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PROVISION OF ECOSYSTEM SERVICES THROUGH THE ENVIRONMENTAL 
STEWARDSHIP SCHEME 

EXECUTIVE SUMMARY 

The study 
This study, undertaken by Land Use Consultants (LUC) in association with GHK Consulting 
(GHK) has reviewed the ecosystem services currently provided, or with the potential to be 
provided, through Environmental Stewardship (ES), Defra’s flagship agri-environment 
scheme.  Specifically it has investigated: 

 Which ecosystem services are potentially provided by ES, following the Millennium 
Ecosystem Assessment framework; 

 The  potential quantity of this service provision, based on an analysis of the uptake of 
each of the ES options; 

 The degree to which this service provision can be monitored; and 

 How to value the benefits provided by these services. 

The natural environment and ecosystems provide a wide range of valuable services that 
benefit people (ecosystem services).  Reflecting the Millennium Ecosystem Assessment 
framework these services can be classified as the supporting services essential to life (such as 
photosynthesis and soil formation); the provisioning services (such as the provision of food, 
fibre and fuel); the regulating services (from climate regulation to the regulation of air, soil, 
water and pollination); to the cultural services associated with human well-being (including 
cultural heritage, sense of place and recreation).  The conservation of biodiversity for its 
own sake is also often considered as a separate and discrete service in its own right. 

Environmental Stewardship 

ES was launched in 2005 as a multi-objective scheme: with primary objectives for: wildlife 
conservation; maintenance and enhancement of landscape quality and character; protection 
of the historic environment; protection of natural resources (water and soils) and 
promotion of public access and understanding; as well as secondary objectives for genetic 
conservation and flood management. Early on in the life of ES there was a bias towards the 
delivery of biodiversity reflecting the number of biodiversity targets both nationally and in 
the targeting of scheme delivery.  But as ES evolves, so its multi-objective emphasis is 
increasingly being realised as indicated, for example, in the latest integrated map-based 
targeting of HLS launched by Natural England at the end of 2008. 

ES options are available under (a) Entry Level Stewardship (ELS)1 where entry is assured to 
all eligible applicants and where options focus on supporting sustainable land management 
with their effects generally felt over a short time-scale; and (b) Higher Level Stewardship, a 
competitive scheme which aims to deliver significant environmental benefits in high priority 
situations involving more complex types of management with an emphasis on the 
conservation, restoration and creation of habitats, where the final desired outcomes may 
take many years to reach fruition.’ 

Clearly this study provides a snap-shot in time in the continuing evolution of ES. 

                                            
1 Also available as Organic Entry Level Stewardship (OELS) on registered organic land 
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Key findings  
 
1. Multi-objective: This study has demonstrated that, in principle and practice, ES is a 
multi-objective scheme.  Most ES options (both ELS and HLS), have the potential to deliver a 
wider range of services than those for which they were originally designed (and significantly 
greater than that envisaged in the scheme literature).  For example, according to the scheme 
Handbooks, a total of four options (2 ELS, 2HLS) are specifically designed to deliver 
prevention of soil erosion – yet a total of 120 different options have the potential to assist in 
the delivery of this service.  ES options delivering over 15 services are those associated with 
woodlands, hedgerows, upland moorland and blanket bog, lowland heathland, and semi-
natural grassland. Nevertheless, current ES option design, may not always be the best for 
this broad multi-service delivery as this was not its original purpose. 

2.   Range of service delivery: Those services that ES seems best able to assist in 
delivering are: biodiversity; protection of soil organic matter (a supporting service);  genetic 
conservation and water provision (provisioning services); water infiltration, flood alleviation 
and coastal protection, erosion control, water quality and pollination (regulating services); 
and recreation, education, cultural heritage, aesthetics, and sense of place (cultural services).    
Many of these services reinforce the exiting objectives of ES. 

3. Climate change mitigation: ES also has an important role in climate change 
mitigation – contributing to carbon sequestration and storage by key habitats, and providing 
exemplars of climate change mitigation through land management.  But the small areas of ES 
uptake (see below) highlight that ES can only play a part in a much wider suite of guidance 
and regulation needed to encourage appropriate land management for climate regulation.  
Indeed it could be unwise to ‘climate proof’ every ES option as this could reduce their 
importance for biodiversity (including biodiversity adaptation to climate change), and the 
cultural services. 

3.   HLS vs ELS:  As would be expected from the scheme design, HLS options have the 
potential to deliver a greater range of services and at higher impact than ELS.  This is 
confirmed by the ES uptake data that demonstrates that the overall levels of service delivery 
through HLS on a given area under agreement are greater than for ELS, both in the number 
and intensity of services delivered.  This highlights the importance of conserving existing 
habitats in favourable condition, to maximise their resilience for service delivery. 

4. Location of ES options: Many of the cultural and regulating services will only be 
achieved if ES options are targeted to the right locations – that is at the regional scale (e.g. 
the uplands); at the landscape scale (e.g. floodplains); and at the farm / field scale (e.g. beside 
water courses).  Currently there is no prescribed targeting of ELS options at the farm scale 
and the targeting of a significant proportion of HLS options has, in the past, related to the 
support of biodiversity. This is mirrored by the locational advice in the scheme literature.  
As a consequence, much of the potential ecosystem service delivery discussed in this report 
may not be achieved. Nevertheless the multi-objective way forward is illustrated by the 
latest integrated map-based targeting of HLS).   

5. Area under ES option management: Ensuring that ES options are targeted to 
maximise service delivery is all the more important given the relatively small areas under ES 
option management (11.3% of the agricultural area of England in 2008 of which 8.8% is under 
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ELS and 2.5% is under HLS management options).2  This highlights that to maximise service 
delivery there would need to be a combination of: single focus ES options delivered through 
highly focused targeting; broad multi-objective options; and combinations of co-located 
options.  The more focused targeting of ELS options might be achieved (subject to EU rules) 
by providing point bonuses in priority areas or by prioritising certain options in particular 
zones. Nevertheless, a balance will need to be struck between increasing the effectiveness of 
ELS through more focused targeting and avoiding increased complexity and administrative 
costs, which may also risk reducing clarity for farmers.  

6. Monitoring of ecosystem service delivery under ES: Monitoring of service 
delivery under ES is difficult because the relatively small areas under ES option uptake make 
it difficult to draw any statistically significant links between national data on the outputs of 
services and the areas under ES management.  Broadly measurement of service delivery 
under ES falls into four groups ranging from the most to the least easy to measure: (a) 
Where there are existing outcome indicators which can be mapped spatially allowing 
comparison with areas of ES uptake; these services are: fresh water, water regulation, 
natural hazards, and cultural heritage. (b) Those services where ES uptake data should 
provide a reliable indicator of service delivery; these are genetic resources, pollination, 
recreation and education, (c) Services where there is a suitable indicator but additional 
sampling of ES agreement land will be needed to measure the impact of ES uptake; these 
services are water quality; erosion control and soil formation. (d) Finally there are services 
where alternative approaches will need to be adopted that may involve developing 
landscape-scale models for predicting impacts and transferring findings from other studies. 

7.  Valuing the benefits of ecosystem service delivery under ES: This study has 
developed a framework for the valuation of services provided under ES.  It has highlighted 
the importance of basing valuation on the net change in service delivery (i.e. the difference 
between having and not having ES in place).  It is clear that in many areas there is a lack of 
data to inform the valuation of benefits.  There is therefore a case for adopting top down 
approaches that use stated preference methods to value the overall benefits of the scheme, 
as well as bottom-up approaches that help to tease out the values attached to different 
services.  Stated preference methods are needed to value certain cultural services but in 
practice the responses received are likely to be influenced by perceptions about the 
regulating role of ecosystems.  Care is therefore needed in the aggregation of different 
values, to avoid the risk of double counting. 

Suggestions 
 
In response to these findings potential suggestions are: 
 
1.  Research is needed into: (a) the optimal land management options for multi-purpose service 
delivery; (b) the areas of land required under different management options to deliver different 
ecosystem services and whether there are specific area thresholds that need to be achieved; (c) the 
development of spatial and temporal models that assess the delivery of each service by different 
options in different situations; (d) methods for improving the farm-scale targeting of ELS options and 

                                            
2. The area of land under agri-environment agreement can be measured in two ways: (a) the total land area of 
holdings under agreement or (b) the total area of land under specific option management on holdings with 
agreements.  The former method is used to assess scheme performance against uptake targets and is the most 
often quoted figure.  The latter method is used (as here) in association with the delivery of benefits.  Details of 
how these figures were derived are set out in the main report. 
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their  relative cost benefit; (e) developing more robust quantification of the benefits provide by 
different services, especially the regulating services; and (f)  the effects of ES on wider land 
management practices on the farm and the perceptions of the farming community of ecosystem 
services. 

2. The wide range of services that ES is able to deliver should be explicitly acknowledged and kept 
under review in line with broader policy development on multi-purpose land use. 

3. An ecosystem services framework (potentially an adaptation of the Millennium Ecosystem 
Assessment framework) should be used as ES objectives and options are developed to ensure that 
all-round benefits are maximised and unnecessary adverse impacts are avoided. 

4. ES should be made up of a combination of single focus and multi-benefit options clearly designed 
to deliver a range of complementary services. 

5. The vital role of HLS in wide ranging service delivery associated with maintaining existing habitats 
in favourable condition should be highlighted. 

6.  Where it does not compromise other objectives, climate mitigation should be integrated into ES 
options.  

7:  HLS should be targeted to maximise service delivery, with targeting at the regional, landscape 
and field scales.  As far as possible there should also be targeting of ELS to ensure that it is able to 
deliver key regulating, cultural and supporting services.  But the approach will need to avoid 
complexity and not increase costs relative to the benefits provided.  

8: At the regional / landscape-scale, there may be a case for identifying bio-geographical areas 
where the relationships and inter-dependencies between ES options (e.g. between ELS and HLS 
options) can be considered and synergies identified. This approach underlies the most recent 
targeting of HLS launched by Natural England at the end of 2008. 

9: Methods for improving the farm-scale targeting of ELS options should be explored building on 
work being undertaken by Natural England, This may involve: an Enhanced Farm Environment 
Record (FER); improved written guidance; guidance for project officers; and use of other projects; 
such as the England Catchment Sensitive Farming Delivery Initiative to assist in scheme delivery. This 
reflects current proposals by Defra / Natural England for a geographically differentiated programme 
of advice to support ELS delivery. 

10: The ES-scheme literature should do more to reflect the wide range of services that ES can 
provide. 

11: Mechanisms should be developed which encourage the integrated planning of ES with other 
broader tools such as cross-compliance and regulation, so maximising all round service delivery on 
farmland.   

12: The results of this study should inform broader considerations of multi-purpose land use.  Indeed 
ES effectively embodies the key findings of the IAASTD report (2008) Agriculture at a Crossroads. 

13: Monitoring of ecosystem service delivery under ES will need to involve the analysis of spatial 
datasets overlaid against ES uptake data combined with (a) developing landscape-scale models for 
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predicting impacts; (b) focusing data gathering in target areas; and (c) transferring findings from 
other studies. 

14: The valuation of ecosystem services delivery under ES should use both top-down and bottom-up 
valuation approaches. Top down approaches avoid double counting of benefits but need to be 
balanced by bottom-up approaches that help tease out the values attached to different services. 
 
Land Use Consultants in association with GHK Consulting, 
March 2009 
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1. THE BRIEF 

1.1. This study has assessed the delivery of ecosystem services through Environmental 
Stewardship (ES) Defra’s flagship agri-environment scheme.  It has been undertaken 
by Land Use Consultants (LUC) in association with GHK Consulting Ltd (GHK) who 
have advised throughout and have undertake all work relating to the valuation of the 
benefits derived from ecosystem service delivery (Chapter 8). 

1.2. The overall aim of the study has been: 

 To review the ecosystem services currently provided, or with the potential to be 
provided, through the Environmental Stewardship scheme and to provide 
recommendations on how provision of these ecosystem services could be monitored 
in the future. 

1.3. This study provides evidence about the benefits of ES.  It identifies areas where the 
scheme has potential to make a greater contribution to environmental objectives and 
aims to inform future decisions regarding the balance of objectives and geographical 
coverage / desired uptake of the scheme.  It is recognised that in the light of 
increasing resources being spent through ES, it is important that: 

 the full environmental impact (including any unintended effects) of the 
expenditure are assessed 

 the evidence is available to guide and support any adjustments to the scheme to 
increase its environmental effectiveness. 

SEQUENCE OF THE STUDY 
1.4. The study has been required to follow a simple sequence of investigation: 

 What ecosystem services are provided / impacted on by ES? 

 What is the quantity of this provision? 

 How can we be sure that these services are being delivered through 
measurement / monitoring? 

 How can the benefits of ecosystem services delivered through ES be valued? 

RESEARCH OBJECTIVES 
1.5. This sequence is clearly set out in the research objectives, which were to: 

I. Identify the ecosystem services with the potential to be impacted and provided 
through the current provisions under the Environmental Stewardship scheme – 
relating these both to the management options through which they are 
impacted or provided and the current, measured scheme objectives and 
outputs.  This should take account of the multi-functionality of service provision 
by different habitats and show relationships and interdependencies between 
services. 

II. Comment, in qualitative terms, on the likely extent to which ES currently 
contributes to the provision of each of these ecosystem services, in the context 
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of available information on uptake of the scheme across England and of the 
various management options. 

III. Make recommendations on how delivery of the ecosystem services identified 
could be measured, and the extent to which this is currently possible.  In 
addition make recommendations on existing sources of information (including 
relevant datasets and existing monitoring initiatives) which could be used to 
monitor these services. 

IV. Develop a clear framework to show the links between the ecosystem services 
identified and the benefits on which you might place economic value on the 
ecosystem services identified, and how this might be achieved (e.g. through 
elucidating public preference).  Any barriers to valuation (e.g. difficulties in 
measuring ecosystem services) should be highlighted, as well as highlighting any 
issues that would need to be overcome (such as ensuring no double counting of 
benefits). 

V. Recommend opportunities to enhance the benefits, in terms of ecosystem 
goods and services, provided through the scheme nationally.  For example, 
through considering appropriate areas of coverage and intensity of the scheme 
for optimal provision of ecosystem services. 

GROSS AND NET SERVICE DELIVERY 
1.6. Through the study it became clear that the delivery of ecosystem services by 

Environmental Stewardship needed to be considered in both gross and net terms. 
Gross service delivery is concerned with identifying the range of services provided by 
land under the ES options.  In other words, it is looking at the services delivered 
under conservation land management.  On the other hand, net service delivery is 
concerned with identifying the marginal difference in service delivery achieved 
between not having an ES option in place and having it in place.  Net service delivery 
is a necessary pre-requisite to valuing service delivery under ES, as it identifies the 
step change achieved under ES. 

1.7. The difference between gross and net service delivery is picked up in Chapter 3 and 
is explored further in Chapter 6. 

STRUCTURE OF THIS REPORT 
1.8. The structure of this report follows the sequence of investigation set out in the study 

objectives. 

 Chapter 2 briefly summarises the policy context while Chapter 3 sets out the 
general principles that have guided this study and have influenced the 
identification of ecosystem service delivery under ES 

 Chapter 4 responds to Objective 1 of the brief and considers the range of 
ecosystem services delivered and impacted on by ES in gross terms, with 
consideration of how this delivery of ecosystem services differs between the 
Entry Level Stewardship (ELS) and Higher Level Stewardship (HLS). 
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 Chapter 5 responds to Objective 2 of the brief and, through analysis of the ES 
uptake data, quantifies gross service delivery by both ELS and HLS.  It also maps 
the spatial delivery of different services across England, based on the relevant 
uptake data in each of the 159 Joint Character Areas (now known as National 
Character Areas). 

 Chapter 6 provides further analysis under Objective 2 of the brief.  It compares 
gross and net service delivery within six different national agricultural landscape 
typologies, including brief description of four counterfactuals that reflect the 
landscape typologies.  These illustrate net service delivery under ES in different 
parts of the country under different farming systems.  

 Chapter 7 responds to Objective 3 of the brief.  It outlines how the delivery of 
ecosystem services under ES might be measured / monitored and points to 
relevant datasets for this purpose. 

 In turn, Chapter 8 responds to Objective 4 of the brief, setting out a framework 
to value the ecosystem services delivered under ES. 

 The findings of the study are then brought together in Chapter 9 which draws 
together the main conclusions and recommendations. 
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2. POLICY CONTEXT 

ECOSYSTEM SERVICE DELIVERY 
2.1. The Government places great importance on the natural environment as set out in 

Public Service Agreement (PSA 28) which details the Government’s vision “to secure a 
diverse, healthy and resilient natural environment, which provides the basis for everyone’s 
well-being, health and prosperity now and in the future, and where the value of the services 
provided by the natural environment are reflected in decision-making.” 

2.2. The ecosystem services concept recognises that natural environmental capital or 
ecosystems provide a wide range of valuable services that benefit people.  Thus the 
approach focuses on the contribution of ecosystems to human welfare (through the 
services they provide).  It adopts an anthropocentric view which is seen as the most 
relevant to policy-making.   

2.3. These ecosystem services range from the essentials for life, including clean water, 
food and fuel (provisioning services), to things that improve our quality of life and 
well-being, such as recreation and beautiful landscapes (cultural services). But they 
also include natural processes, such as climate and flood regulation (regulating 
services), that we often take for granted – and as we have seen with climate change, 
we damage these natural processes at our peril.3 

2.4. What is clear is that we are currently using the natural environment in a non 
sustainable way, that is, in a way that diminishes the extent and condition of 
ecosystems and thereby reduces the range and quality of services provided.  

2.5.  In order to improve effectiveness in securing a healthy natural environment, Defra is 
committed to developing a more strategic approach and a more integrated 
framework for policy making and delivery.  As part of this, further steps are being 
taken to embed an ecosystems approach in policy-making and delivery, based on a 
number of core principles set out in ‘Securing a healthy and natural environment: An 
action plan for embedding an ecosystems approach’ (December 2007): 

 taking a more holistic approach to policy-making and delivery, with the focus on 
maintaining healthy ecosystems and ecosystem services; 

 ensuring that the value of ecosystem services is fully reflected in decision-making;  

 ensuring environmental limits are respected in the context of sustainable 
development taking into account ecosystem functioning; 

 taking decisions at the appropriate spatial scale while recognising the cumulative 
impacts of decisions; 

 promoting adaptive management of the natural environment to respond to 
changing pressures, including climate change. 

2.6. The particular benefits of an ecosystems approach are seen by Defra to be: 

                                            
3 Defra (2007) Securing a healthy natural environment: An action plan for embedding an ecosystems approach 
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 more effective delivery of environmental outcomes; 

 better-informed decisions that take full account of environmental impact, helping 
the achievement of sustainable development; 

 better prioritisation and more efficient use of resources; 

 more effective communication and greater awareness of the value of the natural 
environment and ecosystem services. 

2.7. The growing importance of ecosystem services is emphasised by the announcement 
on 21st July 2008 by Hilary Benn, Secretary of State for Environment, Food and Rural 
Affairs, that Defra would commit £500,000 over two years to fund an ecosystem 
assessment for England. 

ENVIRONMENTAL STEWARDSHIP (ES) 
2.8. As set out in the brief to this study, Environmental Stewardship (ES) is an agri-

environment scheme introduced in 2005 and delivered by Natural England (NE).  It 
supersedes the two previous agri-environment schemes Environmentally Sensitive 
Areas (ESAs) and the Countryside Stewardship Scheme. 

2.9.  It is a multi-objective scheme that aims to secure widespread environmental benefits 
by: 

• contributing to meeting the Natural Environment PSA target (PSA 28) 
[http://www.defra.gov.uk/corporate/busplan/spending-review/psa2007.htm];  

• helping deliver a range of other public goods in terms of landscape, biodiversity, 
natural resource protection (soil and water quality), public access, and the 
historic environment etc., including through an expansion of organic farming; 

• articulating Government policy on CAP reform by utilising resources transferred 
from Pillar 1 to Pillar 2, and thereby targeting support at public benefits; and  

• distributing about 80% of the expenditure under the draft Rural Development 
Programme for England. 

2.10. The ES scheme has three main elements: 

• Entry Level Stewardship (ELS) – is a ‘broad and shallow’ scheme where farmers 
are free to choose from a national menu of options those they consider 
appropriate to their circumstances and to locate them where they see fit, without 
the benefit of advisor guidance.  There is no spatial targeting of ELS options at the 
farm-scale. Eligibility is open to all and entry is assured so long as applicants 
achieve the required score, with different ES options having different numbers of 
points.  Applicants for ELS are required to complete a Farm Environment Record 
(FER) as part of their application. 

ELS has been designed as a scheme simple to administer, understand and enter, 
providing equity of opportunity between all farmers. 
 

• Organic Entry Level Stewardship (OELS) - is equivalent to ELS but is only 
available on registered organic land.   
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• Higher Level Stewardship (HLS) - is actively targeted towards land of particular 
environmental value where environmental benefits can be maximised (Box 2.1).  
It is a competitive scheme under which only those applications assessed as 
delivering significant environmental benefits (multi-objective) suitable to the local 
area are selected.  All applicants are required to complete a Farm Environment 
Plan (FEP), with advice available from Natural England. (see para 3.27). 

Targeting of HLS        Box 2.1 

In October 2008 Natural England produced a set of targeting maps to increase the 
environmental benefits delivered through HLS.  These maps identify areas where 
environmental outcomes are likely to be greatest.  The targeting maps are the first 
systematic joining together of information on biodiversity, landscape, natural 
resource protection, public access and historic interests.  At the same time a range 
of themes have been identified which provide an opportunity for all farmers and 
managers to use HLS irrespective of their location, providing that they deliver 
management options that support these themes. 

http://www.naturalengland.org.uk/ourwork/farming/funding/es/hls/targeting/default.aspx 

Objectives of ES 
2.11. The objectives of Environmental Stewardship are wider than those of predecessor 

agri-environment schemes.  Whereas past agri-environment schemes focused on the 
conservation and enhancement of biodiversity, landscape, the historic/cultural 
environment and access, ES is a multi-objective scheme, where each agreement is 
expected to contribute to a number of the ES objectives. These ES objectives are 

 
Primary objectives 
• conserve wildlife  
• maintain and enhance landscape quality and character 
• protect the historic environment  
• protect natural resources 
• promote public access and understanding of the countryside (through HLS only) 
 
Secondary objectives: 
• genetic conservation 
• flood management 

  The desired outcomes linked to these objectives are set out in Table 2.1 
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Table 2.1: The identified objectives and targets/outcomes of ES  
 (Source: Defra Environmental Stewardship Evaluation Plan February 2006) 

Targets / Outcomes ES Primary 
Objective High Level Specific 

 improve the quality of the farmed 
countryside for wildlife 

 reverse the long term decline of 
farmland birds by 2020 

 improve the status of key farmland 
habitats and indicator species 

 Maintain and restore nationally 
and internationally important 
wildlife sites to safeguard their 
value 

 Contribute to bringing into 
favourable condition by 2010 95% 
of nationally important wildlife sites 

 Bring Natura 2000 sites into 
agreement and contribute to 
achieving favourable conservation 
status 

Conserve 
wildlife 

 Contribute to Article 10 of the 
Habitats and Species Directive, 
the Gothenburg Protocol and Kiev  
Resolution to stop the loss of 
biodiversity by 2010 through 
halting and reversing the decline in 
farmland species and habitats 
identified as a priority in the 
England Biodiversity Strategy 

 Secure a positive trend in the 
England Biodiversity Strategy 
indicators for farmland species 

 Maintain and enhance 
characteristic landscape features 
and restore characteristic 
landscape features appropriate to 
the local area 

 Demonstrate effective targeting of 
features appropriate to the 
character area and ensure 
management under the scheme is 
appropriate 

Maintain and 
enhance 
landscape 
quality and 
character 

 Maintain and enhance the local 
distinctiveness of the landscape 
and restore and create locally 
distinctive landscapes 

 Demonstrate that management of 
features is strengthening landscape 
character at the character scale 

 Maintain and enhance the 
condition of historical and 
archaeological features, landscapes 
and structures 

 Demonstrate that ES is effectively 
targeting historic features and 
landscapes and that management of 
sites is appropriate 

Protect the 
historic 
environment 

 Maintain and enhance the 
condition and character of 
traditional and historic rural 
buildings 

 demonstrate effective targeting and 
restoration of historic rural 
buildings 

 Contribute to enhancing the 
quality of inland and coastal water 
bodies, including ground water, in 
line with the Water Framework 
Directive 

 Explore the link between the 
uptake of ES and water quality 
enhancement at farm and catchment 
scale 

Protect 
natural 
resources 

 Contribute to Diffuse Pollution 
from Agriculture (DWPA) short-
term (2008) objective of stabilising 
nitrate and phosphate losses from 
agriculture 
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Targets / Outcomes ES Primary 
Objective High Level Specific 
Protect 
natural 
resources 
cont/ 

 Conserve soils and maintain and 
restore their healthy functions (as 
per Defra soil action plan) 

 Reduce the risk of erosion of 
vulnerable soils through introducing 
appropriate management 

 Increase the organic matter content 
of soils 

Promote 
(permissive) 
public access 
and 
understanding 
of the 
countryside 

 Increase public enjoyment and 
understanding of the countryside, 
its history, landscape, wildlife, 
culture, and agriculture 

 Improve and create public access 
routes, links and areas where their 
need has been identified 

Genetic 
conservation 

 Contribute to the conservation of 
traditional and locally distinctive 
breeds of farm animal and locally 
distinctive fruit trees where their 
conservation also contributes to 
the primary objectives of ES 

 Ensure effective targeting of 
agreements aimed at maintaining 
genetic diversity of livestock and 
traditional fruit varieties 

 Make land available for flooding to 
assist in flood risk management 

 Implement relevant resource 
protection measure that will also 
reduce the likelihood of localised 
flooding incidents 

Flood 
management 

 Contribute to sustainable coastal 
defence management 

 Alleviate the risk of flooding in 
target catchments 

 

Evolution of Environmental Stewardship 
2.12 It is important to understand that ES is ‘on a journey’: it is evolving to reflect the 

policy context within which it operates.  This study therefore marks a snapshot in 
time (based on the ES options available in 2009) and the results and conclusions of 
this study need to be read in this context.  

2.13 Early on in the life of ES there was a bias towards the delivery of biodiversity 
reflecting the number of biodiversity targets both nationally and in the targeting of 
scheme delivery.  At the national level this included Defra PSA target 3 for the 
conservation of farmland birds (with a range of ELS options contributing to this) and 
bringing into favourable condition 95% of all nationally important wildlife sites by 
2010 (a significant focus of HLS).4 By comparison, the number of options specifically 

                                            
4 These targets are now covered under the broader cross-departmental PSA 28 for the natural environment 
introduced in 2007 “to secure a diverse, healthy and resilient natural environment, which provides the basis for 
everyone’s well-being, health and prosperity now and in the future; and where the value of the services 
provided by the natural environment are reflected in decision-making”;  The delivery of this PSA is monitored 
against a series of indicators that include: Indicator 2: “Biodiversity as indicated by changes in wild breeding bird 
populations in England, as a proxy for the health of wider biodiversity; and Indicator 5: Land Management – the 
contribution of agricultural land management to the natural environment” which includes changes in the 
condition of farmed SSSIs. 
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focused on natural resource protection were limited (see also para 5.6). 
Nevertheless, as ES evolves so its multi-objective emphasis is increasingly being 
realised.  For example, ES is seen as one of the delivery mechanisms for the Water 
Framework Directive (2000) and more recently for the European Landscape 
Convention, ratified by the UK Government in 2006.  This multi-objective approach 
is clearly reflected, for instance, in the latest targeting of HLS (Box  2.1) 

2.12. In 2008 announcements made it clear that climate change mitigation will be an 
overarching theme for ES.5  This aspiration has not yet had a chance to become 
embedded in the scheme, although Natural England in delivering the scheme has 
sought to promote habitat resilience, as part of climate change adaptation, by both 
ensuring that habitats are in good condition and by encouraging the relinkage 
between isolated fragments of habitat (this is a continuing themes in the latest 
targeting of HLS (Box 2.1)). 

2.13. As part of this ongoing evolution, a number of additional recommended changes are 
under consideration reflecting the Review of Progress of Environmental Stewardship 
(2008).  These include:  

 ELS – over 100 detailed changes (revised options, prescriptions and new 
options) 

 HLS – over 80 detailed changes  

 Scheme design and process: proposals to develop a significantly enhanced, 
geographically differentiated, programme of advice to support ELS delivery; to 
explore ways of making further improvements to the Farm Environment Plan (FEP) 
process; to continue to develop and refine a map-based approach to targeting HLS 
agreements; to carry out and implement a full scheme payment review; and to 
develop and trial a package of further measures aimed at improving the 
environmental delivery and local relevance of Entry Level Stewardship.  

LAND USE FUTURES AND MULTI-PURPOSE LAND USE 
2.14. As part of the emphasis on ecosystem services, national policy is giving strong 

emphasis to multi-purpose land use. This will be critical if we are to meet the full 
range of challenges that face us as a consequence of climate change and population 
growth on a small and already crowded island.  Pressures on land for development 
and food production are certain to grow.  Yet these need to be accommodated in 
ways that reduce pressures on the natural resources of water and soil and enable us 
to assist in mitigating and adapting to climate change. Integrated and multi-purpose 
approaches are the only sustainable way forward – a theme picked up by IAASTD in  
their Agriculture at a Crossroads: Global Report published in January 2009. As a nation 
we are still reaping the effects of past single policy approaches to land use and 

                                            
5 This was confirmed through the Defra-led Review of Progress of Environmental Stewardship, run jointly with 
Natural England (NE) and published in May 2008.  Natural England is now exploring how farmers might be 
assisted in identifying factors affecting the mtiigation of climate change through their Farm Envirnment Record 
(FER), completed as part of their ELS application.  In turn this is leading NE to consider which ELS options are 
best suited to addressing the mitigation of climate change (something that is also picked up through this 
report). 
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management where costs to the environment have been externalised. Looking at 
agriculture, and following the Millennium Assessment classification of ecosystem 
services, we find that land has been managed in favour of provisioning services, often 
at the expense of supporting, regulating and cultural services. As a corollary, past 
policy and action has focused on ameliorating the effects of poor resource 
management (heavily engineered flood alleviation schemes to overcome loss of 
floodplains, for example) rather than on addressing the root causes – many of which 
relate to land use and land management policies and practice. 

2.15. This study is relevant to this wider debate on multi-purpose land use and 
management, recognising that ES is a multi-objective scheme for land managers.  It 
may also be seen in the context of the current project being taken forward by 
Foresight looking at Land Use Futures.  This is exploring how our use of land may 
need to evolve to meet future challenges and how it can deliver economic, social and 
environmental benefits sustainably.
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3. GUIDING PRINCIPLES ADOPTED THROUGH 
THIS STUDY 

3.1. Large amounts of data have had to be analysed through this study.  A number of 
guiding principles have been adopted therefore to ensure consistency as the study 
has progressed through its various stages.  These principles are set out in this 
Chapter as a general reference point. These lie behind the findings considered in 
subsequent chapters unless clearly stated to the contrary.  

IDENTIFYING RELEVANT ECOSYSTEM SERVICES 
3.2. This study has taken the Millennium Ecosystem Assessment (MA) classification of 

ecosystem services as a starting point.  This is the most widely accepted classification 
of ecosystem services, and groups services under the following headings: 

Provisioning services 
The products obtained from 
ecosystems such as food, 
fibre, fuel and water 

Regulating services 
The benefits obtained from 
the regulation of ecosystem 
processes including carbon 
capture, air quality 
regulation, and water 
regulation.  Many of these 
services are of particular 
importance in the face of 
climate change 

Cultural services 
The non-material benefits 
that people obtain through 
spiritual enrichment, 
cognitive development, 
reflection, relaxation and 
aesthetic experiences 

Supporting services 
such as nutrient cycling, oxygen production and soil formation.  These underpin the 

‘provision’ of all the other service categories 
 

3.3. The study has reviewed the range of ecosystem services (based on the MA) used in 
other studies and has considered their applicability to ES, with particular emphasis 
on: 

 reflecting the ES objectives (para 2.11 and Table 2.1); 

 avoiding over-simplification or conflation of the different MA services where they 
are clearly different; 

 avoiding duplication and overlap between services where they are largely the 
same; 

 reflecting the English context of this study, acknowledging that some of the 
services identified by the MA are more characteristic of developing countries. 

3.4. On this basis Table 3.1 identifies the ecosystem services selected for use in this 
study.  This choice and comparison with the full suite and definition of services 
identified by the Millennium Ecosystem Services Assessment are amplified in 
Appendix 1.   
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Table 3.1: Ecosystem services used in this study (Based on the MA) 

Ecosystem services from the MA used in this study 
Provisioning 
services 

Regulating 
services 

Cultural services Supporting 
services 

Food Air quality Recreation and 
ecotourism Soil formation 

Fibre Climate regulation Cultural heritage Photosynthesis  

Fuel Water regulation Educational & 
knowledge values 

Primary production 
and nutrient cycling 

Genetic resources Erosion regulation 
Aesthetic values, 
spiritual refreshment 
and inspiration 

 

Fresh water Water purification & 
waste treatment Sense of place  

 Disease regulation   

 Pest regulation   

 Pollination   

 
Natural hazard 
regulation (including 
coastal flooding) 

  

Ecosystem services from the MA not used in this study 
Biochemicals & 
pharmaceuticals  Cultural diversity Water cycling 

Ornamental 
resources  Social relations  

Services in italics are where two or more services identified by the MA have been combined 
Cells in dark grey = services clearly identified in the ES objectives (see Table 2.1) 
Cells in pale grey = service only partially identified in the ES objectives  
Open cells = services not identified in the ES objectives 

 
3.5. Comparison of Table 2.1 and Table 3.1 demonstrates that of the MA ecosystem 

services identified as potentially relevant to this study:  

 all the identified cultural services are covered either explicitly or implicitly by the 
ES objectives; 

 just over half of the regulating services are covered by the ES objectives; 

 one out of three of the supporting services is reflected in the ES objectives 
(restoring the healthy functioning of soils); 

 only one of the provisioning services is covered by the ES objectives (genetic 
diversity), reflecting that the primary purpose of ES is to improve environmental 
conservation and enhancement within agricultural systems. 

3.6. In turn, Table 3.2 provides the definition used for each of the above ecosystem 
services included in this study.  These definitions reflect those of the MA, modified 
slightly in response to the ES objectives (see also Appendix 1). 
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Table 3.2: Ecosystem services used in this study: 
Service Description (based on the MA description but modified to reflect the 

purposes of this study) 
Provisioning services 

Food The provision of crops and livestock through agricultural practices used directly 
or indirectly for human consumption and wild foods derived from habitats, such 
as berries, nuts, fungi and honies. 

Fibre The provision of fibres used in construction, furnishings, clothes, paper and card 
etc  including timber and coppice products, wool, livestock hides, and fibre crops. 

Fuel The provision of biological materials as a source of energy including both biomass 
(wood, straw and other biological materials) and biofuels derived from bioenergy 
crops.  In the future grassland may be considered as a source of biomass for 
anaerobic digestion but this has not been included in this assessment. 

Genetic 
resources 

The genes and genetic information used for animal and plant breeding focusing 
specifically on the rare genetic stock of rare breeds (cattle, sheep and ponies) and 
rare crops (old orchard species).  Genes associated with rare species of wild 
plants and animals are excluded as these are covered separately under 
biodiversity.  

Fresh water The freshwater provided by ecosystems. 
As it is important to avoid double counting (see water regulation below) this 
service has been limited to the water holding capacity of upland moorland and 
upland peat bogs that act as the source to many of the rivers of England.  Clearly 
lakes and rivers are also a major source of water but this provision is not 
covered by any of the ES options. Aquifers are a vital form of water storage but 
they are geological formations, not ecosystems. It could also be argued that 
lowland wetlands help store water but this clearly overlaps with water regulation 
and therefore has not been taken into account under this heading. 

Regulating services 
Air quality 
regulation 

The role of woody plants and trees in filtering particulate matter out of the 
atmosphere as a contribution to air quality. 

Climate 
regulation 

Mitigation of climate change through carbon storage and sequestration by 
ecosystems, also taking account of changes in the output of other greenhouse 
gases. 

Water 
regulation 

The influences of changes in land cover and changes in water storage potential on 
the timing and magnitude of run-off, flooding, aquifer recharge, and watertable 
levels. 

Erosion control Preventing or reducing soil erosion. 
Water 
purification and 
waste 
treatment 

Reducing the quantity of pollutants (organic and inorganic wastes, fertilisers and 
pesticides) reaching surface and ground waters. 

Disease 
regulation 

Affecting the abundance of human pathogens and altering the abundance of 
disease vectors, such as mosquitoes and midges.  The focus is solely on human 
health. 

Pest regulation Affecting the prevalence of pests (plants and animals) and diseases relating to 
crops and livestock and wildlife habitats and species. 

