provide large volumes of sediment for each metre of recession, from 10,000 m3 in 
southern cliffs, to 70,000 m3 in North Norfolk. Depending on the nature of the cliffs, between 20% and 80% of this 
volume may contribute sand and gravel towards the build-up of beaches.3

Carbon storage
Coastal habitats accumulate sediment and therefore act as carbon sinks. Sediment depth remains largely un-
quantified. The relatively small extent of these habitats means they do not play a significant role in carbon storage 
on a national scale.4

Cultural services 
Many coastal habitats are highly valued for their cultural significance and for tourism. In 2005, there were around 
250 million visits to the UK coast. Around one third of these visits were to natural habitats, such as beaches, sand 
dunes, shingle and cliffs.5

The coast holds an important place in the national psyche. Coasts provide cultural, social, historical, artistic, and 
physical and mental health benefits to society. 

2 3 4 5 

1 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee. The area of coastal habitat was derived from a combination of Natural 
England’s Priority Habitat Inventories and the Environment Agency’s Saltmarsh Survey (Phelan et al. 2011). Note that the area identified (105,000 ha) is 
lower than the 194,000 hectares of coastal margins in England identified by the UK National Ecosystem Assessment, as quoted in Figure 1.1. The UK National 
Ecosystem Assessment figure is derived from the Land Cover Map (LCM) 2007, which is based on satellite imagery, whereas the habitat inventory data is 
based on vegetation surveys and monitoring in the field. 

2 Möller and Spencer (2006). This refers to exposed macro-tidal UK east coast marshes under average tidal inundation depths. 
3 James and Lewis (1996).
4 The contribution of coastal habitats to carbon storage is currently being investigated as part of a major UK Research Council project: Coastal Biodiversity 

Ecosystem Service Sustainability (CBESS).
5 UKTS, United Kingdom Tourism Statistics (2006); VisitBritain (2007).
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• The condition of designated coastal sites has been declining. A majority of Special Areas 
of Conservation assessed between 1998 and 2006 were in unfavourable condition, 
including 76% of vegetated shingle, 66% of sand dunes and 57% of saltmarsh.16

Sea level rise and coastal erosion are expected to increase losses in the future, 
particularly where coastal habitats are prevented from migrating inland naturally.

• Rising sea levels will increase wave overtopping and flood risk on the coast.17  
Studies predict a net negative impact on coastal habitats due to sea level rise.18 

– Projected increases in sea level range from between 45 cm and 80 cm by the end of 
the century in South-East England. Taking into consideration the melting of large ice 
sheets (still low probability), the estimated increases of sea level range between 93 cm 
to 1.9 m by 2100 for the UK. There is considerable uncertainty around storm surges 
and wave heights, with annual maximum wave heights projected to be anywhere 
from 1.5 m smaller to 1 m higher than currently.19

– All types of habitat may also gain from accretion in some parts of the coastline because 
of the increase in the supply of sediment from updrift. This effect is however projected 
to be lower overall than the losses from submersion and erosion, as demonstrated by 
coastal modelling of the North Norfolk coast.20

• Our analysis suggests that nearly three-quarters (72%) of intertidal coastal habitats 
(66,000 hectares out of 91,000 hectares) are at risk of coastal squeeze, as they are 
located seaward of artificial defences (Figure 5.2). Those at lowest elevation are at 
highest risk. Where the tidal range is large, as it is round much of the coast of England, 
sea level rise can affect habitats several metres above mean sea level.21

16 JNCCC, Joint Nature Conservation Committee (2007). This is based on a limited extrapolation to UK resources.
17 HR Wallingford (2002).
18 Lee (2001) assessing SAC, SPA and Ramsar sites in England and Wales. These figures do not account for the implementation of Shoreline Management Plans, 

which would result in net gains.
19 Murphy et al. (2009), Marine and coastal projections.
20 Dickson et al. (2006).
21 Further details on the breakdown of intertidal habitat elevation is available in Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.

processes, preventing coastal habitats from migrating inland as sea levels rise. This process, 
known as ‘coastal squeeze’, results in a reduced capacity for adaptation to coastal change. 

In England, much of the large stock of seawalls, tidal flood embankments and coast 
protection structures, including groynes and breakwaters, were built in the nineteenth and 
twentieth centuries. They will require substantial investment during the coming century if 
their life is to be extended.

Coastal habitats have been in decline in some locations for more than a century. 
In part this has been the result of coastal squeeze, but mainly it has been due to other 
pressures such as development, dredging sands and gravels for construction purposes and 
agricultural intensification.

• Coastal habitats have declined by 20% from 1945 levels, a loss of around 13,000 
hectares (Figure 5.1). 

– Shingle beaches incurred the largest relative loss (50%), due to infrastructure 
development such as power stations or industrial plants, dredging and shorefront 
development and promenades. 

– Sand dune losses (18%) were mainly due to development of housing, tourism,  
golf courses, agricultural land claim and, in some places, afforestation. 

– Saltmarsh has declined by about 13% due to reclamation for agriculture or development. 
Natural processes of saltmarsh colonisation and dieback have in the past varied over time 
and according to location, for example accretion in the Wash and Northwest of England 
and extensive dieback in the estuaries of Essex and the south coast.14

– Sea-level rise of around 10 cm since 1900 is thought to only have been responsible for 
around 2% of sand dunes losses and 4.5% of saltmarsh losses.15

14 Foster et al. (2013).
15 French (1997) for saltmarsh, UK Biodiversity Action Plan Tranches 1 and 2 (1995-1999) for sand dunes, quoted by the UK National Ecosystem Assessment 

(2011b).

Figure 5.1: Historical decline of coastal habitats
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Source: Adapted from UK National Ecosystem Assessment (2011b) quoting Jones et al. (1993) and Delbaere (1998) for sand dunes and Morris et al. 
(2004), Doody (2008) and Cooper et al. (2001) for saltmarsh.
Notes: In total, around 13,000 hectares of coastal habitats (saltmarsh, shingle and sand dunes) have been lost since 1945. This represents 20% of 
the original area of 61,700 hectares of coastal habitats, excluding mudflats.

Figure 5.2: Intertidal coastal habitats at risk of coastal squeeze in England (hectares)
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Source: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
Notes: The locations of all coastal habitats (Natural England’s MAGIC data resource and Environment Agency satlmarsh dataset after Phelan et al., 
2011) were mapped in relation to Shoreline Management Plan policies for each stretch of coastline. Habitats are considered at risk of squeeze where 
they are located seaward in front of a ‘Hold the line’ policy in the first epoch (2010-2030), or in front of ‘Managed realignment’ policy in the first 
epoch that has not yet been delivered (7/9th of managed realignment policies, see Table 5.1).
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Box 5.2: Shoreline Management Plans (SMPs)

• Local authorities on the coast have been cooperating with neighbouring authorities to produce long-term 
strategies to manage a stretch of coastline. Each stretch is broken down into coastal cells, which take into 
account the large-scale coastal interactions that cross local authority boundaries. The Environment Agency 
has a statutory responsibility to take a strategic overview of flood and coastal erosion risk management at the 
national level.

• These regional strategies, known as Shoreline Management Plans (SMPs), start with a large-scale assessment of 
the risks of flooding and erosion, and the drivers of change on the coast. They then identify policies to reduce 
these risks to people and the developed, historic and natural environment, in the context of social, economic and 
environmental priorities for the coastal zone. 

– The first generation of Shoreline Management Plans was published in 1995 and subsequently, the second 
generation of 22 plans covering England and Wales were produced between 2007and 2011.22

– SMPs were mostly led by a local district council or in some cases by a regional office of the Environment 
Agency, and drafted by a steering ‘Coastal Group’, comprising the Environment Agency, all local authorities 
covered by the Plan, Natural England and others as required (e.g. port authorities). 

• On the same stretch of the coast, different policies can apply over the three epochs considered, spanning a 
century (0-20, 20-50 and 50-100 years).23 The primary management policies24 are:

– ‘Hold the line’ by maintaining or changing the standard of protection, prioritising the protection of highly 
valuable assets (e.g. infrastructure) or densely-populated areas.

– ‘No active intervention’, which is mostly applied to coasts that do not have an artificial defence because 
they are not at risk from flooding or erosion or because they have low human vulnerability.

– ‘Managed Realignment’, which is generally applied to non-built-up previously reclaimed agricultural land 
and to eroding coastal cliffs. ‘Managed realignment’ involves either (i) removing or deliberately breaching 
flood defences to allow flooding up to higher ground or a new defence line, or (ii) realignment of coastal cliff 
frontages to allow cliff erosion up to a new defence line.25 Managed realignment partially or fully reinstates 
natural processes of inundation, erosion and accretion. It may involve building new defences, set back on the 
landward side of the original defences. 

• Although Shoreline Management Plans are non-statutory, they can influence long-term decision-making for 
coastal communities.

– In line with Defra’s coastal management framework,26 authorities should use the plans to devise schemes 
that will implement the Shoreline Management Plans preferred policies. They will therefore influence 
the Environment Agency’s decision to fund protection schemes for flooding and coastal erosion risk 
management, and its long term investment strategy.

– Local planning authorities’ development plans and development management decisions should take account 
of any long-term coastal change identified in the Shoreline Management Plans, as well as the specific 
preferred policies.

To deliver these plans in estuaries, the Environment Agency also coordinates estuary strategies, such as those in the 
South-West (Exe, Severn) and the South-East (Cuckmere).

Sources: Defra Shoreline Management Plans guidance (2006).

25 26 

22 http://www.environment-agency.gov.uk/research/planning/105014.aspx
23 Defra recommends to use 2005 as a baseline year. In this chapter, we use 2010 as a baseline year to reflect the fact that SMPs were published between 2007 

and 2011.
24 A fourth management policy is to advance the defence line, but in practice this has not been taken up by the Shoreline Management Plans.
25 This explains why some, but not all realignment schemes lead to habitat creation.
26 Accessible in Defra’s Shoreline Management Plans guidance (2006).