Pollination Changes affecting the distribution, abundance and effectiveness of pollinators. 
Natural hazard 
regulation 

Prevention of landslides and coastal erosion associated with wind, wave and 
coastal flooding – relating to the ES secondary objective of flood management. 
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Service Description (based on the MA description but modified to reflect the 
purposes of this study) 

Cultural services 
Aesthetic 
values, spiritual 
refreshment 
and Inspiration 

Characteristics of the landscape and natural world that are of aesthetic value to 
people (a beautiful landscape), may inspire a sense of spiritual well-being and can 
act as an inspiration to the arts past and present.  This links to the conservation 
and enhancement of landscape quality and can include the conservation of 
individual species which are emblematic of particular landscapes, such as skylarks, 
lapwing and the poppies of conservation headlands and unsprayed field margins. 

Sense of place Conservation and enhancement of those features that give a landscape its 
particular sense of place, potentially defined as key features or key landscape 
characteristics in landscape character assessments.   

Cultural 
heritage values 

The conservation of sites and landscapes of historical importance, in this case 
including ES options that focus on the conservation of above and below ground 
archaeology and cultural features.   

Educational 
values and 
knowledge 
systems 

The use of ecosystem and the natural world in formal and informal education and 
the passing down of knowledge and countryside skills from one generation to the 
next, such as drystone walling and hedge laying.   

Recreation and 
ecotourism 

The provision of specific recreational opportunities (as in permissive access 
routes); the conservation and restoration of habitats that provide access under 
the CRoW Act (moorland, heath and down) and other habitats that are 
frequently available for public access (e.g. woodlands and sand dunes).  
Reflecting other studies, also included under this service are the benefits to field 
sports6.  
The general attractiveness of the landscape to recreation is not considered under 
this service as this duplicates with aesthetic qualities and sense of place.  

Supporting services 
Soil formation The formation of soils.  
Photosynthesis The production of oxygen which is necessary for most living things. 
Nutrient cycling The assimilation, accumulation and cycling of nutrients. 

 

3.7. The reasons for the exclusion of six of the MA services from this study and the 
combining of a further seven (Table 3.1) are: 

Provisioning services 

 The use of species in Biochemicals and Pharmaceuticals has been excluded from the 
services as it is a constantly evolving science and is more appropriately covered in 
this study by the conservation of biodiversity. 

 Likewise the provision of Ornamental Resources (animal and plants used as 
ornaments and in landscaping) has been excluded as it is also best reflected in the 
conservation of biodiversity, recognising that through history a huge diversity of 
wild plants has been used as the gene pool for developing commercial / cultivated 
varieties.   

                                            
6 following the method used in the preceding study by the Centre for Environmental Management CEM, 
University of Nottingham (2008) England’s ecosystem services and rationale for an ecosystem based approach 
(Defra research project NR0107) 
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Supporting services 

 Primary Production (the assimilation or accumulation of energy and nutrients by 
organisms) has been combined with Nutrient Cycling (nutrients essential to life, 
including nitrogen and phosphorus cycling through ecosystems). In the context of 
Environmental Stewardship these two services will tend to be delivered together.   

 Water cycling has been excluded as the provision of fresh water is covered under 
the provisioning services. 

Cultural services 
3.8. The cultural services are considered separately as they have and continue to be 

central to the objectives of English agri-environment schemes.  Under the MA a 
considerable range of cultural services is identified.  Yet it is this group of services 
that has been most conflated in other studies (see for example the Annex to 
Appendix 1).   

3.9. Two of the MA cultural services have little relevance in the modern English context 
and have been excluded from this study.  These are – Cultural Diversity (the diversity 
of ecosystems as a factor influencing the diversity of cultures) and Social Relations (the 
influence that ecosystems have on the types of social relations that are established in 
particular cultures – with, for example, fishing societies differing in their social 
relations from nomadic herding or agricultural societies).  These services are more 
relevant to societies that remain directly dependent on particular ecosystems for 
their survival.  

3.10. Of the remaining cultural services, from the perspective of trying to identify an 
economic value to the benefits provided, there is a strong argument for grouping 
these services into, at most, three categories: (a) Aesthetic values (that cover the 
aesthetic values that we place on wildlife and landscapes) linked strongly to Sense of 
Place and Cultural Heritage; (b) Education; and (c) Recreation and Tourism.  

3.11. Nevertheless, recognising the desire of the Steering Group for the study to capture 
the full range of services provided by Environmental Stewardship, a total of five 
cultural services have been considered through this study: (a) Aesthetic values, Spiritual 
refreshment and Inspiration; (b) Sense of Place; (c) Cultural Heritage; (d) Educational values 
and Knowledge systems; and (e) Recreation and Ecotourism. These combine some of the 
MA cultural services into a single service where, in our opinion, to consider these 
separately in the context of Environmental Stewardship would lead to duplication or 
double counting.  Those cultural services that have been combined are underlined 
(See Table 3.1 and Appendix 1). 

3.12. The distinction between (a) Aesthetic and Spiritual values and Inspiration and (b) Sense 
of Place is potentially worth further clarification.  Aesthetic and spiritual values are 
about what landscapes and the natural environment do for us – how we respond to 
them emotionally, how they inspire us and provide spiritual fulfilment. On the other 
hand, Sense of Place is about what makes one place different from another – the 
characteristics that help us identify where we are, for example, the characteristics 
that distinguish the Cotswolds from the Chilterns.  At the national level it is these 
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characteristics that help define national identity.  Retaining Sense of Place is a central 
concern of the European Landscape Convention.   

Biodiversity 
3.13. The provision of Biodiversity for its own sake is not identified in assessments of 

ecosystem delivery as it is the ‘capital’ from which the services are generated.  
However, the provision of biodiversity for its own sake through Environmental 
Stewardship has been identified as a separate category throughout this study.  There 
are a number of interrelated reasons for this.  Conservation of wildlife is a primary 
objective of ES.  Focusing on ecosystem services alone fails to capture the vital 
importance of conserving the ‘environmental capital’ or ‘assets’ on which this service 
provision is based.  Clearly ES seeks to conserve and enhance both the 
‘environmental assets’ associated with farming systems and the services that they 
provide.  In many cases it is seeking to restore ecosystems that have been degraded 
in recent decades.  In other words, it is seeking to rebuild ‘environmental capital’ as a 
basis of ensuring that ecosystem service delivery continues.  It is important that this 
study captures this aspect of ‘asset’ conservation. 

3.14. Further, the brief suggests that a useful output of the study would be a matrix of 
ecosystem functions as well as of ecosystem service delivery under ES.  In 
discussion with the Steering Group, it was agreed that this would require a level of 
scientific detail beyond the scope of this study.  Nevertheless, it was considered 
important to ensure that the study captured the conservation of ecosystems as 
‘assets’ as well as setting out the ecosystem services that they provide. 

3.15. As noted earlier there are also two MA ecosystem services (Biochemicals and 
Pharmaceuticals and Ornamental Resources) that are potentially more accurately 
captured under the general heading of biodiversity (para. 3.7). 

THE ENVIRONMENTAL STEWARDSHIP OPTIONS 
3.16. This study has had to consider how to reflect the ecosystem services delivered by 

the very wide range of options available under ES.  The study has been based on the 
ES options available in 2009 where the number of ES options available to land 
managers are as follows: 
 Entry Level Stewardship (ELS)    = 59 options 
 Organic Entry Level Stewardship (OELS)   = 52 options 
 Higher Level Stewardship (HLS)    = 85 options 
 There are also a very wide range of HLS supplements / capital payments1 

1 These can only be adopted in combination with one or more of the free standing HLS options. 

3.17. Since the desired outcomes and prescriptions of the majority of the ELS and OELS 
options are essentially the same (the options under OELS simply being ELS options 
applied to land under organic management), they have only been considered once 
where they apply in both schemes.  Equally, ELS and OELS options that may be 
adopted by farmers within the HLS have not been assessed separately (despite being 
given different codes in the ES Handbooks) as they are essentially the same. Allowing 
for this duplication of options between ELS and OELS, the number of distinct ‘Entry 
Level’ options covered by this study is 62 (covering a total of 59 ELS options; 52 
OELS options; and 57 ELS options in HLS; totalling 168 different ES codes). 
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 For HLS the study has considered the 85 free-standing area payment options under 
HLS, of which 40 seek to maintain habitats or features, 15 to restore them and 18 to 
create them.  In addition, under HLS options, the study has considered 12 capital 
items / supplements to which specific ecosystem services can be attributed (para 3.23 
– first and second bullets). 

3.18. Based on the above, the study has considered a total of 62 different ELS options, 85 
HLS options, and 12 capital items / supplements = 159 different ES options.  These 
represent 265 different ES codes. 

Grouping of ES options 
3.19. All of the above ELS/OELS and HLS options and their supplements have been 

considered through this study.  Nevertheless, the large number of individual ES 
options available to farmers, and the similar benefits delivered by some options, 
meant that it would have been impractical and repetitive to assess the ecosystem 
services delivered by each and every individual option.  ES options have therefore 
been conflated into groups.   

3.20. Where possible, this process has sought to reduce the overall number of groups of 
options to the minimum necessary to clearly distinguish the full range of ecosystem 
services delivered through ES consistent with the breadth of benefits and 
geographical range of the scheme. 

3.21. Two criteria have been used to create these groups of options. 

• The groups have been based, where possible, on the structure of the ES 
Handbooks.  These split the options into different types of habitat or feature.  For 
instance, all the ELS options relating to hedgerows and stone walls are covered in 
a section on ‘Boundary Features’.  This means that the groups of options are 
likely to be relatively geographically homogenous (for instance all upland heath 
options are considered as one group).  The overall ‘section headings’ that occur 
in the ES Handbooks have therefore been maintained, with some minor changes 
as necessary, to create ‘super-groups’.    

• Within the ‘super-groups’ individual options have been grouped together where, 
from the Handbooks, it is clear that they are anticipated to deliver the same 
services.  But where they will deliver different services they have been split even 
if they cover the same habitats or feature. For instance, a distinction has been 
made between those options applying to low input cereals and those to 
undersown spring cereals since the ecosystem services addressed by each are 
different. 

3.22. It should be noted that, where the two criteria above were met, groups of options 
could include both ELS (and OELS) options with HLS options.  Every ELS and HLS 
option has been assigned to one group of options only, to ensure that there is no 
double counting.   

3.23. HLS supplements / capital items: Where appropriate, HLS supplements / capital 
items have also been allocated to groups of options.  In practice it was found that 
there were three different types of HLS supplements / capital items.   
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• Supplements / capital items that are clearly linked to a distinct group of HLS options 
and deliver essentially the same types of ecosystem service as the other options 
categorised within that group.  For instance, HLS supplement HC11 (hay-making) is 
clearly linked to the management of species-rich grassland and delivers the same 
biodiversity benefits (but to a greater degree) as the other options in that group.  
Likewise, on moorland, supplement HL13 for moorland re-wetting is part of a 
suite of operations that may be undertaken to bring moorland back into 
favourable condition.  It therefore forms part of a group of moorland options that 
deliver the same range of benefits. 

• Supplements / capital items that could apply to a variety of different groups of options 
but clearly deliver their own distinctive set of ecosystem services.  In these cases these 
supplements have been given their own ‘option group’.  There were two HLS 
supplements in this category: Rare breeds (HR2) and shepherding (HL16). 

• Supplements / capital items that are simply providing ‘management tools’ that could 
apply to a variety of different situations. The purpose of these items is to assist in 
the delivery of the services associated with a wide range of options. They 
therefore do not provide ecosystem services in their own right nor can they be 
allocated to any one option group.  They have therefore been excluded from this 
assessment.  As examples, these supplements include the control of invasive 
species (HR4) and the supplement for difficult sites (HR7). 

3.24. Through this study all groupings of ES options have been subject to a series of 
iterations and refinements that ensure that they are robust.  In addition, while the 
identification of ecosystem services delivered by ES has been considered in relation 
to these groupings, all spreadsheets of ecosystem service delivery generated through 
this study have been set up so that, if required; 

 the ecosystem services delivered by every single ES option can be identified 
separately; 

 the delivery of ecosystem services can be analysed separately for ELS and HLS. 

3.25. Overall a total of 66 separate groups of individual ES payment options have been 
created.  These are shown in Appendix 2 and are summarised in Table 3.3.  On 
this basis it is assumed that all options within each of the 66 groups will be delivering 
the same suite of ecosystem services with the same level of certainty and with the 
same level of impact, positive or negative (as discussed later in this Chapter). 

Table 3.3: Summary of ES groups of options used in this study: 

Option ‘super groups’ Option groups 
Boundary features • Hedgerows (basic) 

• Hedgerows (enhanced) 
• Stone-faced hedgebanks 
• Ditches 
• Hedges and ditches combined (basic hedge management) 
• Hedges and ditches combined (enhanced hedge 

management) 
• Stone walls 
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Option ‘super groups’ Option groups 
Trees and woodland • In-field trees (general) 

• In-field trees (ancient) 
• Woodland fences 
• Woodland edges 
• Wood pasture and parkland 
• Woodland 
• Scrub 
• Orchards 

Historic and landscape 
features 

• Archaeology under grassland 
• Archaeology under cultivated soils 
• Archaeology and high water levels 
• Designed water bodies 
• Water meadows 
• Traditional farm buildings 

Buffer strips, field 
margins and corners 

• Buffer strips (2m & 4m) 
• Enhanced buffer strips (6m) 
• Enhanced buffer strips (without grazing) 
• Enhanced buffer strips (with grazing) 
• Buffer strips beside ponds and streams 
• Uncropped cultivated margins 
• Conservation headlands 
• Conservation headlands (no fertiliser or harvesting) 
• Field corners 

Arable land  • Seed mixtures sown for birds or insects 
• Fallow plots for ground nesting birds and arable flora 
• Low input cereals 
• Undersown spring cereals 
• Over-wintered stubbles 
• Whole crop silage and over-wintered stubbles 
• Fodder crops and over-wintered stubbles 
• Beetle banks 

Grassland • Low input grassland 
• Species rich grassland 
• Rough grazing (basic) 
• Rough grazing (enhanced) 
• Rush pastures 
• Wet grassland 
• Mixed stocking 
• Rare breeds (supplement) 

Moorland and heath • Moorland 
• Shepherding (supplement) 
• Lowland heathland 

The coast • Coastal saltmarsh 
• Sand dunes 

Wetland • Ponds 
• Reedbeds 
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Option ‘super groups’ Option groups 
• Fen 
• Lowland raised bog 

Soils • Maize crops and resource protection (without cover 
crop) 

• Maize crops and resource protection (with cover crop) 
• Arable reversion to grassland (no fertiliser) 
• Arable reversion to grassland (low input) 
• Infield grass areas 
• Intensively managed grassland and soils (low input) 
• Seasonal livestock removal on intensive grassland) 
• Watercourses and erosion 

Access and education • Open access 
• Linear access 
• Educational access 

 

IDENTIFYING ECOSYSTEM SERVICE DELIVERY UNDER ES 
3.26. Although ES is a multi-objective scheme, as already noted in Chapter 2, it had a bias 

in the past towards supporting biodiversity and to a lesser extent the cultural 
services (together making up four out of five of the primary ES objectives).  This bias 
is reflected in the ELS and HLS Handbooks. In identifying the potential ecosystem 
services delivered through groups of ES options, the study has had to consider: 

a) land use and land management practices that affect the delivery of the identified 
ecosystem services and have the potential to be influenced by ES options;  

b) the descriptions of the individual ES options set out in the ES Handbooks which 
identify the required management practices and desired outcomes under each 
option, and thereby indicate the effect of ES on the factors identified under (a). 

3.27. At this point it is worth reflecting that ELS is primarily (although not exclusively) 
concerned with supporting sustainable land management, both existing and new 
practices, such as low fertilizer inputs, low grazing densities and so on.  On the other 
hand, HLS involves options with more complex types of management with an 
emphasis on the conservation, restoration and creation of habitats.  It is the 
characteristics of the habitats, combined with the nature of their management under 
HLS, that will determine the range and strength of service delivery. 

a) Land use and land management practices 
3.28. Those land use and land management practices that assist biodiversity and the 

cultural services are already well covered in the ES Handbooks and therefore are not 
considered further here.  Equally, the delivery of the provisioning services is largely 
self-explanatory based on the definitions given in Table 3.2.  The focus below is 
therefore on the regulating services. 
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The regulating service 

3.29. Climate regulation: Delivery of climate regulation under ES needs to consider 
both the potential sequestration and storage of carbon and the potential release of 
greenhouse gases as a consequence of land use and management practices.  In the 
context of ES considerations include: 

 the sequestration of CO2 by living plant material but particularly by woody plants, 
blanket bogs and estuarine muds; 

 the storage of carbon in plants and in peats and organo-mineral soils (and the 
effect of soil management on this e.g. with tillage leading to a loss of organic 
matter); 

 methane emissions from livestock; 

 nitrous oxide emissions from the spreading of organic and inorganic fertiliser.7 

3.30. As a consequence, in this study any ES option that involves the tillage of land has not 
been identified as contributing to climate regulation as much / all of the carbon 
sequestered by the crop will be quickly re-released when the land is next cultivated. 
On the other hand, those ES options that clearly contribute to climate regulation are 
those that involve: 

 reduced fertiliser inputs and / or reduced grazing levels on permanent pasture  as 
greenhouse gas emissions (nitrous oxide and methane respectively) will be 
reduced; 

 the conversion of arable to permanent pasture so resulting in the cessation of 
tillage; 

 the growth of woody material – hedgerows and woodland – increasing levels of 
carbon sequestration; 

 conservation of soils that hold high levels of carbon, especially peaty and organo 
mineral soils, particularly those associated with the uplands and blanket bog, but 
also including estuarine muds. 

3.31. Water regulation: Delivery of water regulation is affected at two scales.  At the 
catchment scale different land uses will dictate the rate at which water is absorbed 
into the soil and potentially into underlying aquifers.  The more compacted the soil 
the less likely that infiltration will occur. Equally surface roughness is important with 
rougher surfaces encouraging better water infiltration. In considering the effects of ES 
on water regulation, therefore, the analysis needs to recognise that, for example: 

 areas covered by semi-natural habitat (as in HLS options) are generally less 
susceptible to high rates of run-off when compared to agricultural land;   

 soil compaction can be particularly bad under intensive grazing, therefore ES 
options that reduce stocking levels or require reduced fertiliser inputs resulting in 
reduced stocking levels, will benefit water regulation;  

 infiltration of rainwater is 60 times better in belts of broadleaved native trees 
planted on steep slopes than on nearby grassland (EA, undated).  Therefore 

                                            
7 http://www.apis.ac.uk/overview/pollutants/overview_N2O.htm 
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generally water filtration will be far greater where soil compaction is broken by 
tree and shrub roots, as in ES options that involve scrub growth and tree planting; 

 surface run-off during the autumn / winter can be 5 – 10 times greater from 
winter wheat than from grassland, reflecting the nature of surface cover (Defra 
and EA, 2004), demonstrating, for example, the value of grassland buffer strips in 
arable landscapes, 

3.32. More specifically, habitats can play an important role in attenuating floods by holding 
water back and providing space for water, both within the floodplain and in upper 
reaches of a river where habitats can provide an important water store, helping 
regulate river flows downstream, Thus, particularly beneficial ES options are those 
that: 

 improve the management of blanket bogs so  holding water in the upper 
catchment; 

 restore and create habitats within floodplains, such as the recreation of flood 
meadows and reed beds that can act as important water stores and can 
encourage the reconnection of rivers with their floodplain; 

 encourage the planting and management of hedgerows and woodlands across the 
floodplain so that they can help hold back the flow of floodwaters. 

3.33. Erosion control:  Erosion control is closely linked to water regulation – where 
water infiltrates into the soil and cross land flows are reduced so lessening the 
chance of soil erosion.  Factors causing soil erosion include soil compaction (caused 
by livestock trampling and pressure of farm vehicles); uncovered soils, especially 
those on steeper slopes and those subject to wind erosion.  Surface runoff from 
over-grazed permanent pasture can be double that from lightly grazed areas and 12 
times that from ungrazed areas, relating to both compaction and sward height (Defra, 
20071).  ES options that can particularly help prevent soil erosion are those that: 

 create physical barriers to cross land flows as in the maintenance of hedgerows, 
earth banks and stone walls; 

 provide features that help to slow down and divert cross-land flows, such as 
beetle banks and buffer strips; 

 provide grass cover to bare soils and support under-sowing of arable crops, 
especially those crops that are more open in character and therefore more prone 
to soil erosion, such as maize; 

 help to relieve soil compaction by reducing stocking densities; 

 create and restore habitats that are not prone to soil erosion (applying to nearly 
all semi-natural habitat that can be created / restored under HLS); 

 repair natural erosion gullies as found on badly eroded paths and drains across 
blanket bogs. 

3.34. Water purification / water quality: The role of ecosystems and land use in water 
purification is closely tied in with water regulation and erosion control, recognising 
that eroded soil is a key carrier of water pollutants.  Diffuse agricultural pollution can 
have a significant adverse effect on water quality – this is now a greater source of 
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nutrient pollution than point source outputs, with both diffuse nitrate and phosphate 
pollution being of concern (Defra 20061).  Diffuse agricultural pollution accounts for 
60% of the national nitrogen load in freshwater systems (Natural England 2008).  The 
majority of arable farms operate a nutrient surplus (EA 2004). Arable land results in 
greater nutrient losses than grasslands because of the time when land is uncropped in 
autumn and winter, and therefore subject to erosion and lack of nutrient uptake by a 
growing crop.  Pollution of water by pesticides and animal medicines is also of 
concern as it results in adverse impacts on water ecology, increases water treatment 
costs and potentially gives rise to human health effects. 

3.35. Some of the measures that help reduce diffuse agricultural pollution relate to better 
soil and nutrient planning that form part of basic good farming practice – avoiding 
overuse of fertilisers and pesticides and applications in inappropriate (e.g. wet / 
frozen) conditions; testing soils to assess nutrient needs; and using dedicated zones 
for cleaning spraying materials.  In addition, ES options can help reduce diffuse 
agricultural pollution by: 

 reducing / preventing soil erosion (see erosion control); 

 reducing fertiliser levels on both cultivated soils and grassland; 

 providing physical buffers along water courses, helping prevent pollutants reach 
surface water; 

 providing reed beds and other wetland habitats that help filter water before it 
enters main water courses. 

3.36. Disease regulation:  This is specifically concerned with the spread of human 
diseases.  Here the primary concerns are: 

 the future spread of malaria in wetland areas, recognising that the disease once 
had a stronghold in the Fens; 

 the spread of Lyme disease, particularly associated with open heathland, 
woodland and deer-grazed parkland - carried and transmitted by wood ticks that 
most commonly live on deer.  Lyme disease is a serious, though relatively rare 
disease (Defra, 2004);  

 The spread of Weil’s disease spread by rats and often associated with still and 
slow flowing water bodies. 

3.37. Pest regulation: Pest regulation is concerned both with the potential spread of 
noxious weeds and animal and plant pests (such as the spread of Water Dropwort 
along water courses).  It is equally concerned with the control of pests both through 
the introduction of natural predators (through the creation of appropriate habitat) 
and through management e.g. through physical removal or herbicide use, as allowed 
under some ES options. 

3.38. Pollination: Insects play a vital role in the pollination of crops.  Environmental 
schemes can influence this role through the provision of flowering plants – woodland, 
hedgerow and herbaceous plants that provide a food source for pollinating insects.  
This is especially important in intensive farming systems where ‘weeds’ and other 
flowering plants are likely to be largely absent. 
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3.39. It is these considerations that have strongly influenced the identification of service 
delivery under the ES options. 

b) Descriptions of the individual ES options set out in the ES handbooks 
3.40. The ES Handbooks give a good impression of the land use and management changes 

that will result from the introduction of the individual ES options.  They indicate the 
types of condition that may be created and therefore the potential implications for 
service delivery.  In particular, within the Handbooks the study has been guided by: 

 The stated benefits or outcomes identified for individual options.  For example, in the 
case of Maintenance of Woodland Fencing (EC3) the stated benefits are “The 
option will protect the woodland flora and encourage natural regeneration.  Woodlands 
may be of historic interest and are significant features contributing to local landscape 
character.” The option therefore seeks to ensure the longevity of the woodland.  
As a consequence, the services identified in this study relate to the conservation 
of the woodland, not the provision of a fence. 

Equally care has been taken to ensure that the identified service delivery does not 
exceed that associated with the desired outcome of the ES option.  A particular 
example is the retention of Over-wintering Stubbles (EF6).  Here the sole focus is 
on the retention of stubbles over the winter.  The Handbook makes it clear that 
the option is concerned with “the management of land following the harvesting of a 
combinable crop such as oilseed rape, linseed, cereals or field beans until 14th February 
the following year.” In this case, therefore the option is not concerned with the 
production of the main crop and so the production of food is not identified as an 
ecosystem service.  On the other hand, other arable options, such as Under-
sown Spring Cereals (EG1) are concerned with modification to how the cereal 
crop is grown.  In these instances therefore it is reasonable to identify food 
production as one of the services delivered by the option. 

 The transference of benefits from one option to another, where a similar habitat or 
feature is being conserved or enhanced.  For example, under the option for 
Preventing Erosion or Run-off from Intensively Managed Improved Grassland 
(HJ6), it is noted that the option “reduces soil compaction and surface run-off on 
improved grassland by extensive grazing.  Extensive grazing will help to improve soil 
structure, water infiltration and reduce run-off.  Restricting inputs of fertiliser and organic 
manures will reduce nitrate leaching.”  It follows that other options that also rely on 
low intensity grazing and low nutrient inputs should deliver the same services for 
resource protection, even if these are not stated in the Handbook.  Therefore, 
following this example, the same resource protection benefits should be delivered 
by, for instance, Species-rich Semi-natural Grassland (HK6), Restoration of 
Species-rich Semi-natural Grassland (HK7) and Creation of Species-rich Semi-
natural Grassland (HK8). 

 The services associated with different habitats, identified in the literature.  Where the 
ES option relates to the conservation or enhancement of a particular habitat 
reference has been made to other literature that identifies the delivery of 
ecosystem services by these habitats, such as CEM, University of 
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Nottinghamshire (2008) England’s ecosystem services and rationale for an ecosystem 
based approach (Defra research project NRO107). 

 The management needs associated with individual options: A number of options (both 
ELS and HLS) state how a feature or habitat should be managed in the longer 
term e.g. by grazing or cutting.  Wherever stated or likely that management will 
deliver food (as in grazing) this has been noted.  Where a ‘gross’ assessment of 
service delivery has been made, food production has been given a positive score 
for this service even if, in reality, the ES option may require a reduction in grazing 
density compared to a situation without ES. 

3.41.  Thus the identified ecosystem services are the product of both: (a) the habitat / 
feature being conserved / created under the ES option; and / or (b) the ES 
prescription which may deliver additional services. As a simple example, Skylark Plots 
(EF8) have the sole objective to provide suitable nesting sites for skylarks.  As part of 
the prescription it is made clear that there should be no mechanical weeding and that 
there is no requirement to keep the plots weed free.  It is likely therefore that these 
plots will also provide a food source for pollinating insects but may also harbour 
noxious weeds.   

FAVOURABLE CONDITION 
3.42.  In assessing service delivery by the individual option groups, the assumption has been 

made that the feature or habitat to which the ES option relates is in favourable 
condition.  In other words, it is assumed that the stated outcomes of the ES 
option(s) have been achieved.  For this reason supplements, such as the Moorland 
Re-wetting Supplement (HL13), have not been afforded a higher degree of service 
delivery than the option for habitat management - Restoration of Moorland (HL10).  
This is because the supplement is a method of achieving favourable moorland 
condition – it is a means to an end.  The emphasis on outcomes is an important 
assumption that is revisited through this report, recognising that many habitats are 
currently not in favourable condition and will take many years to become so even 
under suitable management. 

‘SCORING’ ECOSYSTEM SERVICE DELIVERY UNDER ES 
3.43. Through this study a simple method has had to be developed to ‘score’ the delivery 

of each ecosystem service by each group of ES options.  From the outset, the 
Steering Group made it clear that this scoring should be kept simple, otherwise the 
overall level of complexity (given the number of ES options and the number of 
potential ecosystem services) could blur any strong policy messages that might 
emerge through this study.  The scoring has therefore been based on a simple 1,2. 

3.44. In discussion with the Steering Group this scoring has addressed four different 
factors.  It has considered: 

 whether each group of ES options impacts on the delivery of each service and 
whether that impact is positive or negative; 

 the degree of this impact (intensity / level of impact) with 1 = low and 2 = 
high impact for both positive and negative impacts; 



 26

 whether this impact is location specific (Yes or No).  In other words does the 
ES option need to be applied in a particular location for that service to be 
delivered; 

 the degree of confidence in the level of impact identified with 1= low 
confidence and 2 = high confidence; 

3.45. This scoring raised some important issues. 

3.46. Intensity / level of impact: Clearly when using a simple 1, 2 score there is little 
room for subtlety. The main question asked was does this ES option deliver a lot of 
this service, some of this service or none of this service.  Clearly this is a very blunt 
approach to considering often complex issues, especially where an ES option might 
have both positive and negative impacts on the delivery of a particular service.  For 
example, in the case of climate regulation, a reduction in nitrous oxide with a fall in 
fertiliser levels might be matched by a potential increase in methane if grazing is re-
introduced (e.g. in the conversion of arable to low input grassland).  This study 
therefore deals in orders of magnitude. 

3.47. This scoring may seem particularly crude in relation to biodiversity.  Here a high 
biodiversity score relates to both the conservation of semi-natural habitats that could 
take many (hundreds) of years to recreate if lost and to the provision of suitable 
conditions for particular species (such as farmland birds), potentially achievable over a 
year or less, as in  ELS options (such as Wild Birdseed Mixture EF2): Yet both in very 
different ways are making a significant contribution to biodiversity, It is just that it 
would be unwise to compare directly these very different types of biodiversity. 

3.48. Location specific: For some ES options it is clear that for a particular service to be 
delivered, the option will need to be applied in particular locations.  In the case of 
most HLS and some ELS options the required locations are specified in the relevant 
ES Handbook for delivering the desired outcome (in the case of HLS refined through 
the process of preparing the Farm Environment Plan (FEP)).  These locations are 
primarily specified in relation to biodiversity. However, the location will not be 
specified for the delivery of other services for which the option was not intended or 
where that service is currently of secondary concern.  In some cases this location 
may be different to that specified to meet biodiversity objectives. 

3.49. The approach adopted through this study therefore has been to score the delivery of 
a service by a particular option group as being location specific where the required 
location to deliver that service is not stated in the relevant ES Handbook or there is 
a likelihood that optimal locations for that service delivery will not be selected.  In 
other words, this scoring is seeking to identify the potential for missed 
opportunities where ES options could deliver a much wider range of ecosystem 
services but only if applied in the right location. 

3.50. In this context location has been considered both at the farm and landscape scale 
depending on the service.  So, some services may only be delivered if located on 
particular parts of the farm (e.g. by water courses); others may relate to geographical 
areas across England (e.g. priority catchments).  Finally location may relate to 
differences in the type of feature (for example, hedgerows that are old or parish 
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boundaries will be of importance to cultural heritage while those that do not follow 
historic boundary lines may not be). 

 3.51. Degree of confidence: This was the final element of the scoring and asked about 
the degree of confidence in the impact score for each service.  This confidence score 
considered both the level of understanding (scientific knowledge and practical 
evidence) and also the range of factors that could affect the delivery of the service.  In 
the latter case, this included poor definition of whether a particular aspect of the ES 
option needs to be implemented – an example is where the Handbook identifies that 
the option “may allow you to reduce your fertiliser options”, which leaves some question 
as to whether benefits for water quality would be achieved in practice.  

Synergies between co-located options 
3.52. Undertaken at the national level, this study has not been able to take account of 

potential synergies that may be provided by combinations of co-located options or 
benefits of scale at the field or farm level.  Some ES options will achieve much greater 
service delivery when they are sited in particular locations and in particular 
combinations with other option. However, such co-location will be strongly 
influenced by local circumstances and has not been considered in any detail through 
this study. 

GROSS AND NET ECOSYSTEM SERVICE DELIVERY 
3.53. As already noted this study has assessed service delivery under ES in both gross and 

net terms: 

• Gross service delivery:  This is concerned with assessing the delivery of 
services by the habitat, feature or condition that ES seeks to conserve or create, 
not the marginal change achieved.  It identifies the services that would be 
delivered by the overall outcomes that implementing the ES option seeks to 
achieve.  Therefore under a gross assessment no distinction is drawn between 
options that seek to conserve, restore and recreate particular habitats as the 
desired outcome is the same – that habitat in favourable condition.  A gross 
assessment represents the range of services that land use and management can 
provide under environmental guidance and incentives (in this case ES). 

• Net service delivery: This is concerned with identifying the marginal difference 
between not having the ES option and having the ES option on the delivery of a 
particular service. This is also referred to as additionality.  In this case therefore, 
it does take account of the differences between habitats that are conserved and 
recreated. It represents the potential difference that ES makes to ecosystem 
service delivery under current circumstance (both positive and negative).  
Therefore in cases where the habitat already exists or a desired management 
practice is already being pursued without ES, then no net service delivery would 
be identified with the introduction of ES. 

3.54. In answering Objectives 1 and 2 of this study (Chapters 4 and 5), ecosystem service 
delivery has been assessed in gross terms.  This is because in both cases service 
delivery is being identified at the national level.  Net service delivery requires 
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knowledge of the condition without ES.  This will vary across the country and from 
one farm to another.  It would therefore be inconsistent to consider the delivery of 
services in net terms.  Nevertheless, the assessment of service delivery in gross 
terms forms an important stepping stone to assessing the net change in services 
delivered under ES.  This is considered in Chapter 6 through a series of simple 
counterfactuals that represent different parts of the country and different farming 
systems.    

3.55. It is the principles set out in this Chapter that have guided the remainder of this 
report. 
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4. ASSESSMENT OF GROSS SERVICE DELIVERY 
UNDER ES 

STUDY OBJECTIVE 
4.1. This Chapter addresses the first objective of the study, namely to: 

“Identify the ecosystem services with the potential to be impacted and provided through the 
current provisions under the Environmental Stewardship scheme – relating these both to the 
management options through which they are impacted or provided and the current, 
measured scheme objectives and outputs.  This should take account of the multi-functionality 
of service provision by different habitats and show interdependencies between services.” 

4.2. The brief went on to suggest that this assessment of service delivery under ES might 
be best presented as a matrix. 

COMPLETING THE MATRIX 
4.3. The matrix has been developed as an Excel spreadsheet with a separate sheet 

completed for each of the 66 groups of ES options considered (Chapter 3).  For each 
group of options four sections of the spreadsheet / matrix have been completed: 

1. Section A of the spreadsheet / matrix lists the individual ES options falling within 
each option group (paras. 3.19 – 3.23) and states the overall objectives and 
management prescriptions (as described in the ES Handbooks) delivered by that 
group of options. 

2. Section B indicates which of the 23 ecosystem services (including biodiversity 
for its own sake) are delivered or impacted by the group of options under 
consideration.  Section B also shows whether the delivery of each service is 
location specific or whether it occurs in all locations (para 3.48 – 3.50).    

3. Section C ‘scores’ the level of impact (positive or negative) (paras. 3.46 – 
3.47) and the level of confidence that the service will be delivered (para. 3.51). 

4. Section D provides space to record a commentary on scoring decisions made in 
Sections B and C. 

4.4. Completion of the spreadsheet / matrix underwent a large number of iterations to 
try and ensure accuracy and consistency in scoring within and across groups of ES 
options. 

4.5. The final output of this spreadsheet is summarised in four tables, as follows: 

 Table 4.1: ES impacts on ecosystem service delivery: This indicates 
whether each group of ES options has a positive or negative impact on the 
delivery of the identified ecosystem services (as defined in Table 3.2).  A green 
cell indicates a positive impact on service delivery; a red cell indicates a negative 
impact on service delivery; and an amber cell indicates both a positive and 
negative impact – for example, where an option may harbour harmful pest 
species but also allows for their control. 
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 Table 4.2: ES level of impact on ecosystem service delivery: Indicates the 
intensity of the identified impacts, both positive and negative on a score of 1 or 2, 
(see paras 3.46 – 3.47). 

 Table 4.3: Service dependence on the location of the ES option: 
Identifies whether an option needs to be in a specific location to deliver the 
identified service.  The location will depend on which service is being delivered 
and may require different locations for different services (see para 3.48 – 3.50). 

 Table 4.4: Confidence in the identified impacts of ES on service 
delivery: Identifies on a score of 1 or 2, the confidence that the service will be 
delivered (see para 3.51). 

4.6. As a gross assessment of service delivery it is assumed that the stated ES outcomes 
have been achieved for each ES option and that all habitats are in favourable 
condition (para 3.42).  Thus the service provision identified does not take account of 
the fact that many of the habitats covered by ES may not currently be in favourable 
condition and therefore may not be able to deliver the full range and level of services 
identified for a number or even many years, depending on their likely recovery time.  
This is picked up in Chapter 6.  

SERVICE DELIVERY UNDER ES 

Range of services delivered by groups of individual ES options (Table 
4.1) 

4.7. The overall conclusion from an analysis of the matrices is that a wide range of ES 
option groups have the potential to deliver a wide range of ecosystem services - 
often well in excess of the benefits identified in the ES Handbooks.  As just one 
example, hedgerow options in the ELS Handbook are identified as “important elements 
of the countryside as landscape and historic features, for wildlife habitat, for stock 
management and shelter.”  Yet from this analysis hedgerows have the potential to 
deliver 19 different ecosystem services, as well as providing biodiversity for its own 
sake: 

Table 4.5: Number of services delivered by hedgerows 
Provisioning services Regulating services Cultural services 
Food 
Fibre 
Fuel 

Air quality 
Climate regulation 
Water regulation 
Erosion regulation 
Water quality / purification 
Pest control 
Pollination 
Hazard reduction 

Recreation (field sports) 
Cultural heritage  
Education 
Aesthetics / inspiration 
Sense of place 

Supporting services 
Soil formation 
Photosynthesis 

Primary production 
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4.8. Simply in terms of the number of ecosystem services with the potential to be 
delivered by the different ES groups of options, the top ‘hitters’ (grouped by type of 
option) are shown in Table 4.6. 

Table 4.6: Number of services delivered by the ‘top’ groups of ES options 
Number of (positive) services delivered 

ES option groups 
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Hedgerows and ditches (basic and enhanced) 3 9 5 3 1 21 
Hedgerows (basic and enhanced) 3 8 5 3 1 20 
Woodlands 3 7 5 3 1 19 
Wood pasture and parkland 3 5 5 3 1 17 
Woodland fencing 3 6 4 3 1 17 
Orchards 2 7 4 3 1 17 
Scrub 2 8 2 3 1 16 
Wood edges 2 7 2 3 1 15 
Buffer strips 2 7 2 3 1 15 
Field corners 2 6 3 3 1 15 
Moorland 4 6 5 3 1 19 
Lowland heathland 3 6 5 3 1 18 
Low input grassland 2 6 4 3 1 16 
Species-rich grassland 2 6 4 3 1 16 
Rough grazing (basic and enhanced) 3 5 4 3 1 16 

4.9. The options that deliver the widest range of services in gross terms are not 
surprising.  Woodlands and hedgerows have long been held to deliver a wide range of 
benefits.  Equally much has been made of the critical role of upland moorland in 
regulating water quality and quantity, in blanket bogs in addition providing vital 
carbon sinks, and in the uplands providing a much used recreational resource that 
contributes to the identity of England, much of it within National Parks and AONBs. 

4.10. As identified in Figure 4.1 ES options with the potential to deliver the widest range 
of services include both ELS and HLS options. 

Figure 4.1: ES option groups delivering the greatest number of positive 
service impacts, by ELS and HLS 
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4.11. However, the range of ecosystem service delivery should not be confused with the 
‘intensity’ of individual ecosystem services delivered by each group of options, as 
considered further below.  In other words, sole emphasis on the range of services 
delivered by individual ES options can detract from identifying where the ES options 
are most effective in service delivery. 

Number of ES options that deliver individual ecosystem services (Table 
4.1) 

4.12. An alternative way of analysing the matrices is to ask how many ES options deliver 
individual ecosystem services. In Figure 4.2 the analysis is based not on the ES 
groups of options but on all ES options considered separately (excluding certain 
supplements and capital items -  para 3.23). 

 Figure 4.2: Number of ES options positively contributing to the delivery of 
each ecosystem service (out of a total of 159 options – see paras 3.17 – 3.18) 
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4.13. What is clear is that a considerable range of ecosystem services are delivered by both 
ELS and HLS options.  The ecosystem services delivered by the largest number of ES 
options in gross terms are perhaps, not surprisingly, biodiversity, the supporting 
services generally and climate regulation, closely followed by aesthetics, spiritual 
refreshment and inspiration and sense of place – reflecting the primary objectives of 
ES. 

4.14. In gross terms some 120 different ES options deliver the regulating services of 
climate regulation, water regulation, water quality, erosion control, crop and animal 
pest control and pollination while the regulating services of air quality (removal of 
particulate matter), human disease regulation and hazard control are delivered by 50 
or less ES options.   

4.15. The large number of options delivering food in gross terms under the provisioning 
services is potentially a red herring.  In most cases it is not a primary purpose of ES 
to support food production but as ES options are often put in place to modify more 
intensive forms of agriculture it follows that food continues to be a product of the 
specified land management. 
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4.16. It is clear that far more options than may be apparent from the ES Handbooks deliver 
certain services.  As an example, within the ES Handbooks a total of four options 
(two ELS and 2 HLS) are identified specifically as preventing soil erosion.  Yet a total 
of 120 different options have the potential to make a contribution to delivering this 
service.  

4.17. Looking at the proportion of both ELS and HLS options delivering individual services, 
the pattern is as follows: 

Figure 4.3: Percentage of ELS options contributing to the delivery of each 
ecosystem service 
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Figure 4.4: Percentage of HLS options contributing to the delivery of each 
ecosystem service 

0%

20%

40%

60%

80%

100%

Fo
od

Fi
br

e

Fu
el

G
en

et
ic

s

Fr
es

h 
w

at
er

 

A
ir 

qu
al

ity

C
lim

at
e

W
. r

eg
ul

at
'n

E
ro

si
on

W
at

er
 q

ua
lit

y
H

um
an

di
se

as
e

C
ro

p/
an

im
al

pe
st

s

Po
lin

at
io

n

H
az

ar
ds

R
ec

re
at

io
n

C
ul

t.
he

rit
ag

e

Ed
uc

at
io

n

A
es

th
et

ic
s

S
en

se
 o

f p
l.

S
oi

l f
or

m
'n

P
h'

sy
nt

he
si

s

P
rim

ar
y

pr
od

.

B
io

di
ve

rs
ity

Provisioning Services Regulating Services Cultural Services Supporting .

P
er

ce
nt

 o
f H

LS
 o

pt
io

ns

 
NB Both figures are based on the positive and negative impacts of ES options on the delivery of 
ecosystem services 

4.18. What these two figures demonstrate is that broadly both ELS and HLS are delivering 
the same range of services in not dissimilar proportions, although clearly there are 
some differences.  For instance, as might be expected, proportionately more HLS to 
ELS options deliver the cultural services of aesthetics and sense of place, although the 
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strong emphasis of ELS on farmland birds provides an important contribution to 
aesthetics, well-being and inspiration. 

4.19. The potential anomaly of ELS (which has no access options) making a greater 
contribution to recreation than HLS is explained by the inclusion of field sports in the 
definition of this service.  While a number of HLS options contribute to open access 
and the provision of permissive access routes, the main contribution of ELS to 
recreation is in providing habitat for game birds through increased cover and variety 
of farmland habitats. 

Level of impact of ES on ecosystem service delivery (Table 4.2) 
4.20. From the above it is clear that ES can make a contribution to the delivery of a wide 

range of ecosystem services but the question remains - is this a high or low level of 
impact / contribution?   

4.21. Table 4.2 shows that, while many of the identified ecosystem services can be 
delivered by different ES options, a considerable proportion of this service delivery is 
at a relatively low level of contribution - in other words ES may only be delivering a 
marginal difference.  This conclusion is illustrated further in Figures 4.5 which 
shows the overall level of impact of ES options on the delivery of individual 
ecosystem services, 

Figure 4.5: Number of ES options by level of positive impact (out of a total of 
159 options – see paras 3.17 – 3.18) 
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4.22. As might be expected, in gross terms there are high levels of anticipated service 
delivery linked with the services with which agri-environment schemes are 
traditionally associated, particularly the cultural services - such as recreation, cultural 
heritage, aesthetics; sense of place and also biodiversity.  In addition, many ES options 
have the potential to make a significant contribution to key regulating services, 
namely, water regulation, erosion control and water quality, if provided in the right 
locations (considered below).   

4.23. Of the regulating services where there are a significant number of options delivering a 
low impact the reasons are as follows: 
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• Climate regulation: For climate regulation the real gross benefits are felt where ES 
helps conserve, restore or create semi-natural habitats capable of sequestering 
and storing large quantities of CO2 (such as woodlands, coastal mudflats and 
especially blanket bogs).  High levels of delivery are also associated with ES 
options relating to permanent grassland with extensive grazing and no fertiliser 
inputs.  On the other hand, lower levels of climate regulation are associated with  
ES options that provide grassland cover where fertilisers are still applied (albeit at 
reduced levels), and options for individual features, such as field trees, where the 
level of contribution will be significant but localised. An anomaly may appear to be 
the identification of shepherding as contributing to climate change but this is 
associated with lower stocking levels and reduced peat erosion. 

• Water regulation: For water regulation high gross delivery is achieved where ES 
either results in reduced stocking densities and therefore reduced soil 
compaction and / or includes areas of tree and scrub growth where deeper 
rooting will help water infiltration, as illustrated by the work at Pont Bryn.  The 
assessment also takes account of the potential of certain habitats, such as blanket 
bog in the uplands and reed beds and wet grasslands within floodplains to help 
attenuate flood flows.  Under this service, lower levels of gross service delivery 
are associated with basic options where there are also enhanced options capable 
of delivering ‘more’ for water regulation.  As an example, buffer strips of 2 – 4m 
width are scored as delivering a low level of impact while 6m buffer strips are 
scored as delivering a high impact -  as a means of distinguishing between the two 
levels of provision. 

• Water purification / quality: For water quality high levels of gross contribution are 
associated with ES options that have no or very low fertiliser applications while 
options making a low contribution in gross terms are those where there has been 
some reduction in fertiliser levels and / or a contribution to erosion reduction. 

• Pollination: Here high levels of delivery under ES are associated with those options 
providing significant levels of nectar producing plants whereas those only 
providing some nectar producing plants are scored as providing a low 
contribution. 

4.24. As is evident from Figure 4.5 most ES options make a low gross contribution to 
food production and the other provisioning services.  It would be wrong to see ES as 
having a focus on the three provisioning service of food, fibre and fuel, although ES 
does have a significant role to play in genetic conservation. 

4.25. Further illustration of the level of contribution of ES to gross ecosystem service 
delivery is provided by looking at the relative contributions of ELS and HLS, as 
illustrated in Figure 4.6. 
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Figure 4.6: Proportion of ELS and HLS options delivering a high level of 
positive impact on ecosystem service delivery 
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4.26. Figure 4.6 shows the proportion of ELS and HLS options making a high level of 
contribution to each service (with all options delivering that service equalling 100%). 
The overall patterns in this figure mirror those in Figure 4.5. What is clearly 
illustrated across nearly all services is that a greater proportion of HLS options, 
compared to ELS options, make a high level contribution to service delivery.  This 
reflects that HLS options are more exacting (and therefore attract higher levels of 
payment) than ELS.  In particular, HLS is concerned with the conservation, 
restoration and creation of key habitats and with options that significantly reduce the 
intensity of agricultural management. 

Importance of location in ES ecosystem service delivery (Table 4.3) 
4.27. For some options to deliver the identified level of ecosystem service they need to be 

in defined locations (see paras 3.48 – 3.50).  Broadly, for the provisioning services 
and supporting services location is not generally a factor in service delivery.  For 
example, plants will photosynthesise regardless of their location.  Conversely, 
location is very important in the delivery of a number of the regulating and cultural 
services.   

4.28.  Regulating services: Under the regulating services. the location of ES options is 
nearly always critical in terms of air quality (close to sources of pollution for the 
benefits to be felt); water regulation (located in sensitive catchments where flooding 
is or has the potential to be an issue); erosion (on soils subject to erosion by water 
and / or wind and in locations that can assist in reducing erosion e.g. set across 
rather than down slopes); water quality (i.e. in locations where they can positively 
contribute to the quality of surface and ground water); and in the case of hazard 
regulation where, to be of value, the option must be located in areas subject to either 
landslides or coastal flooding. 

4.29. Cultural services:  In many cases the location of ES options is again critical.  
Options will only deliver access (other than the access options themselves) if they 
are associated with habitats that provide open access under the CRoW Act 2000.  
Equally habitats and features need to be located where they are characteristic and 
traditionally associated if they are to deliver sense of place and aesthetic values.  This 
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is captured in the National Character Area targeting statements for HLS but may not 
always be passed on to individual applicants. 

4.30.  Biodiversity: On the other hand, relatively few of the ES options supporting 
biodiversity are identified as location-specific.  This is not because location is 
unimportant for biodiversity, rather it is because biodiversity, as a primary objective 
of ES, is well covered in the Handbooks with appropriate locations specified for 
providing biodiversity benefits.  This is further supported by the FEPs prepared in 
support of HLS applications.  As a consequence, this study has to assume, without 
the benefit of monitoring results, that ES options in the main are being placed in the 
best locations for providing biodiversity benefits, For example, good practice dictates 
that habitat creation will have the highest chance of success if targeted adjacent to 
existing habitats and responding to the most appropriate edaphic conditions, micro-
climate and aspect (which should be identified in the FEPs). 

4.31.  The importance of option location in the delivery of key regulating and cultural 
services is shown in Figures 4.7 and 4.8.  Figure 4.7 shows the number of ES options 
where location is critical (but not specified) to deliver the identified services, and 
Figure 4.8 illustrates the same point but this time expressed as a percentage of all 
the ES options delivering that service.   

4.32. Significantly Figure 4.8 illustrates that nearly 100% of ELS options and some 98% of 
HLS options with the potential to deliver important regulating services may not be 
being located in locations where they can deliver these services (because the location 
remains unspecified).  This highlights the importance of initiatives such as Defra’s 
England Catchment Sensitive Farming Delivery Initiative (ECSFDI); the Associated 
Projects; and more local projects, such as the Pang Valley Countryside Project in 
Berkshire, which provide advice to land managers on how to use ES options to 
maximise protection of natural resources. 

Figure 4.7: Number of ELS and HLS options which require spatial 
targeting to deliver the service (out of a total of 159 options – see paras 3.17 – 3.18) 
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Figure 4.8: Proportion of ELS and HLS options which require spatial 
targeting to deliver the service 
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4.33. Overall, therefore, if ES options are not located where they need to be to deliver 
location-specific services, then these services will not be delivered or will be sub-
optimal in their effect.   Indeed opportunities for win:win:win service delivery could 
be lost.  This is not generally an issue for HLS options as Natural England officers will 
work with farmers and land managers to target HLS options to the best locations 
(although at present this targeting is strongly focused on biodiversity potentially at 
the expense of the main ecosystem services). But: 

 for ELS it is up to farmers to locate their ELS options.  Currently, the 
descriptions of location in the ELS Handbook are appropriate for the specific 
benefits that the options are anticipated to deliver but do NOT always take 
account of the wider benefits that they could deliver.  As just one example, the 
ELS Handbook notes that buffer strips “have a wide range of potential benefits, such 
as creating new habitat for small mammals, invertebrates and birds, protecting habitats 
from sprays, fertiliser and cultivation, protecting archaeology or historical features from 
damage by mechanical operations, stabilising banks, protecting water courses and 
reducing diffuse pollution.” Yet in terms of location, the Handbook simply notes 
“use these options [buffer strips] alongside or adjoining environmental features.  Buffer 
strips offer particular benefit to wildlife if placed adjacent to water courses, hedgerows, 
stone walls, and remnant boundary treelines.” It may not be clear, therefore, that 
buffer strips, when located across the slope and combined with cover crops and 
contour ploughing, can make a valuable contribution to erosion control in areas 
vulnerable to soil loss. 

 For HLS options, these will tend to be targeted at those areas identified as most 
appropriate for delivering the primary benefits for which they are currently 
provided.  In some cases this may not optimise all round benefits and there may 
be a case in certain circumstances for encouraging a more multi-purpose 
approach to the targeting of HLS. 

4.34.  The central message is that targeting and more local guidance on location is 
important if service delivery is to be maximised. 
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Confidence in ES ecosystem service delivery (Table 4.4) 
4.35. Finally, the level of confidence that the identified ecosystem services will be delivered 

is shown in Table 4.4 and summarised in Figure 4.9. 

Figure 4.9: Number of ES options by level of confidence in service delivery 
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4.36. As illustrated in Figure 4.9 there is reasonably high confidence that the ecosystem 
services identified can be delivered if the option is in the right location.  Where 
there is less confidence this primarily relates to the provisioning and regulating 
services.  In the case of the provisioning services the uncertainty relates to the level 
of production that can be achieved under the ES options.  For the regulating services 
areas of uncertainty relate to: 

• Climate regulation: The reductions in fertiliser and grazing levels achieved - under 
certain ES options these are not specified. 

• Water regulation: In reality the ES options may not achieve greater water 
absorption - for example, where there is under-drainage or where a pan has 
formed beneath the soil surface as a consequence of past over-grazing. 

• Water purification / quality: As for climate change, reductions in fertiliser and 
pesticide applications are not always specified, as they are dependent on site 
conditions. 

• Pollination: The degree to which options will increase the extent of flowering 
plants.  In some cases the encouragement of flowering plants is central to the ES 
option in others it is a potential (but unspecified) outcome. 

4.37. While this research indicates that the existing ES options can deliver a wide range of 
ecosystem services, this is not to say that the current options are necessarily the 
very best for wide-ranging service delivery.  In some cases ES options have been 
designed to deliver a narrower range of services than that of which they are capable.   

Revisions to current ES options 

4.38.  As part of this study we have reviewed the proposed revised wording to certain of 
the current ES options and assessed their implications for ecosystem service delivery.   



 40

 
4.39. While the proposals have the potential to bring additional benefits for biodiversity 

they will not generally affect the analysis of service delivery identified above, with one 
or two exceptions which are noted below (in italics). 

 
Proposed revisions to ES options Box 4.1 

1) Mixed Stocking options (K5) - increase the minimum percentage of cattle from 15% to 
30%.  Increase the points per hectare from 8 to 9. 

2) Protection of in-field trees options (C1, C2) - Amend existing prescriptions so they 
extend to within 2 metres from the edge of the canopy of the tree. 

Changes identified in the Review of Progress Report 
 Extend the hedgerow “no-cutting” period by one month to 31 August 
 Increase the number of species to be sown under the pollen and nectar seed mix options 

from 3 to 4 and reduce the maximum permitted percentage of a single species from 70% 
to 50%.  

 Prohibit the use of fertiliser in conservation headlands (could assist in improving the delivery 
of water quality) 

 Require the removal of soil compaction under a number of arable options (could assist in 
the delivery of water regulation and erosion control) 

 Prohibit grazing under the field corner management option for LFA land.   
 Double the maximum patch size that can be entered into field corner management on 

arable land to 2ha. 
 Increase the size of the area that can be sown with wild bird seed mixture. 
 Allow flexibility in the width of uncropped cultivated margins on arable land. 
 Allow more regular cutting of buffer strips (this could adversely affect the range of service 

provision). 
 Allow supplementary feeding under the enclosed rough grazing option. 

Source: Defra / Natural England (2008) Review of Progress of Environmental Stewardship 
 

CONCLUSIONS 
4.40. The key points to emerge from this analysis are: 

1. There is considerable correlation between the MA ecosystem services used in 
this analysis and the primary and secondary objectives for Environmental 
Stewardship (ES) (see Tables 2.1 and 3.1).  Those ecosystem services that are 
and are not addressed by the Environmental Stewardship objectives are as 
follows: 

 Ecosystem services covered by 
the primary and secondary 
objectives of ES 

Ecosystem services NOT 
covered by the primary and 
secondary objectives of ES 

Provisioning 
services 

Genetic resources Food  
Fibre  
Fuel 
Fresh water 

Regulating 
services 

Climate regulation 
Water regulation 
Erosion control 
Water purification 
Natural hazards (coastal flooding) 

Air quality regulation 
Disease regulation 
Pest regulation 
Pollination (although this closely 
relates to biodiversity) 

Cultural 
services 

Recreation and ecotourism 
Cultural heritage 
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 Ecosystem services covered by 
the primary and secondary 
objectives of ES 

Ecosystem services NOT 
covered by the primary and 
secondary objectives of ES 

Education 
Aesthetic and spiritual values 
Sense of place 

Supporting 
services 

Primary production and nutrient 
cycling 

Photosynthesis 
Soil formation 

 2.  Range of service delivery: Many ES options are capable of delivering a wide 
range of services in gross term.  Those options delivering 15 or more services 
(including biodiversity) are those relating to: woodlands, wooded areas and 
hedgerows; buffer strips and field corners; upland and lowland heath; and semi-
natural and low input grasslands. These cover both ELS and HLS options. 

3. In turn, 12 of the identified services are delivered by over 100 of the ES options in 
gross terms, namely: climate regulation, water regulation, erosion control, water 
purification / quality, pest regulation, pollination (regulating services); cultural 
heritage, aesthetics, sense of place (cultural services); and the three supporting 
services.  In addition, over 140 options support biodiversity. 

4. In gross terms ES options also contribute to food production, as they are involved 
with modifying agricultural management practices. In net terms though, they are 
likely to result in a ‘net’ fall in food production, as discussed in Chapter 6. 

5. Overall ES options have the potential to deliver many more services than are 
indicated in the ES Handbooks or have been suggested in past targeting statements 
(Chapter 5).  As an example, a total of four options (two ELS, two HLS) are 
identified specifically as preventing soil erosion in the ES Handbooks, whereas in 
practise 120 options can contribute to the prevention of soil erosion in gross 
terms.  

6. Level of service delivery: In terms of level of service contribution, a 
considerable proportion of this service delivery is at a relatively low level - in 
other words ES may only be delivering a marginal difference.  Those services 
where ES has the potential to contribute significantly to service delivery, with over 
75 options delivering high levels of impact are: water regulation, erosion control, 
and water quality (regulating services); cultural heritage, aesthetics, sense of place 
(cultural services); soil formation (supporting services); and biodiversity. 

7. As would be expected from the scheme design, most HLS options deliver a wider 
range of services and at a higher level of contribution (high impact) than ELS.  
Those services where HLS clearly offers a higher percentage of options, are in the 
delivery of: climate regulation, water quality, pollination (regulating services); and 
cultural heritage and aesthetics/ sense of place (cultural services).  Equally, HLS 
options have a significantly higher level of impact on service delivery for climate 
regulation, water regulation and water quality (regulating services) and all the 
cultural services, when compared to ELS.  

8. Location: A number of the key regulating services - water regulation (98% ELS & 
88% of HLS options), erosion control (98% ELS & 90% of HLS options), and water 
quality (98% ELS & 93% of HLS options) and many of the cultural services are 
critically dependent on location of ES options if these services are to be delivered.  
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Currently these locations are not identified in the Handbooks,8 stressing the 
importance of local guidance, especially for ELS where advisory support is not 
usually available.  If ES options are not located where they need to be to deliver 
location-specific services, then these services will not be delivered or will be sub-
optimal in their effect. 

9. Confidence in predicted service delivery: There is no reason to believe that 
the existing ES options cannot deliver the range of services identified through this 
study.  However, some HLS options are written to be adaptable to local 
circumstances (in terms of grazing and fertiliser levels) which makes it difficult to 
assess their likely contribution to some of the regulating services.  

10. Gaps in delivery: Overall, there are no ecosystem services where ES fails to 
deliver but, as noted above, there are almost certainly services which might be 
better addressed.  A case in point is climate regulation.  There are a few ES 
options that are of central importance to climate regulation, particularly the 
restoration of blanket bogs.  But with a clear focus on climate regulation (the new 
over-arching objective of ES) more might be done, especially in terms of building 
up soil organic matter, conserving organo-mineral soils and minimal tillage.  It is 
very noticeable that relatively few ES options make a high level of contribution to 
climate regulation (22% of ELS options and 42% of HLS options).  Whether climate 
regulation should be a these are a matter for cross compliance or agri-
environment schemes or both is considered further in the conclusions to this 
report. 

11. Co-location: Clearly different combinations of ES options can be brought 
together in different locations to deliver a specific range of services suited to 
addressing particular problems.  For example, in Cornwall the Environment 
Agency has encouraged the relocation of field entrances in combination with other 
measures to reduce cross land flows.  At a national level it is potentially unwise to 
identify the ‘best’ option combinations to address particular problems – these are 
much better defined at the local level through initiatives such as the ECSFDI. 
Nevertheless, the co-location of options is very important to achieve maximum 
benefit. 

12. Gross assessment: This gross assessment of service delivery is an important 
first step.  It has identified the services that could be delivered by the stated 
outcomes of the ES options.  It is also important to identify the net service 
delivery i.e. the marginal change in service delivery achieved under ES compared to 
a situation without ES.  In particular, it is only through examining net service 
delivery that the temporal differences in service delivery can be explored, for 
example, as habitats move to a state of favourable condition (considered in the 
conclusions to Chapter 6). 

                                            
8 At the time that ELS was originally devised the emphasis was on developing options that would deliver 
environmental benefits regardless of their location.  It was realised that this made options for the protection of 
natural resources difficult to implement under ELS as location would nearly always be important. 
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5. GROSS SERVICE DELIVERY ACCORDING TO 
LEVELS OF ES UPTAKE 

STUDY OBJECTIVE 
5.1.  This Chapter examines the extent to which Environmental Stewardship (ES) is 

currently delivering the full range of ecosystem services identified in Chapter 4, based 
on a quantified assessment of the uptake of ES options across England’s 159 Joint 
Character Areas (JCAs), now known as the National Character Areas (NCAs).   

5.2.  It fulfils the second objective set out in the brief for the study to “Comment, in 
qualitative terms, on the likely extent to which Environmental Stewardship currently 
contributes to the provision of …ecosystem services, in the context of available information 
on uptake of the scheme across England and of the various management options.”   

DATA ANALYSIS 
5.3.  There have been two sources of data for this analysis: the matrix of ecosystem 

services described in the last Chapter and uptake data for each of the ES options, 
broken down by each of the 156 JCAs,9 provided by Defra from Natural England’s 
Genesis database.  The ES uptake dataset was received on 25 June 2008 and is 
understood to relate to agreements in force on 23 June 2008. 

5.4.  The methodology for combining these two sets of data involved converting all the ES 
uptake data to an uptake figure in hectares (some were recorded in the Genesis 
database by linear length – such as hedgerows - or by number of units – such as field 
and orchard trees).  The conversion factors used for each of the options affected are 
shown in Appendix 3.  These uptake areas were then linked with the matrix of 
ecosystem services in a spreadsheet, to calculate the areas under agreement for each 
management option in each JCA that is judged to be delivering each ecosystem 
service.  The amount of raw data generated in this spreadsheet is very large.  With 
uptake data for over 220 separate management options10 over 156 Joint Character 
Areas, cross tabulated with impact assessments for 23 ecosystem services and the 
different assessments applied to the type of delivery (for instance high and low 
impact, and locational requirements), managing and ordering the 900,000 different 
items of data has been very important.  Fuller data tables are provided in Appendix 
4.  This Chapter focuses on drawing out key trends. 

NATIONAL ES TARGETING 
5.5.  While there is no spatial targeting of ELS, Natural England when the scheme was 

launched produced HLS targeting statements for each of the JCAs which list key and 
secondary targets.  These targets have been updated and describe the environmental 
outcomes that are sought rather than the precise HLS options that should be 
adopted, and applicants are left to put forward applications that make this link. 

                                            
9 There are 159 terrestrial JCAs in England but no data are shown for Inner London (JCA 112), the Isle of 
Portland (137) and Lundy Island (159). 
10 This figure is slightly different to that given in para 3.18 in that some of the ES option codes were not 
available in 2008 and for some options there was no uptake data. 
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5.6.  Previous work for English Nature and its partners11 reviewed all the HLS targeting 
statements and categorised each of the key and secondary targets according to the 
primary and secondary objectives of ES.  This research showed a predisposition 
towards targets directly meeting biodiversity (37.8%), followed by the historic 
environment (14%) and access and understanding (12.1%).  Targets addressing 
landscape conservation stood at 4.8% of the total number of targets, while natural 
resource protection targets stood at 3.2%.  For the two secondary ES objectives, 
targets for genetic conservation accounted for 4.6% while those for flood 
management stood at 2.4% of all targets.  This confirms the pre-eminence given to 
biodiversity in the targeting of HLS in the past which will inevitably be reflected in the 
uptake data considered below.  New targeting statements were issued at the end of 
December 2008 which may, in the future, alter the emphasis outlined above. 

NATIONAL ES UPTAKE 
5.7.  From a launch in 2005, by the end of 2007 there were around 32,200 agricultural 

holdings in the ELS, 2,100 in the OELS and 2,000 in the HLS (to the nearest 100).12  
The distribution of these holdings is illustrated in Figure 5.1, showing that 
agreement holders are broadly distributed across England, excepting the major 
conurbations and the Environmentally Sensitive Areas where a high proportion of 
holdings remain in ESA agreement.  

Figure 5.1:  Distribution of holdings under ES agreements 

 
Source: Robert Bradburne, Defra, pers. comm. 

                                            
11 LUC 2006.  Review of national targeting statements for the Higher Level of Environmental Stewardship:  
User guide and initial database analysis.  Report to English Nature and Partners. 
12 Defra Sustainable Food and Farming Strategy indicators 4.09 and 6.05.  
https://statistics.defra.gov.uk/esg/indicators/data/data.xls.  
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5.8.  Figure 5.2 illustrates the total area under agreement in all agri-environment 
schemes in England between 2003 (the launch of the ELS pilot) and 2007.  It shows 
that by 2007, ELS (including OELS) accounted for some 4.5 million hectares 
(equivalent to some 50%13 of the agricultural land area) and HLS for some 175,500 
hectares.  The ESA and Countryside Stewardship Schemes (both now closed to new 
applicants) accounted for a further 9%.  Since then the uptake figures have increased 
further with ELS / OELS covering some 53% of the agricultural area by the end of 
2008 and the area under HLS agreement covering some 291,000 hectares.14 

Figure 5.2: Uptake of agri-environment schemes in England as a 
proportion of agricultural land area 2003-07 
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Source: Defra Sustainable Food and Farming Strategy Indicators 4.09 and 6.05. 

5.9.  The figures for ES option uptake, as calculated by this study (see para. 5.2), are 
different from the areas given above since this study’s data are based on the areas 
under management for each option, rather than the areas of holdings under 
agreement.  For HLS, the total area under HLS options is estimated by this study to 
be 273,480 ha (2.5% of the agricultural area15). This is different to the figures quoted 
above as they relate to a cut off point of 23rd June 2008.  They may also include an 
unavoidable element of double counting as the calculations in this study do not allow 
for individual options to be located on the same area of land. 

5.10.  The total area covered by ELS options is estimated by this study to be 980,052 ha, 
amounting to 8.8% of the agricultural area.  This is different to the figures quoted 
above which cover the area of all holdings under ELS agreement, not just the areas 
under ELS option management..  Overall the figures suggest that on average, 
approximately a fifth of the area of holdings in ELS agreements are covered by ELS 
options. 

5.11.  Although, as noted in Chapter 3, this study has drawn on the uptake data for some 
220 different ES options, the areas covered by many of these options is small and 
accounts for a small proportion of the total uptake.  For ELS, 90% of the total option 
uptake area comes from just 23 options, while for HLS, 90% of uptake comes from 
24 options.  Tables 5.1 and 5.2 list the most popular ELS and HLS options (those 
collectively accounting for 75% of ELS and HLS option uptake by area respectively). 

                                            
13 Stated in the brief to this study 
14 Taken from Defra’s Sustainable Food and Farming Strategy (SFFS) indicator number 6.05 
15 Reference to the agricultural area here and throughout the rest of the report is to the area classified as being 
in agricultural land classes 1 to 5.  This is a total of 11,161,199 ha in England. 
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Table 5.1:  Most popular ELS options 

ELS Option Area (ha) % ELS 
uptake 

% agric 
area 

EK2 - Permanent grassland with low inputs: outside SDA & ML 196,443 20% 1.76% 
EK5 - Mixed stocking 167,448 17% 1.50% 
EL6 - Moorland and rough grazing: ML land only 98,832 10% 0.89% 
EK3 – Perm. grassland with very low inputs: outside SDA & ML 71,254 7% 0.64% 
EF6 – Over-wintered stubbles 62,500 6% 0.56% 
EL2 - Permanent in-bye grassland with low inputs: SDA land 57,633 6% 0.52% 
ED5 - Archaeological features on grassland 52,135 5% 0.47% 
EB1 - Hedgerow management (on both sides of hedge) 19,972 2% 0.18% 

SDA: Severely Disadvantaged area. ML: Moorland Line.   

Table 5.2:  Most popular HLS options 

HLS Option Area (ha) % HLS 
uptake 

% agric 
area 

HL10 - Restoration of moorland 61,399 22% 0.55% 
HL12 - Management of heather, gorse and grass 35,122 13% 0.31% 
HL15 - Seasonal livestock exclusion supplement 32,039 12% 0.29% 
HL9 - Maintenance of moorland 19,745 7% 0.18% 
HK7 - Restoration of species-rich, semi-natural grassland 12,078 4% 0.11% 
HL16 - Shepherding supplement 10,778 4% 0.10% 
HO2 - Restoration of heathland from neglected sites 8,569 3% 0.08% 
HK15 - Maintenance of valuable semi-impr. or rough grassland 8,134 3% 0.07% 
HR2 - Supplement for native breeds at risk 7,666 3% 0.07% 
HK6 - Maintenance of species-rich, semi-natural grassland 7,412 3% 0.07% 
HK9 - Maintenance of wet grassland for breeding waders 4,370 2% 0.04% 

5.12. What is salutary about these figures is that in total only some 11.3% of the farmed 
area of England is being managed according to ES options.  In other words 88.7% is 
not. Even the most popular ES options cover very small areas of the agricultural area 
of England.  For service delivery, this underlines two vital points: the critical 
importance of targeting options to where they will deliver the most benefit; and the 
importance of having multi-service options (as is already the case) so that the 
opportunities for the delivery of the most important services are maximised.  With 
single purpose options it is unlikely that there would ever be enough land in that 
option to achieve any recognisable difference except in the most localised areas. 

ECOSYSTEM SERVICE DELIVERY ACROSS ENGLAND 
5.13. The figures analysed in this section measure the areas of land under ES options that 

deliver each ecosystem service (para 5.4). 

Overall analysis of service delivery 
5.14. Figure 5.3 shows the areas of land in ES agreement with the potential to deliver 

each of the regulating and cultural services.  Figure 5.4 shows the same for the 
provisioning and supporting services, and for biodiversity.  These figures show that 
biodiversity and aesthetic values & sense of place, 16 are found across the largest area 
(excluding the supporting services) both covering 1.2 M ha.    

                                            
16 In this analysis of uptake the two cultural services of inspiration and sense of place have been combined. 
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5.15. Amongst the regulating services, climate regulation, water regulation, prevention 
of soil erosion and water quality are each potentially delivered in gross terms across 
0.9 M ha.  Each of these is addressed by large numbers of ES options (for instance 
111 options for climate regulation and 110 for prevention of soil erosion), many of 
which have high levels of uptake (for instance permanent grassland with low inputs 
and moorland & rough grazing).  Pollination is potentially delivered by a slightly 
smaller area of ES, being addressed by a similarly high number of options (107) but 
which have slightly lower areas of uptake.17   

5.16. Three of the cultural services are potentially delivered to a significant degree by ES.  
In addition to aesthetics and sense of place delivered across some 1.2 M ha., cultural 
heritage is potentially delivered across some 0.9 M ha including many of the ELS 
grassland options with high levels of uptake (although this benefit will only be felt 
where the grassland overlays archaeological remains), but is not delivered by arable 
options that involve soil cultivation.  Recreation is shown as being delivered across 
0.8 M ha. in gross terms.  This is split between recreation derived from field sports 
(for instance associated with woodlands and wild bird seed mixtures) and 
recreational access to land (e.g. moorland, heath and down to which the public have 
access under the CRoW Act). 

Figure 5.3:  Areas in Environmental Stewardship delivering the regulating 
and cultural services 
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5.17. In gross terms two of the provisioning services, food and fibre, are delivered across 
about 1.1 M ha..  While the production of neither is a specific objective of ES, crops 
and livestock are produced on land covered by almost all the most popular options 
(such as those covering grassland and arable land).  The provision of fuel is addressed 
by options producing wood (such as hedgerows and woodland) and arable crops, but 
not by the grassland and moorland options18 with the highest levels of uptake.  Fresh 
water provision is addressed only by options covering soils capable of storing water 
(the seven options on moorland and rough grazing) but the relatively high levels of 
uptake of these options mean that it is delivered across about 0.3 M ha..  Genetic 
conservation is covered by few options (addressing rare breeds of livestock and 
traditional orchards) with relatively low levels of uptake and so is covered by no 
more than 8,000 ha. of options, all of them from the HLS. 