– Coastal erosion and sea level rise are not the only processes that may lead to loss of 
coastal habitats in the future. Development for major infrastructure projects, such as 
ports, energy generation and transport, as well as recreational pressures, such as golf 
courses, could lead to a further loss of habitat. However, it is difficult to estimate the 
scale of these future losses robustly. 

5.4 Assessing the resilience of coastal habitats in England to climate change

Protecting coastal areas from flooding and erosion in the face of sea level rise 
will require greater effort in the future. In part, this will involve increasing levels of 
investment in maintaining and improving coastal defences. The spending requirement 
for coastal defences is expected to rise from current levels of £125 million each year to in 
excess of £200 million by 2030 to keep pace with sea level rise and increased storminess, 
because of associated increases in construction and maintenance costs (Figure 5.3). 
Continued reliance on hard defences will add further pressure to defence costs.

Protecting and enhancing coastal habitats will be an important part of adapting to 
climate change on the coast. Habitats in good condition and with the space to retreat 
inland as sea levels rise will have the best chance of adapting in the face of climate change. 

We examine the long-term plans of local authorities for the coastline (Box 5.2) to assess the 
scale of the adaptation effort needed and its progress. 

Figure 5.3: Current spending levels on coastal defence and estimates of future spending requirements for 
the first two epochs of Shoreline Management Plans (SMPs)
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Source: For current spending levels: Environment Agency 2013-14 programme of works and Department for Communities and Local Government 
Finance Settlement for 2009/10. For the estimate of future needs: Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee, 
Environment Agency Long-term Investment Strategy (2009), and Defra Shoreline Management Plans guidance (2006)
Notes: The current spending levels (blue bar) are the sum of the Local Authorities coastal protection expenditure as reported by DCLG, and 
the Environment Agency reserved (2013-14) and indicative (2014-16) funding (only considering coastal erosion and tidal flooding schemes 
contained in the 2013-2014 programme of works). The Shoreline Management Plans estimates (red bars) for future spending needs is based on the 
implementation costs which have been extracted from the 20 English Shoreline Management Plans, and harmonised in terms of discounting rates 
(see Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee). The estimates based on the Environment Agency (green bar) 
consider the additional funding of their long-term investment strategy for flooding and coastal erosion risk management to keep risk constant (£20 
million/year to 2035). The share allocated to coastal works to 2035 is isolated (£6.6 million/year), using the average split between coastal and fluvial 
works in the 2013-14 programme of works (33% coastal) as a proxy. This additional funding was added to the current spending levels to estimate 
future spending needs (first green bar) over the first epoch (2010-2030).For the second epoch we applied the 1.5 factor recommended by Defra 
(2006) to the current spending levels (blue bar), to reflect the expected increase in costs due to climate change (second green bar).

http://www.environment-agency.gov.uk/research/planning/105014.aspx
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Managed realignment goals in the Shoreline Management Plans

Shoreline Management Plans propose setting back nearly 10% of the coastline by 
2030, rising to nearly 15% by 2060 (Table 5.1).32

• Achieving this goal would mean realigning around 30 km of coastline every year to 
2030. It would also create around 6,200 hectares of coastal habitat by 2030 and 11,500 
hectares by 2060.33

– Meeting these goals would reduce the amount of coastline where there are artificial 
defences from around 54% currently to 47% in 2030 and 41% in 2060.

– About two-thirds of this realignment would take place in the southern part of the 
East coast, the Northwest, and the western part of the South coast. Some coastal 
authorities, mainly around the East coast, plan to realign up to a third of their 
coastline (Figure 5.4). 

– Just under a of third of the plans (7 out of 22) propose realigning between 15% and 
30% of their stretch of coastline (Annex 5.1).

Table 5.1: Summary of Shoreline Management Plans goals

Policy options Current state 
of the coastline

SMPs preferred policy

0-20 years 20-50 years 50-100 years

% of the English coastline, in km

Hold the Line (HtL) 54% 47% 41% 39%

No Active Intervention (NAI)* 43% 43% 44% 44%

Managed Realignment (MR) 2% 9% 14% 16%

Source: Environment Agency National Coastal Erosion Risk Mapping (2011), ABPmer managed realignment database (2013), Shoreline 
Management Plans (2008-2010) accessible from the Environment Agency.
Notes: Shoreline Management Plans preferred policies were extracted from NCERM. For the current state of the coastline, we estimated the length 
of the coastline that had been realigned to date, using an average ratio (20) of hectares created per kilometre of coastline realigned derived from 
data on past schemes (ABPmer) and local authorities projections in the Shoreline Management Plans. Estimates for the proportion of coastline 
where ‘hold the line’ is currently the main policy vary from 46% (Masselink and Russel, 2008, based on Eurosion, 2004), to 58% (Environment 
Agency National Flood and Coastal Defence Database, 2012) and 60% (Nicholls et al., 2013). Our estimate (54%) is derived by calculating 
the amount of coastline that would need to switch from a ‘hold the line’ policy to a ‘management realignment’ one to achieve the Shoreline 
Management Plans’ goal to realign 9% of the coastline in the first epoch. The percentages may not sum to 100% due to rounding. 
*No active intervention refers in part to sections of the coast that have less need to be actively managed (non-erodible, non-floodable), as in parts 
of the South-West.

These long-term plans for realignment are concentrated mostly in sparsely populated 
areas of the coast, dominated by agricultural land. 

• Our analysis finds that all of the 6,200 hectares of coastal habitat due to be delivered by 
2030 could be created without losing a single property.34

• Achieving the longer-term 2060 goal of 11,500 hectares may involve some property 
loss, based on current patterns of development. Future development in these areas 
could make it harder to meet that 2060 goal. On the other hand, planning for the long 
term will help to facilitate future adaptation by helping communities to manage the 
regeneration of areas in which land use may change. 

32 Note that as we approach this date and better knowledge and evidence is available, these goals may be revised to a higher or lower figure.
33 These amounts also include the area of coastal habitats that has been created or is planned to 2016 of around 2,200 hectares.
34 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.

Managed realignment as an adaptation response

Managed realignment allows coastal habitats to respond naturally to sea level rise 
by removing barriers to inland migration. Managed realignment can help limit the 
projected increase in the cost of coastal defences in the long term. 

• Coastal defences that are buffered from waves and storms by coastal habitats require 
lower capital and maintenance costs. 

• When artificial defences are breached or reach the end of their lifetime, defences built 
on a realigned line may require lower capital costs for the same standard of defence. 
Research suggests for instance that, due to wave height reduction, a seawall with 
vegetated saltmarsh fronting the wall can be 20 cm lower than a wall fronted by 
unvegetated tidal flats.27

• The Environment Agency have told us that maintenance costs savings may be modest 
due to additional costs, such as new pumping stations, the need to maintain the 
breach in the old seawall, and in some cases a continued need to maintain the old wall. 
Reduced capital costs are also not automatic, as new defences tend to have wider crests 
and shallower sides.28 Our analysis shows that these factors can considerably affect 
the cost-effectiveness of the managed realignment schemes, especially when they are 
smaller (less habitat area created per kilometre of defence).29

Managed realignment can also compensate for habitat loss and provide 
environmental benefits. Habitat creation provides various environmental benefits (Box 
5.1). These have been valued between £680 and £2,500 per hectare, including carbon 
storage benefits.30

Allowing previously defended cliffs to erode naturally in order to restore sediment 
movement can also be an appropriate adaptation option when benefits downdrift 
more than outweigh the localised losses to cliffs. A research case study looking at a 
stretch of the East Anglian coast showed that artificial defences on eroding cliffs can starve 
and interrupt sediment supply downdrift. This lowers the protective beaches in front of 
floodplains, consequently increasing flood risk further down the coast.31 Removing the 
defences on these cliffs would lead to economic losses on the cliffed coastline, but these 
losses would be more than outweighed by benefits in flood-prone areas downdrift.

27 Möller et al. (1999), King and Lester (1995), experiment in a macrotidal setting in North Norfolk.
28 This is due to maintenance requirements, the quality of available construction material and sea level rise allowances, which can cause crest heights to be as 

high as or even higher than the old defences (Environment Agency personal comment).
29 Scotland’s Rural College (2013) for the Adaptation Sub-Committee.
30 Low estimate derived fromScotland’s Rural College estimated environmental value (£550 ha per year) based on Eftec (2010) median environmental values, 

combined with the carbon storage value (£130 ha per year) based on DECC 2012 prices (with £57 per tCO2eq as a central estimate for non-traded carbon). 
High estimate obtained by summing up the indicative value of saltmarsh and mudflat (£1,500 ha per year in £2011 prices) based on Eftec (2010), and the 
central estimate for carbon storage (£1,000 ha per year) based on Brander et al. (2008).

31 Dawson et al. (2009).



Chapter 5: Regulating services – coastal habitats   103102 Managing the land in a changing climate | Adaptation Sub-Committee | Progress Report 2013

1

• The rate of habitat creation would need to double to 300 hectares each year38 to create 
about 6,200 hectares by 2030 (Figure 5.5). 

• About 1% of the coastline has undergone managed realignment since 1991, and another 
0.8% is planned over the next 3 years. About 1,300 hectares of coastal habitat were 
created by 39 schemes,39 and 7 additional large schemes planned by 2016 should bring 
the total area created to 2,200 hectares. 

• High grade (Grade 1 and 2) agricultural land makes up one third of the realigned 
area to date, the remaining being lower-grade agricultural land, as well as other 
undeveloped land.

Implementing the current plans for managed realignment would cost between 
£10 million and £15 million each year. 

• Managed realignment involves negotiating and buying land at the realignment site, 
artificially breaching defences and, in locations where the site is not bounded by higher 
ground, construction of a realigned flood defence. Ensuring that intertidal habitat 
establishes itself may require introducing saltmarsh species and the excavation of drainage 
channels.40 When compared with the least cost alternative, which is to do nothing and let 
the flood defence gradually deteriorate, managed realignment is a costly option. 