                                            
17 The number of options per service are less here than identified in Chapter 4 (para 4.14).  This is because in 
some cases there has been no uptake for identified options, remembering that the analysis in Chapter 4 
includes options that only come on stream in 2009. 
18 Although in the future both of these may be used for anaerobic digestion 
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Figure 5.4:  Areas in Environmental Stewardship delivering the 
provisioning and supporting services and biodiversity 
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5.18. Overall, the significance of biodiversity, and the delivery of aesthetic values and sense 
of place, and cultural heritage, are all to be expected given that these are primary 
objectives of ES.  The high potential levels of delivery for the regulation of soil 
erosion and water quality are more surprising.  These are also covered by the 
primary objectives of ES but, as noted in Chapter 2 and para 5.6, have in the past 
been less well supported by the number of ES options and by the targeting of ES.  
The lower level of provision of recreation is consistent with access options only 
being available under HLS.  The secondary ES objective of flood management is well 
represented by the relatively high level of potential delivery of water regulation.  
However the other secondary objective of conserving the genetic diversity of rare 
stock breeds is poorly represented, partly because only certain habitats are suitable 
for conservation grazing and partly because of the small number of options relating to 
this. 

5.19. Figures 5.3 and 5.4 also show the split between ELS and HLS.  Differences between 
the two levels are explored in more detail later in this Chapter.  However, it can be 
seen that, in terms simply of the area of uptake (taking no account of the intensity of 
service delivery), ELS accounts for around three quarters of the area for most 
services, except where HLS options are the main or only provider.   

Overall analysis – proportions of land area and ES uptake 
5.20. The analysis in the remainder of this Chapter, considers the levels of potential service 

delivery as proportions of the total agricultural area or of the area under ES 
agreement.  There is one important caveat, As noted earlier, comparison between 
the total areas of ES option uptake calculated by this study and the data from Defra 
on the total areas under ES agreement suggest that, for HLS at least the combined 
areas of option uptake are higher than the total areas under agreement due to 
separate counting of co-located options (i.e. where two or more options overlay one 
another on the same piece of land).   Supplements, such as the shepherding 
supplement do, by definition, overlay other options.  Removing supplements and 
other potentially co-located options from the analysis would be complex and would 
disregard the ecosystem services they deliver.  As a result, the proportions of land 
area delivering the services through ES options are likely to be over-estimates of the 
actual areas under agreement.  The figures quoted in this report should therefore not 
be taken out of context.   
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5.21. Table 5.3 shows the areas of scheme uptake as a proportion of the total agricultural 
area of England19 and Table 5.4 shows them as a proportion of the total area of 
uptake in each tier.   For clarity, these figures focus on the services that are of 
principal interest to this study and exclude the provisioning and supporting services. 

5.22. Table 5.3 shows that, over England as a whole, ES is potentially delivering key 
ecosystem services on between 3.8% (for education provision) and 10.9% (for 
aesthetics & place and also biodiversity) of the agricultural area.  For most services, 
ELS options account for the majority of this area (para 5.18).  These are encouraging 
totals but still small compared to the total areas under agricultural management. 

Table 5.3:  Areas as a proportion of total England agricultural area  
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All options 8.5% 8.3% 9.1% 8.5% 7.6% 8.4% 3.8% 10.8% 10.9% 
Entry level options 6.1% 6.2% 6.8% 6.3% 5.5% 6.1% 2.2% 8.4% 8.6% 
Higher level options 2.3% 2.1% 2.2% 2.2% 2.1% 2.4% 1.6% 2.4% 2.0% 

Note: Figures calculated as a proportion of total agricultural area of 11,161,190 ha 

5.23. Table 5.4 shows that aesthetics / sense of place and biodiversity are potentially 
supported by almost all ES options (both ELS and HLS), with a coverage of around 
96% of the area under agreement..  Water quality, cultural heritage, water regulation 
and prevention of soil erosion are potentially delivered on around three quarters of 
the area under ES agreement but, for each of these services, HLS options provide a 
much greater proportion of delivery (around 90% of uptake area) than ELS options 
(around 70%).  The potentially large areas delivering the regulating services is 
interesting in that, while the ELS contains a number of options that are specifically 
focussed on aspects of resource protection, such as soil conservation and water 
quality (which HLS tends not to) there is little reference in other ELS options to the 
potential resource protection benefits that they may deliver.   Notwithstanding that 
the protection of natural resources is a primary objective of ES, it would appear that 
the scheme has the potential to deliver this objective through a wider range of 
options than is fully anticipated by the scheme literature (see paras.4.14 and 4.16). 

5.24. Recreation is potentially delivered on around 68% of the area under ES agreement 
and education on 34%.  Both are again more significant in the HLS options (reflecting 
the conservation of habitats with open access under the CRoW Act as well as the 
provision of permissive access).  This is to be expected given that recreation and 
education are not objectives of ELS.   

                                            
19 The total agricultural area is derived from the Agricultural Land Classification by summing the area of Grade 
1 to 5 land based on data provided by Defra. 
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Table 5.4:  Areas as a proportion of total areas under ES agreement 

Regulating services Cultural services  
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All options 75% 75% 75% 76% 68% 75% 34% 96% 97% 
Entry level options 70% 71% 71% 72% 63% 69% 25% 96% 98% 
Higher level options 95% 90% 90% 91% 84% 96% 67% 99% 95% 

Note: Figures calculated as a proportion of total ELS uptake of 980,052 ha and HLS uptake of 273,480 
ha 

5.25. So far these figures make no distinction between the level of contribution / impact 
(high or low) of each option to service delivery (paras. 3.46 – 3.47) or whether the 
option needs to be in a particular location to deliver the identified service (paras. 
3.48 – 3.50).  Consideration of these criteria provides a greater understanding of ES 
service delivery and how effectively it is being targeted. 

High and low impacts 
5.26. Figures 5.5 and 5.6 show the relative importance of high and low levels of delivery 

of the priority ecosystem services, as a proportion of the total area under agreement 
for ELS and HLS respectively.  These broadly reflect the patterns identified in Figure 
4.6, with some variations reflecting differing levels of uptake for different options. 

5.27. As shown in Figure 5.5, services that, from the uptake data, have high levels of 
potential impact through ELS are: 

• aesthetics / sense of place (where it is the aesthetics service that contributes the 
higher number of high level impacts by area, particularly for options involving 
arable cropping);  

• cultural heritage (where the main options delivering low impact are also those 
covering small areas such as narrow buffer strips) 

• prevention of soil erosion (where the majority of options delivering this service 
are deemed to have a high impact (Figure 4.6). 

5.28. Services that, from the uptake data, have low levels of potential impact under ELS are 
climate regulation and water quality.  For climate regulation, Figure 4.6 showed that 
three quarters of the ELS options able to provide this service do so at low impact.  
Amongst options able to deliver at high impact, only the moorland and rough grazing 
option has significant areas of uptake (those with high impact but low uptake being 
6m buffer zones and field corners).  Overall, climate regulation is potentially delivered 
by ELS options at a high level of impact on just 1.3% of the agricultural area compared 
to 4.7% at low impact.  It is significant that HLS options provide a larger area of high 
impact delivery (covering 1.7% of agricultural area) for climate regulation compared 
to ELS options.  The low levels of climate regulation delivered by ELS are due to a 
lack of suitable options that provide a high impact for this service.  

5.29. For water quality, although Figure 4.6 shows that around half of the ELS options can 
deliver at high impact, uptake levels of these options are very low.  This means that 
only 1.6% of the agricultural area is providing a high level of contribution to water 
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quality (compared to 4.6% providing only a low level of contribution) under ELS 
options.  Again, HLS options deliver a larger area (2.0% of agricultural area) at high 
impact compared to ELS options. The delivery of water quality through the existing 
ELS options is therefore falling short of the potential due to low levels of uptake of 
the most suitable options. 

5.30. It is significant, considering the importance of biodiversity as an objective of ES that 
around a third of the area under ELS is at a low level of impact.  Options that have a 
low level of impact but have significant levels of uptake are the 2 and 4m buffer strips, 
basic hedgerow management options, management of grassland for archaeology and 
basic management of rough grassland.   

Figure 5.5:  Proportions of ecosystem delivery at high and low impacts by 
the Entry Level Scheme 
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5.31. Figure 5.6 covers the HLS.  Reflecting the numbers shown in Table 5.4, the overall 
levels of delivery through HLS on a given area under agreement are greater than for 
the ELS.  The figure shows that almost all the services are potentially delivered at a 
high impact, the major exception being climate regulation where about a third of the 
delivery is at a low level of impact (particularly the options that involve continued 
cultivation of soils).  This suggests that while the overall areas under HLS agreement 
are significantly less than for ELS, the intensity of delivery of most services is 
significantly higher.  This is to be expected given the objectives of HLS, the more 
exacting management prescriptions and the higher levels of payment to farmers. 

Figure 5.6:  Proportions of ecosystem delivery at high and low impacts for 
the Higher Level Scheme 
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5.32. By combining the analysis above on the levels of uptake (Figures 5.3 and 5.4) and of 
impact (Figures 5.5 and 5.6), the way that ES delivers ecosystem services falls into 
three groups. 

 Firstly, there are the services that are potentially provided by the majority of 
options and at high levels of impact by both ELS and HLS.  These services are 
water regulation, prevention of soil erosion, cultural heritage, aesthetics / sense 
of place and also biodiversity for its own sake.  For these, ES has a significant 
impact over a relatively large area. 

 Secondly, there are the services that are potentially provided by the majority of 
options but where ELS options tend to deliver low levels of impact.  These 
services are climate regulation and water quality.  For these services, HLS is 
responsible for a larger area (based on the uptake data) of high impact delivery 
than ELS. 

 Finally, there are the services that are potentially delivered by a minority of 
options in both ELS and HLS and across limited areas in terms of uptake. These 
services are genetic diversity, air quality, hazard control and education.  ES as a 
whole current makes relatively little contribution to these services. 

The influence of location on service delivery 
5.33. Figures 5.7 and 5.8 distinguish between the options where location is and is not 

important for the delivery of individual services (paras. 3.48 – 3.50).  The data are 
presented in the same way as Figures 5.5 and 5.6, as the proportions of land under 
agreement. 

5.34. Figure 5.7 shows that, for ELS (where there is no deliberate spatial targeting of 
options in relation to the delivery of their objectives), the location of options is often 
critically important if the identified service is to be delivered.  So, for all ELS options 
that are under agreement and have the potential to deliver water regulation, 
prevention of soil erosion and water quality, these services will only be delivered if 
the option is put in the right place.  This is also the case for the majority of options 
under agreement with the potential to deliver cultural heritage and to a lesser extent 
aesthetics & place and also biodiversity.   It should be noted that most of these 
services that require deliberate location are those which are potentially provided by 
ES across large areas and at high impact (the first bullet of para 5.32).  The figures for 
recreation may be a diversion as they largely relate to the provision of habitat for 
field sports. 
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Figure 5.7:  Proportions of ecosystem service delivery under ELS where 
the targeted siting of the option is important to service delivery 
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5.35. Figure 5.8 repeats the same analysis but for HLS.  The targeted location of options 

is less significant in policy terms since the Farm Environment Plan drawn up as part of 
the HLS application process should ensure that options are located to ensure that 
the principal objectives of the options are met.  Nevertheless, from Figure 5.8 it is  
clear that key regulating services will, as under ELS, not be achieved without the 
relevant options that are under agreement, being in the right location.  Currently 
there is little in place to ensure that this happens. 

5.36. For biodiversity, under HLS, few of the options under agreement are identified as 
requiring further locational guidance.  Location is clearly important but is already well 
covered through targeting, guidance in the Handbooks and through the advice of 
Natural England officers.  Conversely many options delivering aesthetics / sense of 
place which are under agreement do still require locational guidance reflecting the 
low level of targeting currently achieved for this service (para 5.6). 

5.37. This suggests that the location of options deserves attention to ensure that services 
that are not explicitly stated in the scheme Handbooks are nevertheless delivered, 
where this is compatible with other principal objectives and with the needs of the 
farm. 

Figure 5.8.  Proportions of ecosystem service delivery under the Higher 
Level Scheme where the targeting siting of the option is important to 
service delivery 
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SPATIAL DELIVERY OF SELECTED ECOSYSTEM SERVICES 
UNDER ES 

5.38.  This final section of this Chapter takes a finer-grained look at the spatial patterns of 
ecosystem service delivery based on current levels of ES uptake.  Maps have been 
prepared showing the potential delivery of selected services in each JCA.  Most maps 
contrast service delivery by ELS and HLS but some compare positive and negative 
impacts or delivery that is reliant on the targeted location of the option (where these 
are relevant). 

5.39. All the maps strongly reflect the overall pattern of ES uptake. The pattern of ELS and 
HLS uptake as a proportion of the land area in each JCA is shown in Figure 5.9.  
This shows that highest levels of uptake of ELS options (those above 10%) occur in 
upland areas (such as the Cheviots, North Pennines and Yorkshire Dales), in strongly 
pastoral lowland areas (such as The Northumberland Sandstone Hills, The Eden 
Valley, Herefordshire Lowlands and The Culm) and in certain arable-dominated areas 
(such as High Leicestershire and Salisbury Plain and the West Wiltshire Downs).  In 
all these areas, the permanent grassland with low inputs and mixed stocking options 
feature strongly with other high levels of uptake being moorland and rough grazing 
(in the upland areas) and over-wintered stubbles (in the arable areas).   

5.40. Figure 5.9 shows that HLS uptake is highest in some of the upland areas (those 
stated above as well as the Cumbria High Fells, Bowland Fells and Dartmoor), with 
the moorland management and restoration options accounting for much of this.  

5.41. The differences between different services are often relatively minor, particularly 
where services are delivered by the same groups of options (as is the case with some 
of the regulating services).   

5.42. Where the maps compare potential delivery under ELS and HLS, the HLS map tends 
to show little contrast in delivery outside the areas where uptake is highest.  This is 
because, with the exception of JCAs with high proportions of moorland and lowland 
heath, levels of HLS uptake are generally much lower than those for ELS (and 
therefore appear in the lowest category of shading on the map). 

Provisioning services – Fresh water 
5.43. Figure 5.10 shows how the potential delivery of fresh water varies across the 

country.  The pattern is similar for both ELS and HLS and is concentrated in the 
upland areas.  This is because, as noted earlier in this report (para. 5.17) the matrix 
of ecosystem services against ES options restricted the options that were deemed to 
deliver fresh water to those involved in the management of peat soils capable of 
releasing fresh water for human consumption.  Since these tend to be concentrated 
in the headwaters of catchments, Figure 5.10 shows a concentration of delivery in the 
upland moorland areas of England.   

5.44. Other aspects of water management are covered under the regulating services 
(water regulation and water quality). 
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Figure 5.9.  Uptake of ELS and HLS options as a proportion of total land area 
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Figure 5.10:  The delivery of fresh water through ELS and HLS based on current levels of uptake 
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Regulating services – Regulation of climate, soils, water quality and 
quantity and pests 

5.45. Figures 5.11 and 5.12 show the potential delivery of climate regulation across the 
JCAs.  Figure 5.11 shows a concentration of delivery through both ELS and HLS in 
areas where options involve 

• the favourable management of organo-mineral soils, particularly peat, 
(safeguarding the storage of organic carbon); 

• the conversion of arable land to grassland (again reducing the oxidation of carbon 
from the soil);  

• a reduction in grazing intensity (leading to lower emissions of methane from 
livestock); and 

• reductions in the application of fertilisers (reducing emission of nitrous oxide). 

5.46. As with other maps, the low levels of uptake shown for delivery through HLS reflect 
that, outside habitats such as heather moorland and lowland heath, the overall uptake 
of HLS is relatively low (but see para. 5.28 on intensity of impact). 

5.47. Figure 5.12 shows those areas where ES uptake is likely to be having a negative 
impact on climate regulation.  This arises in options that involve the reverse of the 
activities above (i.e. grazing as part of conservation management, and the cultivation 
of arable soils, although this is the product of the agricultural management, not the ES 
option).  It should be noted that ES options may include both positive and negative 
impacts on climate regulation. 

5.48. Figure 5.13 shows how the potential delivery of water regulation is distributed 
across the country.  This arises from options that increase infiltration of water into 
soils and reduce runoff across the catchment, such as the reduction of grazing 
densities (where lower levels of soil compaction increase infiltration) and the 
creation of rough vegetation (where the speed of overland flow is reduced and 
infiltration increases).  It also arises from options that help hold back water in 
floodplains (such as floodplain wet grasslands and hedgerows that slow the flow of 
flood water).   

5.49. Figure 5.14 maps the potential reduction in soil erosion under ES.  This service is 
closely linked to water regulation (most of the options that increase water infiltration 
also reduce soil erosion) and the pattern of distribution is very similar as a result. 

5.50. Figure 5.15 shows the distribution of potential water quality improvements through 
ES. Again, there are strong links with the delivery of water regulation, but this service 
is also delivered by options that reduce crop inputs and the leaching of fertiliser and 
pesticides (such as low input grassland).   

5.51. Figure 5.16 focuses on the potential impacts of ES on pest and disease regulation 
with the left hand map showing positive impacts (from ELS and HLS combined) and 
the right hand map showing negative impacts.  Positive impacts (i.e. a reduction in 
crop and animal pests) are delivered by options that manage or create habitats which 
harbour the natural predators of pests or where the prescriptions require the 
removal of noxious weeds.  Negative impacts (an increase in pests and diseases) arise 
from options that create habitats which can harbour poisonous plants such as 
hemlock water dropwort or pests such as midges (spreading bluetongue). 
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Figure 5.11:  The delivery of climate regulation through ELS and HLS based on current levels of uptake 
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Figure 5.12:  Positive and negative impacts of ES on climate regulation based on current levels of uptake 

 



 60

Figure 5.13:  The delivery of water regulation through ELS and HLS based on current levels of uptake 
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Figure 5.14:  Erosion control through ELS and HLS based on current levels of uptake 
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Figure 5.15:  The delivery of water quality through ELS and HLS based on current levels of uptake 
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Figure 5.16:  The positive and negative impacts of ES on crop and animal pests based on current uptake data  
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Cultural services – Recreation, cultural heritage and aesthetics/sense of 
place 

5.52. Figure 5.17 maps the potential delivery of recreation provision under current ES 
uptake, reflecting: 

• new permissive access under HLS (HN1 to HN9); 

• the conservation and creation of habitats with rights of open access under the 
CRoW Act 2000 (moor, heath, downland);   

• the provision of opportunities for field sports (Table 3.2), through the creation of 
appropriate habitat such as the planting of wild bird seed mixtures (HF2 and HF3) 
and management of woodland edges (HC4). 

5.53. Figures 5.18 and 5.19 both map the potential provision of cultural heritage.  Figure 
5.18 contrasts delivery under ELS and HLS.  Under ELS cultural heritage is delivered 
by the historic environment options HD1 to HD5 which are concerned with the 
protection of traditional buildings and buried archaeology and also by options that 
preserve historic field patterns (hedgerow and stone wall management) and 
traditional forms of land management (such as commoning).  It is interesting that, as 
well as the upland areas where there are high concentrations of historic monuments, 
the left hand map in Figure 5.17 shows a high level of delivery on Salisbury Plain and 
the West Wiltshire Downs (JCA 132) another area with a wealth of archaeology 
including the Stonehenge World Heritage Site.   

5.54. Figure 5.19 contrasts the delivery of cultural heritage from options where targeted 
location of the activity is required for the service to be delivered, against the pattern 
of delivery where this is not the case (i.e. where provision of cultural heritage can be 
guaranteed without this deliberate targeting by the scheme).  In most cases, careful 
targeting is required and the areas shown in the right hand map where it is not 
required arise from moorland management options and others, where the ES 
prescriptions make it clear where the option should be sited. 

5.55. Figure 5.20 maps the combined delivery of the aesthetics and sense of place 
services, contrasting delivery under ELS and HLS.  As noted earlier, the large majority 
of both ELS and HLS options deliver one or other (often both) of these services and 
these maps therefore strongly reflect the overall levels of scheme uptake, with the 
exception that these services are not delivered by most of the options aimed at soil 
management.  These are generally associated with intensive arable cropping and 
grassland management which tend to be concentrated in lowland areas. 
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Figure 5.17:  The delivery of recreation through ELS and HLS based on current levels of uptake 
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Figure 5.18: The delivery of cultural heritage through ELS and HLS based on current levels of uptake 
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Figure 5.19: The delivery of cultural heritage under options that require targeted siting, and those that do not 
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Figure 5.20: The delivery of aesthetics and sense of place under ELS and HLS based on current levels of uptake 
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Biodiversity 
5.56. The last two figures map the pattern of potential support for biodiversity by ES.  

Figure 5.21 contrasts delivery by ELS and HLS.  Since biodiversity is supported by 
the large majority of ELS and HLS options (Table 5.4), these maps tend to reflect 
the overall distribution of ES uptake. 

5.57. Figure 5.22 compares the provision of biodiversity: 

• The map on the left hand side: where a specific location is required for this 
benefit to be provided and where this location may not be clear from the scheme 
Handbooks and other information 

• The map on the right hand side: situations where the location of options to 
support biodiversity is either clear in the Handbooks and other supporting 
guidance or is not a specific consideration for  biodiversity.  

The left hand map highlights strong concentrations of options such as conservation 
headlands where high levels of biodiversity will only be achieved if the prior 
conditions of the land (such as favourable seed bank) are present. 
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Figure 5.21:  The support for biodiversity through ELS and HLS based on current levels of uptake 
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Figure 5.22:  The support for biodiversity under options that require targeted siting, and those that do not 
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CONCLUSIONS  
5.58.  The key points to emerge from this analysis are: 

1. Area affected by ELS options: Using the method developed for this study, the 
total area covered by ELS options is estimated to be 980,052 ha, amounting to 
8.8% of the agricultural area of England.  This area is much smaller than the area 
of holdings receiving ELS payments.  ELS uptake is highest in upland areas, some 
pastoral landscapes in the lowlands (for instance in the western part of the West 
Midlands) and in some arable landscapes (for instance parts of Wiltshire). 

2. Area affected by HLS options: The total area under HLS options is estimated 
by this study to be 273,480 ha (2.5% of the agricultural area).  The highest levels 
of HLS uptake have been in the uplands (excluding some areas which have high 
levels of uptake under the ESA scheme). 

3. Total area affected by ES options: These totals suggest that a total of some 
11.3% of the agricultural land of England is under the management of ES options.  
This means that at least 88.7% of the agricultural area of England is not being 
managed under ES options (although, in addition, further areas are being managed 
under the old ESA and Countryside Stewardship schemes). 

4. Although this study has identified the ecosystem services delivered by all ES 
options available in 2009 (Chapter 4), uptake data for 2008 shows that 50 options 
account for the large majority of the area in the scheme.   

5. The most popular ELS options are those involving 

 low inputs on permanent grassland (options EK2, EL2, OK2 and OL2) 
covering 2.48% of the agricultural area, particularly in the uplands and 
western pastoral landscapes such as in the western West Midlands,  

 the use of mixed stocking (options EK5 and OK5) covering 1.59% of the 
agricultural area), again primarily in the uplands and western lowlands,  

 the management of moorland and rough grazing (option EL6) with an 
uptake of 0.89% found exclusively in the uplands such as the Cheviot Hills, 
Yorkshire Dales and Bowland Fells, and  

 over-wintered stubbles (options EF6 and HF6) with an uptake of 0.59%, 
this time concentrated in arable landscapes such as the Yorkshire Wolds, 
Hampshire Downs and Norfolk boulder clay areas.  

6. Of these, only the moorland and rough grazing option delivers benefits to a large 
number of services and does so at high levels of impact.  The other most popular 
options either provide low impact benefits (such as reduced grassland inputs that 
assist with most of the regulating services) or only deliver a very limited range of 
services (such as mixed stocking and over-wintered stubbles). 

 
7. The most popular HLS options are those that: 

 maintain moorland (options HL9 and HL12) covering 0.49% of the 
agricultural area, or restore moorland (options HL10), covering 0.55%, 
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both of which are found exclusively in upland areas such as the Bowland 
Fells and North Northumberland Sandstone Hills,  

 seasonally exclude livestock from grassland and moorland (option HL15) 
covering 0.29% of the agricultural area, again entirely in upland landscapes 
such as the Cumbria Hill Fells and Dartmoor, and  

 restore species-rich grassland (option HK7), covering 0.11% of the 
agricultural area across England, but at particularly high levels in many 
upland areas and in the Malvern Hills, Costwolds, Dorset Downs and 
Heaths, South Downs and Mendip Hills. 

8. Notwithstanding the smaller area that these HLS options cover, they address a 
broader range of services than the ELS options above, and do so at higher levels 
of impact. Also, although covering only very small areas of total agricultural land 
they cover significant areas within the relevant JCAs, as identified on the relevant 
maps and as discussed further in Chapter 6. 

9. Impacts on different services: The service that is potentially delivered across 
the largest area (excluding the supporting services) is aesthetic values & sense of 
place, which is joined by biodiversity.  Both of these are provided at high levels of 
impact by the majority of ES options.  This reflects their importance as primary 
objectives of the scheme.  

10. The regulating services of water regulation and erosion control and the cultural 
services of cultural heritage and recreation are also potentially delivered across 
significant areas at high levels of impact.  While accepting that the protection of 
natural resources is a primary objective of ES, it appears that the scheme is 
delivering this objective through a wider range of options than is fully anticipated 
by the scheme literature. 

11. The regulating services of climate regulation and water quality are addressed by 
options over relatively significant areas (compared to the overall levels of uptake) 
but on much of this area (particularly under ELS), those options for which there 
are high levels of uptake only make a low level of contribution to the delivery of 
these services.  Indeed, based on the uptake figures, there is a greater area of 
HLS options (1.7% of total agricultural area) making a high level contribution to 
climate regulation than there are the equivalent ELS options (covering 1.3% of the 
agricultural area).  The equivalent figures for water quality are HLS 2% of 
agricultural area and ELS 1.6%. 

12. Finally, both ELS and HLS currently have relatively little impact on genetic 
conservation, air quality, hazard control and education, with delivery by relatively 
few options and at low levels of uptake. 

13. Importance of spatial targeting: Analysis in this Chapter reaffirms the 
importance of deliberative spatial targeting of many options in order for some 
services to be delivered.  It suggests that, without careful siting of many ELS, and 
some HLS, options, the high levels of delivery of water regulation, prevention of 
soil erosion, water quality and, to a lesser extent, recreation, cultural heritage, 
aesthetics & place and also biodiversity, cannot be guaranteed. Significantly under 
ELS uptake, currently all options that are under agreement with the potential to 
deliver the key regulating services (of water regulation, soil protection, and water 
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quality) are dependent on location for this service delivery but this location is not 
assured.  
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6. COMPARISON OF GROSS AND NET SERVICE 
DELIVERY UNDER DIFFERENT AGRICULTURAL 
TYPES 

6.1. Chapter 4 has identified the gross potential of ES options to deliver a range of 
ecosystem services and Chapter 5 has provided quantification of current gross 
service delivery through analysis of ES uptake data.  Both these Chapters have 
considered service delivery at the national level. 

6.2. In this Chapter consideration is given to current service delivery in different parts of 
the country through ES and through simple counterfactuals that identify the potential 
net service delivery of ES. 

APPROACH 

Agricultural landscape typologies 
6.3. The 156 separate Joint Character Areas (JCAs)20 that have been used in the targeting 

of ES provide too fine a grain of detail for presenting the very large amounts of 
uptake data involved in this analysis.  The study has therefore used the six agricultural 
landscape typologies illustrated in the recent study by Swanwick and Hanley et al 
(2007)21 as a starting point.  These are based on groupings of JCAs and provide a 
largely qualitative assessment of existing agricultural and landform classifications.22  
These six agricultural typologies are (see Figure 6.1):23 

• Upland agricultural landscapes*  
• Upland fringe dairy and stock rearing* 
• Western dairy and mixed agriculture 
• Chalk and limestone mixed arable landscapes* 
• South eastern wooded and mixed agricultural landscapes* 
• Eastern arable agricultural landscapes 

Case studies 
6.4. In a separate report a counterfactual has been developed for each of the six 

typologies.  In the remainder of this Chapter case studies are presented for four of 
the six typologies (those marked with an asterisk above).  The remaining two are 
presented as additional commentary – Western Dairy and Mixed Agricultural 
Landscapes as additional commentary to Upland Fringe Dairy and Stock Rearing and 
Eastern Arable Agricultural Landscapes as an additional commentary to Chalk and 
Limestone Mixed Arable.  While clearly very different types of area, there is 

                                            
20 Now known as National Character Areas (NCAs) 
21 Swanwick,C., Hanley, N., and Termansen, M. (2007) Scoping study on Agricultural Landscape Valuation, Final 
Report to Defra 
22 The data on which these typologies were developed are now 10 years old. Natural England has identified that 
these typologies require updating to reflect changes in agriculture over the last ten years, especially the decline 
in dairying.  Nevertheless, at the scale that this study has been undertaken they still provide a useful 
subdivision. 
23 The key to the names of numbered JCAs shown in Figure 6.1 is provided in Appendix 3 which also provides 
statistics on levels of ES uptake and land area. 
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considerable similarities in service delivery under ES and therefore it is overly 
repetitive to consider these areas entirely separately.  For each of the four case 
studies information is summarised as follows: 
• A thumbnail description of the landscape typology 
• Gross service delivery by the typology (based on actual uptake data) 
• Description of a small area within the typology forming the counterfactual 
• Description of the key environmental issues facing the counterfactual area 
• Delivery of ecosystem services within the counterfactual area in the absence of 

ES 
• Identification of the ES options that can respond to the identified key issues 
• Summary of the net effects of ES on service delivery in the counterfactual area, 

including a commentary on actual net service delivery based on current ES uptake 
data.  This has had to make assumptions about the area that needs to be under 
specific options to deliver specific services. (A separate counterfactual report is 
available which sets out the counterfactual case studies in more detail). 

6.5. The conclusions are then brought together in a summary at the end of this Chapter. 

Figure 6.1: Agricultural Landscape Typologies  
(from Professor Carys Swanwick and Professor Nick Hanley (2007) Scoping Study on Agricultural 
Landscape Valuation. A report to Defra 
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Overall ES uptake within the six agricultural landscape typologies 
6.6. As context to the case studies Figure 6.2 shows the overall level of ES uptake in 

each of the main agricultural landscape typologies, split between ELS and HLS.24   

6.7. Uptake is highest in the two Upland agricultural landscapes where HLS has high levels 
of uptake for the three moorland and rough grassland options.  Uptake is also 
relatively high in the Chalk and Limestone Mixed Arable landscapes and in the 
Western Dairy and Mixed landscapes where the ELS options for permanent grassland 
with low and very low inputs (EK2 and EK3) are particularly significant. 

6.8. Uptake is lowest in the Eastern Arable and South Eastern Wooded and Mixed 
agricultural landscapes.  In these areas, the ES options for permanent grassland with 
low and very low inputs (EK2 and EK3) are also significant.  In the South Eastern 
Wooded and Mixed agricultural landscapes, the HLS option for the restoration of 
heathland from neglected sites (HO2) also contributes significantly to overall uptake. 

Figure 6.2:  Levels of ES uptake by main agricultural landscape types 
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CASE STUDY 1: UPLAND AGRICULTURAL LANDSCAPES 

Character of the area 
6.9. This agricultural landscape type is limited to 

the high hills of England, particularly the 
Pennines (from the Cheviots through the 
Yorkshire Dales to the Peak District and 
including the Forest of Bowland), the Lake 
District, North York Moors, the higher parts 
of the Welsh Marches, and the South West 
uplands including Dartmoor, Exmoor and 
Bodmin Moor.  It is dominated by open 
moorland (much of it common land) and in 
bye land.  All of the landscape type lies 
within the Less Favoured Area, most of it 
being classified as ‘Severely Disadvantaged’.  
A significant proportion is designated as Sites 
of Special Scientific Interest (SSSIs) 
(particularly the heather moorlands) and the large majority lies within National Parks 
and Areas of Outstanding Natural Beauty (AONBs). 

                                            
24 because of the way that the uptake areas for linear and unit options have been calculated by this study, the 
levels of uptake shown in Figure 6.2 should not be used outside the context of this study 
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Current ES uptake and gross service delivery 
6.10. Figure 6.3 shows that, as a result of the high levels of ES uptake in the Uplands 

landscape type (especially under HLS), there are high levels of potential service 
delivery in key service areas (being roughly double the impact noted across England 
as a whole).  This illustrates the key role of the peaty soils of the upland moorlands in 
climate and water regulation and the role that ES can play in assisting these services 
and preventing soil erosion.  Compared to the national picture, the area of land 
under ES delivering recreation in gross terms is particularly high.  This reflects that 
moorland habitats under ES agreement offer open access under the CRoW Act 
2000.25 

Figure 6.3: Gross delivery of key ecosystem services in Upland landscapes under 
current ES uptake (2008) 
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6.11. Table 6.1 shows which ES options currently have the highest levels of uptake as a 
proportion of total farmed area within this type,  ELS option Moorland and rough 
grazing and HLS option Restoration of moorlands between them account for nearly 
8% of land area.  These options both score strongly for gross ecosystem service 
delivery under the Provisioning, Regulating, Cultural and Supporting services (in 
particular being among the relatively few options that can deliver the ‘fresh water’ 
provisioning service due to the ability of well managed moorland peaty soils at the 
headwaters of catchments to provide clean water for public drinking supplies). 

Table 6.1:  Most significant ES options in the Upland landscapes type based on 
current uptake (2008) 
ES option % of agric area 
EL6 – Moorland and rough grazing: ML land only 5.30 
EK5 - Mixed stocking 2.68 
EL2 - Permanent in-bye grassland with low inputs: SDA land 1.90 
ED5 - Archaeological features on grassland 1.05 
EK2 - Permanent grassland with low inputs: outside SDA & ML 0.71 
EL3 - In-bye pasture & meadows with very low inputs: SDA land 0.58 
HL10 - Restoration of moorland 3.53 
HL12 - Management of heather, gorse and grass 1.96 
HL15 - Seasonal livestock exclusion supplement 1.87 
HL9 - Maintenance of moorland 1.00 
HL16 - Shepherding supplement 0.64 

                                            
25 This is another example where there is a significant difference in ‘gross’ and ‘net’ service delivery.  In ‘net’ 
terms, except where new moorland is created, ES will not be adding to the stock of open access land. Indeed 
some would argue that the reduced grazing and increased vegetation growth encouraged under ES can 
physically impede access  



 80

Description of a smaller counterfactual area 
6.12. The hypothetical area selected as the upland counterfactual lies in the Yorkshire 

Dales National Park.  It is a large-scale upland landscape dissected by often deep 
valleys, divided between in-bye fields at lower altitude and unenclosed moorland on 
the hill and plateau tops – much used for recreation.  The open moorland was 
historically covered by upland heath vegetation (such as heather) and on the flattest 
sites with highest rainfall, by blanket bog, On the thinnest soils, where the ‘limestone 
pavement’ rocks come to the surface, there is a distinctive flora of low growing 
shrubs and herbs.  Remaining areas of heather moorland and limestone pavement are 
designated as SSSI, much also covered by international designations. 

6.13. The in-bye is dominated by grassland, most of it permanent pasture, grazed by beef 
cattle and sheep and, on the more productive land, dairy cows.  Hay and silage are 
cut to provide food for animals that are housed in the winter.  The base-rich and 
nutrient poor soils can support a rich and distinctive flora but in many areas 
agricultural improvement has replaced this with species-poor grassland.  Field 
boundaries are generally drystone walls which form a striking rectilinear pattern.  
Many drystone walls are no longer stock proof and are now accompanied by wire 
fencing. 

Key issues facing the counterfactual area 
6.14. A primary issue for the area is the marginality of upland farming, an issue that ES can 

address indirectly through agri-environment income.  However, in terms of service 
delivery, whilst remaining a highly attractive area, the key issues that ES has the 
potential to address, are: 

• widespread drainage of the moorlands combined with over-use of burning has 
resulted in a significant reduction in the water-holding capacity of peaty moorland 
soils and oxidation of the peats, leading to large-scale release of carbon (damaging 
to climate regulation).  In turn, erosion of peaty soils can lead to water 
colouration and sedimentation, and exposure and damage of extensive 
archaeological remains; 

• use of slurries and artificial fertilisers on improved grasslands leads to the release 
of nitrous oxide (a major greenhouse gas) and, when combined with dirty water 
from housed livestock and conserved forage (silage liquor), poses a significant 
threat to water quality; 

• land drainage and soil compaction from large numbers of grazing animals, 
especially on in-bye land, reduces the water-holding capacity of these agricultural 
soils and increases the risk of erosion on steep slopes.  Erosion may also occur 
where fodder crops are grown on steeper slopes in this area of high rainfall; 

• gradual attrition of drystone walls and loss of local landscape features is leading to 
a dilution of local landscape character and sense of place; 

• the past drainage and over-use of burning of moorland has also led to the 
replacement of heather moorland by acidic grasses. Although the area retains a 
greater area and variety of semi-natural habitats than the other counterfactuals in 
this report, there is great potential to replace the biodiversity that has been lost 
in the last 50 years. through the restoration of heather moorland, unimproved 
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grassland and the establishment of valley-side broadleaved woodland, also helping 
to reinforce sense of place. 

6.15. In short, the area exemplifies many of the environmental issues that now face the 
uplands. 

Delivery of ecosystem services in the absence of ES 
6.16. Based on the above, the potential delivery of ecosystem services in the absence of ES 

can be summarised as follows: 

Figure 6.4:  Overall positive (++ & +) and negative (- - & -) impacts on ecosystem 
service delivery under current land use and management in the absence of ES 
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services Food Fibre Fuel Genetics Fresh 

Water     

+/ - impacts + + + + - -     
          

Regulating 
services Air quality Climate Water 

regulat'n Erosion Water 
quality 

Human 
disease 

Crop/anim
al pest 

Pollin-
ation Hazards 

+/ - impacts + - -  - -  - - - - - +  
          

Cultural 
services 

Rec-
reation 

Cult. 
Heritage Education Aesth-

etics 
Sense of 

place     

+/ - impacts  -  + -     
          

Supporting 
services 

Soil 
formation

Photo-
synthesis 

Primary 
prod’tn   Other Bio-

diversity  

+/ - impacts      +/ - impacts -  
Blank = no significant adverse or positive effects 

 ES options that can respond to the identified issues 
6.17. In response to the identified issues, ES is able, with the right choice of options, to: 

• encourage re-wetting and appropriate management of the peat soils and blanket 
bogs so that their water regulation and fresh water provisioning function is 
restored and the loss of stored carbon is halted with reduced erosion of the 
peat surface; 

• ensure steep slopes are under permanent pasture and stocking densities do not 
cause soil compaction thereby improving soil quality, reducing erosion, and 
preventing the likelihood of cross-land flows; 

• reduce diffuse pollution associated with the erosion of peat soils and from 
fertilizers and slurries through the use of options that improve the health of 
blanket bog and moorland and reduce fertiliser inputs on inbye land.  However, 
ES cannot deal with point source pollution which is a regulatory matter; 

• protect the considerable archaeological and historical environment both 
within the in-bye land and on open moorland; 

• encourage management of the traditional stone walls and barns that characterise 
the in-bye land and are central to sense of place;  

• protect existing areas of biodiversity, particularly SSSIs, and restore areas of 
degraded habitat, particularly semi-improved grassland, overgrazed upland heath 
and grazed woodland, focussing particularly on the reconnection of remaining 
habitats; 
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• enhance public access to open moorland by improving access links across 
enclosed land. 

6.18. Reflecting the above, ES options that could play a particularly vital role in enhancing 
ecosystem service delivery on the lines outlined above, both in the range of services 
delivered and in the intensity of positive delivery, are those ES options that involve 
the maintenance and restoration of moorland, species-rich grassland and stonewalls, 
as well as measures to reduce soil erosion and to improve water quality, as in: 
• Moorland maintenance and restoration: ELS, HL9 – HL11 
• Very low input grassland: EL3 
• Restoration of species-rich grassland: HK7,  
• Stonewalls: EB11 and capital items under HLS 
• Archaeology under grassland: ED4, ED5 and HLS linear access options 

Net assessment of ecosystem service delivery under ES 
6.19. To a greater or lesser extent all of these options can make a significant net 

contribution, if located in the right place, to the regulating services, to the 
cultural identify of the area and sense of place and critically to biodiversity.  This 
is especially the case as so much of the moorland / blanket bogs are in unfavourable 
condition and remaining areas of semi-natural grassland are threatened by agricultural 
improvement.  The one major loser in this equation is food production which, in net 
terms, falls with the introduction of more extensive systems under ES.  This may 
become an issue if future concerns focus on national food security. 

6.20. In summary, Figure 6.5 identifies the net contribution that ES could make to 
ecosystem service delivery in this upland counterfactual area, compared to the 
situation without ES (Figure 6.4) if provided in the right location and over sufficient 
area. 

Figure 6.5:  Potential net service delivery under ES (positive and negative) 
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6.21. But does the current uptake data suggest that this net service delivery is being 

achieved in practice? And how long will it take? 

6.22. Review of existing up-take data: Review of the uptake data in the JCA where this 
counterfactual has been selected suggests that services associated with the 
conservation and restoration of moorland have the potential to bring very significant 
benefits but that on the in-bye land areas of uptake may not be sufficient to address 
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the regulating services or, indeed to make a significant contribution to biodiversity. 
Headline points are: 

• 18.6% of the area is entered into moorland ES options, of which nearly 8% is HLS 
moorland maintenance and restoration options, although uptake of options for 
the re-wetting of peaty soils is very limited.  If carefully targeted these options 
should be making a significant contribution to meeting biodiversity and critical 
natural resource protection objectives, including those of climate regulation, 
water regulation and water quality, as well as enhancing cultural services. 

• Areas of low input and very low input grassland only cover 3.6% of the area (of 
which 2.2% is made up of low (as opposed to very low input grassland).  These 
grassland options are likely to be focused on remaining areas of species-rich valley 
hay meadow.  While this is very important for biodiversity and sense of place, this 
is unlikely to provide sufficient coverage to address issues of water quality and 
water regulation unless very carefully located to meet these objectives. 

• The level of stonewall protection and maintenance at 0.29%26  of the area has the 
potential to contribute to sense of place.  There will also be increased 
protection of cultural heritage as a result of moorland conservation and the 
1.4% coverage achieved under the ELS archaeology under grassland option. On 
the other hand, there will be no change in recreation provision as there has 
been no uptake of permissive access options to-date. 

6.23. Time: The other critical issue is one of time.  The last two points above have the 
potential to bring immediate benefit.  But the restoration of moorland will take time 
to achieve, with the time strongly influenced by local conditions. As a consequence, 
service delivery will be sub-optimal until favourable conditions are achieved within 
moorland areas. 

6.24. So the net service delivery identified in Figure 6.5 shows the ideal.  
Moorland restoration under ES has the potential to deliver profound net 
benefits for the regulating and cultural services and for biodiversity.  But 
this significantly enhanced net service delivery will take time to become 
evident, reflecting the time it will take to bring moorland and blanket bog 
back into favourable condition under ES management.  On the enclosed 
in-bye land ES will bring clear gains for biodiversity, sense of place and 
cultural heritage but the current area of uptake will be insufficient to 
significantly improve the delivery of the regulating services on the 
enclosed lands unless very carefully located. 

                                            
26 Here a linear measure has been converted to an area measure so the total length of stonewall is significant 
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CASE STUDY 2: UPLAND FRINGE DAIRYING AND STOCK 
REARING 

Character of the area 
6.25. This agricultural landscape type covers the 

foothills of the Pennine spine in northern 
England and higher ground in Cornwall and 
parts of Devon.  Most of this agricultural 
type is classified as Disadvantaged Area.  All 
of these areas (except the Blackdowns and 
Quantock Hills in the South West) border 
uplands, sometimes with a gradual change of 
character and sometimes with a much 
sharper demarcation.   

6.26. Dairy farming is the predominant farm 
enterprise on the more free draining and 
flatter land, with stock-rearing (suckler beef 
and sheep) on the less productive land.  A 
high proportion of the land use is improved permanent pasture, with most of the 
remainder under grass leys.  Arable cropping is rare, although forage crops such as 
stubble turnips may be grown.  Improved grassland gives way to unimproved acid 
grassland, valley mires and heathland on poorer soils.  Woodland (dominated by oak, 
ash and hazel) occurs on steeper ground and the poorest soils. 

Current ES uptake and gross service delivery 
6.27. Under current levels of uptake within this typology, ELS is much more important as a 

source of service delivery than HLS and a greater proportion of this delivery is at a 
low impact, particularly through ELS (compared to the upland typology). Overall, 
potential delivery of the regulating and cultural services is at a significantly lower level 
than in the uplands, although still at a higher level compared to the remaining 
typologies. 

Figure 6.6:  Gross delivery of key ecosystem services in Upland Fringe Dairy 
and Stock Rearing landscapes under current ES uptake (2008)  

0%

5%

10%

15%

20%

25%

C
lim

at
e

re
gu

la
tio

n

W
at

er
re

gu
la

tio
n

S
oi

l
er

os
io

n

W
at

er
qu

al
ity

R
ec

re
at

io
n

C
ul

tu
ra

l
he

rit
ag

e

E
du

ca
tio

n

A
es

th
et

ic
s

&
 P

la
ce

B
io

di
ve

rs
ity

P
ro

po
rti

on
 o

f t
ot

al
 la

nd
 a

re
a

ELS high impact HLS high impact ELS low impact HLS low impact
 

6.28. Table 6.2: shows the uptake of the most frequent options.  All of these are ELS 
options (the most frequent HLS option being HL9 - Maintenance of moorland, 
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accounting for less than 0.2% of land area).  The three most frequent options, 
together covering 7% of the land area, are all concerned with grassland management.  
Mixed stocking on its own (taking no account of any reduction in overall stocking 
density) delivers few benefits, particularly amongst the regulating services and is 
scored as only low impact for biodiversity.  The two permanent grassland low input 
options score more strongly for the regulating services,  particularly water regulation 
and soil conservation through reduced soil compaction and also contribute to water 
quality through reduced fertiliser inputs (although not as much as they would with 
zero fertiliser options).  The low input grassland options also score highly for cultural 
services and biodiversity. 

Table 6.2:  Most significant ES options in the Upland Fringe Dairy and 
Stock Rearing landscapes based on current uptake (2008) 

ES option % of agric area 
EK5 - Mixed stocking 3.87 
EK2 - Permanent grassland with low inputs: outside SDA & ML 2.43 
EL2 - Permanent in-bye grassland with low inputs: SDA land 1.40 
ED5 - Archaeological features on grassland 0.92 
EL6 - Moorland and rough grazing: ML land only 0.58 

 

Description of a small counterfactual area 
6.29. The hypothetical area chosen as a counterfactual within this typology is typical of mid 

and north Devon and north Cornwall, and is centred on the Culm. It is strongly 
pastoral over heavy, often poorly drained, clay soils.  Dairy farming has traditionally 
been the dominant farm type but many farms also rear beef and sheep.  Long-term 
grass leys (cut for silage) and small areas of arable production for animal feed 
dominate on better quality soils, with permanent pasture on poorer soils. There is a 
contrast between the intricate and often steeply-sided river valleys with small field 
size and the more open and wind-swept ridges and plateaux with larger fields. 
Broadleaved woodland is common on the steeper slopes and wet valley bottoms.  
The most important habitat of this area is Culm grassland (Rhos pasture) which now 
covers about 5,000 hectares across some 600 sites in the Culm.  Although only a 
small fraction of their past extent as a result of agricultural intensification, these 
habitat fragments now make up some 80% of this habitat in England.   

Key issues facing the counterfactual area 
6.30. Key issues within the counterfactual area, that ES has the potential to address, are: 

• high levels of greenhouse gas emissions associated with nitrous oxide emissions 
from spread slurries and inorganic fertilisers and methane from livestock 
(particularly under high nitrogen and fibre diets); 

• water quality issues associated with the leaching of slurries and fertilisers and 
point source pollution from the dirty water of housed livestock and silage liquors;  

• areas of soil compaction associated with high livestock densities leading to 
reduced water infiltration and cross land flows which may lead to localised 
erosion on steeper slopes. Use of forage maize can also result in significant soil 
erosion especially if harvested late in the year in this area of high rainfall; 
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• archaeological remains, concentrated along ridge lines with Bronze Age barrows 
and Iron Age hillforts, can be damaged by ploughing and trampling; 

• agricultural improvements over the last 50 years, with field enlargement and loss 
of traditional hedgebanks, combined with the conversion of permanent pasture to 
grass leys and loss of traditional orchards, has eroded the distinctive sense of 
place of the area; 

• monoculture agriculturally improved grasslands now support few species 
compared to the unimproved species-rich Culm and wet grasslands that preceded 
them.  However, a strong network of field boundaries and broadleaved 
woodlands remain as important reservoirs of biodiversity.   

Delivery of ecosystem services in the absence of ES 
6.31. Based on the above, the delivery of ecosystem services in the absence of ES in the 

Culm counterfactual can be summarised as follows: 

Figure 6.7: Overall positive (++ & +) and negative (- - & -) impacts on ecosystem 
service delivery under current land use and management in the absence of ES 
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ES options that can respond to the identified issues 
6.32. In response to the identified issues, ES is able, with the right choice of options, to: 

• improve the environmental quality and extent of the unimproved grassland 
and related habitats, particularly rush pasture, grazing marsh and acid 
grassland/heathland and areas of Culm grassland, thereby contributing to 
biodiversity and sense of place and also bringing localised improvement to the 
regulating services;  

• protect natural resources, through improved water infiltration, erosion control 
and  water quality assisted by reduced grazing densities and reduced fertiliser 
inputs – with these also significantly assisting in climate regulation; 

• maintain and strengthen the network of hedgerows and hedgebanks so as to 
enhance their contribution to reducing cross land flows, improving landscape 
quality and enhancing biological linkage; 

• Restore characteristic historic landscape features such as traditional orchards, 
farm buildings and field boundary systems, and conserve buried archaeology. 
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6.33. Reflecting the above, the ES options that have the potential to improve ecosystem 
service delivery significantly in the area, singly and in combination, are: 

• Very low input grassland: EL3 
• Restoration of species-rich and wet grassland: HK7, HK11 
• Creation of traditional orchards: HC21 
• Enhanced hedgerow management: EB3 
• Archaeology under grassland: ED2 
 

6.34. Of greatest significance is the range of benefits provided by the management and 
restoration of very low input, species-rich and wet grasslands. 

Net assessment of ecosystem service delivery under ES 
6.35. In combination the above options could bring significant net benefits for climate 

regulation and the other key regulating services; for sense of place and cultural 
heritage; and for biodiversity.  Conversely food production will suffer with potentially 
reduced agricultural outputs as a consequence of these measures being introduced 

6.36. In summary Figure 6.8 identifies the net contribution that ES could make to 
ecosystem service delivery in this upland fringe counterfactual area (compared to the 
situation without ES). 

Figure 6.8:  Potential net service delivery under ES (positive and negative) 
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Blank = no ecosystem service delivery or no net change in service delivery 

6.37. However, whether this range of net services is actually achieved under ES depends 
on the current uptake data and on the time it takes for individual options to achieve 
their full service potential. 

6.38. Review of existing uptake data:  The pattern of ES option uptake within the area 
reflects that in Figure 6.7 and para 6.28.  It suggests that overall the range and 
impact of net service delivery may be low in this counterfactual area under ES as: 

• The two options with the highest levels of uptake are: mixed stocking, covering 
4.5% of the farmed area, which only assists biodiversity (at low impact); and low 
input grassland (as opposed to very low input grassland) covering 5.3% of the 
area, which will assist biodiversity, climate regulation, water quality and water 
regulation but only at a low level of impact.  The net gains in service delivery will 
therefore be less than might be suggested by looking solely at the area of ES 
uptake. 
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• Conversely only 1.4% of the area involves ES options for very low input grassland 
and maintenance or restoration of species-rich grassland ( 0.21% of the area).  It 
is these options that could deliver the greatest range and intensity of 
benefits within the area. 

• There is, however, a more positive story for sense of place and cultural 
heritage with 0.68 % of the area27 covered by basic and enhanced hedgerow 
management, although orchard options and archaeology under grass do not fare 
so well covering just 0.006% and 0,023% of the area respectively 

6.39. Time:  In this counterfactual the time taken to achieve service delivery under ES is 
not a primary concern.  The majority of scheme uptake relates to ELS options which, 
in terms of service delivery, will take effect almost immediately, as in reduced 
fertiliser inputs.  The one option that will take many years to achieve its full biological 
potential (covering just 0.21% of the area) is the re-creation of species-rich grassland, 
although the regulating benefits that it can provide will be felt as soon as a grass 
cover is achieved. 

6.40. The conclusion, therefore, is that in this counterfactual area, based on 
current ES uptake data, net service delivery under ES falls well short of 
the potential indicated in Figure 6.8.  There will be clear localised gains for 
the cultural services and biodiversity but the benefits for the regulating 
services are likely to be marginal unless very carefully located to maximise 
these benefits. 

Comparison with the Western Dairy and Mixed agricultural landscape 
type 

6.41. The Western Dairying and Mixed Agricultural landscape typology shares most of the 
characteristics, issues and opportunities of the Upland Fringe areas.  Differences 
occur because of the lower altitude, greater arable cropping, fewer traditional 
livestock breeds and less open access land.  Nevertheless, the needs that can be 
addressed by ES are very similar.   

6.42. In the counterfactual area explored within this typology (the Shropshire, Cheshire 
and Staffordshire Plain) overall uptake of ES options has been significantly lower than 
in the Culm.  The options with the greatest uptake include low input grassland (at a 
similar proportion to that in the Culm) and mixed stocking (at a lower proportion) 
and also over-wintered stubbles (0.6% of agricultural area) which, like mixed stocking, 
addresses few services and does so at low impact.  In conclusion, therefore, this 
case study area presents similar challenges to the Culm but the low levels 
of uptake of relevant options means that new service delivery is 
potentially lower than in the Culm. 

 
 

 
 
 
                                            
27 Here a linear measure has been converted to an area measure so the total length of hedgebank is significant 
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CASE STUDY 3: CHALK AND LIMESTONE MIXED ARABLE 

Character of the area 
6.43. This agricultural typology covers the 

chalklands and Oolitic and Jurassic 
limestones of England.  Characteristically 
these form dominant ridgelines across the 
South East, Dorset, Gloucestershire and 
spreading north eastward into Lincolnshire 
and on into Yorkshire. These ridgelines 
typically have a steep scarp slope largely 
under permanent grass or woodland cover 
and a gentler dip slope under arable 
production, as in the North Downs, South 
Downs, Chilterns and Cotswolds.  In some 
areas these ridgelines give way to rolling 
chalk plateaux and hills, as in the Hampshire 
Downs, Salisbury Plain and Lincolnshire 
Wolds, again largely under arable production. Where the underlying chalk and 
limestones are capped by deep clay soils woodland cover may be extensive, often of 
ancient origin.  Land ownership is characterised by large estates often in excess of 
2,000 hectares, with smaller mixed farms characteristic of the valley landscapes.  
Much of this typology has been designated as Areas of Outstanding Natural Beauty 
(AONBs)   Habitats of particular importance are semi-natural calcareous grassland, 
ancient woodland, traditional arable fauna and flora, and the floodplain water 
meadows and calcareous rivers of the main river valleys. 

Current ES uptake and gross service delivery 
6.44. Under current levels of ES uptake shows that there is significant variation in the 

delivery of key ecosystem services, particularly if only high impact delivery is 
considered (Figure 6.9).  The majority of climate regulation and water quality is 
delivered at a low level of impact through ELS options.  HLS provides a relatively 
consistent level of delivery (at around 1% of land area) across all the services shown 
except education and climate regulation. 

Figure 6.9:  Gross delivery of key ecosystem services in Chalk and 
Limestone Mixed Arable landscapes under current ES uptake (2008) 
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6.45. Under current uptake the most frequent ES options are the management of lowland 
grassland with low and very low inputs, the maintenance of over-wintered stubbles 
and the maintenance of mixed stocking (Table 6.3).  All of these are ELS options.  
The most frequent HLS option (the maintenance and restoration of species-rich, 
semi-natural grassland – HK6 and HK7) each account for around 0.1% of land are. 

6.46. The two low input grassland options make significant contributions to the regulating 
and cultural services and biodiversity.  Over-wintered stubbles deliver relatively few 
services (only aesthetics & sense of place, as well as biodiversity). 

Table 6.3: Most significant ES options in the Chalk and Limestone Mixed 
Arable landscapes based on current uptake (2008)  

ES option % of agric area 
EK2 - Permanent grassland with low inputs: outside SDA & ML 1.93 
EF6 - Over-wintered stubbles 1.12 
EK3 - Permanent grassland with very low inputs: outside SDA & ML 0.88 
EK5 - Mixed stocking 0.63 

 

Description of a small counterfactual area 
6.47. The hypothetical counterfactual area covers the scarp and dip slope of a typical chalk 

downland landscape overlain by thin chalky soils, as might be found in the North 
Wessex Downs.  The dip slope is largely under arable production, managed in very 
large production units (often in excess of three thousand hectares) either as share 
farming or under contract management.  The steep scarp slope and steep sides of dry 
valleys are characterised by fragmented areas of semi-natural chalk grassland, larger 
areas of improved permanent grassland and remnant ancient and semi-natural 
woodland.  Hedgerows are well-formed and thick on the scarp slope but largely 
absent on the dip slope, a reminder of the open sheepwalks of previous centuries. 
Many of the remnant chalk grassland areas are covered by national and international 
designations. The area is also important for rare and nationally declining plant and 
animal species traditionally associated with arable production, such as skylark, stone 
curlew and rare arable plants. 

Key issues facing the counterfactual area 
6.48. Key issues within the counterfactual area, that ES has the potential to address, are: 

• oxidation of soil carbon (releasing CO2) through regular tillage and release of 
nitrous oxide from the use of inorganic fertilisers (essential for crop growth on 
these thin soils); 

• soil compaction arising from the repeated use of heavy farm machinery combined 
with the lack of deep rooting vegetation, reducing the infiltration of water and 
therefore hindering the recharging of the underlying chalk aquifers (which taking 
all the chalklands of the South East together, supply 70% of the region’s water 
needs); 

• erosion of the thin chalk soils when left bare or under winter stubbles, 
exacerbated by lack of buffers to cross land flows, such as hedgerows; 

• diffuse agricultural pollution of nitrates and phosphates leaching from inorganic 
fertilisers – in the South Downs, for example, some freshwater boreholes have 
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nitrate levels that exceed admissible concentrations for public water supply.  It 
has been identified that freshwater biodiversity can suffer significantly before 
these thresholds are breached; 

• damage of archaeological remains by ploughing in a landscape containing a 
nationally important collection of archaeological features from the Neolithic, 
Bronze and Iron Ages;  

• past loss of features critical to sense of place - chalk grassland, ancient woodlands, 
drove road verges, ancient hedgerows marking parish boundaries and species 
such as skylark and stone curlew. Many features are poorly managed. 

Delivery of ecosystem services in the absence of ES 
6.49. On the basis of the above, the delivery of ecosystem services by the agricultural 

management of the area, in the absence of ES, can be summarised as follows: 

Figure 6.10:  Overall positive (++ & +) and negative (- - & -) impacts on ecosystem 
service delivery of current land use and management in the absence of ES 
Provisioning 
services Food Fibre Fuel Genetics Fresh 
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Regulating 
services Air quality Climate Water 

regulation Erosion Water 
quality 

Human 
disease 

Crop/ 
animal pest Pollination Hazards 

+/ - impacts          
          

Cultural 
services Recreation Cultural 

heritage Education Aesthetics Sense of 
place     

+/ - impacts          
          

Supporting 
services 

Soil 
formation 

Photo-
synthesis 

Primary 
production   Other Bio-

diversity  

+/ - impacts      +/ - impacts   

ES options that can respond to the identified issues 
6.50. In response to the identified issues ES has the potential, with the right choice of 

options, to: 

• reduce nitrous oxide emissions through reduced fertiliser inputs (the most 
significant green house gas produced from land use in the area); 

• protect natural resources, especially water quality, recognising the vital role 
of the underlying aquifers in providing drinking water; 

• improve the quality and extent of the key habitats that characterise this 
chalkland landscape, notably chalk grassland, traditional arable habitats and 
species, including the conservation of traditional arable plants; 

• protect the considerable archaeological and historical environment; 

• make a place for wildlife in these intensively farmed areas and to diversify the 
overall biological resource; 

• improve access provision within this AONB. 
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6.51. The ES options that could play a particularly vital role in this enhancement of service 
delivery, both in the range of services delivered and in the intensity of positive 
delivery, are: 

• The management, restoration and creation of species-rich grassland (HK8) 
• Low input grassland: EK2 - EK3. OK2 – OK3, HK2 – HK3 
• Arable reversion: HJ3 – HJ4 
• Buffer strips: EE1 – EE6, OE1 – OE6, HE1 – HE6, HE10 – HE11 
• Field corners: EF1, EK1, EL1, OF1, OK1, OL1, HF1, HK1, HL1 
• Taking archaeological sites out of cultivation: HD7 
 

Net assessment of ecosystem service delivery under ES 
6.52. In summary, Figure 6.11 indicates the net contribution that ES could make to 

ecosystem service delivery in this chalkland counterfactual if the above options were 
implemented over a significant area and in the right locations. 

Figure 6.11:  Potential net service delivery under ES (positive and negative) 
Provisioning 
services Food Fibre Fuel Genetics Fresh 
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Regulating 
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regulation Erosion Water 
quality 

Human 
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animal pest Pollination Hazards 

+/ - impacts          
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place     

+/ - impacts          
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Soil 
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production   Other Bio-
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Blank = no ecosystem service delivery or no net change in service delivery 

6.53. As in the other counterfactuals, the main loser in this net assessment of potential 
service delivery under ES, when compared to the situation without ES, is food 
production and also potentially energy production (with crops potentially diverted to 
the biofuels market). 

6.54. But again, does the current ES uptake data suggest that this level of service delivery is 
being achieved in practice, and will more be delivered over time? 

6.55. Review of existing uptake data:  The existing levels of ES uptake suggest that the 
potential for net service delivery under ES illustrated in Figure 6.11 is not being 
achieved:  

• Options offering reduced fertiliser inputs make up a total of 3.7% of the 
agricultural area (including low input grasslands (3.1%) and buffer strips, arable 
reversion and low input cereals).  This may be insufficient area to enhance the 
delivery of the regulating services of climate change regulation and water 
quality, where the critical concern is protection of the quality of the underlying 
aquifer and surface waters, with this area lying at the junction of three priority 
catchments – the Hampshire Avon, the Test and Itchen and the Lambourn and 
Kennet. 



 

 93

• The area of buffer strips and field corners (covering 0.45% of the agricultural 
area) may bring localised improvement for water infiltration and erosion 
control on arable land but does not suggest that buffer strips are being used mid-
field to break cross land flows. More importantly, the relative high uptake of 
winter stubbles (covering 2.26% of the area) may be increasing the susceptibility 
of soils to winter soil erosion. 

• On the other hand, there are clear gains for the archaeological resource, with 
reduced cultivation over archaeological sites totalling 3.13 % of the area, 
archaeology under grassland covering a further 0.39% of the area, and with areas 
taken out of cultivation covering 0.092% - in total these are fairly significant 
percentages, bearing in mind that they will be made up of many small sites. 

• There are also localised benefits for sense of place and biodiversity with the 
emergence of a range of different habitats including buffer strips (0,178% of the 
area), conservation headlands and cultivated margins (0.005% of the area); field 
corners (0,27% of the area); and over-wintering stubbles (covering 2.26% of the 
area).  

• It is notable though that ES options for the conservation and re-creation of chalk 
grassland, the key habitat of the area and one with the potential to deliver the 
widest range of services, only covers 0.424% (of which 0.176% relates to the re-
creation of this grassland) of the agricultural area (although significant areas are 
already under Countryside Stewardship).   

6.56. Time:  Many of the changes in service delivery under ES will be quickly achieved, 
often within a season, as they involve changes in management rather than changes in 
habitat.  The one option that will take many years to achieve its full biological 
potential (50 – 100 years) is the re-creation of chalk grassland, although once a 
complete grass sward is in place it will be able to contribute fully to the delivery of 
the regulating services. 

6.57. The overall conclusion, therefore, is similar to that for the Culm.  Based 
on current ES uptake data, net service delivery falls well short of the 
potential indicated in Figure 6.11.  The areas under relevant options are 
unlikely to be sufficient to make a significant contribution to the 
regulating services unless very carefully located.  It is important to note 
that two of the ES options with the highest uptake in this counterfactual 
area – winter stubbles (covering 2.26% of the area) and reduced cultivation 
over archaeology (covering a further 3.16% of the area) are almost single 
benefit options.  Winter stubbles primarily bring benefits for biodiversity 
and sense of place (but adversely affect erosion control) while the latter 
brings very impotent benefits for buried archaeology but does little to 
assist other areas of service delivery.  As a consequence, over half of 
current ES uptake by area is delivering a very limited range of services. 

Comparison with the Eastern Arable agricultural landscape type 
6.58. The eastern arable agricultural landscape type is also dominated by arable cropping.  

This means that many of the issues and opportunities for service delivery through ES 
are the same as those in the Chalk and Limestone landscapes (despite the underlying 
geology and topography being quite different).   
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6.59. The most frequently adopted ES options in this area are very similar to those in the 
Chalk and Limestone Mixed Arable area but levels of uptake are lower (the total area 
of ES options covering 4.9% of the agricultural area).  The same overall conclusion for 
the Chalk and Limestone Mixed Arable landscape (above) applies to this area, but to 
a greater extent.  ES is currently making only a small impact on new service delivery, 
with the majority of the area under ES options providing a very limited range of 
services. 

CASE STUDY 4: SOUTH EASTERN WOODED AND MIXED 
AGRICULTURAL LANDSCAPES  

Character of the area 
6.60. The South Eastern Wooded and Mixed 

agricultural landscapes spread across the 
High and Low Weald of Kent, Sussex and 
Surrey and parts of the Hampshire coast,  
while also taking in parts of Berkshire, 
Dorset and the southern parts of 
Hertfordshire and Essex.  These represent a 
very diverse collection of areas but are all 
characterised by having poor agricultural 
soils, mainly sands (Greensand) and clays.  As 
a consequence these areas lie at the margins 
of modern intensive agriculture.  They are 
generally heavily wooded with up to 20% 
woodland cover (compared to 8% average 
for England), much of it ancient with iconic 
woodlands including Epping and Hainault Forests and the Broxbourne Woods in 
Hertfordshire,  

6.61. This typology also includes the largest concentration of lowland heathland in England, 
much of it common land, including the Thames Basin Heaths, the Surrey and Dorset 
Heaths and Ashdown Forest: significant areas have been converted to conifer 
plantation. Much of the farmed landscape is derived from the Medieval period, Farms 
are typically small and pastoral in character, traditionally a mix of beef and sheep with 
small dairy herds but many are now largely under amenity use, reflecting their 
closeness to centres of population.  The two Areas of Outstanding Natural Beauty 
(AONBs) that cover parts of this typology are the High Weald AONB and the Surrey 
Hills AONB covering the Surrey Heaths. 

Current ES uptake and gross service delivery 
6.62. This landscape typology contains a higher proportion of urban and industrial land and 

transport infrastructure than the other five agricultural typologies and, coupled with 
the areas of woodland, heathland and other land managed outside mainstream 
agriculture, the proportion of the area that is farmed is the lowest within the six 
typologies.  As a consequence, ELS uptake is also the lowest.  This translates into the 
lowest levels of ecosystem service provision by the ELS (Figure 6.12) across all the 
typologies.  However, service delivery by the HLS is second only to that found in the 
Uplands (Figure 6.3) and relates largely to the conservation and restoration of 



 

 95

lowland heathland – HLS land management in total covers some 1.2% of the 
agricultural land area within this typology. 

Figure 6.12:  Delivery of key ecosystem services in South Eastern Wooded 
and Mixed Agricultural landscapes under current ES uptake (2008)  
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6.63. The most frequent ELS options in terms of uptake are those associated with 
extensive grassland management and over-wintered stubbles (Table 6.4).  The most 
frequent HLS option is the restoration of heathland from neglected sites which 
delivers strongly on the cultural and regulating services and biodiversity.  Other 
frequent HLS option are HK15 Maintenance of valuable semi-improved or rough 
grassland and HK10 Maintenance of wet grassland for wintering waders and wildfowl.  
These also deliver strongly on the cultural and regulating services and biodiversity.   

 Table 6.4:  Most significant ES options in the South Eastern Wooded and 
Mixed agricultural landscapes based on current uptake (2008) 

ES option % of agric area 
EK2 - Permanent grassland with low inputs: outside SDA & ML 1.49 
EK3 - Permanent grassland with very low inputs: outside SDA & ML 0.74 
EK5 - Mixed stocking 0.40 
EF6 - Over-wintered stubbles 0.31 
HO2 - Restoration of heathland from neglected sites 0.71 

Description of a small counterfactual area 
6.64. The hypothetical counterfactual area is typical of the central High Weald.  This is a 

deeply incised ridged landform of clays and sandstones capped with heathland, 
including Ashdown Forest – the home of Winnie the Pooh.  This is quintessentially a 
Medieval pastoral landscape of small mixed livestock farms set within a dispersed 
settlement pattern with small villages and hamlets linked by numerous small winding 
lanes.  The area is very well wooded with over 25% woodland cover, mainly ancient 
woodland, with the small irregularly-shaped fields frequently surrounded by ‘shaws’ 
i.e. belts of remnant ancient woodland.  The area is further dissected by small 
streams that form the headwaters of the main rivers of Kent and Sussex and are 
contained in deeply incised wooded valleys or ghylls. Farm and field ponds are 
numerous although often overgrown. It was the presence of iron ore combined with 
the abundance of water power and timber that made the area the cradle of the iron 
industry from the 15th to the 18th centuries. 

6.65. Whilst once a highly diverse mixed farming area with dairying, cattle and sheep, pig 
rearing, hop growing and horticulture with extensive orchards, the majority of 
farmland is now given over to mixed livestock rearing with improved permanent 
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pasture dominating and some arable.  Nevertheless, over the last 20 years farming 
has become an increasingly marginal activity.    

Key issues facing the counterfactual area 
6.66. Today the over-riding characteristics of the area can be summarised as: declining 

average farm size; increasing numbers of part-time and hobby farmers, falling numbers 
of agricultural livestock (sheep and cattle) and significant increases in the areas of 
rough grazing and rough pasture. Many areas are now given over to horse keeping, 
other amenity uses and hobby farming as part of broader life style management of 
land. 

6.67. Here the key issues that have the potential to be addressed through ES mainly relate 
to the cultural services and are: 

• erosion of the rich cultural resource, with an unusually large concentration of 
archaeological sites within woodland and as ancient droveways, often suffering 
from poaching where they cross fields. The area also contains many parklands and 
parkland remains where the aging tree population requires management;   

• erosion of the Medieval origins of the landscape through past field 
enlargement, lack of management of hedgerows and woodlands and 
suburbanisation, with a move away from traditional agricultural land management; 

• potential localised water pollution from slurry spreading and also as point 
source pollution as a result of dirty water from housed livestock and conserved 
forage (the later is subject to regulatory controls and is not covered by ES). 

Delivery of ecosystem services in the absence of ES 
6.68. Based on the above, the delivery of ecosystem services in the absence of ES, within 

this counterfactual area, can be summarised as follows: 

Figure 6.13:  Overall positive (++ & +) and negative (- - & -) impacts on ecosystem 
service delivery of current land use and management in the absence of ES 
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6.69.  Clearly what makes this counterfactual area stand out is that, in the absence of ES, it 
is already making a significant contribution to many of the regulating services as a 
result of the generally low intensity of farming, high woodland cover and small field 
size, with a strong network of interlinking hedgerow boundaries, It will also be 
contributing to genetic diversity as many hobby farmers keep rare breeds. There will, 
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nevertheless, still be localized areas of erosion on sandy soils and local water quality 
issues which need to be addressed.   

ES options that can respond to the identified issues 
6.70. The main contributions that ES can make in this area therefore are:  

• improvement in the quality and extent of the key habitats that characterise this 
area – heathland, unimproved and semi-improved hay meadows and neutral and 
acidic grassland and management of areas of remnant wood pasture including 
those associated with parklands, as well as protection of the woodland 
resource; 

• protection of the archaeological and historical environment including remnant 
areas of parkland and conservation of traditions orchards; 

• protection of water quality especially as the area supports the headwaters of a 
number of major river systems;   

• improvement in access provision, recognising that the counterfactual area is in 
the High Weald AONB. 

6.71. The ES options most suitable for addressing these issues are those relating to: 
heathlands, grasslands, trees and woodlands, historic landscapes, ponds, buffer strips 
and field corners, and access:  

• Low input grassland: EK2 – EK5. OK2 – OK5, HJ7 – HJ8, HK6 – HK8, HK15 – 
HK17, HK18 

• Heathland: HO1 – HO4 
• Woodlands and hedgerows: EB1 – EB3, EB6 – EB10, EC1 – EC4, HC6 - HC8, 

HC12 – HC14, HC18 – HC21, 
• Archaeology under grassland: ED4 – ED5 
• Ponds, buffer strips and field corners: EE1 – EE6, OE1 – OE6, EE7 – EE8, EK1, 

OK1. HE11 
• Access: HN3 – HN4. 