• The Environment Agency estimates that it costs between £40,000 and £50,000 to 
create one hectare of coastal habitat.41 These costs not only include the construction 
and implementation costs, but also the negotiation, feasibility studies and land 
purchase. This final component reflects the future value of agricultural benefits if there 
was no conversion. It should be noted that observed costs on past schemes can vary 
substantially from one scheme to another.42

The costs of implementing managed realignment would be more than outweighed 
by financial savings on construction and maintenance costs, as well as environmental 
benefits.

• On balance, plans for managed realignment to 2030 will save between £180 and £380 
million in reduced maintenance and avoided construction costs compared to holding 
the line over the lifetime of the schemes.43

38 On average 132 hectares were realigned each year between 2000 and 2016, taking into account schemes planned with a high and medium degree of 
certainty (Environment Agency).

39 ABPmer (2013).
40  Turner et al. (2007).
41 Average cost per hectare of habitat created drawn from the Environment Agency costs database (2010), ABPmer (2013) and average construction cost 

of managed realignment (£1 million per kilometre, from Environment Agency cost database) combined with average agricultural land value (£8,300 per 
hectare, for grade 1-2 land from Scotland’s Rural College). Flows of costs to 2030 are discounted using the social discount rate recommended by HM Treasury 
Green Book (3.5%) to 2030.

42 Costs per hectare range from £620 per hectare to £273,000 per hectare within the 39 schemes with cost information in the ABPmer database.
43 Investments for realigned defences are annualised to 2030 (3.5% discount rate), accounting for replacement costs 50 years later (2.5% discount rate). 

Hold the line defences are replaced at a rate of 2% each year. Long-term financial and environmental benefits are accounted for and discounted using 
social discount rates adapted from HM Treasury Green Book (3.5% for 0-20 years, 3% for 30-50 years, 2.5% for 50-100 years) until 2100 by Defra (2006). 
Maintenance savings based on annual maintenance costs of £4,500 per kilometre (Scotland’s Rural College for the Adaptation Sub-Committee, 2013) for 
original defences and £2,225 per kilometre for realigned defences (halving assumption from Turner, 2007), and £104,000 per kilometre for original defences 
(Environment Agency costs database, 2010). Construction savings based on avoided refurbishment of some artificial defences at £3 million per kilometre 
(Defra 2006 guidance). Defra (2006) recommended factors to account for cost increases due to climate change are applied to all costs (factor of 1.5 in the 
20-50 years period, factor of 2 in the 50-100 years period).

Realigning around 10% of the coastline would affect 0.1% of England’s high-grade 
agricultural land by 2030.35 Even without any further realignment, a proportion of this 
land would become inviable for conventional agricultural production due to saline intrusion.

• Our estimates suggest that up to 10,000 hectares of agricultural land may be at risk 
of saline intrusion. These areas are mostly located along the East Coast.36

• This loss of high grade agricultural land could be offset by taking advantage of the 
provisioning services (aquaculture, fish nursery and grazing) that realigned habitats can 
provide (Box. 5.1). In the Alkborough Flats realignment scheme,37 the annual loss of food 
production was more than compensated by developing these new uses.

Delivering managed realignment in practice

The rate of managed realignment would have to increase five-fold from the current 
levels of around 6 km of coastline realigned every year to around 30 km, in order to 
meet the 2030 goal stated in the Shoreline Management Plans. 

35 Or around 1,750 hectares. Assuming a third of the agricultural land where realignment would happen is high-grade, as was the case historically (ABPmer, 
2013) and in natural areas in coastal floodplain behind coastal habitats (Environmental Change Institute et al. for the Adaptation Sub-Committee, 2013). 

36 Environmental Change Institute et al. (2013) for the Adaptation Sub-Committee.
37 Case study in UK National Ecosystem Assessment (2011b), Chapter 11 (Coastal Margins).

Figure 5.4: Shoreline Management Plans options for the the first epoch (2010-2030)

Preferred policy

Advance the line

Hold the line

Managed retreat

No active intervention

Crown copyright 2012.
All rights reserved.
Licence number 100026380.

Source: Environment Agency National Coastal Erosion Risk Mapping (2011)
Notes: This map covers preferred managed options indicated in the 22 Shoreline Management Plans covering England and Wales.
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Plans for managed realignment would also compensate for coastal habitat loss, 
delivering environmental benefits valued at around between £80 and £280 million.45 
Not all of the land set aside for realignment is always transformed into intertidal habitats. 
For instance, a scheme in the Humber estuary created 170 hectares of intertidal habitats 
permanently exposed to flooding and 230 hectares to be used as a storage capacity during 
extreme surge events.46

5.5 Conclusions and policy advice

Coastal habitats provide valuable services in reducing the risk of flooding and  
coastal erosion. These services are threatened by sea level rise. Sea level rise will 
increase flood and erosion risk on the coast and as a consequence mean higher costs 
to society to manage this risk in the future. These costs will be even higher if there 
is continued loss and degradation of coastal habitats as a result of pressures such as 
development and coastal squeeze.

There has been progress over the last decade in developing long-term strategies for 
managing the coast. The Shoreline Management Plans are an important step in taking a 
strategic approach to choosing how to respond to inevitable changes on the coast, based 
on a scientific understanding of coastal processes. These ‘bottom-up’ strategies have 
required local communities to work together across administrative boundaries. 

The Shoreline Management Plans recognise the financial and environmental benefits 
of managed realignment and aspire to realign some 10% of the coastline by 2030 
and 15% by 2060. Meeting these goals would help to minimise the increase in coastal 
management costs and help to ensure the resilience of coastal habitats to sea level rise for 
the next few decades.

However, the current rate of implementation falls well short of what is required  
to reach the 2030 goal. Each year between now and 2030, an average of 30 km  
of coastline would need to be realigned to deliver realignment along 9% of the coastline, 
creating around 6,200 hectares of coastal habitat in total. The schemes delivered to date 
have only realigned about 6 km each year on average and created some 130 hectares of 
coastal habitat each year.47

A number of barriers appear to be hindering the implementation of managed 
realignment schemes.

• High upfront costs: Managed realignment schemes involve upfront costs that are 
higher than the costs of maintaining an existing defence or allowing a gradual decline in 
its condition. However, over the long term, the financial and environmental benefits of 
realignment outweigh these costs. 

45 Average environmental benefit (£1500 perhectare peryear) based on Eftec (2010)’ indicative value for saltmarsh. 
46 Everard (2009) for the Environment Agency.
47 Calculated over the 2000-2016 period.

– These cost savings may be an underestimate as managed realignment can provide 
flood storage. This would make it possible to defer improvements to other flood 
defences that would otherwise be needed to counter the effects of sea level rise, 
either in the tidal rivers upstream of the site, or in other sites downstream.44

– Doing nothing, or a bare minimum of maintenance, stores up problems for the future 
when the sea defences finally do fail and costly action will be required.

44 See Alkborough Flats case study in Everard (2009).

Figure 5.5: Managed realignment to date and comparison with 2030 aspiration from Shoreline 
Management Plans
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Source: ABPmer managed realignment database (2013), area of managed realignment schemes planned to 2016 (high and medium confidence) 
provided by the Environment Agency.
Notes: Approximately 66 km of the coastline has been realigned to date, and planned realignment schemes would bring this to 111 km realigned 
in total by 2016. The average realignment rate between 2000 and 2016 (6 km per year) would need to increase five-fold to about 30 km per year to 
meet the Shoreline Management Plans aspiration of 550 km realigned coastline by 2030. About 1,320 hectares have been created to date (2012), 
and habitat creation schemes in place to 2016 would bring this to 2,220 hectares of habitat created in total. The average rate of habitat creation 
between 2000 and 2016 have been around 130 hectares each year. This rate would need to triple (to around 400 hectares created per year) to meet 
the Shoreline Management Plans aspiration of 7,500 hectares of habitat creation by 2030. 
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Annex 5.1

Regional breakdown of proposed managed realignment in the first epoch (to 2030)

Shoreline 
Management 
Plan number 

Name Km of 
coastline 

Km of regional coastline 
planned to undergo 
realignment (% of the 
regional coastline)

1 Scottish Border to the River Tyne 167 30 (18%)

2 The River Tyne to Flamborough Head 211 11 (5%)

3 Flamborough Head to Gibraltar Point 204 12 (6%)

4 Gibraltar Point to Hunstanton (The Wash) 122 –

5 Hunstanton to Kelling Hard 66 11 (16%)

6 Kelling Hard to Lowestoft Ness 81 27 (34%)

7 Lowestoft Ness to Felixstowe Port 103 27 (27%)

8 Essex and South Suffolk 559 38 (7%)

9 River Medway to Swale Estuary 194 53 (28%)

10 Isle of Grain to South Foreland 120 0.3 (0.2%)

11 South Foreland to Beachy Head 114 8 (7%)

12 Beachy Head to Selsey Bill 95 12 (12%)

13 Selsey Bill to Hurst Spit 361 12 (3%)

14 Isle of Wight 164 3 (2%)

15 Hurst Spit to Durlston Head 198 46 (23%)

16 Durlston Head to Rame Head 847 48 (6%)

17 Rame Head to Hartland Point 868 42 (5%)

18 Hartland Point to Anchor Head 361 22 (6%)

19 Anchor Head to Lavernock Point 415 22 (5%)

22 Great Ormes Head to Scottish border 795 124 (16%)

TOTAL 6,044 548 (100%)

Source: Shoreline Management Plans
Notes: Shoreline Management Plans are highlighted (in bold) where they plan to realign a section of their coastline that represents over 15% of 
their regional coastline. This table is for England only, and omits Shoreline Management Plans 20 and 21 which refer to Wales.

• Financial incentives: When the Environment Agency embarks on managed realignment 
schemes, it will compensate landowners by buying up their land when habitat is 
created. However, satisfactory arrangements can take years to be achieved. For example, 
the site selection and procurement period for the Wallasea scheme took seven years, 
whereas the planning and building of the scheme itself took two and a half years.48

• Public perception: Many stakeholders have identified the lack of public support, 
including local political support, as one of the major barriers to implementation.49  
For instance, one study found that potential social and community issues had made 
it difficult for North Norfolk District Council to accept some of the original Shoreline 
Management Plan recommendations.50 

In order to overcome these barriers, the Government should consider:

• Ensuring appropriate valuation for the services provided by realigned coastal 
habitats. The current lack of a transparent methodology to account for the value of the 
ecosystem services means that the benefits of managed realignment are often not fully 
accounted for in economic appraisals for flood and erosion schemes. Landowners may 
not receive adequate compensation. On the other hand one study found that that some 
land has been bought at a premium in the past.51 The Government’s recently published 
action plan for developing the potential of payment for ecosystem services highlights 
flood risk management as a specific area of opportunity.52

• Requiring that local authorities and the Environment Agency develop clearer 
implementation programmes in line with the preferred options set out in the 
Shoreline Management Plans. Ensuring that existing development plans are fully 
aligned with Shoreline Management Plan goals is particularly important where managed 
realignment is the preferred management option at some point in the future. This will 
help ensure that new development does not hinder the implementation of managed 
realignment. 

• Ensuring an open and realistic approach to adaptation planning on the coast. 
Gaining public support requires regular consultation and communication with local 
communities to help them understand the long term changes that are inevitable on 
the coast and the costs, risks and benefits of coastal management options. Coastal 
management planning and implementation involves difficult trade-offs and potentially 
unwelcome changes for some residents. Local authorities need to adopt an integrated 
approach to planning how coastal communities can thrive socially and economically 
while they adapt to rising sea levels.

48 Garbutt and Boorman (2009).
49 Ledoux et al. (2005).
50  Risk and Policy Analysts ltd. et al. (2008) for the North Norfolk Council District.
51 Garbutt et al. (2009).
52 Defra (2013a). Note that the action plan appears to focus more on the potential for fluvial, rather than coastal, flood risk management payment for ecosystem 

services schemes.
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Chapter 6:  

Conclusions and forward look

6.1 Introduction

In this report, we have assessed vulnerability and adaptation responses for the key 
ecosystem services1 that are likely to be most affected by climate change. This chapter places 
our 2013 analysis in the context of the wider framework for climate change adaptation. 

The findings of this report, together with our reports from 2012 and 2014, will inform the 
ASC’s statutory evaluation in 2015 of the recently published National Adaptation Programme 
(NAP) of the UK Government.2 This is part of a five-year policy cycle established by the 
Climate Change Act (Box 6.1).

Box 6.1: Monitoring and evaluation cycle of the UK Climate Change Risk Assessment (CCRA) and the 
National Adaptation Programme (NAP) 

The Climate Change Act (2008) established a five-year policy cycle, where the Government produces a rolling 
adaptation programme to address the key risks identified in the Climate Change Risk Assessment (CCRA). The ASC 
is required to report to Parliament on the progress made in meeting the objectives, policies and proposals set out in 
the National Adaptation Programme.

This cyclical process of assessment, planning and reporting is an iterative approach to managing the risks associated 
with a changing climate. Each cycle should build on the previous one. So the next CCRA, due in 2017, should take 
account of the extent to which the actions and plans set out in the National Adaptation Programme are influencing 
the overall level of climate risk. 

The ASC’s ongoing assessment of preparedness will inform the evidence base for the next CCRA. Our ongoing 
assessment work is tracking indicators of changing exposure and vulnerability. We are also analysing the 
effectiveness of adaptation actions in reducing risk, and the potential effectiveness of policy options. Together these 
provide a starting point for the next assessment of climate risks. To inform the 2017 CCRA, we aim to produce a 
synthesis in 2016 of any new evidence and the outcome of our assessment of preparedness. A new CCRA will in turn 
feed through to a new set of priorities for action in the next NAP in 2018, and so on (Figure B6.1).

1 Based on those outlined in the UK National Ecosystem Assessment (2011a).
2 HM Government (2013).

Figure B6.1: Monitoring and evaluation cycle of the UK Climate Change Risk Assessment (CCRA) and 
the UK National Adaptation Programme (NAP)

ASC first statutory
report on the NAP

(2015)

ASC progress reports
assessing key CCRA risks

(2012-2014)

National Adaptation
Programme Report

(2013)

Monitoring of trends in risks and actions (Environment Agency and ASC)

CCRA
2012

CCRA
2017

National Adaptation
Programme Report

(2018)

ASC advice to inform
preparation of the CCRA

(2016)

ASC second statutory
report on the NAP

(2017)



Chapter 6: Conclusions and forward look  111110 Managing the land in a changing climate | Adaptation Sub-Committee | Progress Report 2013

1

This chapter takes a look forward towards our statutory report to Parliament in 2015. It includes:

• Details of the ASC’s role in evaluating the National Adaptation Programme. 

• A summary of the cross-cutting issues and policy advice raised from the analysis in this 
report, including a review of the indicators used and key evidence gaps.

• An update on policy developments since the publication of our report on flooding and 
water scarcity in 2012.

6.2 The role of the ASC in evaluating the National Adaptation Programme

In 2015, the ASC will produce a statutory report to Parliament on progress in meeting 
the objectives, policies and proposals set out in the National Adaptation Programme. 
We will update these reports every two years thereafter, as required by the Climate 
Change Act.

The UK Government published its first National Adaptation Programme in July 2013.  
The programme sets out the national priorities for action over the next five years in order 
to address the risks set out in the 2012 UK Climate Change Risk Assessment. 

In line with the requirements of the Climate Change Act, the Committee will consider the 
extent to which:

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

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

3. the policies are being implemented.

We have been applying the ASC assessment toolkit to the major risks and opportunities 
identified by the CCRA. These are set out in a series of reports from 2012 to 2014. In 2012, 
we applied the toolkit to two of the largest risks from the CCRA; flooding and water scarcity 
for households and businesses. This year’s report has considered risks to some of the key 
ecosystem services provided by the land. In 2014, we plan to cover health, infrastructure 
and business supply chains. These reports use indicators to measure changes in exposure 
and vulnerability to climate change and the uptake of adaptation actions to reduce impacts. 
Decision making is also examined to identify incentives and barriers to adaptation.

In some cases, the ASC has quantified the feasibility and costs of a range of low-regret 
adaptations. For example, we have used economic analysis to consider the appropriate 
scale of action for adaptations such as water efficiency, installation of property-level flood 
defences, uptake of on-farm reservoirs, and upland peat restoration. We have also been 
able to measure the uptake of these actions to reach a view on how far the current scale  
of action addresses the risks from climate change.

In other cases, where there is less quantitative evidence on the effectiveness of actions,  
the ASC will track trends and provide a qualitative evaluation of how the level of risk 
is likely to be changing. Examples of these indicators are trends in soil quality and the 
condition and size of semi-natural habitats. 

The ASC will work with the Environment Agency and other organisations with relevant data 
to update the indicators. We will also update the indicator set for 2015 to take account of 
any additional measurable actions set out in the National Adaptation Programme. 

6.3 Overarching conclusions from 2013 analysis

Conclusions and cross-cutting issues

Our analysis of how climate change might affect the important ecosystem services 
provided by the land has produced three broad conclusions:

• Climate change makes the case for action more compelling.

• Many of the Government’s policy goals for managing the land provide a framework for 
adaptation, but the speed of implementation is not in line with the policy goal.

• Valuing ecosystem services explicitly will help to incentivise adaptation and reduce 
some actions that increase exposure and vulnerability to climate change, such as over-
exploitation of water resources.

Climate change increases the case for action 

There are low-cost opportunities to make the natural capital of this country more 
resilient to climate change. Our analysis has demonstrated in a number of areas that 
climate change is likely to increase the risks to the natural capital in this country.  
This strengthens the case for action.

• Reduced rainfall could lower agricultural water supply by up to 15% by the 2020s. 
Increases in soil moisture deficits of around 40%, on top of rising pressure on water 
resources from population growth, could increase demand by between 15% and 55%.

• Climate change is projected to increase the rate of loss of degraded peat soils, potentially 
leading to complete loss in parts of the lowlands within between 30 and 60 years.3 
Taking action to restore degraded upland peat becomes more cost-beneficial once 
the risks of climate change are taken into account.

• Local authorities project a 60% increase in their coastal defence costs by 2030 in 
the face of sea level rise. Further losses of coastal habitats from coastal squeeze and 
development would put greater pressure on the coastal defence budget.

Implementation of policy goals

Many of the actions required to prepare ecosystems for a changing climate are simply 
good land management. The Government has set appropriate policy goals in some 
cases, but implementation of these policy goals is not on track. In other cases there 
are policy gaps.

3 Compared to complete loss in 80 years if climate change is not included in the projections.
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Our analysis has identified examples of policy goals, outlined below,4 that would make a 
significant contribution to addressing key risks to ecosystem services from climate change 
if they were implemented over the next decade:

• Reforming the abstraction regime for water, to allow for flexibility in the system to 
respond to changes in water availability (Water White Paper, 2011).

• Managing all soils sustainably by 2030 (Natural Environment White Paper, 2011).

• Enhancing the condition and extent of semi-natural habitats (Biodiversity 2020 – 
England Biodiversity Strategy, 2011).

• Realigning nearly 10% of the coastline length by 2030 and nearly 15% by 2060 (set out 
in Shoreline Management Plans).

However, in most cases implementation remains slow:

• Our analysis suggests that there are potentially large risks to water availability for crop 
production in the 2020s, driven by climate change and increased demand from other 
abstractors. Changes to the abstraction regime to set up a pricing framework are not 
due to be completed until 2020 at the earliest. This mechanism will therefore not drive 
required action on supply and demand measures in the next ten years. The Water Bill 
contains little on incentivising more efficient use of water in agriculture or other sectors.

• Given the decline in the proportion of wildlife sites classed as in good condition over 
the past 10 years, it is unclear whether the Government will meet its policy goal for 
half of all protected sites to be in a favourable condition by 2020. Similarly, there is a 
question over whether or not the goal of increasing the extent of semi-natural habitats 
by 2,000 km2 by 2020 will be met. 