Net assessment of ecosystem service delivery under ES 
6.72. In summary, Figure 6.14 sets out the net contribution that ES could make to 

ecosystem service delivery (compared to the situation without ES). The two aspects 
that stand out in this assessment when compared to the other counterfactuals are 
that:  

• Firstly, unlike other areas, ES has the potential to increase the quantity of food 
production, compared to the situation without ES, by bringing areas back under 
agricultural management – derelict grasslands, lowland heathland, and the 
reintroduction of mixed stocking to areas currently under horse grazing. 

• Secondly, there is no significant improvement in the regulating services, other 
than water quality, as the area is already contributing significantly to these 
services.  Here the role of ES is to ensure that current levels of service delivery 
are maintained. 
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Figure 6.14: Potential net service delivery under ES (positive and negative) 
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Blank = no ecosystem service delivery or no net change in service delivery 

6.73. As for the other counterfactuals, the question remains - to what extent do the 
current ES uptake figures suggest that potential net gains in service delivery under ES 
are being achieved in reality? 

6.74. Review of existing uptake data: Review of the uptake figures for the relevant JCA 
suggests that there is an almost 50:50 split between ELS and HLS uptake within the 
counterfactual area, with the total of ELS uptake covering 2.75% of the agricultural 
area and HLS covering 2.87%. This reflects the pattern described in para 6.58 for the 
typology as a whole but in a more exaggerated form. More detailed analysis identifies 
that: 

• The options with the highest levels of uptake relate to the restoration under HLS 
of heathland (2.3% of the total agricultural area).  While very important for 
enhancing biodiversity and sense of place these changes will not bring an 
increase in the delivery of the regulating services as the areas being restored are 
already under woodland / heathland cover.  Indeed, it might be argued that the 
removal of woodland and scrub to allow for the regeneration of heathland could 
actually reduce the climate regulating capacity of the area. 

• Protection of the cultural landscape is being achieved across 0.55% of the area 
through the protection of archaeology under grassland; restoration of wood 
pasture and through the management / restoration of traditional orchards. 
Protection of cultural heritage will also be assisted through the restoration of 
heathland and the maintenance of grass cover. 

• The introduction of mixed stocking in this area (covering 1.22% of the agricultural 
area) could bring a marginal increase in food production for the reason 
described above. 

• Permanent grassland with low inputs (covering 1.45% of the area), combined with 
buffer strips in grassland (covering 0.07% of the area) could, if appropriately 
targeted, address localised issues of diffuse water pollution. 

• Overall the combination of all options (covering a total of 5.63% of the 
agricultural area) has the potential to contribute to sense of place. 

6.75. Time:  In terms of the time over which these services will be delivered, most will be 
delivered immediately.  The main exception is the conservation of heathland, where 
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the biodiversity and sense of place benefits may take 10 or so years to reach fruition 
as heathland areas are restored and reclaimed from areas of conifer plantation. 

6.76. Overall, therefore, it is probable that the net service delivery indicated in 
Figure 6.14 is being achieved, although over smaller areas than anticipated 
in this Figure. 

COMPARISON BETWEEN THE CASE STUDY AREAS 

Net service delivery under ES compared to a situation without ES 
6.77. From the case study areas it is clear that ES has the potential to make a significant 

contribution in net terms to ecosystem service delivery for the regulating and cultural 
services, assuming that the right options are applied, that they are provided in 
sufficient quantity and, where required, that they are targeted to the right locations.  
This is illustrated by comparing Figure 6.15 which summarises the impact of current 
land use and management on the delivery of ecosystem services without ES in the 
case study areas, and Figure 6.16 which indicates the potential net difference in 
service delivery that ES could make, assuming that the above caveats are met. 

6.78. In comparing Figures 6.15 and Figure 6.16 it is clear that the South Eastern 
Wooded Mixed Agriculture case study area demonstrates a rather different pattern 
to the other areas.  Here declining agriculture and a move to amenity land uses, 
combined with high concentrations of woodland mean that the area is already 
performing well for a number of the regulating services (without ES).  The primary 
role of ES therefore is to address the cultural services.  In the other case study areas, 
by comparison, ES has a potentially significant role to play in reversing current trends 
in the regulating services as well as enhancing the cultural services (and biodiversity).  

6.79. This Chapter has also asked whether the current choice of ES options and levels of 
uptake in these options, has been suitable and sufficient to deliver the range of 
services identified in Figure 6.16?  In short, the answer is no.  This is illustrated in 
Figure 6.17 which shows (very crudely) actual service delivery based on the option 
uptake figures in each of the four case study areas.  Specifically what this illustrates is 
that while ES is helping to contribute to the cultural services, the regulating services 
are not being addressed across sufficient area to make any meaningful difference to 
service delivery, other than in the Uplands. 

6.80. Looking specifically at the regulating services, the current pattern emerging across 
the different case study areas is as follows: 
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Figure 6.15:  Overall positive (++ & +) and negative (- - & -) impacts on ecosystem 
service delivery under current land use and management in the absence of ES 

Services 1 Uplands 2 Upland 
fringe (Culm) 

3 Chalkland 
arable 

4 Wooded 
mixed 

Provisioning services 
Food + ++ ++ + 
Fuel + + ++ + 
Genetics + + + + 
Water - -    

Regulating services 
Climate regulation - - - - - - ++ 
Water regulation - - - - - ++ 
Erosion control - - - - + 
Water quality - - - - - - - 
Pollination + - - - + 

Cultural services 
Recreation ++ + + + 
Cultural heritage - -  - - - 
Sense of place / inspiration - - - - 
Biodiversity - - -- - 
 

Figure 6.16:  Potential net service delivery under ES (positive and negative) 

Services 1. Uplands 2. Upland 
fringe 

3. Chalkland 
arable 

4. Wooded 
mixed 

Provisioning services 
Food - - - + 
Fuel     
Genetics ++ + + + 
Water ++    

Regulating services 
Climate regulation ++ + +  
Water regulation ++ ++ +  
Erosion control ++ ++ + + 
Water quality ++ ++ ++ + 
Pollination + + ++ + 

Cultural services 
Recreation + + + + 
Cultural heritage ++ ++ ++ + 
Sense of place / inspiration ++ ++ + + 
Biodiversity ++  ++ + 
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Figure 6.17:  Summary of net service delivery under ES, reflecting current 
uptake levels (2008) 

Services 1. Uplands 2. Upland 
fringe 

3. Chalkland 
arable 

4. Wooded 
mixed 

Provisioning services 
Food -   + 
Fuel     
Genetics     
Water ++    

Regulating services 
Climate regulation ++ ?  - 
Water regulation + ?   
Erosion control +    
Water quality + ?  + 
Pollination +    

Cultural services 
Recreation     
Cultural heritage ++ + ++ + 
Sense of place / inspiration + + + + 
Biodiversity ++ + + ++ 
 

• In the Uplands case study, with nearly 19% of the agricultural area entered into 
moorland options, of which nearly half is under HLS, there is significant 
opportunity for the water and climate regulating role of upland moorland to be 
significantly enhanced.  However, this is tempered by fairly limited ES uptake on 
the in-bye land (with this uptake covering some 3.6% of agricultural land).  Here 
soil compaction and rapid run-off combined with diffuse pollution are likely to 
remain a problem under these uptake levels unless there is careful targeting of 
relevant options. 

• In the Upland Fringe case study some 6.7% of the agricultural area is under 
options with a reduced fertiliser input, of which a fifth is grasslands with very low 
inputs.  This clearly can make a difference to climate and water regulation and 
water quality but overall effects are likely to be marginal unless carefully targeted 
to address water-related issues. 

• In the Chalkland Arable case study, options offering reduced fertiliser inputs 
cover just 3.7% of the agricultural area.  This is unlikely to be of the scale 
necessary to protect the quality of the underlying chalk aquifers. 

• In the Wooded Mixed case study, options offering reduced fertiliser inputs only 
cover some 1.4% of the agricultural area. However, because of the generally low 
intensity of farming within the area, this level of uptake if carefully targeted to 
problem areas, could address localised problems of diffuse pollution (although this 
targeting may not be happening at the current time). 

COMPARISON OF THE GROSS AND NET ASSESSMENT OF 
SERVICE DELIVERY UNDER ES 

6.81. Overall, there is a striking similarity in the assessment of potential gross service 
delivery under ES described in Chapters 4 and 5, and the potential net service 
delivery under ES identified in this Chapter. The key differences noted between the 
assessment of gross and net service delivery can be summarised as follows: 
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• In food and fuel production: In the gross assessment, ES is identified as making 
a contribution to food and fuel (biofuel) production as most ES options are 
involved with modifying standard agricultural systems.  But in the net assessment 
it is clear that most ES options will lead to a net reduction in food and fuel 
production as they are generally concerned with encouraging more extensive 
forms of agriculture. However, food production under ES should not be written 
off – many local and locality food labels use participation in an agri-environment 
scheme as a requirement of entry under the label.  

The exception to this assessment of reduced food and fuel delivery under ES is 
found in the South Eastern Wooded and Mixed Agriculture typology where the 
introduction of ES could lead to an increase in food and fibre production as 
amenity land uses are brought back under agricultural production. 

• In areas of exiting grassland cover: In the gross assessment, ES options that are 
concerned with the management of existing grassland are identified as delivering 
those services associated with both (a) a complete grass cover, such as erosion 
control, and (b) the services that are specifically associated with the prescription 
relating to that option, such as reduced grazing levels and / or reduced fertiliser 
inputs.   

  In the net assessment the range of services identified is influenced by the type of 
grassland.  So, if the grassland has the potential to be lost, then the net assessment 
is the same as the gross assessment i.e. ES assists in both (a) conserving the 
grassland (and the services that go with this) and (b) delivering the additional 
services specifically associated with the option.  Grasslands that may be lost are 
both improved and semi-improved grasslands.  On the other hand, the 
conservation of semi-natural grasslands should now be assured under the EIA 
Regulations.  In these cases the assessment of net service delivery only takes 
account of changes introduced with the option prescription i.e. it only takes 
account of (b) above. 

It might be assumed that the same approach relates to moorland.  However, in 
this case most existing moorland is now in a degraded state following successive 
years of over-grazing and management practices aimed at supporting increased 
stocking levels.  As a consequence, even the ‘maintain’ moorland ES option will 
deliver significant all round benefits, with the gross and net assessment of services 
being very similar.  On the other hand, for lowland heathland there is a difference 
between gross and net service delivery.  Here the majority of the regulating 
services should be being delivered under this semi-natural habitat (although 
erosion associated with recreation use may be a problem).  Therefore under the 
‘maintain’ and ‘restore’ heathland options, the net assessment shows no change in 
the delivery of the regulating services, although there will be increased delivery of 
the cultural services and biodiversity, with enhancement of the heathland habitat.  

• Speed of service delivery under the HLS create options: As noted at the 
outset, the gross assessment of service delivery has been based on the 
assessment of final outcomes.  In the case of nearly all ELS options the final 
desired outcome should be achieved relatively quickly, often in a single season, as 
in Conservation Headlands, or in a few seasons as in Field Corner management.  
Conversely, for many of the HLS ‘restore’ and ‘create’ options, achievement of 
the final outcome, such as semi-natural chalk grassland, will take very many years 
to achieve – perhaps 50 – 100 years.  In these circumstances the services 
delivered as the habitat matures may vary over time.  For example: 
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- Under grassland ‘create’ options the regulating services associated with the 
presence of a grass sward, such as erosion control, will be achieved as soon as 
the grass sward closes over but the creation of the full biological diversity and 
maturity of the semi-natural habitat will take many years, meaning that the 
service of sense of place and the enhancement of biodiversity will likewise 
take many years to be achieved. 

- The restoration of blanket bog, which will do much for climate and water 
regulation, will be a long process, with the important regulating services as 
well as the cultural services taking many years to reach maximum potential.  
Indeed in the short term, the blocking of moorland drains may actually lead to 
an increase in the release of greenhouse gases as the new regime stabilises 
(affecting the delivery of climate regulation). 

- Where lowland heathland is being restored from conifer plantations, the 
short-term net effect will be a reduction in carbon sequestration and a 
potential increase in the likelihood of erosion on these thin sandy soils.  It will 
only be in the longer term, as heathland becomes established, that the full 
range of ecosystem services associated with heathland, will become 
established.  

CONCLUSIONS 
6.82. The key points to emerge from the case studies are: 

1. ES has the potential to address the majority of the issues identified through the 
counterfactuals and to achieve enhanced service delivery across all agricultural 
landscape types. 

2. Influence of uptake: However, the current choice of options and levels of 
uptake mean that in four out of the six agricultural typologies ES is making a 
welcome but only marginal net contribution to enhanced service delivery, 
especially the regulating services.  These four landscape typologies are: Upland 
Fringe Dairying and Stock Rearing, Western Dairy and Mixed Agriculture, Chalk 
and Limestone Mixed Arable, and the Eastern Arable Landscapes.  Levels of 
uptake are particularly low in the Western Dairy and Mixed Agriculture and the 
Eastern Arable Landscapes. 

3. With the exception of the Uplands, based on current levels of uptake, ES 
continues to perform more strongly in the traditional areas of agri-environment 
scheme objectives i.e. in supporting biodiversity and in the cultural services, when 
compared to the regulating services.   

4. Targeting of options: These relatively low levels of uptake (except in the 
Uplands) of options that can make a significant difference to the regulating 
services, highlights the vital importance of relevant options being targeted to 
those locations where they can bring maximum benefit (see paras 5.34 – 5.37).   
Current levels of uptake suggest that only 3% - 6% of the area of individual JCAs 
are being entered into ES options that can enhance the regulating services, and 
the majority of these options deliver at a low level. 

5. The Uplands provide a very good example of how a strong and targeted focus on 
a relatively limited range of options provided together can deliver a vital range of 
both cultural and regulating services and biodiversity.  There may be a case for 
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similar targeting in other bio-physical areas that have the potential to deliver an 
important range of benefits, such as the priority catchments, coastal areas and 
potentially areas overlying important aquifers, especially in areas of potential 
water shortage such as the South East. 

6. Narrow service delivery: It is very noticeable that within the case study areas 
considered in this Chapter, outside the Uplands, some of the highest levels of 
current ES uptake are in options that deliver a very narrow range of services.  
Particularly noticeable amongst these are: 

• Over-wintering stubbles (supporting only sense of place and biodiversity) but 
nationally making up 6%  of ES uptake and within arable landscapes covering 
some 2% of the total agricultural area; 

• Reduced cultivation depth over archaeology (clearly of great importance for 
cultural heritage but delivering no other net benefits).  In the chalkland 
counterfactual this is the option with the highest uptake covering over 3% of 
the agricultural area; 

• Mixed stocking (again supporting biodiversity and sense of place but offering 
no other net benefits), a popular option in pastoral areas covering, for 
example, 4% of the agricultural area of the Upland Fringe. 

Clearly these options bring important benefits but if the majority of ES uptake is 
in these types of option, the range of service delivery will be significantly reduced 
unless options are used in careful combination, which is currently not possible to 
ensure under ELS. 

7. Time taken for options to deliver services: For the majority of options, 
service delivery will start almost immediately or at least within a season as, for 
example, in options reducing fertiliser inputs or providing bird seed mixes.  
Delivery of the full range of service will take longer where options concern the 
restoration or creation of habitats covered under HLS – with the time taken 
depending on the habitat.  Nevertheless, this study suggests that it is worth the 
wait, with many of these habitats delivering a wide range of services, over and 
above biodiversity, at a high level of impact, as illustrated by the restoration of 
upland moorland. 

8. Gross and net service delivery: From the counterfactuals it appears that ES 
has the potential to make very significant improvements to net ecosystem service 
delivery.  However, levels of uptake and choice of options is greatly restricting 
the extent and breadth of this net service delivery at the current time.  
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7. MEASUREMENT OF ECOSYSTEM SERVICE 
DELIVERY UNDER ES 

STUDY OBJECTIVE 
7.1. This Chapter addresses the third research objectives of this study to “make 

recommendations on how delivery of the ecosystem services identified could be measured, 
and the extent to which this is currently possible. In addition, make recommendations on 
existing sources of information (including relevant data sets and existing monitoring 
initiatives) which could be used to monitor these services” 

 APPROACH ADOPTED 
7.2. This part of the study has focused on examining existing literature and other 

strategies to identify: 

• National Strategies which set out empirical targets to measure progress 
against their desired outcomes.  There are many such strategies, most relating 
to individual ecosystem services.  Those that cover a range of services include the 
UK Government Sustainable Development Strategy ‘Securing the Future’; The 
England Strategy for Sustainable Framing and Food ‘Facing the Future’ and 
Working with the Grain of Nature: a Biodiversity Strategy for England (Defra on 
behalf of UK Biodiversity Partnership). 

• National delivery initiatives that contain within them monitoring 
programmes that are collecting data on a range of environmental 
outcomes.  These include Defra’s annual monitoring reports in relation to Public 
Service Agreement targets, Natural England and Defra’s Environmental 
Stewardship Monitoring and Evaluation Strategy, Natural England’s Countryside 
Quality Counts Programme and the Environment Agency’s work in relation to 
the Water Framework Directive.  

• Relevant research reports that have reviewed the availability of national 
datasets and relevant monitoring initiatives.  Chief amongst these are 
contracts for Defra reviewing targets and indicators for the ecosystem approach 
(Project Code: NRO 119), the condition of natural resources (NRO 101) and the 
state of England’s terrestrial ecosystems (NRO 106); 

7.3. This part of the study has therefore focused on the extent to which the 
measurement of existing indicators and monitoring programmes can be used to 
identify the delivery of ecosystem services under Environmental Stewardship.  From 
these it is possible to identify: 

• Those indicators that have most relevance to the delivery of ecosystem services 
under Environmental Stewardship 

• Key gaps in the measurement of ecosystem services that are being delivered 
through Environmental Stewardship and consideration of if and how these could 
be filled. 
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7.4. The work has sought to identify existing indicators of the outcomes of ES 
(measures of the services themselves) rather than indicators of the scheme’s 
outputs (for instance the uptake of particular options).  This distinction is used in 
Defra’s Environmental Stewardship Monitoring and Evaluation Strategy (2006).  It is 
noted that output indicators may be appropriate as a proxy for measurements of 
outcomes where suitable data for the latter does not exist and would be difficult to 
acquire. 

7.5. This work has had to take account of two constraints on the use of existing 
indicators.   

7.6. Firstly, is the extent to which the indicators can be taken to represent the effects of 
the ES scheme as opposed to wider influences.  To take one example, improved 
water quality will not just be achieved through ES but will also be strongly influenced 
by agricultural economics and business investments, cross-compliance measures and 
programmes such as the England Catchment Sensitive Farming Delivery Initiative 
(although one of the responses of the Initiative is to encourage farmers to take-up 
relevant ES options), as well as pollution from non-agricultural sources. 

7.7. Secondly, and allied to this, there is the issue of the spatial availability of data.  To be 
of greatest use to this study, data should either be mapped at a scale close to that of 
ES agreements (examples include Sites of Special Scientific Interest and many Water 
Framework Directive water bodies) or should be related to the area under ES itself, 
being clearly attributable to the prescriptions required by ES (for instance the 
provision of educational access through particular HLS options).  That is not to say 
that the impacts of ES will only be found on the land subject to the management 
prescriptions; indeed services such as water quality, water regulation and aesthetics 
are likely to be affected over a much larger area.  However, indicators that are 
reported at a broad geographical scale (down to a sub-regional or landscape scale) 
are unlikely to be fine-grained enough to be attributable spatially to levels of ES 
uptake. 

7.8. Nevertheless, by identifying trends in general indicators used to identify ecosystem 
service delivery, the proportionate role of ES in that service delivery can begin to be 
assessed by identifying the overall trend in that indicator compared to the uptake of 
relevant ES options (Chapter 5).  The contribution of ES will become much clearer 
where the condition of indicators and levels of relevant ES uptake can be compared 
between regions.   

7.9. The following sections take each environmental service in turn, considering the 
output(s) that can be measured to indicate how Environmental Stewardship 
contributes to the delivery of that service.  Potential data sources are suggested, and 
their usefulness considered.  A summary table at the end provides an overview of 
how the delivery of each service through ES may be measured. 
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RECOMMENDATIONS ON THE MEASUREMENT OF 
ECOSYSTEM SERVICES THROUGH ES 

The Provisioning Services 

Food 

7.10. This service could be measured, in general terms, by the yield of crops and livestock 
produced from land under ES agreement.  Measurements of these yields are collected 
at a national level from a variety of sources (such as the industry levy bodies) and are 
available from Agricultural Change and Environment Observatory and E-digest of 
Environmental Statistics).  

7.11. However, as increasing gross food output is not an objective under ES, this data is 
not considered to be particularly useful, especially as in net terms most ES options 
will lead to a reduction in food production.  A more appropriate measure would be 
the number of local food quality marks and local and locality food labels that require 
their suppliers to have entered into ES.  A measure of this kind would fit with the 
policy objectives of the Sustainable Farming and Food Strategy and with the delivery 
programmes being implemented in many regions.   

7.12. This information is currently not collected but could be available from the monitoring 
of the Regional Delivery Programmes for Sustainable Farming and Food.  It is 
recommended therefore that monitoring of this service delivery under ES 
focuses on the added value to food production derived from individual 
producers being entered into the ES scheme measured as the number of 
producer labels that make a direct link to ES entry. 

Fibre 

7.13. Outputs of timber and coppice products are the key measures of fibre provision, 
whilst the quantity of materials obtained from livestock, such as wool and hides is 
also relevant. 

7.14. Timber and coppice products are monitored under the Strategy for Sustainable 
Forestry, but this is of marginal relevance as ES is only concerned with woodlands 
under 2ha where commercial management is unlikely to be a priority.   

7.15. Production of wool and hides from livestock is subject to the same issues as for food.  
The gross production of wool and hides is not relevant to the objectives of ES (and, 
given low market prices, is also not a particularly relevant issue in farm economics).  
But the quality and addition of value to these products is more relevant.  The British 
Wool Marketing Board has access to information on wool production and marketing 
from individual holdings and might be able to provide qualitative information on 
holdings that add value to their wool.  However, linking this to ES agreement would 
be difficult and it would not amount to an empirical and repeatable indicator. 

7.16. Monitoring of fibre output is considered to have only marginal relevance to 
ecosystem service delivery under ES.  Therefore future monitoring is not 
recommended with respect to ES ecosystem service delivery. 
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Fuel 

7.17. Monitoring of woodfuel and biomass production will be increasingly well covered 
under the Strategies for Sustainable Forestry, Biomass, Non-Food Crops and 
Sustainable Farming and Food, but the emphasis here is on woodland management 
and mainstream biomass production which are not relevant to ES.   

7.18. Preferable data to use could include the coppice area in Great Britain (from UK 
Indicators of Sustainable Forestry), although this is presented as high level national 
data and not available at a fine-grained spatial scale that would allow attribution to ES 
agreement.   

7.19. The establishment of new biomass crops on holdings under ES agreement could be 
derived from holdings receiving the Energy Crops Scheme.  However, since biomass 
production is not an objective of ES, there is no basis to linking the two.  In future it 
is likely that an increasing amount of energy will be produced from cereals 
(bioethanol), oilseeds (biodiesel) and grass (biogas) but data at the level of individual 
holdings is not currently collected and, again, there would be no reason to attribute 
energy production to ES agreements.  

7.20. Under PPS 22 Renewable Energy (December 2004) local planning authorities are 
encouraged to undertake an assessment of the potential of all renewable energy 
resources within their local authority area.  In undertaking such assessments some 
local  and national park authorities are considering the extent to which conservation 
arisings (such as hedge trimmings and green wastes, like reed cuttings), could be used 
in local biomass and anaerobic digestion for energy production.  Such initiatives 
provide a close fit with management likely to be undertaken under ES. 

7.21. It is recommended therefore that for the time being there is no 
monitoring of energy production under ES.  Nevertheless, as local 
authority strategies for renewable energy production become embedded 
this recommendation should be reviewed, with emphasis placed on the 
role of conservation arisings in energy production. 

Genetic resources 

7.22. At a national level, genetic diversity will be monitored as part of achieving targets 
under the Convention of Biological Diversity (CBD).  The ES contribution to this 
target may be best monitored through the ES Evaluation Strategy (2006), which 
proposes the identification of the number of agreements including the native breeds 
at risk supplements.  To this could be added the area of traditional orchards under 
HLS management.  It should be noted that these are a measure of outputs rather 
than outcomes, although in this case the uptake of these options is likely to provide a 
close (if unspecific in terms of specific breeds and varieties) measure of outcomes. 

7.23. The four-yearly survey of native breeds at risk undertaken by the Rare Breeds 
Survival Trust provides useful trend data on these breeds but this data cannot 
currently be linked to holdings in ES agreement (and those receiving the rare breeds 
supplement). Nevertheless, these data provide useful context against which to judge 
the specific data on ES uptake of the relevant options. 

7.24. It is recommended that delivery of genetic diversity is monitored as set 
out in the ES Evaluation Strategy, based on relevant uptake data. 
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Fresh Water 

7.25. As a provisioning service, the relevant measure is the availability of water resources 
to meet human needs, for purposes such as drinking and irrigation, and for the 
maintenance of natural systems, for example, ensuring adequate river flow. 

7.26. Monitoring under Defra PSA targets is concerned with the overall delivery of fresh 
water, to which it would be difficult to relate the contribution of ES.  Similarly, the 
Environment Agency’s assessment of water resource availability through the 
Catchment Abstraction Management Strategies (CAMS), which identify the status of 
each Water Resource Management Unit in England, will not be attributable to ES 
agreements. 

7.27. As delivery of this service under ES is specifically concerned with the role of upland 
habitats/soils (especially blanket bogs) in storing fresh water, the most appropriate 
measure might be the area of moorland habitat under the relevant ES options, which 
could be compared to the percentage area of moorland SSSIs in favourable or 
favourable recovering condition.  As above, this is a measure of the outputs of ES 
rather than outcomes of fresh water provision. 

7.28. Monitoring of fresh water provision under ES should be based on the areas 
of blanket bog / moorland under ES agreement.  The Environment Agency 
may be able to give further focus to this monitoring by identifying within 
each of their regions those moorland areas most critical to water supply 
i.e. those moorlands that feed the main rivers from which potable water is 
abstracted. 

The Regulating Services 

Air Quality Regulation 

7.29. There are a considerable number of targets relating to air quality.  

7.30. Air quality is widely measured at the national level, for example, under Defra PSA 
delivery agreement 28 and under the national Air Quality Strategy, and made available 
through the National Atmospheric Emissions Inventory.   However, only those 
measures relating to particulates are really attributable to individual habitats (such as 
woodland and hedgerows) and the management options available from ES.  The best 
way forward may be to identify the rate of particulate filtration associated with key 
habitats (based on modelled data) and consider this in light of the areas of woodland 
and hedgerows under ES agreement. 

7.31. The counterfactuals (Chapter 6) suggest that ES makes little net 
contribution to air filtration (primarily as it is not concerned with 
woodland expansion).  It is therefore recommended that this should not 
be a priority for monitoring. 

Climate Regulation 

7.32. The main contributions that ES is likely to be able to offer are reduced methane 
outputs associated with reduced grazing levels or changing livestock diets, reduced 
nitrous oxide levels associated with reduced fertiliser inputs, reduced soil carbon 
oxidation associated with a reduction in cultivated area, and finally increases in 
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carbon sequestration associated with the appropriate management of woodlands and, 
more particularly upland peat soils (and potentially estuarine muds). 

7.33. Country level data are reported by Defra on the levels of the main greenhouse gas 
emissions for each of the IPPC categories, one of which is agriculture28.  However, 
these data do not allow estimates to be made of the emissions arising from changes 
in land management.  Research has established how different management practices 
affect emissions and removals of methane (see for instance Mills et al 2003 and 
Somers et al 2004), nitrous oxide (Sozanska et al 2002) and carbon dioxide (Defra 
2003, SE and WAG 2007 amongst others).  Modelling the findings of these studies on 
ES uptake would be complex (for instance, in the case of methane from livestock 
requiring knowledge of the type of feed consumed by livestock, not just their 
numbers) but the findings could be applied to suitable indicators sampled from ES 
agreements.   

7.34. Estimates of the impact of ES on climate regulation could be made by 
applying the findings of relevant research on emissions and removals of 
the greenhouse gases (methane, nitrous oxide and carbon dioxide) to 
changes in land use and management delivered by ES.  This will require 
new work on suitable indicators that should be collected from a sample of 
ES holdings. 

Water Regulation 

7.35. Flood management is one of the two secondary objectives of ES (para 2.9).  This can 
include making land available for flood water storage as well as adopting land 
management practices that increase soil infiltration in the wider catchment and 
attenuate peaks in flood run-off. 

7.36. The uptake of HLS options that create space for flood water (such as through the 
creation of wet woodlands and grassland) could be matched spatially to the 
Environment Agency’s Flood Map which shows those areas most at risk from flooding 
in three flood frequency zones.  This would show those areas under ES agreement 
that are most likely to be storing flood water.  A suitable indicator might therefore 
read “XXha under ES agreement on land with a high flood risk (greater than 1% 
annual probability)”. 

7.37. The contribution of ES at a wider catchment scale could potentially be assessed by 
comparing, at a regional level, whether there is any correlation between the 
frequency and duration of damaging flood events and the extent of uptake of the 
relevant ES options within the catchment (this is the approach suggested in Defra’s ES 
Monitoring and Evaluation Strategy, 2006).  However, given that research has yet to 
conclusively demonstrate that catchment-wide land management leads to reliable 
reductions in flood risk (Halcrow, 2008), it is most unlikely that any link between ES 
uptake and general flood attenuation would be demonstrated, especially given the 
small levels of uptake identified in Chapters 5 and 6.  

7.38. It is recommended that the uptake of appropriate ES options (such as wet 
woodland and grassland) in Zone 3 of the Environment Agency’s Flood 
Map is used to measure the impact of ES on flood water storage.  Further 

                                            
28 http://www.defra.gov.uk/environment/statistics/globatmos/download/xls/gatb04.xls 
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research is required before the wider (broad catchment) impacts of ES on 
flooding can take place.  

Erosion Control 

7.39. Controlling soil erosion is one of the primary objectives of ES, falling under the wider 
category of protecting natural resources.  Erosion can be measured as gross soil 
losses, or alternatively in terms of any decline in soil quality, particularly reductions in 
soil organic matter. 

7.40. To assess the contribution of ES to the delivery of this service, again the best 
approach may be to identify the uptake of relevant ES options and to compare these 
spatially with those areas identified as suffering from soil erosion.  Also of 
considerable benefit would be implementation of the suggestion in the ES Evaluation 
Strategy that evidence should be sought at the farm scale of soil protection options 
being targeted to minimise soil erosion. 

7.41. In terms of the datasets currently available, levels of soil organic matter and the levels 
of soil nutrients are recorded at a national level by the National Soil Inventory (based 
on 6,127 sampling points on a 5km grid across England and Wales, collected by the 
National Soil Resources Institute at Cranfield).  These data are used as one of the 
natural resource indicators for the Sustainable Farming and Food Strategy.  The 
National Soil Inventory might provide a basis for comparing soil quality on land under 
ES agreements with land outside agreements but, given the wide range of factors 
involved, the current sample size is unlikely to be large enough to produce 
statistically significant results (this could be confirmed with the National Soil 
Resources Institute). 

7.42. The Sustainable Farming and Food Strategy also uses the uptake of ELS soil 
management options as one of its natural resource indicators (Indicator 5.01).  This 
could be used as simple output indicator but it would ignore the impact of soils on 
other options (likely to be significant) and without independent monitoring of the 
outcomes of these soil management options, it would say little about the outcomes 
actually achieved. 

7.43. A suitable indicator of the outcome of ES for soil quality (as opposed to 
the output delivered by the uptake of ES soil management options) might 
be developed using the National Soil Inventory (possibly requiring 
additional sampling sites) that is maintained by the National Soil 
Resources Institute. 

Water Purification /Quality 

7.44. The Water Framework Directive requires that the quality of water in River Basin 
Districts is measured against the standards for Good Ecological Quality and Good 
Chemical Quality.  These standards take account of both point source pollution 
(which may be easily identified through the Environment Agency’s river and ground 
water sampling programmes) and diffuse pollution (which is more difficult to identify 
to particular locations and activities). 

7.45. The Environment Agency is adopting a new method of measuring water quality 
(replacing its General Quality Assessment) to comply with the Water Framework 
Directive.  This WFD compliance monitoring draws on sampling data to assign quality 
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assessments to each ‘water body’ (relatively small portions of catchments that link 
land to stretches of river) for a range of indicators (such as biological oxygen 
demand, nitrogen, phosphorus and acidity).  It should be noted that the thresholds 
used to measure compliance are based on standards for human health (for instance 
50mg/l of nitrate) but that lower levels might be more appropriate to safeguard the 
ecological health of rivers. 

7.46. Simply plotting these assessments against levels of ES uptake in each ‘water body’ 
area would be a crude measure of the impact of ES and it would be difficult to 
attribute trends in water quality to ES options unless they covered large areas in the 
catchment of the water body, given the number of other sources and factors 
involved.  Attention might be focussed to the Priority Catchments of the England 
Catchment Sensitive Farming Delivery Initiative (ECSFDI) where local knowledge of 
Natural England and Environment Agency staff could help to interpret levels of ES 
option uptake in the knowledge of water quality sampling data. 

7.47. In conclusion, the Environment Agency’s WFD compliance monitoring 
will not distinguish the impact of ES from other land management drivers.  
Although informed analysis of the data in catchments where there is good 
knowledge of water quality issues (such as the ECSFDI Priority 
Catchments) might shed more light on the benefits of different ES 
options, a national indicator will require new data collection from ES 
agreement land. 

Disease Regulation 

7.48. In this context disease control is associated with human rather than animal disease.  
This service therefore required that outbreaks of diseases linked to land (such as 
from livestock) that can be transmitted to humans should be measured.  

7.49. Relevant data sources could include incidence of zoonotic diseases contracted from 
wild hosts (available from Defra UK Zoonoses Reports) and incidence of Lyme 
disease in humans (Indicator 17 in Defra’s Climate Change Indicators29).  As noted 
above, it would be unwise to attribute the incidents of disease outbreaks to being in 
or out of ES agreements unless there was good circumstantial evidence that changes 
in land management brought about by ES were involved. 

7.50. Further research is required to determine the levels of disease risk 
associated with land management practices required by ES before a 
reliable indicator can be developed. 

Pest Regulation 

7.51. Measurement of this service should consider the extent to which ES controls habitats 
that host animal pests, plant diseases and weeds, or the natural predators of these 
pests, diseases and weeds. 

7.52. An approach would be to spatially compare incidents of particular pest-borne 
diseases and populations of noxious weeds with uptake of relevant ES options.  But 
there would need to be strong theoretical evidence that a causal link was likely.  
Given the large number of different pests, diseases and weeds which might be 

                                            
29 http://www.ecn.ac.uk/iccuk/indicators/17.htm 
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monitored, a policy steer is required as to which should be used as an indicator for 
this service.  A decision might be taken to focus on the economically most damaging 
or to select those that are notifiable.  A topical examples of where this might be the 
case would be incidents of bluetongue near wet grassland and fens suitable for 
midges. Incidents of notifiable diseases such as bluetongue and bovine TB are 
recorded by the State Veterinary Service but other diseases, pests and weeds are 
not. N.B this study has specifically not considered bovine TB. 

7.53. There is no existing data source that could be used to measure the impact 
of ES on this service.  A policy steer is required to identify priority pests, 
diseases or weeds that should be measured and surveys would then need 
to be developed to record this information. 

Pollination 

7.54. Measuring the outcomes of ES on this service would rely on identifying data sources 
that indicate trends in bee populations and other crop pollinators, or the yields of 
crops that require insect pollination such as apples and field beans, and then relating 
these to the uptake of ES options that help support pollinating insects.  The role of 
these options will be particularly important in intensive arable areas largely devoid of 
habitats supporting key pollinators. 

7.55. The British Beekeepers Association monitors levels of bee keeping through its 
members.  Defra maintains a national honey bee inspection service but this is 
concerned with bee health not the availability of pollen. The link between ES uptake 
and populations of honey bees is likely to be very weak since bee keeping is 
influenced by the economics of honey production and the incidents of pests such as 
the Varroa mite, more than through the availability of nectar and pollen sources.   

7.56. Surveys have recorded populations of other pollinating insects such as the National 
Bumblebee Nest Survey conducted between 2003 and 2005 by researchers from 
Rothamstead Research Station, but there is no way of relating these historical data to 
ES uptake. 

7.57. An alternative would be to measure the direct outputs of ES in terms of the 
maintenance, restoration and creation of habitats that contain significant sources of 
pollen.  Key habitats are traditional orchards, upland and lowland heath, species-rich 
grassland, hedgerows under enhanced management and woodland edges.  It would 
need to be recognised that simply measuring the area of uptake of these habitats 
would be a crude measure, taking no account of the quantity and availability at key 
times of year of pollen between these habitats, nor of pollen available from other ES 
habitats such as low input grassland. 