• Only 1% of the coastline has been realigned since 1990, with another 0.8% planned 
in the next three years. This is about five times slower than the rate needed to meet 
the 10% plan of coastal authorities for realignment by 2030. There is no evidence of 
a detailed implementation programme to deliver the Shoreline Management Plans. 

Although around 40% of upland peat is protected under the Habitats Directive, there is 
no explicit policy on peatland restoration, other than on managing soils more generally. 

In our 2015 report to Parliament, we will consider how far the Government is on track to 
meet its policy goals, and consider what other incentives and barriers are affecting levels 
of action.

Valuing ecosystem services

Improving the resilience of ecosystem services to climate change can involve trade-
offs with other policy objectives. These trade-offs are more likely to be managed 
effectively if the value of ecosystem services is taken into account in the decision-
making process.

4 The goals are set out in the documents listed in brackets.

Some adaptations have few negative trade-offs. These are often low-regret options that 
make sense to implement in any plausible future climate scenario, for example improving the 
water efficiency of crop production or undertaking surveillance for new pests and diseases. 

However, in some cases, increasing the resilience of one ecosystem service can have 
negative impacts for others. Many trade-offs emerge due to the allocation of scarce 
resources such as water and soil, and choices about land use. For example:

• Restoring upland peat areas can displace current activities, such as livestock farming 
and grouse shooting. It can be possible for these land uses to co-exist to some extent.

• Realignment of coastal defences can improve the resilience and cost-effectiveness of 
coastal defences, but agricultural land can be lost in the process. Realigned coastal areas 
can provide opportunities for alternative forms of production, such as aquaculture, fish 
nurseries, or saltmarsh beef production.

• Increasing abstraction of water for agriculture could reduce the amount available for 
the natural environment.

• Increasing drainage of agricultural land could improve agricultural productivity, but 
at the same time could increase flood risk elsewhere or increase diffuse pollution. 

These trade-offs are currently difficult to resolve because the total value of ecosystem 
services is often not reflected in market prices. For example, not having a price for water 
that reflects its scarcity is leading to environmental damage in some catchments. The costs 
of this damage are not currently included in the price of abstraction for farmers. 

The UK National Ecosystem Assessment (2011), Natural Environment White Paper (2012) 
and Natural Capital Committee report (2013) progressively set out the development 
of a system for better valuing ecosystem services by Government. Reflecting the value 
of ecosystem services in private decisions will require further measures, either in the 
form of government intervention (such as taxes and subsidies) or other market-based 
mechanisms. The Government’s recently published Payments for Ecosystem Services Action 
Plan5 is exploring ways to develop the potential for additional investment in the natural 
environment through placing an economic value on the services provided by natural capital.  

Summary of Indicators

For this report, we have developed indicators of progress in adaptation using both 
existing publicly available metrics and our own analysis to develop new datasets. 
Annex 6.1 lists these indicators, including a summary of recent trends.

In some cases, data do not exist to track progress for risks and actions that we would like to 
monitor. There are also some areas where our understanding of risks or the effectiveness of 
actions is limited. Annex 6.2 outlines gaps in evidence related to the analysis in this report 
that need to be filled to assess progress more robustly. 

5 Defra (2013a).
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6.4 Update on flooding and water scarcity 

In our 2012 progress report, we considered the level of preparedness for risks from 
flooding to the built environment and future water scarcity in public water supply. 
The report included advice on decision making and barriers to action. Table 6.1 provides 
an update on decisions and actions that have been taken over the past year in relation to 
our advice.

Flooding 

In our 2012 report, we considered how investment in flood defences, the uptake of property 
level flood defence measures and land-use planning decisions could help to address the 
increased risks of flooding expected with climate change. We concluded that current 
investment in flood defences would not keep pace with increasing flood risk, that there was 
greater scope for the uptake of property level measures and a need for more transparent 
implementation of planning policy in relation to development in flood risk areas.

In the 2012 Autumn Statement the Government announced an additional £120 million 
of capital funding to be spent on building new flood defences over the remainder of the 
current spending review period. In the June 2013 Spending Round the Government also 
announced £370 million would be spent on building new flood defences in 2015/16, a 
rise from the £344 million allocated in 2014/15, and that this will rise with inflation. These 
announcements mean that over the current decade spending on flood defences will match 
previous spending levels, after accounting for inflation. However, this remains below the 
amount the Environment Agency estimated in their 2009 Long-Term Investment Strategy 
would be required to keep pace with climate change.6 

Updated guidance for local authorities on how they should account for flood risk when 
planning for development has not yet been published. However, an independent review for 
Government into streamlining planning guidance for local authorities identified flood risk 
as a priority issue.7

Water scarcity

In our 2012 report, we compared the balance of effort on supply and demand measures 
in public water supply, and concluded there was greater scope to reduce demand in 
household water usage. Some progress has been made in the last year to put in place 
measures to achieve this. The Environment Agency has produced a new draft methodology 
for designating water stressed areas that includes the future impacts of climate change. 
This will allow water companies to consider compulsory metering where there is a future 
risk of water scarcity from climate change. This has not been the case to date. 

Defra’s strategic guidance to Ofwat has stressed the need to consider demand 
management options (such as metering and pricing) fully before making an economic 
case for supply options such as new reservoirs. The next Price Review in 2014 will be a 

6 Environment Agency (2009).
7 External Review of Government Planning Practice Guidance by Lord Taylor of Gross Moor (2012).

key milestone in ascertaining how demand management has been integrated into long-
term planning.

In line with our advice, a review for Defra, the Environment Agency and Ofwat of the 
sustainable economic level of leakage has highlighted the need to include future climate 
change in its calculation.8 This would make leakage reductions more economically 
favourable in areas where climate change could reduce water availability in the future. 
The Environment Agency are considering how to implement this aim. 

The Water Bill does not focus on demand reduction or leakage in its section on water 
resources.

Table 6.1 – Policy developments since the ASC’s 2012 report on flooding and water scarcity

ASC advice Relevant actions/decisions in 2012/13

Flooding

Expenditure on flood defences
Supporting sustained and increased investment 
in flood defences from public and private 
sources, given that current spending plans will 
not keep pace with the increasing risk from 
climate change.

The Government announced in the Autumn Statement an 
additional £120 million of funding to build new flood defences 
over the remainder of the current spending review period. This 
takes total planned Government investment in building and 
maintaining flood defences over the current spending review 
period (2011/12 to 2014/15) to £2,320 million.9 In addition, a 
further £148 million has been secured in partnership funding 
from private and public sector sources. Compared to the four 
years prior (2007/08 to 2010/11), this means that spending in  
the current spending review period will be slightly higher in  
cash terms, but it remains lower after accounting for inflation.10

In the June 2013 Spending Round the Government announced 
a rise in capital spending on building new flood defences 
from £344 million in 2014/15 to £370 million in 2015/16. The 
Government also announced a long-term commitment that 
capital spending would be sustained to keep pace with inflation 
until 2020/21. This would result in average annual investment in 
flood defences between 2011/12 and 2020/21 held constant in 
real terms when compared to 2007/08 to 2010/11.11

While this is a positive move, there remains a shortfall between 
total investment in flood defences and the level the Environment 
Agency estimated in their 2009 Long-Term Investment 
Strategy would be required to keep the number of properties 
at significant risk of flooding in 2035 roughly the same as the 
number today. In this scenario, investment would need to 
increase by £20 million year-on-year on top of inflation. This 
shortfall would need to be met with substantial increases in 
partnership funding or efficiency savings if the Government 
wishes to hold risk constant in the face of climate change.

9 10 11

8 Strategic Management Consultants (2013).
9 Defra (2013f). This excludes net current expenditure by local authorities on flood and coastal erosion risk management which rose from £90 million in 

2008/09 to £104 million in 2011/12. Figures for 2012/13 to 2014/15 were not available.
10 Funding in real terms over the current spending review period is 3% lower in real terms than between 2007/08 to 2010/11. This includes partnership funding 

and assumes the £148 million is spread evenly over the spending review period. It excludes any efficiency savings on capital. The Environment Agency has 
committed to deliver 15% efficiency savings on its capital investment programme. In our last progress report we estimated this could add around £54 million 
in effective spend over the current spending review period. Including this in the calculations would reduce the real terms fall in investment to 1%. These 
figures have been deflated using the ONS GDP deflator accessed on 28 June 2013.

11 This assumes the level of maintenance spending and partnership funding from private and public sector sources remains constant in real terms from 2014/15 
onwards. It is not clear whether funding for maintaining existing flood defences will remain protected.
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Table 6.1 – Policy developments since the ASC’s 2012 report on flooding and water scarcity

ASC advice Relevant actions/decisions in 2012/13

Flooding

Land use planning
Ensure local authorities consistently and 
explicitly assess the potential for accommodating 
development elsewhere before deciding to allocate 
land in the flood risk areas (the ‘sequential test’).

Ensure local authorities transparently assess 
the long-term costs and benefits of allowing 
development in flood risk areas in their 
Sustainability Appraisals.

Improve the development management process 
to ensure that local authorities always inform 
the Environment Agency of the outcome of any 
objection on flood risk grounds.

Updated guidance for local authorities to support the 
implementation of the national planning policy framework  
has not yet been published. 

We understand this is being taken forward by the Department 
for Communities and Local Government as part of the wider 
update of planning guidance recommended by Lord Taylor’s 
review. In the meantime, the Technical Guidance supporting 
the National Policy Planning Framework and the practice 
guidance supporting the now cancelled Planning Policy 
Statement 25 on development and flood risk remain in place. 

We will assess if the published guidance is resulting in more 
transparent decision-making by local authorities on flood risk 
and development in our statutory report in 2015.

Uptake of property-level measures and 
sustainable urban drainage systems (SuDS)
Less than 400 properties a year installed property-
level measures between 2008 and 2011. In our 
analysis, it would be cost-beneficial to increase this 
to 9,000-14,000 properties per year.

Encourage greater use of sustainable drainage 
systems to manage surface water.

Defra and the Environment Agency have committed to 
include property level protection within the partnership 
funding approach. However, it is not clear how this may help 
to deliver an increase in the rate of uptake.

Defra aim to introduce by April 2014 an approval and 
adoption mechanism for new developments, which will ensure 
that SuDS serving more than one property are maintained.

Water scarcity

Demand management
Take further steps to increase household efficiency 
in water use, including through water metering 
and pricing.

This could include removing legal barriers 
to metering in areas with high risk of future 
deficit, through including climate change risks  
into the methodology for designating areas of 
water stress.

Defra’s strategic guidance to Ofwat stressed the need for a better 
balance of demand measures (such as metering) against supply 
measures in the 2014 Water Resource Management Plans.12

The Environment Agency is producing a new methodology 
for designating water stressed areas, that proposes taking 
the risks from climate change into account13 in calculating 
the future levels of water scarcity in different regions. This 
will increase the number of companies that can consider 
compulsory metering.

WRAP was tasked through the Water White Paper to convene 
an industry-led working group to consider how to drive 
demand reduction at the household level. This has led in July 
2013 to an announcement that a large number of merchants 
and retailers will start using the existing Water Label on their 
bathroom products from summer 2014. 

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

Draft water resource management plans are currently being 
published. Final plans will be available in 2014. We will consider 
how these have incorporated risks and uncertainties from  
climate change into proposals for supply and demand measures 
out to 2040.

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

In the Water White Paper, the Government committed to 
introduce legislation on abstraction reform early in the next 
Parliament. Defra has invested £750,000 over the past year in 
research to inform the development of a pricing framework 
that will form the basis of this legislation.

12 13

12 https://consult.environment-agency.gov.uk/portal/ho/waterres/water/stress
13 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/181832/pb13884-sps-seg-ofwat-201303.pdf

Annex 6.1 – ASC indicators used in this report to assess trends in risk and action for key ecosystem 
services and habitat types

Notes: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or no significant trend). A question mark denotes 
indicators for which we do not have a time series as yet, or where there is conflicting evidence on the direction of the trend. The colour of the box 
depicts the implications of that direction of trend in terms of risk (red = risk is increasing; green = risk is decreasing; yellow= risk is neither increasing 
nor decreasing significantly). The text explains our interpretation of the trends.

Indicator type Indicator name 
Source (time series)

Direction of 
trend

Implication of trend

Agriculture – water availability (Chapter 2)

Risk (Exposure and 
Vulnerability)

Total abstraction for agriculture 
(surface water and groundwater)

Environment Agency NALD and 
ABSTAT data (1974 – 2010)

Volume of water abstracted for 
agriculture increased markedly in the 
late 1980s. It has since declined, but 
not as low as the levels seen in the 
1970s. (Section 2.2).

Total water demand for irrigation

Cranfield University (1990 – 2010)

Demand for irrigation (correcting for 
fluctuations in annual rainfall) has 
fallen between 1990 – 2010 (Section 
2.2) according to one recent study. 
This could be due to a decline in 
total cropping area along with 
increases in irrigation efficiency.

Area of crops in climatically suitable 
locations (potatoes, winter cereals, 
sugar beet, carrots, spring barley)

Cranfield University (2000 and 2010)

No significant trend between 2000 
and 2010 (Section 2.2).

Number of catchments with water 
available for abstraction

Environment Agency CAMS data 
(2011)

?
A time series is needed for this 
indicator in order to detect a trend. 

Action Total on-farm reservoir storage 
capacity 

Rural Development Programme 
for England (RDPE) statistics 
(unpublished) (2007- 2013) 

Environment Agency abstraction data 
(2005 – 2010)

Between 2007 and 2013, grants 
were awarded for around 50 
reservoirs, totalling around 3,500 
Ml in capacity. This does not include 
reservoirs constructed without RDPE 
funding (Section 2.2).

Total volume of water abstracted for 
winter storage has risen by about 
4% per year between 2005 and 
2010.

https://consult.environment-agency.gov.uk/portal/ho/waterres/water/stress
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/181832/pb13884-sps-seg-ofwat-201303.pdf
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Annex 6.1 – ASC indicators used in this report to assess trends in risk and action for key ecosystem 
services and habitat types

Notes: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or no significant trend). A question mark denotes 
indicators for which we do not have a time series as yet, or where there is conflicting evidence on the direction of the trend. The colour of the box 
depicts the implications of that direction of trend in terms of risk (red = risk is increasing; green = risk is decreasing; yellow= risk is neither increasing 
nor decreasing significantly). The text explains our interpretation of the trends.

Indicator type Indicator name 
Source (time series)

Direction of 
trend

Implication of trend

Agriculture – soil productivity (Chapter 2)

Risk (Exposure 
and Vulnerability)

Total soil carbon concentration in 
all soils

National Soil Inventory (1978 – 2003), 
Cranfield University

Countryside Survey (1978 – 2007), 
Centre for Ecology and Hydrology

?
The two main soil surveys find 
different trends. The National Soil 
Inventory has measured a decline in 
soil carbon across all soils between 
1978 and 2007. In contrast, the 
Countryside Survey sample found no 
significant change (Section 2.3).

Total soil carbon concentration in 
arable soils

National Soil Inventory (1978 – 2007)

Countryside Survey (1978 – 2003)

The National Soil Inventory recorded 
losses of soil carbon in the richest 
arable soils of 5 g/kg per year, while 
the Countryside Survey recorded 
losses of around 3 g/kg in all arable 
soils (Section 2.3).

Development of agricultural land

Mastermap (2000, 2008 and 2011)

Around 800,000 properties were 
built on agricultural land between 
2000 and 2011. Only 0.2% of high 
grade land has been lost as a result 
(Section 2.3).

Actions Uptake of soil conservation 
measures on wheat and barley 
fields (only)

Food and Environment Research 
Agency (1985 – 2010)

Uptake of soil conservation has 
increased on all except highest 
grade land (Section 2.3).

Agriculture – Technological capability (Chapter 2)

Risk (Exposure 
and Vulnerability)

Total factor productivity of UK 
agriculture

Defra agricultural statistics and other 
sources (1973 – 2010)

Total factor productivity rose by 
34% between 1973 and 2002. The 
annual rate of increase between 
1975 and 1984 was 1.68 per annum. 
Between 1985 and 2009, the rate 
has slowed to 0.26% per annum. 
This increase was lower than France, 
Italy, Germany and the US (Section 
2.4).

Action R&D spend on agriculture

Office of National Statistics and OECD 
– R&D figures (1987 – 2009)

R&D spend has declined by around 
£80 million between 1987 and 2009 
(see Section 2.4).

Number of farmers reporting that 
they are adapting to climate change

Defra Farm Business Survey (2011) ?
64% of farms sampled are 
undertaking at least one practice 
to adapt to climate change. We do 
not yet have a time series for this 
indicator (Section 2.4).

Annex 6.1 – ASC indicators used in this report to assess trends in risk and action for key ecosystem 
services and habitat types

Notes: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or no significant trend). A question mark denotes 
indicators for which we do not have a time series as yet, or where there is conflicting evidence on the direction of the trend. The colour of the box 
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nor decreasing significantly). The text explains our interpretation of the trends.

Indicator type Indicator name 
Source (time series)

Direction of 
trend

Implication of trend

Forestry (Chapter 2)

Risk (Exposure 
and Vulnerability)

Percentage of timber trees  
(oak/beech/pine/spruce) planted 
in areas likely to be climatically 
suitable in 2050 

National Forest Inventory  
(1970 – 2010)

Oak, pine, and spruce trees have 
been planted in progressively more 
suitable areas since 1970. Beech 
suitability declined between 2000 
and 2010, but this only affected  
0.1 km2 of forest (Section 2.5).

Action Diversity of species delivered 
for planting by the Forestry 
Commission 

Forestry Commission (2005/06 and 
2012/13)

Number of different coniferous 
species delivered to the Forestry 
Commission increased from  
11 in 2005/6 to 17 in 2012/13 
(Section 2.5).

Impact Total forest area impacted by 
wildfire

Forestry Commission wildfire statistics 
(2008 – 2013)

Only a very low percentage of 
forest area (10 km2 or less, less 
than 0.001% of total area) has 
been affected by wildfire each year 
(Section 2.5).

Wildlife (Chapter 3)

Risk (Exposure 
and Vulnerability)

Proportion of SSSIs in favourable 
condition 

England Biodiversity Indicators 
(Defra), (2003 – 2013)

Proportion has declined from 43% 
to 37% nationally. Proportion even 
lower in core habitat SSSIs (23%) 
(Section 3.5).

Proportion of SSSIs in unfavourable 
but recovering condition 

England Biodiversity Indicators  
(Defra) (2003 – 2013)

Increased from 14% to 60% 
nationally (Section 3.5).

Extent of semi-natural habitats

Countryside Survey (1998 – 2007) 

Increase in broadleaved woodland 
and heathland, but decline in fen 
(Section 3.5).

Area of land designated as SSSI and 
number of protected sites

England Biodiversity Indicators (Defra) 
(2003 – 2013)

No noticeable change in either area 
or number of sites (Section 3.5).

Number and condition of ‘natural 
connections’ 

Countryside Survey (1998 – 2007)

Decline in length of managed 
hedgerows. Increase in number of 
ponds, but 80% in poor condition. 
No significant change in length of 
rivers or streams, but improvements 
in condition (Section 3.5).
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Annex 6.1 – ASC indicators used in this report to assess trends in risk and action for key ecosystem 
services and habitat types

Notes: the direction of the arrow depicts the trend in that indicator (increasing, decreasing or no significant trend). A question mark denotes 
indicators for which we do not have a time series as yet, or where there is conflicting evidence on the direction of the trend. The colour of the box 
depicts the implications of that direction of trend in terms of risk (red = risk is increasing; green = risk is decreasing; yellow= risk is neither increasing 
nor decreasing significantly). The text explains our interpretation of the trends.