7.58. In the absence of existing data that can measure the outcome of ES on 
populations of pollinating insects, or the yields of pollinated crops, it is 
recommended that the direct outputs of the scheme in terms of the area 
of options supporting habitats that contain significant sources of pollen 
should be measured. 

Natural Hazard Regulation 

7.59. Relevant data sets that might be used for this service are those that record the 
occurrence, or risks, of natural hazards, most of which are the result of unusual 
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weather events.  Hazards such as inland flooding and soil erosion are already 
addressed by other services.  It is suggested that, in terms of policy priorities, the 
two natural hazards that are most relevant to ES, and not covered by other services, 
are coastal flooding and fire. 

7.60. The risks of coastal flooding are picked up by the Environment Agency’s Flood Map.  
Priorities for protecting coastal areas and for enabling managed retreat of coastlines 
are described in the Shoreline Management Plans prepared by coastal groups and led 
by local authorities under national guidance from Defra.  The impact of ES could be 
assessed by measuring the uptake of options for salt marsh and sand dunes, an 
assessment which will be more meaningful if these areas are related to specific areas 
of need identified in the Shoreline Management Plans. 

7.61. The hazard of wild fires is most likely to occur on upland and lowland (including 
coastal) heath habitats.  Data on fire incidents in England are held by the Department 
for Communities and Local Government (CLG),30 based on reports submitted by 
local Fire Services.  The amount of detail recorded on wild fires in the countryside 
will depend on whether they are recorded as primary or secondary fires.  Minor wild 
fires not affecting personal property or injury may be recorded only as secondary 
fires and information on the extent and severity of the fire may not be held 
nationally.  The occurrence of wild fires could be linked spatially to the area of land 
under ES options for upland and lowland heath. 

7.62. It is recommended that measurement of natural hazards should focus on 
coastal flooding (relating uptake of saltmarsh and sand dune options to the 
Environment Agency’s Flood Map and to Shoreline Management Plans) 
and on wild fires (relating uptake of upland and lowland heath options to 
CLG’s records of fire incidents).  However, care would need to be taken 
before drawing any causal link between ES and these hazards. 

The Cultural Services 

Recreation 

7.63. Promoting public access to the countryside is one of the primary objectives under 
HLS.  Defra’s ES Monitoring and Evaluation Strategy proposes measuring the number 
and length of access routes / areas provided under HLS options which is a measure of 
the output of ES, rather than a direct measure of the outcome of increased 
recreational use. 

7.64. Improved access to the countryside is measured under the Sustainable Farming and 
Food Strategy through countryside visits identified in the England Leisure Visitor 
Survey (Natural England) but these data are published at regional level and no link 
with ES agreements is possible.  Local studies prepared by local authorities, often in 
relation to Rights of Way Improvement Plans, may collect data on countryside access 
(particularly the condition of routes and unmet recreational need) but these use 
different methods and the results are currently not collated nationally. Natural 
England report on the number of visits made annually to National Nature Reserves 
but on those NNRs that are under ES agreement, it is likely that their NNR status 

                                            
30 http://www.communities.gov.uk/fire/researchandstatistics/firestatistics/firestatisticsmonitors/ 
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(and the holding of open days and other events by Natural England) is more likely to 
be the factor determining levels of access than the ES agreement per se.  

7.65. In the current absence of existing data on recreational use which can be 
linked reliably to the uptake of ES, it is recommended that this service is 
measured by the length of access routes and areas provided by HLS 
options.  

Cultural Heritage 

7.66. English Heritage is undertaking a rolling national survey of the condition of Scheduled  
Monuments, identifying those that are considered to be at risk in a series of regional 
reports.  Trend data over the number of at risk Monuments on land under ES 
agreement, particularly under the historic environment options of ELS and HLS, will 
be an effective means of measuring the impact of ES on designated sites.   

7.67. No such monitoring programme exists for the condition of unscheduled sites on the 
National Monuments Record but trends in the number of these sites that lie within 
ES agreements will demonstrate the extent to which the scheme is successfully 
targeting them. 

7.68. It is recommended that this service is measured through English 
Heritage’s regional reports of Scheduled Monuments at risk and its 
National Monuments Record, in relation to the sites located on land under 
ES options. 

Education 

7.69. Promoting public understanding of the countryside is one of the primary objectives 
under HLS.   

7.70. No relevant national monitoring programmes have been identified to date but may be 
forthcoming from Natural England’s Outdoor Recreation Strategy.  Defra’s ES 
Monitoring and Evaluation Strategy proposes measurement of the number of 
agreements with recreational access.  Reflecting the broader way that this service has 
been defined in relation to ES by this study, this could be expanded to include those 
options that encourage the development of rural skills, such as drystone walling. 

7.71. In the current absence of existing data on the amount of educational use 
of land under ES agreement, it is recommended that this service is 
measured by the length of access routes and areas provided by HLS 
options, together with uptake of options that involve countryside 
management skills such as stone walling.  

Aesthetics and Sense of Place 

7.72. Maintaining and enhancing the quality and character of the landscape is one of the 
primary objectives under ES.   

7.73. There are a wide range of factors that contribute to the aesthetic qualities of the 
countryside and to defining sense of place.  Attempts have been made to capture this 
at the national level through Countryside Quality Counts (CQC) led by Natural 
England which identifies landscape condition at the level of JCA/NCA.  This 
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programme is now being taken forward by Natural England as CQuEL. This remains 
the most comprehensive source of data on landscape change and condition but as it 
operates at the JCA level, it may be too broad brush to pick up small changes 
achieved through ES.  Also a key input to this monitoring tool is ES uptake data.   

7.74. It is therefore more appropriate to focus on the monitoring set out in 
Defra’s ES Evaluation Strategy which proposes identification of uptake 
relating to relevant options in protected landscapes, and evidence at the 
farm-scale of effective targeting of landscape features to enhance the 
landscape in accordance with JCA guidance (both measures of ES 
outputs). 

The Supporting Services 

Soil Formation 

7.75. The relevant output here is the extent of soil creation through the breaking up of 
sub-soils and increases in the amount of organic matter in the upper horizons.   

7.76. The reference under erosion control, above, to the measurements of soil quality 
through the National Soil Inventory is relevant here. The NSI contains datasets which 
measures the depth and the physical and chemical composition of soil horizons at 
each of the 6,127 points in England and Wales.  However, as noted above, the link 
between these sample points and areas under ES options is unlikely to be statistically 
significant.  Further analysis, and possibly the addition of new NSI sample points, is 
likely to be required before this dataset can be used to measure the outcome of ES. 

7.77. The uptake of ES soil management options is not considered to be a satisfactory way 
of measuring overall soil formation since this is a much larger topic than simply soil 
quality and erosion control. 

7.78. A suitable indicator of the outcome of ES for soil formation (as opposed to 
the output delivered by the uptake of ES soil management options) might 
be developed using the National Soil Inventory (possibly requiring 
additional sampling sites) that is maintained by the National Soil 
Resources Institute.   

Photosynthesis 

7.79. The gross biological production of oxygen and plant matter can be used to measure 
photosynthesis as a service delivered through ES. 

7.80. There are no national datasets that are considered suitable to measure 
the impact of ES on this service.  It is unlikely that the ‘net’ change in 
photosynthesis resulting from ES will be significant.  It is suggested that 
this service is not worthy of separate monitoring.   

Primary Production 

7.81.  This service is defined as the assimilation or accumulation of energy and nutrients by 
organisms and also includes the cycling of nutrients through ecosystems. 

7.82. As above, there are no national datasets that are considered suitable to 
measure the impact of ES on this service.  It is unlikely that the ‘net’ 
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change in primary production resulting from the ES will be significant.  It 
is suggested that this service is not worthy of separate monitoring.   

SUMMARY OF EXISTING AND PROPOSED INDICATORS 
7.83. Table 7.1 summarises the most suitable indicators of service delivery that arise from 

the discussion on each service above.  The table follows the same format as that in 
Defra Project Report NR011931, indicating where suitable indicators already exist 
(but where new analysis against ES uptake is likely to be required) or where new data 
collection and analysis will be required. 

Table 7.1:  Summary of existing and proposed indicators 

Service Existing or 
New Data Measure 

Provisioning Services 
Food New The number of local food quality marks and local and locality food 

labels that require their suppliers to have entered into ES.  Data 
collected regionally via SFFS implementation plan.  

Fibre -  None recommended – not considered relevant to ES 
Fuel -  None recommended at current time, but should be reviewed as 

local authority strategies for renewable energy production are 
embedded. 

Genetic 
Resources 

Existing  
(ES uptake) 

Uptake of HLS native breeds at risk supplement and orchard 
options.  

Fresh Water Existing 
(outcome) 

Area of moorland habitat under the relevant ES options compared 
to the % area of moorland SSSIs in favourable or favourable 
recovering condition (Natural England).   

Regulating Services 
Air Quality 
Regulation 

- None recommended – not considered that ES makes any 
significant net contribution to this service. 

Climate 
Regulation 

New New work required to apply the findings of research to the 
changes in land use and management delivered by ES.   

Water 
Regulation 

Existing 
(outcome) 

Uptake of ES options capable of storing water (e.g. wet woodland) 
compared to EA Flood Map Zone 3. 

Erosion 
Control 

Additional 
sampling 
(outcome) 

Soil quality measured by the National Soil Inventory on land in ES 
agreements compared to land without (confirmation of what 
additional data needed from National Soil Resources Institute).   

Water 
Purification  

Additional 
sampling 
(outcome) 

Expert judgement of ES uptake against EA’s WFD compliance 
monitoring in selected areas (e.g. ECSFDI Priority Catchments) 
might provide qualitative assessment.  But new data collection 
needed to give a robust quantitative measure.   

Disease 
Regulation 

New 
(research) 

Further research required to determine links between diseases 
and ES management prescriptions. 

Pest 
Regulation 

New 
(research) 

Research / policy need required to identify priority pests before 
surveys could be initiated. 

Pollination Existing  
(ES uptake) 

In the absence of suitable data on outcomes, the best indicator is 
the area of options supporting significant sources of pollen (e.g. 
orchards, heathland, species-rich grassland, enhanced hedgerows 
and woodland edges).   

Natural 
Hazards 

Existing 
(outcome) 

For coastal flooding: Flood Map and Shoreline Management Plans 
in relation to ES uptake of saltmarsh and sand dunes.  For wild 
fires: CLG fire incident records in relation to ES uptake of upland 
and lowland heath. 

                                            
31 Defra, 2008 Reviewing Targets and Indicators for the Ecosystem Approach.  Report led by Prof. E Maltby, Institute 
for Sustainable Water, Integrated Management and Ecosystem Research, University of Liverpool 
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Cultural Services 

Recreation Existing 
(ES uptake) 

Number and length of access routes / areas provided under ES. 

Cultural 
Heritage 

Existing 
(outcome) 

Number of sites on the Scheduled Monuments at risk register 
(Regional reports from English Heritage) National Monument 
Record (English Heritage, Swindon) on land under ES agreements. 

Education Existing 
(ES uptake) 

Number of HLS agreements with recreational access.  Uptake of 
ES options that encourage the development of rural skills, such as 
drystone walling. 

Aesthetics 
and Sense of 
Place 

Existing (ES 
uptake); new 
(outcome) 

Uptake of relevant ES options in Protected Landscapes. 
Farm scale monitoring of how options are chosen and located to 
deliver aesthetic benefits. 

Supporting Services 
Soil 
Formation 

Additional 
sampling 
(outcome) 

See Erosion control. 

Photo-
synthesis 

-  None recommended – not considered that ES makes any 
significant net contribution to this service. 

Primary 
Production 

- None recommended – not considered that ES makes any 
significant net contribution to this service. 

 

CONCLUSIONS 
7.84. The following conclusions arise from this Chapter: 

1. Preference for indicators of service outcomes: The most effective 
indicators of the impact of ES on delivery of each of the services are those that 
measure the outcomes on the service itself, rather than the output as measured 
by the areas under relevant ES options since the latter usually do not show how 
much of the service is actually delivered. 

2. Difficulties of linking national data to ES: The relatively small areas of ES 
options uptake relative to the area under agricultural management mean that 
drawing any statistically significant link, causal or otherwise, between national data 
on the outputs of services and the areas under ES management is difficult. 

3. Existing outcome indicators which can be mapped spatially:  Stronger 
links between the delivery of services and uptake of ES can be drawn where the 
indicator data is spatial and can be mapped in relation to the areas under ES 
management options.  Services where existing spatial data can be used in this way 
are: 

 Fresh water using Natural England’s SSSI condition assessment data for 
SSSIs entered into ES moorland options 

 Water regulation using Zone 3 of the Environment Agency’s Flood Map 
in relation to uptake of ES options suitable for flood storage 

 Natural hazards using the Flood Map and Shoreline Management Plans in 
relation to ES salt marsh and sand dune options (for coastal flooding) and 
CLG’s record of fire incidents in relation to upland and lowland heath 
options (for wild fires) 
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 Cultural heritage using English Heritage’s regional reports of Scheduled 
Monuments at risk and its National Monument Record in relation to all ES 
options 

 Aesthetics and Sense of Place: Mapping of relevant options in relation 
to protected landscapes. 

4. Further development of existing spatial data sets:  For three services, the 
basis for a suitable indicator of outcomes already exists in monitoring 
programmes, but additional sampling of land under ES options is required before 
the impact of ES can be measured.  These services are: 

 Erosion control: Extension of the National Soil Inventory (National Soil 
Resources Institute) 

 Water purification / quality: Extension of the Environment Agency’s 
WFD compliance monitoring 

 Soil formation: Extension of the National Soil Inventory (National Soil 
Resources Institute). 

5. Reliance on uptake of ES options:  For four services, it is considered that ES 
management prescriptions provide a close enough indication of the outcomes to 
enable data on the uptake of the relevant options to be used as an indicator.  
These services are: 

 Genetic resources:  Uptake of native breeds at risk supplement and 
traditional orchards 

 Pollination: Uptake of options supporting significant sources of pollen 

 Recreation: Length / area of options providing new access 

 Education: Length / area of options providing new educational access and 
area of options involving countryside management skills such as stone 
walling. 

6. New research or policy steer needed:  For four services where there is no 
obvious existing data set, the range of data that could be collected is broad.  New 
research or policy advice is needed to identify which indicators are most relevant 
to ES land management prescriptions.  Services where this is the case are: 

 Climate regulation: New work to apply results of research to land use 
types delivered by ES 

 Disease regulation: Prioritise diseases for monitoring on ES land 

 Pest regulation: Prioritise pests for monitoring on ES land 

 Aesthetics and Sense of Place:  Farm scale monitoring of choice and 
location of options. 

7. Collection of new data on service outcomes recommended.  The one 
service where this is the case is as follows: 

 Food: Number of local food quality schemes that require entry to ES as 
condition of membership. 
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8. No indicator recommended.  ES is currently not considered to make any 
significant net contribution to the following services: 

 Fibre 

 Fuel (although this will change as local authority strategies for renewable 
energy become embedded) 

 Air quality 

 Photosynthesis 

 Primary Production 
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8. DEVELOPING A FRAMEWORK TO VALUE 
ECOSYSTEM SERVICES DELIVERED UNDER ES 

STUDY OBJECTIVE 
8.1.  This Chapter examines the fourth objective of the study, namely to: 

“Develop a clear framework to show the links between the ecosystem services identified and 
the benefits on which you might place economic value on the ecosystem services identified, 
and how this might be achieved (e.g. through elucidating public preference).  Any barriers to 
valuation (e.g. difficulties in measuring ecosystem services) should be highlighted, as well as 
highlighting any issues that would need to be overcome (such as ensuring no double counting 
in benefits).” 

APPROACH 
8.2. This part of the study has involved: 

 Firstly, developing a general framework for assessing the value of ecosystem 
services, based on existing literature and guidance 

 Secondly, applying this to the assessment of ecosystem service delivery under ES 
explored through this report, to identify the feasibility of valuing key services, the 
most promising valuation approaches, and the methodological issues to be 
addressed.   

8.3. The ecosystem services concept provides a systematic framework that helps to 
classify and assess the services that ES provides to people, to analyse the benefits of 
these services, and to develop approaches to measuring their value. The approach 
used in this study to assess the value of these services follows the impact pathway 
approach set out in Defra’s (2007) guidance (Figure 8.1) namely: 

Figure 8.1: Impact Pathway of a Policy Change 
 

 

 

8.4. Clearly any valuation needs to be based on the net effect of ES on ecosystem service 
delivery (discussed in Chapter 6) and the marginal value of these resulting changes.   

8.5. This approach involves the following key steps: 

1. Establishing the environmental baseline – considering the condition of ecosystems 
and the services they deliver in the absence of ES. 

2. Identifying and providing a qualitative assessment of the potential impacts of ES on 
ecosystem services - using matrices to assess the direction and degree of 
magnitude of effects of different ES options on different services (identified in 
Chapters 4 - 6).  
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3. Quantifying the impacts of ES options on specific ecosystem services – 
considering the feasibility and methods for measuring changes in service delivery 
in biophysical terms (e.g. tonnes of carbon stored). 

4. Assessing the effects on human welfare – examining how people benefit from the 
service, the types and numbers of beneficiaries, and how the benefits may be 
measured in economic terms. 

5. Valuing the changes in ecosystem services – examining how the value of identified 
changes in services may be valued, the feasibility of doing so and the 
methodological issues to be addressed.   

8.6. The framework has examined the Total Economic Value (TEV) of the services 
delivered by the scheme, including:  

• Use Values (direct use, indirect use and option values) 

• Non-Use Values (existence, altruistic and bequest values). 

8.7. Because ES affects the delivery of a wide range of ecosystem services, which benefit 
society in different ways and give rise to different aspects of economic value, the 
study has examined the role of a wide variety of valuation approaches, including 
market prices (e.g. food), shadow prices (e.g. carbon), avoided expenditures (e.g. 
flood management and water treatment), the travel cost method (recreational values) 
and stated preference techniques (e.g. for cultural services). 

8.8. In addition, consideration has been given to key methodological issues such as 
aggregation of values, avoidance of double counting and assessment of the net and 
gross value of service delivery.  

ECOSYSTEM SERVICES DELIVERED BY ES 

Assessment of Ecosystem Service delivery 
8.9. This study has assessed the potential of ES options to deliver 23 different services: 

five provisioning services; nine regulating services; five cultural services and four 
supporting services.  The analysis has considered not only which services are likely to 
be affected by relevant options but also the likely degree of impact, the direction of 
change, the degree of certainty attached to the impact and the degree to which 
impacts are likely to be widespread or location specific.  

8.10. Supporting services do not provide benefits to people; rather they support the 
delivery of other ecosystem services; so should not be examined directly in the 
economic assessment. 

8.11. This study has identified that many different ES options have the potential to deliver a 
wide range of different ecosystem services to varying degrees.  The many dimensions 
of the analysis make it quite difficult to generalise about the impacts of the scheme.  
Nevertheless: 

 The analysis demonstrates that ES has the potential to deliver to some extent 
against all 19 of the provisioning, regulating and cultural services examined; this 
suggests that any attempt to value the benefits of the scheme comprehensively 
would need to be wide ranging in its scope. 
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 However, the analysis suggests that the scheme is more important in delivering 
some services than others.  Key variables are: 
- The number of options which are relevant to the service in question   
- The rate of uptake and hence area of land under relevant options 
- The degree of impact of the ES option on service delivery 
- The degree to which this impact is widespread or location specific.  

Number and area of relevant options 
8.12. Some services may be affected by a wide variety of ES options, while others may be 

affected by very few.  For example, a wide variety of options under both ELS and HLS 
have the potential to affect climate regulation to some extent; in contrast only four 
options – relating to protection of orchards and rare breeds – are considered to be 
directly relevant to the protection of genetic resources. 

8.13. As a result, the area of land over which ES has the potential to deliver ecosystem 
services varies widely by service.  Figures in brackets below are the total area 
currently under ES agreement that have the potential to deliver the individual 
services. 

 Large Area (>0.7 m ha): Aesthetic values & sense of place; cultural heritage; 
provision of food and fibre; regulation of climate, water, soil erosion, water 
quality, pollination, recreation   

 Medium Area (0.3- 0.6m ha): Regulation of crop and animal pests and hazards; 
education; provision of fuel and fresh water 

 Small area (< 0.1 m ha) – regulation of air quality, human disease; provision of 
genetic diversity.   

Degree of impact 
8.14. As has been identified through this report there is a significant difference in the 

impact of different ES options on service delivery.  Many ELS options are anticipated 
to have low impacts on service delivery whereas most of the HLS options have a high 
impact on the delivery of most services..   

8.15. The analysis suggests that services can be grouped into those where:  

 Most of the ELS and HLS options that are relevant have a high impact on the 
service in question – water regulation, soil erosion, recreation, cultural heritage, 
aesthetics and sense of place, as well as biodiversity.  As a result ES has a 
relatively high impact on these services over a large area. 

 Most ELS options have a low impact while most HLS options have a high impact 
on the service in question – climate regulation, water quality.  As a result ES has 
the potential to impact on these services over a large area but has a relatively 
low impact over much of the area affected. 

 Both ELS and HLS options have high impact but in a limited area, because the 
service in question is delivered in a limited proportion of agreements – 
education. 
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Gross and net impacts 
8.16. Valuation requires an understanding of the net impact of ES on ecosystem service 

delivery. As explored in Chapter 6, this requires consideration of the likely level of 
different ecosystem services that would be delivered in the absence of the scheme.  
From this analysis it appears that, for most options and services where ES affects 
ecosystem service delivery, a clear increase in the provision of ecosystem services is 
likely to be observed.   

8.17. However, for some services, the scheme may result in some negative effects, 
suggesting that the net delivery of ecosystem services may differ significantly from the 
gross effect.  The most significant and widespread example of this relates to food 
production, where ES, by encouraging re-creation of habitats and features or 
extensification of agricultural land, may result in reductions in food production.  At 
the same time there may be some small-scale positive effects (e.g. relating to game, 
wild berries, fungi, and potentially to the quality and value of some farm outputs).  

8.18. Other examples where there may be negative net impacts include control of pests 
and diseases – since certain habitats and features supported by ES may harbour 
weeds, insect pests and disease bearing organisms.  The assessment suggests that 
these effects are likely to be much less widespread and significant than for food.   

8.19. In relation to soil erosion, while most ES options are expected to deliver a significant 
positive impact, there may be negative effects for some options (e.g. overwintered 
stubbles and spring cereals) which may affect the overall net benefits of the scheme. 

8.20. For most other services, while the scheme is expected to generate net benefits, it 
should be noted that some ecosystem services would be delivered in the absence of 
the scheme, and that the net effects can be expected to differ from the gross effects 
to different degrees under different farming systems.  Attempts to quantify ecosystem 
service delivery therefore need to take this into account. 

ASSESSING BENEFITS AND THEIR SIGNIFICANCE 
8.21. Figure 8.2 provides a summary of the different ecosystem services affected by 

Environmental Stewardship, and the nature and extent of likely benefits to people 
resulting from the scheme.  It suggests that: 

 A complete analysis of the benefits of ES would need to take account of a wide 
variety of ecosystem services; 

 The analysis needs to factor in potential negative as well as positive effects on 
the delivery of some services; 

 Different options may affect service delivery in different ways, making it difficult 
to generalise about the nature and extent of benefits relating to each service; 

 Benefits are likely to vary by type of service, suggesting that there may be some 
merit in prioritising efforts to quantify and value service delivery. 

8.22. The analysis suggests that the following services (highlighted in bold in Figure 8.2) 
may be most significant in terms of the effects of Environmental Stewardship and 
hence priorities for research: 

 Provision of food (including negative output effects) 

 Climate regulation 
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Figure 8.2: Assessment of Benefits by Service Type 
  Type of benefit Assessment of Benefits of ESS Area of 

Impact 
Intensity 
of Impact 

Quantification Valuation method 

Provisioning Services:             
Food Food production - quantity and quality -  agriculture and 

farmland features 
Many options reduce food production through 
extensification; may be some quality/value 
effects; some options may increase provision 
of edible berries, fruits, fungi 

High Low, 
negative 

Output of different 
food products 

Market price of food 

Fibre Fibre production - agriculture and farmland features Some options may enhance fibre production on 
small scale through creation/management of 
woodlands, hedgerows etc 

High Low Output of timber, other 
materials 

Market price of timber and other 
materials 

Fuel Fuel production - agriculture and farmland features Some options may enhance fibre production on 
small scale through creation/management of 
woodlands, hedgerows etc 

Low Low Output of different fuels Market price of different fuels 

Genetic resources Conservation of crop/livestock types with current/future human 
uses 

Two options (orchards and rare breeds) help 
conservation of genetic resources 

Low Low Number of rare breeds 
or crop varieties 
conserved 

Difficult as based on option value 

Fresh Water Provision of fresh water for human consumption Limited, since direct use of fresh water from 
ecosystems is limited in England 

Medium Low n/a n/a 

Regulating Services:             
Air quality Human health benefits from purification of air through filtration 

by farmland features 
Options enhancing provision and management of 
features (e.g. hedges and woods) enhance air quality 

Low Low Effect on ambient air 
quality and hence human 
health 

WTP to avoid pollution related ill 
health 

Climate Reduced impacts on global climate through carbon 
sequestration/storage by habitats/features and reduced 
GHG emissions from agricultural practices; enhanced 
local climate e.g. through role of hedges as windbreaks; 
benefits through reduced damage costs and reductions 
in other defensive expenditures  

Many options affect climate in some way but 
intensity may be low; may be some negative 
effects through changes in land use 

High Low (ELS), 
High 
(HLS) 

Carbon stored  Shadow price of carbon 

Water regulation Protection against floods - reduced damage 
costs/defensive expenditures 

Enhances the storage of water both in the 
upper catchment eg reed beds and in the 
floodplain  

High 
(catchment 
level), Low 
(storage in 
floodplain) 

High Effect on flood risk 
and intensity 

Flood damage costs, defensive 
expenditures avoided 

Erosion control Prevention of soil erosion has benefits in reduced 
damage costs, water treatment costs, remedial 
expenditures, enhanced yields 

Many options can have a signiifcant positive 
impact in erosion control 

High High Effect on crop 
yield/remedial 
measures required 

Market price of food, 
defensive/remedial expenditures 
avoided 

Water purification 
and waste treatment 

Enhanced water quality lowers treatment costs and 
enhances ecological and recreational values 

Many options have impact through lower 
inputs or buffering effects but intensity may 
often be low 

High Low (ELS), 
High 
(HLS) 

Effect on water 
quality and need for 
treatment 

Water treatment expenditures 
avoided; WTP for better 
ecological water quality 

Disease regulation Mostly disbenefits to human health and resultant treatment costs 
through habitats harbouring disease bearing organisms 

ESS mostly has negative effects as habitats harbour 
disease bearing organisms; generally small in scale 
and relate to a minority of ESS options 

Low Low Effect on risk of disease 
outbreak and number of 
people affected 

WTP to avoid effects of disease 

Pest regulation Enhanced yields and/or lower control costs through control of 
weeds/animal pests; disbenefits through harbouring weeds/pests 

Different options may produce positive/negative 
effects 

Medium Variable Effect on risk of pest 
outbreaks and damage 
caused 

Market price of crops affected; cost of 
pest treatments avoided 

Pollination Increased crop yields from insect pollination Many options have a positive effect on 
pollination by increasing wild flower 
populations 

High High for 
some 
options 

Effect on crop yields Market price of crops 

Natural hazard regulation Reduced risk of hazards such as landslides, fires and storms 
reducing damage costs and defensive expenditures 

Some options are beneficial; others may increase 
certain risks (e.g. fire risk from heathland) 

Medium Low for 
most 
options 
 
 
 

Effect on risk and 
intensity of hazards 

Damage costs or defensive 
expenditures avoided 
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  Type of benefit Assessment of Benefits of ESS Area of 
Impact 

Intensity 
of Impact 

Quantification Valuation method 

Cultural Services:             
Recreation and 
ecotourism 

Enhanced recreational opportunities and utility this 
provides to people and income for landowners 

Many options enhance recreational 
opportunities through access and by 
enhancing landscape, biodiversity, heritage 
values of countryside and providing 
opportunities for fieldsports 

Low (access), 
High (general 
enhancement
) 

High Number of access 
opportunities 
provided; number of 
recreational users 

Value per visit based on travel 
cost or CVM; enhanced 
profits/rents for landowners 

Educational values Opportunities for education, learning and training with 
regard to landscapes, features and habitats 

A variety of options may enhance educational 
opportunities but this is not a core benefit of 
the scheme  

Medium Low Number of 
educational 
opportunities 
provided and users 

Value per visit based on travel 
cost or CVM 

Cultural heritage 
values 

Use and non use benefits resulting from conservation of 
cultural landscapes, features and habitats; benefits 
include both use and non-use values 

Many options have cultural heritage benefits, 
e.g. through protection of archaeological sites 

High High Number of cultural 
features conserved; 
numbers of 
visitors/general public 
benefiting 

WTP based on CVM or CE 
method 

Sense of place Use and non-use benefits from conservation of locally 
distinctive features, landscapes, habitats and practices 

A variety of options can enhance sense of 
place by conserving locally important 
features, landscapes and habitats 

High High Number/area of 
locally distinctive 
features/landscapes 
conserved; numbers 
of visitors/general 
public benefiting 

WTP based on CVM or CE 
method 

Aesthetic, inspiration 
and spiritual 

Appreciation and inspiration from enhanced natural 
environment, landscape and heritage 

A variety of options can enhance these values 
by enhancing landscape, biodiversity and 
cultural heritage 

High High Number/area of 
landscapes/ habitats/ 
species/ features 
conserved; numbers 
of visitors/general 
public benefiting 

WTP based on CVM or CE 
method 
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 Water regulation 

 Erosion control 

 Water purification and waste treatment 

 Pollination 

 Recreation 

 Other cultural services – especially those not concerned with direct use of the 
environment – including cultural, aesthetic, spiritual and inspirational values. 

8.23. While most services are distinct from one another and need to be considered 
separately, it may make sense to combine cultural services given the difficulty from an 
economic valuation perspective of separating the different benefits – in practice these 
are likely to combine to influence people’s preferences collectively.   However, the 
analysis needs to consider any evidence available about the value of particular cultural 
services, such as cultural heritage values (e.g. evidence on value of ancient 
monuments). 

8.24. Figure 8.2 indicates how these benefits might be quantified and valued.  While in 
theory it is possible to identify measures that can be used to quantify the benefits of 
each service, in practice it may be very difficult to provide a quantitative assessment 
of the effects of ES.  Figure 8.2 suggests that a complete assessment of the benefits 
by service would require a combination of valuation methods employing market 
prices, damage costs, defensive expenditures, stated preference and travel cost 
methods. 

8.25. Below the key ecosystem services (para 8.22) are investigated in more detail to 
assess the feasibility of quantifying and valuing them; the techniques that could be 
used to achieve this; and the methodological issues involved.  For each service, 
consideration is given to: the benefits derived from the service, the role of ES in 
delivering the service (including the separate role of ELS and HLS) identified 
previously through this report; approaches and issues inherent in quantifying delivery 
of services and benefits; approaches to the valuation of these benefits; and existing 
evidence on the value of benefits.  This enables us to draw conclusions about the 
feasibility of valuation and potential approaches that could be adopted. 

PROVISION OF FOOD 

Benefits 
8.26. Food is essential for sustaining human life, as well as having other benefits such as 

taste and contributing to our culture and heritage.  The benefits of food production 
need to be considered both in terms of the quantity and quality of food produced, 
which together contribute to the overall value of food output.  Environmental 
Stewardship can impact both positively and negatively on food production, so the 
assessment needs to examine the net effects of different options on the value of 
different foodstuffs produced, including both farmed outputs and wild foods.  

Role of Environmental Stewardship 
8.27. Many ES options affect food production both positively and negatively: positively 

through enhanced food quality which may also convey human health benefits (as in 
conservation grazing), the reintroduction of grazing to unmanaged habitats, increased 
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production of traditional foods through the use of traditional breeds and 
conservation of traditional orchards, and the enhanced production of wild foods such 
as bilberries; and negatively by taking areas out of agricultural production, and by 
encouraging more extensive agricultural systems more generally. 

8.28. These effects – both positive and negative – are likely to be significantly greater for 
HLS than for ELS, given the much more significant changes in land use and farming 
practices involved. 

Quantification of services/benefits 
8.29. Changes in food production can be estimated in terms of the net changes in the 

weight of different foodstuffs harvested (i.e. kg of wheat, lamb, blackberries, honey).  
It is also necessary to consider any changes in the quality or grade of food produced, 
to establish whether the value of production is likely to be affected by qualitative as 
well as quantitative effects. 

8.30. To quantify the effects of ES, it is necessary first to identify the various likely effects 
on the quantity and quality of production of different foods, both farmed and wild.  
These then need to be quantified in terms of: 

 Increased output of some commodities as a result of introducing new land 
management practices – e.g. quantity of fruit produced as a result of restoration 
of orchards; output of meat resulting from reintroduction of grazing.  This can 
be quantified by estimating the likely average yield and the area affected. 

 Reductions in output as a result of changes in land use – e.g. loss of food 
production as a result of conversion of farmland to habitats or unfarmed 
features (hedges, uncropped margins etc).  Again this can be estimated relatively 
easily given information about the areas of land converted and the likely average 
yields per hectare. 

 Reductions in output as a result of changing land management practices – e.g. 
net reduction in meat production as a result of reduced stocking rates; reduced 
food output through lower fertiliser applications.  This requires an estimate of 
the net change in yield per hectare and the area affected.  In some cases this 
may be relatively straightforward, for example where changes in stocking rates 
are known.  In others, it may be necessary to predict the effects of a change in 
inputs (e.g. fertiliser use) using a suitable production function. 

 Changes in harvested outputs of wild foods due to the effect of ESS options – 
e.g. quantity of blackberries harvested from new hedgerows, increases in honey 
production resulting from creation or enhancement of habitats or farmland 
features.  In theory these effects can be assessed using a similar approach – e.g. 
by estimating changes in wild food output per m of hedge or hectares of new 
habitat.  However, these effects may be unpredictable and locally specific, so 
making an accurate assessment is likely to be difficult.  Unlike with farmed food, 
another problem is in assessing the additional production which is available to, 
and harvested by people, given that a large proportion of wild food is likely to 
be unused and therefore without realised value. 

 Quality effects – as well as quantity effects the assessment needs to consider 
whether there is any impact on the quality of output and hence the price that 
can be realised in the market.  This is likely to depend on being able to identify 
where food from farms in the Environmental Stewardship Scheme is subject to 
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separate niche marketing activity as a result, rather than being sold into 
mainstream commodity markets. 

Valuation of benefits 
8.31. Changes in agricultural production can be valued relatively easily using prevailing 

market prices; reform of the Common Agricultural Policy (CAP) has reduced 
differences between world market prices for most commodities and those received 
by farmers, and hence the need to adjust for the effects of price supports and 
subsidies. The assessment needs to consider whether ESS results in any changes in 
the quality or grade of output sold and hence the price to be applied. 

8.32. Valuation of ‘wild food’ is less straightforward.  Some foods such as honey are widely 
marketed but others such as blackberries and certain fungi are more often used for 
own consumption and, where sold, there are likely to be significant variations in 
price; this is complicated by the difficulty of storing many such products.  

Existing valuation evidence 
8.33. Examples of current market prices (week ending 13 September 2008): feed wheat - 

£104.60/tonne; bread-making wheat - £149.40/tonne; main crop potatoes - 
£141.57/tonne; cattle – 152 p/kg liveweight; sheep – 262 p/kg deadweight; milk – 
25.80 p/litre at farm gate (Defra, 2008).   Markets for wild foods are much more 
fragmented and therefore price information is scarcer and more variable.  However, 
a recent report on wild foods quoted typical prices for pickers of £2.60/kg for 
elderflowers and £10-28/kg for fresh wild mushrooms (Robinson, undated).  Jacobs 
(2008b) provides evidence of the value of some wild foods, including mushrooms and 
freshwater fish.   

Conclusions 
8.34. Environmental Stewardship is likely to have a variety of positive and negative effects 

on food production.  A full assessment requires a variety of changes in area of 
production and yield to be considered for a variety of farmed and wild foods.  
Though quantification of some of these changes may present some challenges, 
valuation should be relatively straightforward for most foods, using current market 
prices.  It is likely that the overall net effect is a reduction in the value of food 
production.   

CLIMATE REGULATION 

Benefits 
8.35. The benefits of climate regulation are: 

 Mitigation against global climate change – resulting in reductions in global 
damage costs.  This also potentially reduces the need to take alternative 
mitigation measures, reducing the costs of meeting emission reduction targets. 