Indicator type Indicator name 
Source (time series)

Direction of 
trend

Implication of trend

Action Area of habitat restoration 

Various sources (1995 – 2012)

Around 8,000 km2 of habitat has 
started to be restored since the  
mid-1990s. (Annex 3.1).

Area under ‘landscape-scale’ 
conservation 

Various sources (1995 – 2012)

Around one-third of England 
(42,000 km2) is covered by these 
initiatives, which aim to co-ordinate 
action across key partners  
(Section 3.5).

Regulating services provided by upland peats (Chapter 4)

Risk (Exposure 
and Vulnerability)

Proportion of blanket bog SSSIs in 
favourable condition

Natural England (2003 – 2013)

Declined from 16% to 12%  
(Section 4.4).

Proportion of blanket bog SSSIs 
in an unfavourable but recovering 
condition

Natural England (2003 – 2013) 

Increased from 15% to 85%  
(Section 4.4).

Change in extent of bog habitats

Countryside Survey (1998 – 2007)

Minor (non-significant) increase 
from 1,260 km2 to 1,340 km2 
(Section 4.4).

Action Uptake of moorland restoration 
option

Natural England (2007 – 2013)

Around 2,000 km2 of upland peat is 
covered by the Higher Level Scheme 
moorland restoration option, funded 
through the Rural Development 
Programme for England (Section 4.4).

Uptake of catchment-scale 
restoration 

Various sources (1995 – 2012)

An estimated 600 km2 of upland 
peat is covered by catchment-scale 
restoration initiatives, primarily 
funded through water company 
investment (Section 4.4).

Annex 6.1 – ASC indicators used in this report to assess trends in risk and action for key ecosystem 
services and habitat types
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nor decreasing significantly). The text explains our interpretation of the trends.

Indicator type Indicator name 
Source (time series)

Direction of 
trend

Implication of trend

Regulating services provided by coastal habitats (Chapter 5)

Risk (Exposure 
and Vulnerability)

Extent of coastal habitats

National Ecosystem Assessment  
(1945 – 2010)

Around 120 km2 of coastal habitats 
(saltmarsh, shingle and sand dunes) 
have been lost since 1945, or 20% of 
the original area. We were not able 
to identify similar data for mudflats. 
(Section 5.3).

Condition of protected coastal 
habitats

Joint Nature Conservation Committee 
(1998 – 2006)

The condition of Special Areas of 
Conservation assessed between 
1998 and 2006 on coastal sites has 
been declining, and the majority  
are in unfavourable condition.  
(Section 5.3)

Action Length of coastline realigned (km)

ABPmer managed realignment 
database (1991 – 2010)

The annual rate of managed 
realignment has steadily increased 
since 1991. The rate for the 2000-
2016 period (6 km/year) would 
need to increase five-fold (to around 
30 km/year) to meet the Shoreline 
Management Plans 2030 aspiration 
(Section 5.3).

Amount of habitat creation, 
following managed realignment 

ABPmer managed realignment 
database (1991 – 2010)

The annual rate of habitat creation 
has steadily increased since 1991. The 
rate for the 2000-2016 period (just 
over 1 km2 per year) would need to 
more than double  
(to just under 3 km2 per year) to meet 
the Shoreline Management Plans 
2030 aspiration (See Section 5.3).
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Annex 6.2 – Evidence and data gaps

Evidence gap Explanation

Agriculture and forestry

Estimates of water use efficiency 
of different crop types

Although data are collected on water use per hectare of crop, there are no data 
available on how much water is used to produce a kilogram of output, which 
would be a more useful measure.

Number and uptake of on-farm 
reservoirs

For this report, we have used Cranfield University analysis to estimate the total 
capacity and number of on-farm reservoirs based on the number and volumes of 
winter abstraction licenses (as these are mainly used to fill reservoirs). Defra also 
have information on how many RDPE grants have been awarded for reservoir 
construction. But these are only a proxy for reservoir capacity, and do not include 
reservoirs that exist but are not filled in winter. Further verification would be 
useful, particularly on the number of existing and new reservoirs constructed 
through time.

Evidence on the trade-offs 
of increasing the amount of 
drained land in England

Around 10,000 km2 of land at risk of waterlogging is not currently drained. It is 
unclear whether increasing the amount of drained land would have an overall 
social benefit in terms of improved crop production, against the risks of increased 
diffuse pollution and increasing flood risk elsewhere. 

Projections of risk to agricultural 
land from surface water 
flooding driven by climate 
change

The risk of flooding to agricultural land can only be quantified for flooding from 
rivers and the sea at present. The Environment Agency’s surface water flood 
mapping provides an indication of vulnerable areas. Further research on the risks 
from surface water flooding is needed.

Evidence on trends in soil 
carbon loss

More effort is needed to strengthen the evidence base on the current trends in 
soil carbon given discrepancies between the Countryside Survey and National 
Soil Inventory on total soil carbon loss. 

Evidence of current and future 
soil erosion rates

Although there are estimates of soil erosion, work is needed to increase 
confidence in these and projections of the risks to soil erosion from climate 
change.

Evidence on the effectiveness 
(and uptake) of soil 
management measures in 
improving soil productivity

There is an urgent need to improve the evidence base on the effectiveness of soil 
management measures in addressing current and future climate risks. 

There is also a need for monitoring of uptake of soil management measures, 
and effectiveness of the current mechanisms for the advice and information and 
consideration of alternative approaches.

Data on total impacts from 
pests and diseases for crops/
livestock/trees (driven by 
climate change)

Data are collected by FERA and AHVLA on the impacts of individual pests and 
pathogens. This is not currently brought together to calculate the total economic 
losses from pests and diseases.

More evidence would be needed to show that climate change is driving part of 
the trend in pest and disease incidence.

The Forestry Commission does collect data on the areas of woodland subject to 
plant health notices, but there is only a short time series for this data.

Wildlife

Data on restoration of SSSIs 
in unfavourable recovering 
condition 

Natural England class a SSSI as being in an unfavourable but recovering condition 
if there is a management plan in place. There are no data available on the 
proportion of those SSSIs where active restoration is actually occurring.

Data on condition of non-SSSI 
habitats

Over 40% of the semi-natural habitat network is not designated as SSSI. 
However, there is no equivalent dataset to assess trends in the condition of 
these sites.

Annex 6.2 – Evidence and data gaps

Evidence gap Explanation

Trends in the extent and 
fragmentation of semi-natural 
habitats.

Natural England’s National Biodiversity Climate Change Vulnerability Model 
(NBCCVM) provides a useful snapshot of the current extent of semi-natural 
habitats and the scale of fragmentation. Regular updating of the model would 
provide a robust indicator, particularly if it categorises the network into the 
classes of fragmentation used in our report.

The NBCCVM is based primarily on Natural England’s Priority Habitat Inventories. 
There are a number of limitations to this dataset, including inconsistent coverage 
between habitat types and a lack of a robust time series. 

Changes in connectivity within 
the wider countryside

A robust indicator of functional connectivity based on the Countryside Survey 
broad habitats would be useful for understanding trends in the permeability of 
the wider countryside.

Peatlands

Robust estimates of emission 
factors for different types 
of peatlands and land 
management practices

There is currently a lack of consensus on estimates of emission factors for different 
peatland categories. The wide range of available estimates reflects the high 
degree of variability and uncertainty. There is a recognised lack of comprehensive 
long-term monitoring of greenhouse gas fluxes and carbon balances for UK 
Peatlands.

Further research is needed to explain the differences between the results of 
different studies; and how estimates vary with site conditions and under climate 
change.

Improved understanding of 
spatial variation of costs and 
benefits of restoration

There is a need for more evidence on the costs of restoration for a wide variety of 
restoration projects to improve understanding of the effect of site conditions and 
project objectives on costs.

There is also a need for evidence on the extent of degradation across different 
sites to allow improved estimation of the benefits of restoration.

Modelling changes in climate 
space that account for biotic 
responses.

Current models take no account of the biotic (particularly Sphagnum) response to 
changing climatic conditions. 

Improved mapping of land 
cover of upland deep peats.

More detailed mapping based on the extent that deep peat is covered by peat-
forming vegetation would provide a more accurate understanding of current 
scale of degradation. This could be regularly updated to provide a robust 
indicator.

Improved mapping of 
restoration activity

There is currently no systematic or comprehensive audit of restoration projects. 

Coastal Habitats

Coastal defence maintenance 
costs

Estimates of average costs (expressed in £/km) for hard defences before and after 
realignment can vary considerably between different sources. Although the costs 
around sea defence schemes are understandably context-dependant, the lack of 
clearer cost indications make it difficult to evaluate the savings from managed 
realignment.

Estimated impacts of sea level 
rise on coastal squeeze

Coastal squeeze and, subsequently, the loss of coastal habitats are the result 
of many factors linked to sea level rise and climate change: submergence, 
coastal erosion and storm surges. There are important uncertainties around the 
combined effect these can have. 
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Glossary

Cross-cutting themes

Biodiversity  
The term biodiversity describes the diversity of life on Earth. Diversity can occur at a number of levels of biological 
organisation from genes, through individuals, populations, species and communities, to entire ecosystems.

Ecosystem 
A dynamic complex of plant, animal, and microorganism communities and their non-living environment interacting 
as a functional unit.

Ecosystem services 
The benefits that society obtains from ecosystems. These include: provisioning services such as food, timber and water; 
regulating services such as flood and disease control; cultural services such as spiritual, recreational, and amenity 
benefits; and supporting services such as nutrient cycling that maintain the conditions for life on Earth.

The land 
In the context of this report, the land refers to terrestrial and freshwater ecosystems, namely the plants, animals and 
natural resources (including soil and water) that are supported by the land. It includes a range of managed and semi-
natural habitats.

Natural capital 
Natural capital comprises assets associated with the land (such as woodlands, fields, urban parks and the subsoil), 
the water environment (rivers, lakes, groundwater and seas) and the atmosphere. It also includes the processes that 
underpin and generate the services that the natural environment provides (for example, the water cycle). The stock of 
natural capital therefore refers to assets that either directly provide benefits or underpin human wellbeing. In this way, 
natural capital generates value for society.

Semi-natural habitat 
Habitat that has many natural features, even though modified by human activities. The natural environment in England 
has been strongly influenced by the way people have shaped and farmed the landscapes over thousands of years, so 
that there are now very few habitats that have not been modified or even created by human actions. Consequently, 
many of the most species-rich habitats of greatest conservation value, such as meadows, heathlands and woodlands, 
created by centuries of human activities, require ongoing management to retain their conservation interest. Technically, 
most are best described as ‘semi-natural’ rather than ‘natural’ habitats. 

Wildlife 
Wild animals and plants living in a natural, undomesticated state.

Chapter-specific themes

Chapter 2
Agricultural Land Classification 
A framework for classifying agricultural land according to the extent to which its physical or chemical characteristics 
impose long-term limitations on agricultural production. These limitations include the range of crops that can be 
grown, the level of yield, the consistency of yield and the cost of obtaining it. The main physical characteristics include 
climate, site and soil. Using this information, the Ministry of Agriculture, Fisheries and Food (1988) classified land into 
five grades: Grade 1 is excellent quality agricultural land; Grade 2 is very good; Grade 3 is good to moderate; Grade 4 
is poor; and Grade 5 is very poor quality.

Contour ploughing 
The farming practice of ploughing across a slope rather than from top to bottom. This slows water run-off to prevent 
soil erosion and allows the water time to settle into the soil. 

Conventional ploughing 
Traditional form of cultivation of loosening and turning the soil to prepare the soil for sowing. This method leaves the 
soil surface relatively bare, increasing the risk of erosion.

Cover crops 
Growing a plant (commonly a legume) over the winter period to reduce soil erosion and increase residue/soil organic 
matter levels in the soil through the input of biomass over time. 

Direct drilling 
A type of conservation tillage where the following crop is drilled into the residue of the previous crop, without the soil 
being ploughed. It is also commonly referred to as deep drilling.

High grade land 
Agricultural land that is of high quality in terms of the range of crops that can be grown, the level of yield, the 
consistency of yield and the cost of obtaining it. See Agricultural Land Classification. In this report, we consider high 
grade land to be Grades 1 and 2.

Minimum tillage 
A farming technique that reduces the degree of soil disruption by keeping ploughing of soil to the minimum necessary 
for crop establishment and growth. The benefits of this are conservation of organic matter, leading to a better soil 
structure and less soil erosion, better soil biodiversity and the use of less energy. Minimum tillage is a specific form of 
reduced cultivation.

Productive capacity 
The ability of the land to support the production of food, timber or other products. 

Provisioning service  
The goods people obtain from ecosystems, such as food and fibre, timber, and fuel in the form of biomass.

Reduced cultivation 
Farming practice that involves less tillage of the soil than is used in conventional farming. This helps to reduce soil erosion. 

Soil degradation 
Deterioration of soil due to human activity that leads to erosion of the soil and loss of nutrients or soil organic matter. 
This can be caused by agricultural activity and results in the soil losing its quality and productivity.

Soil productivity 
The capability of the soil to produce crops, expressed in terms of yield.

Tillage 
The preparation and cultivation of the soil or land for growing crop by ploughing, sowing and raising crops. 

Total factor productivity (TFP) 
A measure of the efficiency of production. TFP is the growth in output which is unaccounted for by growth in inputs 
considered. Inputs include land, water for irrigation, fuel, fertiliser, seed, pesticides, capital and labour. Growth in TFP 
is generally driven by technological change, scale economies and switching to more productive agricultural activities.

Water stress 
Water stress occurs when the demand for water exceeds the available amount during a certain period or when poor 
quality restricts its use. Water stress causes deterioration of fresh water resources in terms of quantity (over-exploitation, 
dry rivers, etc.) and quality (eutrophication, organic matter pollution, saline intrusion, etc.). 

Water Exploitation Index 
The Water Exploitation Index (WEI) in a country or region is the mean annual total demand for freshwater divided by 
the long-term average freshwater resource. It gives an indication of how the total water demand puts pressure on the 
water resource. It also identifies those areas that have high demand in relation to their resources and therefore are prone 
to suffer problems of water stress. Areas with values of over 20% are considered to be stressed. Areas with values of over 
40% are considered severely stressed. The percentages are averages and it would be expected that areas for which the 
Water Exploitation Index is above 20% would also experience severe water stress during drought or low river-flow periods.
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Chapter 3
Climate space  
The geographical area which is suitable for a particular species, based on the climate parameters within which the 
species can survive and reproduce. Climate space does not take into account other factors, such as topography, food or 
water availability that might impact upon the species actual geographical range. As the climate changes, so too climate 
space will move, and to survive species will need to track these movements. This results in changes to species’ local and 
regional distributions.

Natural colonisation 
The process by which a species naturally spread into new areas or regions due to changes in the natural environment. 

Community composition  
A group of species that coexist in space, interacting directly or indirectly. The composition of this community is the 
proportion of species relative to the total in a given area.

Site of Special Scientific Interest (SSSI) 
Nationally important sites designated by Natural England under the Wildlife and Countryside Act 1981 for being ‘of 
special interest by reason of any of its flora, fauna, or geological or physiographical features’. Legislation and policy 
provides a high level of protection for these sites.

Special Areas of Conservation (SACs)  
Protected sites designated under the Conservation (Natural Habitats, &c.) Regulations 1994 in transposition of the EU 
Habitats Directive. The Directive requires the establishment of a European network of high-quality conservation sites 
that will make a significant contribution to conserving the habitats and species identified in Annexes I and II of the 
Directive. Along with SPAs, these form the ‘Natura 2000’ series of sites. All terrestrial SACs are also designated as SSSIs.

Special Protection Areas (SPAs)  
Protected sites designated under the Conservation (Natural Habitats, &c.) Regulations 1994 in transposition of the EU 
Birds Directive. The Directive requires the identification and classification of Special Protection Areas (SPAs) for rare 
or vulnerable species listed in Annex I of the Directive, as well as for all regularly occurring migratory species, paying 
particular attention to the protection of wetlands of international importance. Together with SACs, these form the 
‘Natura 2000’ series of sites. All terrestrial SPAs are also designated as SSSIs.

Local Wildlife Sites (LWS) 
Non-statutory sites identified by Local Wildlife Site partnerships, which are often led by local authorities and partnered 
by a range of local interests. Government policy is to provide protection to LWS through the planning system. 

Ancient Woodland sites  
Areas that have had continuous woodland cover since 1600. Government policy is to provide protection to ancient 
woodland through the planning system and through forestry policy and guidance.

Species assemblage  
The various species making up a community of organisms in a habitat.

Landscape scale conservation 
A term commonly used to refer to action that covers a large spatial scale, usually addressing a range of ecosystem 
processes, conservation objectives and land uses. 

Priority Habitats and species 
Section 41 of the Natural Environment and Rural Communities Act (2006) requires the Secretary of State to publish a 
list of habitats and species which are of principal importance for the conservation of biodiversity in England. The list 
has been drawn up in consultation with Natural England, as required by the Act.

Fifty-six habitats of principal importance are included on the S41 list. They include terrestrial habitats such as upland 
hay meadows and lowland mixed deciduous woodland, and freshwater and marine habitats such as ponds and subtidal 
sands and gravels. There are 943 species of principal importance included on the S41 list.

Ecological network 
A suite of high quality sites which collectively contain the diversity and area of habitat that are needed to support 
species and which have ecological connections between them.

Chapter 4
Blanket bog habitat 
Priority Habitat that form where rainfall is very frequent and cloud cover is high. This allows peat to develop over large 
areas of wide flat land with a variable depth of peat. Rainfall, snow and mist are the sole source of scare nutrients; 
the plants that can tolerate these conditions include Sphagnum bog mosses and cotton grasses, along with heathers. 
Golden plover and dunlin nest in these remote areas, as do hen harriers and short-eared owls. 

Carbon sequestration  
The removal and storage of carbon from the atmosphere in carbon sinks, such as forest or peat, through physical or 
biological processes.

Deep peat 
Organic material (the remains of wetland plants and animals) that has built up in more or less permanently saturated 
conditions over thousands of years, and represents a large store of carbon captured from the atmosphere. In an 
undamaged state, peat usually remains wet at the surface all year round and will continually accumulate organic matter 
as carbon. Peat soils in England have been accumulating carbon since the retreat of the last glaciers approximately 
10,000 years ago. Deep peaty soils are usually categorised as those covered with a majority of peat at least 25cm in 
depth. Some peat soils have reached depths of eight metres or more.

Chapter 5
Accretion 
Land increasing due to sediment being added to it.

Artificial defences 
Artificial defence engineering options dissipate wave energy and protect against flooding, either under the form of sea 
walls, groynes, or rock armouring. Other non-engineered artificial defences include beach nourishment, replacing sand 
or shingle beach or cliff material that has been removed by erosion, or longshore drift.

Coastal cell 
A section of coastline along which the transport of coarse sediment (sand and shingle) is self contained over time-scales 
of years to decades.

Coastal erosion 
Wearing away and breaking up of rock or removal of deposited sediment caused by wave, tide, or wind action at 
the coast.

Coastal flooding 
Inundation due to storm surges or extreme high tides in low-lying coastal areas (episodic flooding), or due to sea level 
rise (longer-term flooding), or wave-induced breaching of natural or artificial barriers.

Coastal habitats 
Supra-tidal (sand dunes, shingle) and intertidal (saltmarsh, mudflat) habitats.

Coastal processes 
Erosion, transportation and deposition of sediment under the action of waves, wind and tides. The movement of 
material sideways along the coast, due to oblique wave breaking and oblique swash with backwash directed downslope 
is called longshore drift.

Coastal squeeze 
The process by which coastal habitats and natural features are progressively lost or drowned, caught between coastal 
defences and rising sea levels.

Managed realignment 
The process by which the coastline is allowed to move landwards or seawards, with some management to control or 
limit that movement.
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