 Beneficial effects on micro-climate, which may reduce damage caused by wind 
and reduce the need for and cost of alternative defensive or remedial measures.  

Role of Environmental Stewardship 
8.36. Many ES options affect global carbon emissions and/or carbon sequestration to some 

extent. These effects are generally positive.  The analysis in this report suggests that, 



 130

while many ES options will have an effect on climate regulation services, most ELS 
options will have a low impact while many HLS options will have a high impact, given 
the more significant changes in land use and management practices delivered by the 
latter, especially through the better management of upland peat soils. 

Quantification of services/benefits 
8.37. The benefits of ES can be estimated in terms of the quantity of greenhouse gas 

emission reductions and carbon sequestration associated with different options.  This 
can be achieved by applying average values to assess net carbon storage per km of 
hedgerow planted or conserved, net effects of conservation and sympathetic 
management of peatbogs etc.  For emissions, standard average values can be used to 
estimate greenhouse gas emissions per livestock unit or per tonne of fertiliser 
applied.   

8.38. It would then be necessary to consider for each ES option the effect on carbon 
sequestration and emissions per unit of uptake, e.g. net effect in kg CO2 equivalent 
per km of hedge planted, per ha grassland managed.  This would then be multiplied by 
levels of ES uptake to assess the overall net effect of the scheme on carbon emissions 
and sequestration at national level.  

8.39. Some aspects of climate regulation can be quantified with some certainty, others 
much less so.  For example, emissions from livestock are well understood but others 
(e.g. effects of options on carbon storage in soils) may be significantly more 
problematic. 

8.40. Overall feasibility would appear to be reasonably high subject to ability to define 
standardised units – especially as effects are global and therefore not dependent on 
the locations in which options are implemented.  The assessment would depend on 
commissioning an expert assessment of the effects of ES on carbon emissions and 
sequestration on an option by option basis, to arrive at standardised metrics that can 
be applied to each option. 

Valuation of benefits 
8.41. There is now an established evidence base on the damage costs of carbon emissions 

and the value of emission abatement/carbon sequestration – emission reductions and 
carbon sequestration can be valued on a £ per tonne of CO2 equivalent. 

8.42. Defra (2007) has published full revised guidance on how to value greenhouse gas 
emissions in government appraisals.  This is for use in all policy and project appraisals 
across government with significant effects on carbon emissions. The guidance adopts 
the concept of the Shadow Price of Carbon (SPC) as the basis for incorporating 
carbon emissions in cost-benefit analysis and impact assessments. This replaces all 
guidance referring to the Social Cost of Carbon (SCC). 

Existing valuation evidence 
8.43. Defra proposes the application of a shadow price of £25/tonne CO2 equivalent to 

assess the value of greenhouse gas abatement in the UK.  Jacobs (2008b) estimate the 
total value of climate regulation services provided by benefits provided by England’s 
woodlands, wetlands and peatland at £1,007 million annually. 
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Conclusions 
8.44. Economic valuation is straightforward as a result of readily available, government 

approved and readily transferable economic values. 

8.45. Quantification of benefits in units appropriate for valuation is also likely to be feasible 
in many cases, although knowledge is likely to be incomplete and some effects are 
likely to be more difficult to quantify than others. 

 

WATER REGULATION 

Benefits  
8.46. The benefit of improved regulation of water is to reduce the probability or severity 

of future flood damage.  This should in turn reduce damage to property and 
agricultural crops, as well as reducing stress and disruption for those affected.  It may 
also reduce the need to invest in other measures designed to manage flood risk, such 
as engineered flood defences. 

8.47. Improved water regulation may also ensure better recharge of aquifers, although the 
land management needed to assist positively in aquifer recharge has not been 
considered separately in any detail. 

Role of Environmental Stewardship 
8.48. Many ES options affect water regulation either at the catchment scale by encouraging 

water infiltration and / or by attenuating flood flows.  From this study it appears that  
both ELS and HLS options have the potential to deliver significant benefits for water 
regulation, with HLS options being critical to specific flood alleviation schemes and 
making space for water. 

Quantification of services/benefits 
8.49. In order to inform an economic assessment, it would be necessary to assess the 

extent to which the implementation of relevant ES options resulted in: 

a) A reduction in the risk of flood events taking place, as well as the likely severity of 
those flood events and the consequences in terms of damage to property and/or 
agricultural crops; or 

b) The effect of the options concerned on the need to invest in engineered flood 
defences. 

8.50. This is likely to be a significant challenge, given that the effects on flood risks will 
often be marginal, localised and difficult to quantify. For example, a recent report by 
Halcrow (2008) for the Environment Agency concluded that: “There is a significant 
theoretical basis underpinning relationships between land use and flood risk management 
but little monitoring data to demonstrate effects. Effects at a large catchment scale are 
difficult to determine since they are the result of aggregating many local-scale effects which 
are themselves hard to quantify, and are also dependent on individual physical catchment 
characteristics. This does not, however, necessarily mean that there is no catchment-scale 
effect: rather that the nature of the effects differ between different catchments and within 
each catchment, making them very difficult to detect.”  The report also highlighted the 
role of ES in providing incentives to support appropriate land management practices.    
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Valuation of benefits 
8.51. Defra provides Project Appraisal Guidance for flood and coastal erosion risk 

management schemes, which includes guidance on economic appraisal (Defra, various 
dates).  This provides general advice on the valuation of property, agricultural crops 
and other effects, and on the comparison of costs and benefits.  More detailed 
guidance on valuing the benefits of flood and coastal erosion risk management 
schemes (the draft 'Multi-coloured Manual') was developed for Defra by the Flood 
Hazard Research Centre (FHRC) at Middlesex University (Penning-Rowsell et al, 
2005).  Guidance on the valuation of environmental effects of flood and coastal 
erosion risk management schemes has also been developed for the Environment 
Agency (EFTEC, 2007).  The Foresight Report on Future Flooding (Evans et al, 2004) 
presents a range of estimates of the economic damage caused by flooding under 
different future scenarios, and the cost of engineered and integrated solutions 
(including natural responses) to addressing the problem.  The value of benefits varies 
from one location to another according to local circumstances and, in particular, 
variations in the value of property at risk from flooding.   

Existing valuation evidence 
8.52. The costs and benefits of flood management options need to be considered on a 

local, case-by-case basis.  Numerous existing examples are available assessing the 
costs of local schemes designed to alleviate flood risks, though these are difficult to 
generalise or transfer more widely.  There is a shortage of evidence of the value of 
the benefits of agri-environmental practices on flood risk management.  However, 
some studies have valued the role of wetland habitats in flood management.  For 
example, RPA (2001) estimated a minimum value of £300/ha for flood defence 
services provided by washlands.  

8.53. At the national level, Jacobs (2008), in the Environmental Accounts for Agriculture, 
estimated that agriculture accounts for 14% of flooding, which in turn results in 
annual flood management costs of £464 million and damage costs of £1.09 billion in 
England and Wales (at 2006 prices). 

Conclusions 
8.54. Though water regulation and management of flood risks may be one of the more 

significant ecosystem services delivered by ES, valuation of benefits is likely to be 
highly problematic, especially in view of the difficulty in quantifying the services 
delivered.  Water regulation effects and their benefits are localised in nature, making 
it difficult to conduct an overall assessment without first undertaking a series of very 
locally specific analyses.  Economic valuation itself is not especially problematic but 
requires local assessments of the amount and value of property and agricultural land 
at risk.  

EROSION CONTROL 

Benefits  
8.55. The benefits to farmers of preventing or mitigating soil erosion are:  

 Lower fertiliser usage  

 Better retention of topsoil, with beneficial effects for crop yields 
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 Less sediment clogging irrigation paths. 

8.56. The benefits to the wider community are:  

 Reduced risk of mudslides/severe erosion events  

 Improved water quality, with benefits for biodiversity, fishing, nutrient cycling and 
recreation. 

Role of Environmental Stewardship 
8.57. Many ES options help to alleviate erosion and there is a clear interrelationship with 

options that assist in water regulation.  Both ELS and HLS options have the potential 
to deliver significant benefits in reducing soil erosion. 

Quantification of services/benefits 
8.58. The benefits of ES could potentially be estimated in terms of reduced risk of hazards, 

reduction in fertiliser applications, gains in agricultural yields, reduced costs of 
removing sediment from water, and, in some areas, potentially higher recreation and 
tourism values.  

8.59. Sandy soils (e.g. in the South West and South East England, East Anglia, the Midlands), 
chalky soils (e.g. in the South East, South West, Wolds and in East Anglia) and bare 
sandy and peaty soils (East Midlands, Vale of York and East Anglia) are the most 
prone to erosion in the UK (Defra, 2005).  The environmental and economic impacts 
of erosion are likely to be concentrated in these areas. In the UK annual net soil loss 
varies from 0.61 tonnes per hectare (clay soils in Bedfordshire) to 10.5 tonnes per 
hectare (brown sands in Nottinghamshire, Quine and Walling, 2007). This suggests 
that ES measures are likely to vary greatly in their impact by location,  However, 
quantification of the benefits is challenging, given difficulties in first quantifying the 
effects of measures on rates of erosion, and then linking these to particular benefits 
that can be valued (e.g. crop yields).       

8.60. The available evidence is often locally specific and difficult to extrapolate to a regional 
scale.  In addition, evidence often relates to practices which reduce soil erosion while 
at the same time providing other ecosystem services (e.g. improving microclimate, 
sheltering livestock).  For example, a study in Australia found that planting 
windbreaks can improve crop yields by 22% to 47% as well as providing livestock 
shelter, mitigating wind erosion, and provide income streams through the sale of 
timber (Bird et al, 1992).   

8.61. Field experiments have shown that soil erosion is correlated with a decrease in crop 
yields, but that this relationship is very variable making it difficult to extrapolate to a 
regional or national scale.  Soil erosion may have contributed to the collapse of 
ancient civilizations, but the impact on modern societies is subject to debate.  A 
recent study investigated the effect of soil erosion on crop yields across Europe by 
quantifying the relationship between crop yields and soil water available to plants, the 
most important yield-determining factor affected by erosion, using information on the 
spatial distribution of erosion rates to calculate the potential threat of productivity 
losses.  The paper finds that effects on productivity in Europe as a whole are 
relatively small and do not pose a substantial threat to crop production within the 
coming century.  This is partly the result of changes in farm practice, such as 
increasing fertiliser rates, to deal with the problem.  However, within Europe there is 
considerable variability, and although productivity in northern Europe is not likely to 
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be significantly reduced by soil erosion, for the southern countries the threat of 
erosion-induced productivity declines is stronger - yield losses are predicted to vary 
from 0% in the Netherlands to 4% in Greece over the next 100 years (Bakker et al, 
2007).  A recent review of Scotland’s soil resource suggested that erosion may affect 
crop yields but that “evidence of these is somewhat equivocal”.  

8.62. With regard to nutrient losses and fertiliser applications, the literature is also patchy 
but suggests a potentially strong effect.  For example, Murdock and Frye (1983) 
estimated that the value of plant available nutrients lost from a highly fertile soil in 
Kentucky could range from $3 to $14 per acre (at 1981 fertiliser prices and a soil 
loss of 14 tons per acre).   

Valuation of benefits 
8.63. A full analysis of the benefits of erosion control would potentially need to draw on a 

variety of datasets to assess the value of changes in crop yields (using market prices), 
reduced damage costs (to fisheries, property), recreational values, and reduced clean 
up and restoration costs.  In some cases (e.g. crop prices, some recreational values 
such as angling) data is readily available; in others, valuation will present more of a 
challenge, especially where it needs to reflect local circumstances.  In general, 
however, quantification of the benefits of ES in units which are amenable to valuation 
(e.g. effects on crop yield, fertiliser applications, water treatment requirements, 
recreational fisheries yield) is likely to provide the greatest challenge.  Mapping likely 
average changes in crop yields, carbon losses and fertiliser application rates as a 
result of erosion control measures, may offer a promising approach, as these effects 
are amenable to valuation. 

Existing valuation evidence 
8.64. The Environment Agency (2002) has estimated the costs of soil erosion to include: 

 Pollution of water with sediment and other substances, resulting in clean up costs 
to the water companies and loss of fisheries value estimated at £77 million 
annually; 

 Loss of productivity estimated at £9 million per annum 

 Reduced capacity to soak up water and reduce flood risk as a result of poor soil 
management, estimated at £133 million per annum 

 Loss of soil carbon to the atmosphere – estimated at £85 million per annum.  

8.65. Data on fertiliser application costs and average yields per hectare are readily available 
from the Farm Business Survey, British Survey of Fertiliser Practice, annual report on 
Agriculture in the UK and other sources. 

Conclusions 
8.66. A full assessment of the benefits of erosion control from ES is likely to require an 

assessment of effects of relevant options on crop yields, fertiliser applications, soil 
carbon losses, water treatment costs and benefits for recreation (especially fisheries).  
Various examples of the economic benefits of these effects are available, and suggest 
they may be significant.  Quantifying the effects of ES options is likely to present a 
greater challenge than valuing the benefits themselves.   
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WATER PURIFICATION AND WASTE TREATMENT 

Benefits 
8.67. The benefits of reduced water pollution include cleaner water for drinking, bathing, 

water sports and bank side recreation, enhanced wildlife habitats and improved 
fisheries.  These are likely to be reflected in: 

 Higher recreational and tourism values 

 Enhanced amenity and cultural values 

 Reduced water treatment costs 

 Reduced risks of adverse impacts on human health. 

Role of Environmental Stewardship 
8.68.  Some of the measures that help reduce diffuse agricultural pollution relate to better 

soil and nutrient planning that form part of basic good farming practice.  In addition, 
ES options can help reduce diffuse agricultural pollution by reducing soil erosion and 
fertiliser application, providing physical buffers to the cross land flow of water, 
converting steeper slopes to grassland, and by providing habitats that help filter out 
pollutants.   

8.69. Analysis through this study suggests that while both ELS and HLS options can help to 
deliver cleaner water, the larger impacts will be achieved by HLS in view of the more 
significant changes in land use and management practices involved. 

Quantification of services/benefits 
8.70. In order to assess the value of the benefits of ES, it is necessary to estimate the effect 

of the scheme on:  

 The level of nutrients and pesticides in water abstracted for drinking, and hence 
the need for treatment of drinking water 

 The change in quality of surface waters used for different forms of recreation  

 The impact of changing levels of water pollution on yields of recreational and 
commercial fisheries 

 The effect on the ecological quality of surface waters, and hence on aquatic 
biodiversity, in order to inform assessments of change in cultural and amenity 
values. 

8.71. While the link between changes in land management practice brought about by 
Environmental Stewardship, and changes in water quality, is well understood, 
quantifying these effects is likely to be more problematic, especially as they are likely 
to depend on local conditions. 

Valuation of benefits 
8.72. A full assessment of water quality effects needs to take account of the impact of ESS 

on: 

 The capital and operating costs incurred by the water companies in removing 
nutrients and pesticides from drinking water 
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 The additional recreational value of improved water quality.  This may be 
measured in terms of willingness to pay per recreational user 

 The effects on the value of recreational and commercial fisheries.  This can be 
measured using appropriate functions linking the value of recreational fisheries to 
fish catch, and, for commercial fisheries, using market prices for fish. 

 The value of changes in freshwater biodiversity, based on evidence of willingness 
to pay. 

Existing valuation evidence 
8.73. While the costs of removing agricultural inputs from drinking water are known with 

some certainty, measuring willingness to pay for improvements in the wider water 
environment is more challenging and there are more gaps in the existing evidence 
base.   

8.74. A variety of studies have examined the external costs and benefits of UK agriculture, 
including its impact on water quality.  Recent estimates are provided by O’Neill 
(2007).  The annual costs of damage by agriculture to the water environment in 
England and Wales are estimated as follows: 

 Nutrients in lakes - £20-33m  

 Damage to informal recreation from poor water quality - £10-23m 

 Damage to fishing from poor water quality - £14-36m 

 Bathing water quality affected by water pollution - £23-42m 

 Amenity loss (including effects on property prices) - £5m 

 Impacts on groundwater - £50-88m 

 Surface water treatment costs - £127-148m 

 Damage to river ecosystems and natural habitats - £183 - 456m 

 Damage to wetland ecosystems and natural habitats - £13 - 41m. 

8.75. These estimates apply a number of assumptions in order to provide national 
estimates of damage costs. 

8.76. IGER (2006) provided a review of the benefits of reducing diffuse water pollution 
from agriculture, and an assessment of the costs and benefits of different options.  
The review estimated the following benefits of reduced diffuse pollution: 

 Reduced water treatment costs - £13-71 million pa; 

 Amenity benefit of improved water quality - £15-37.5 million pa; 

 Benefits to fisheries - £15-35 million pa; 

 WTP to reduce eutrophication - £168-330 million pa; 

 Benefits of improved bathing water quality - £25-45 million pa; 

 WTP for enhanced river ecosystems - £370-518 million pa; 

 WTP for enhanced wetland ecosystems - £13-42 million pa. 

8.77. It was recognised that these estimates are based on transfer of benefits from 
localised studies and may be subject to significant margins of error.  The contribution 
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of different pollutant reductions was assessed and this was used to model the effects 
of different policy options.  Extension of the Environmental Stewardship Scheme to 
include more water protection options was found to deliver potential net benefits 
over and above those derived from the introduction of Water Protection Zones. 

8.78. Jacobs (2008), in the Environmental Accounts for Agriculture, provide a useful review 
of the impacts of agriculture on the ecological quality of water bodies and on the 
treatment of drinking water, and the costs of these impacts on society. 

8.79. IEEP (2006) cited estimates of savings in drinking water treatment costs through 
peatland restoration in NW England of between £1.2 and £2.6 million per year. 

Conclusions 
8.80. The key challenge in relation to this service will be to quantify the effects of ES and 

the options within it on the quality of different types of water bodies, and the 
implications of this on the need for water treatment, the effects on fisheries and 
biodiversity, and the experience of users of the water environment.  This is likely to 
be a significant task and would need to consider local variations in effects. However, 
the IGER work demonstrates that, with a number of assumptions, it is possible to 
model the benefits for water quality of Environmental Stewardship and other policy 
measures. 

POLLINATION 

Benefits  
8.81. The main benefits of pollinating services are to enhance crop yields and to reduce the 

risk of crop failure.  The largest benefits in the UK are to fruit farmers (especially 
apple growers), followed by growers of oilseed rape, then beans.  

Role of Environmental Stewardship 
8.82.  A significant range of ES options can assist in encouraging pollinating insects by 

increasing the range of wild flowering plants, from the provision of flowering cover 
crops and planting of flowering seed mixes to the favourable management of habitats 
that provide a major food source for pollinating insects such as heather moorland 
and sea lavender.  Benefits can be expected from both ELS and HLS options. 

Quantification of services/benefits 
8.83. In order to quantify the benefits of ES, it would be necessary to estimate the overall 

impact of the scheme on yields of relevant crops (especially fruit but potentially also 
oilseed rape and beans) in England. 

8.84. Studies have valued the benefits of insect pollination by multiplying the overall value 
of crop production by the dependency of different crops on insect pollination.  For 
example, it has been estimated that the proportion of yields dependent on insect 
pollination varies from 10% for oilseed rape to 90% for apples (ADAS, 2001).    

8.85. In apple orchards, poor pollination can directly result in a higher than normal June 
apple drop, reducing annual yields (Oklahoma Cooperative Extension Service, 
undated).  Several UK-based studies have shown that insect pollination results in 
higher fruit set and quality than other mechanical or hand pollination techniques 
(Banda and Paxton, 1991).  Black currants pollinated by insects have higher 
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percentage fruit set, size of berries and yield than those pollinated mechanically 
(Koltowski et al, 1999).  Another study showed that increasing the density of bee 
colonies from 2.5 to 5.0 colonies per ha increased fruit yield by as much as 50%, as 
well as improving fruit set (Stern et al, 2001).  It has also been shown that a lack of 
diversity of insect pollinators has adversely affected fruit production in coffee and 
brassicas (Klein et al, 2003).    

8.86. Greater difficulty is likely to lie in assessing the marginal effect of the ES scheme on 
the effectiveness of insect pollination.  This depends on the contribution of the 
scheme to the population of pollinating insects and the resultant effect on rates of 
pollination.  While there is current concern about a decline in pollinating insects such 
as bees, quantifying the effectiveness of ES in addressing this issue is likely to be 
challenging.  

Valuation of benefits 
8.87. In order to value the benefits of pollination services, it is first necessary to assess the 

net impact of the change in service delivery on the average annual production of 
insect pollinated crops, taking account of yield effects and reductions in the risk of 
crop failure.  If this production effect can be estimated, it is then a relatively simple 
matter of valuing changes in the value of relevant crops at current market prices. 

Existing valuation evidence 
8.88. There is now an established evidence base on the value of pollinators, particularly 

bees, to the UK economy.  For example, the annual revenues to keepers of domestic 
bees have been estimated at £11.3 million.   However, the largest benefits are 
through the pollination of crops.  Approximately, 80% to 90% of the fruit crops 
produced within the UK are pollinated by insects.  The economic value of the 
commercial crop pollination services provided by wild bee populations varies 
between £54 million and £117 million (ADAS, 2001). This suggests that there is a 
substantial positive externality associated with beekeeping.  The largest benefits are 
to fruit crops (especially apples), followed by oilseed rape, and to a lesser extent 
beans.  Economic values for other insect species are not as well established.   

Conclusions 
8.89. Since estimates are available of the value of insect pollination services to the UK 

economy, and the marginal value of changes in production of particular crops, the 
main challenge in assessing the impact of ES on the value of this service is in 
quantifying the effects of the scheme on overall changes in crop yield, or its effect in 
reducing the risk of crop failure.  

RECREATION AND ECOTOURISM 

Benefits  
8.90. Recreation and ecotourism provides benefits to: 

 Visitors to the countryside, who gain satisfaction from their recreational 
experience; 

 Providers of access and recreation, who may derive income from visitors. 

8.91. Potentially there are also benefits to society more widely as outdoor recreation 
benefits human health and may reduce public expenditures on healthcare. 
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Role of Environmental Stewardship 
8.92. Most ES options help to conserve and enhance the countryside and to increase its 

attractiveness and interest to visitors.  In addition, various ES options support the 
provision of access and recreation.  These include options that provide permissive 
access; options that create or restore habitats that provide open access under the 
CRoW Act (moorland heath and down), and options that enhance the opportunities 
for field sports through the creation of a diverse range of habitats.: 

8.93. ES options can also reduce recreational access by encouraging the management of 
certain habitats in ways that may impede physical access, for example, through the 
less intensive management of open moorland. 

8.94. Based on the assessments through this study, ELS makes a strong contribution to 
increasing opportunities for field sports while HLS specifically provides options to 
enhance access and to restore / create habitats to which there is a general right of 
access under the CRoW Act. 

Quantification of services/benefits 
8.95. Quantification of the benefits of recreation and tourism requires not just an 

assessment of the provision of access and creation/maintenance of features and 
habitats, but also an analysis of the impact of this on the numbers of different 
recreational users and the quality of the recreational experience.  In order to 
estimate the net effect of the scheme, it is important to take account of the 
displacement of visitors from other sites, and to assess the net effects on the overall 
number and quality of countryside visits.  Because access for most forms of 
recreation is provided free of charge, accurate estimates of visitor numbers are 
unlikely to be widely available.  It is likely that quantification needs to be based on 
available survey evidence and on the use of appropriate assumptions.  General 
evidence on the number and type of leisure day visits to the countryside is provided 
by the England Leisure Visits Survey, published by Natural England, with results 
available for 2005 (Natural England, undated). 

8.96. Field sports participants are likely to gain permission from and pay a fee to the 
landowner, so we might expect better data on participation rates.  National survey 
data on participation in countryside sports are also available.  However, the effect of 
ES options on rates of participation is likely to vary by location and providing an 
overall assessment may be challenging.    

Valuation of benefits 
8.97. The overall value derived from visitors to Environmental Stewardship sites is a 

function of the number of visitors and the value per visit.  The latter can be measured 
using stated preference (contingent valuation or choice experiments) or revealed 
preference (travel cost) methods, to estimate the willingness to pay per visit.  
Different WTP values may be used for different types of visitors (e.g. casual visitors, 
walkers, riders, cyclists, field sports participants). To estimate the value of the 
benefits derived by ES it is necessary to assess the net change in numbers of visit and 
any change in the value per visit resulting from a qualitative change in the visiting 
experience.  For example, visitors may have a higher WTP to visit a landscape in 
which habitats and features are maintained, restored and re-created.  

8.98. The analysis should also take account any net benefits to landowners and tourism 
providers through enhanced profits and rents from provision of access and 
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recreation.  However, again the assessment needs to examine the net overall effect 
of the scheme and to take account of any displacement of revenues from one area to 
another.  

Existing valuation evidence 
8.99. Numerous studies have estimated the value of recreational visits to the countryside.  

Many of these relate to forests.  For example, Scarpa (2003) reviewed a range of 
estimates of the value of recreational visits to UK forests and found a WTP ranging 
from £1.66 to £2.78 per visit.  The HM Treasury Green Book suggests using a 1992 
Forestry Commission estimate of £1 per visit, indexed to current prices.  This is 
equivalent to £1.45 at 2007 prices.  A CVM study of users of the Ridgeway National 
Trail found an average WTP of £1.24 per visit.  Klein and Bateman (1998) used the 
travel cost and contingent valuation methods to estimate the value of recreational 
visits to Cley Marshes National Nature Reserve at between £1.50 and £4.80 per visit.  
Willis (1990) used the CVM and TCM to estimate the value per visit of three SSSIs in 
northern England: Upper Teesdale (£2.29 - £2.66), Skipwith Common (£1.02-£3.12), 
and Derwent Ings (£0.98-£1.24).  Other studies have asked visitors their WTP for 
environmental improvements in agriculture.  For example, the WTP for the South 
Downs ESA scheme was found to be £19.47 per visitor household per year, with that 
for the entire English ESA scheme £94.29 per visitor household (Garrod and Willis, 
1995).  Latest estimates of the economic significance of countryside sports estimate 
that 480,000 people shoot live quarry in the UK, spending £2.0 billion annually on 
purchased goods and services, including £750 million of expenditures on site 
(PACEC, 2006). 

Conclusions 
8.100. There is an established evidence base on the economic value of countryside 

recreation, including studies of predecessor schemes to ES, notably the ESA scheme.  
To assess the recreational benefits of the scheme it is necessary to examine both its 
overall net impact on participation in countryside recreation and its qualitative role in 
enhancing the value of countryside visits.  Though the existing evidence base provides 
some ideas of the nature and magnitude of the likely benefits, original survey work 
would be needed to assess the value of the scheme on the delivery of recreational 
and ecotourism services in the countryside. 

OTHER CULTURAL SERVICES  

Benefits  
8.101. Cultural services provide benefits both to users of the countryside – in enhancing the 

recreational experience – and to non-users, through existence, bequest and option 
values.  Evidence suggests that even non-visitors to the countryside value the benefits 
of agri-environment schemes in conserving biodiversity, landscape, archaeology and 
cultural heritage.  

Role of Environmental Stewardship 
8.102. Delivery of these services relates to the conservation of a rich and diverse 

environment that has strong connections with the past; contains a wide diversity of 
habitats and species; and retains those individual features and combinations of natural 
and man-made features that give every place its own strong sense of identity and 
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‘uniqueness’.  Cultural services have and continue to be at the heart of English agri-
environment schemes.  A wide range of ES options deliver these services individually 
or in combination, with both ELS and HLS options having the potential to deliver 
significant benefits for the cultural services, with HLS being particularly important in 
the delivery of sense of place. 

Quantification of services/benefits 
8.103. Cultural services are directly linked to the outputs of ES in terms of: 

 Area of different habitats and farmland features maintained, restored or created; 

 Numbers of archaeological sites and historic features conserved; 

 Provision of educational access to these sites and features. 

8.104. They also depend on the impact of ES measures on the aesthetic quality of the 
countryside, and the effects on species populations. 

8.105. The delivery of cultural services depends on people’s perceptions about the 
conservation and enhancement of biodiversity, landscape and cultural heritage, and 
the values that they place on these.  Because cultural services can be related directly 
to the conservation and enhancement of habitats and features, valuation can be based 
on the delivery of direct outputs.  In this sense quantification of service delivery is 
relatively straightforward compared to other services which require some form of 
production function to be used to estimate the relationship between outputs and 
service delivery. 

Valuation of benefits 
8.106. The value of cultural services is best estimated using stated preference techniques 

(contingent valuation and/or choice experiments) to elicit willingness to pay for the 
different benefits of ES.  This could be achieved by commissioning a study which 
seeks to establish the public’s willingness to pay for the package of measures 
delivered by the scheme at national level.  This would need to take account of a 
variety of benefits for landscape, biodiversity and cultural heritage, recognising that 
these are often provided jointly and may be difficult to disaggregate.   

8.107. In valuing cultural services it is important to take account of the values of both users 
and non-users, while avoiding double counting.  It may be difficult to separate use and 
non use values, given that ES is delivered widely across the countryside, and 
therefore potentially benefits a large proportion of the population, and that visitors 
may have both use and non-use values (e.g. valuing the existence of wildlife, features 
and landscapes even if they do not experience them directly).   

Existing valuation evidence 
8.108. Studies commissioned by Defra summarise evidence of the value of different cultural 

services and suggest approaches to assessing their value at the national scale.  For 
example, Swanwick et al (2007) conducted a scoping study on agricultural landscape 
valuation, while various studies cover the economic valuation of biodiversity 
(Economics and Funding SIG (2007); Christie et al (2004); Aberystwyth University 
(2008)).  Other studies have valued the benefits of agri-environment schemes in the 
UK.  For example, Garrod and Willis (1995) estimated WTP for the English ESA 
scheme at £67 per household per year for residents, £94 per household per year for 
visitors, and £37-£138 per household per year for the general public. Willis and 
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Garrod (1993) estimated total WTP to conserve the existing landscape of the 
Yorkshire Dales at £42 million per year (£236/ha/year).  Christie et al (2004) 
estimated a total WTP of £6.2m for re-creation of wetland from farmland in 
Northumberland.  Other studies have assessed the value of the benefits of ESA 
schemes in Scotland.  Macmillan (2002) estimated the benefits of protection of 
archaeology in woodlands, using a benefits transfer approach, at between £0 and 
£247 per hectare of woodland. 

Conclusions 
8.109. Cultural services form an important component of the value of the Environmental 

Stewardship scheme.  Valuation is less problematic than for many other services, 
given that economic valuation methodologies are well established (though not 
without difficulties and potential biases).  Furthermore, valuation can be based on the 
known direct outputs of the scheme, without the need to develop production 
functions to quantify service delivery (and the scientific uncertainties inherent in this 
approach).  There may be some scope for benefits transfer approaches, using values 
derived from previous ESA valuation studies, though these could provide only rough 
approximations because of the different nature and extent of ES.  To value the 
cultural services delivered by ES with any degree of certainty would require a new 
and original study. 

KEY ISSUES IN VALUATION 

Methodological issues  
8.110. Quantifying services and benefits: Quantifying the effect of Environmental 

Stewardship on the delivery of key ecosystem services in units amenable to valuation 
is a key challenge for any valuation study.  This is complicated by scientific 
uncertainties and spatial variations in service delivery for several options. 

8.111. Services which are likely to be particularly difficult to quantify include most of the 
regulating services: 

 Water regulation – there are significant scientific uncertainties in quantifying the 
effect of agri-environment practices on flood risk, especially in relation to land 
management practices in the wider catchment.  There are likely to be significant 
spatial variations in service delivery.  

 Erosion control – while variations in the susceptibility of different soils to erosion 
are well understood, there are significant challenges in quantifying the effect of ES 
options on erosion rates and then in assessing the effect of this in units amenable 
to valuation (e.g. crop yields or nutrient losses). 

 Water quality – quantifying the effects of options on different aspects of water 
quality is likely to be challenging, requiring potentially complex modelling 
approaches and taking account of spatial variations in effects.  Quantification of 
the effect of options that directly limit applications of agricultural inputs is likely 
to be most feasible. 

 Pollination – quantifying the effects of ES options on the effectiveness of insect 
pollination and hence crop yields is likely to be highly challenging.  

8.112. Services for which quantification is more feasible include: 
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 Food production – the effects of ES options on production of agricultural 
commodities is relatively well understood and used in calculating payment rates 
for participants, which include estimates of income foregone.  There are greater 
uncertainties and local variations in relation to production of wild foods and 
qualitative effects on food production. 

 Cultural services – valuation is likely to be based on the direct outputs (e.g. 
quantity of habitats and features maintained or created), without the need to 
estimate production functions. 

 Climate regulation – there is likely to be less spatial variation in the benefits of ES 
options, and, though it would require further, more detailed assessment, scientific 
knowledge should permit an assessment of the effects of most ES options on 
greenhouse gas emissions and carbon sequestration.  

8.113. Valuation of benefits: There is a well established suite of valuation techniques that 
can be applied to the economic assessment of the services delivered by ES.  
Methodological approaches and issues are generally well understood, though these 
are not without challenges.  There are greater uncertainties, methodological 
challenges and potential biases in the application of non-market valuation techniques 
than in the use of market prices and cost based approaches. 

8.114. Valuing the wide variety of services delivered by ES is likely to require the application 
of a wide range of economic valuation methods: 

 Market prices can be used to value changes in provisioning services (food and 
fibre) as well as some regulating services which affect the production of food and 
other goods (e.g. erosion control, pollination). 

 Shadow prices (based on assessments of damage costs) are used to assess the 
value of climate regulation services.  

 Cost-based approaches may be applied to some regulating services (e.g. water 
regulation, water quality) where the alternative involves defensive or remedial 
expenditures (e.g. on flood defences or water treatment).  

 The travel cost method can be used to assess the recreational benefits of agri-
environment options. 

 Stated preference methods such as contingent valuation and choice experiments 
are needed to assess the full value of cultural services.  

8.115. For most services, the quantification of services and benefits in units amenable to 
valuation is more problematic than the valuation of these benefits.   

8.116. However, valuation is more challenging for some services than others. Different 
groups of services can be identified. 

 Those that can be valued using established and widely transferable values – e.g.  
provisioning services, global climate regulation, erosion control, pollination. 

 Those that require locally specific valuation approaches – e.g. water regulation – 
given local variations in damage costs and flood management solutions. 

 Those that may require dedicated valuation studies focused on the particular 
benefits of ES – e.g. cultural services which may require new stated preference 
studies.  
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8.117. Temporal effects: Valuation needs to take account of temporal effects, especially 
since some ES options may incur significant short term costs but take many years to 
achieve their potential in terms of service delivery.  Examples include heathland 
creation from arable land, restoration of blanket bog and creation and planting of 
trees.  Time preference means that we value current costs and benefits more than 
future ones.  This can be accounted for by specifying the value of benefits derived 
over time and discounting future benefits using appropriate discount rates to 
calculate their net present value.  

8.118. Gross and net effects: The development and intensification of agriculture over 
time has increased the production of food, while reducing the delivery of most other 
ecosystem services.  Land managers have received private benefits through increased 
(although widely fluctuating) revenues from food production, at the expense of other 
unmarketed services which deliver benefits for society as a whole.  Agri-environment 
schemes such as ES are a response to this trend, and effectively create new markets 
by providing incentives for farmers to deliver a range of services which benefit wider 
society. 

8.119. ES therefore increases the delivery of a broad range of ecosystem services, while 
reducing the delivery of others, especially food production.  For any ecosystem 
services-based assessment of the scheme to be meaningful, it needs to take account 
of reductions as well as enhancements in service delivery, and to assess the net 
effects of these. 

8.120. The analysis suggests that the main significant negative effects are likely to relate to 
food production.  The relative balance of positive and negative effects may vary by 
location and farming system, depending on the changes in land use and land 
management practices brought about by ES.  As identified earlier, this study first 
examined the delivery of ecosystem services by different ES options in gross terms, 
then developed counterfactuals for typical farming landscapes and systems to inform 
a net assessment of service delivery.   

8.121. It is important to note that the principal negative effect expected from the scheme – 
on food production – is also the effect which is likely to be easiest to value – 
reflecting the simple nature of service delivery and its beneficiaries.  In comparison, 
quantification and valuation of many of the services on which ES impacts positively is 
much more challenging, given the indirect and dispersed nature of these services and 
those who benefit from them.  The analysis needs to take account of this and not 
place undue emphasis on those effects that are easiest to value.  

8.122. Another key aspect in assessing the net effect of the scheme on service delivery is to 
understand the effect of deadweight i.e. the extent to which services would be 
delivered even in the absence of ES.  This is particularly important for the HLS 
maintenance options, where, in the absence of the scheme, it is likely that a significant 
proportion of the habitats, features or practices supported would be retained.  
Quantifying service delivery therefore requires an assessment not just of the services 
delivered by the habitats and features in question, but also the likely loss of these 
services in the absence of the scheme.  This is an important aspect of the 
counterfactuals.  In these cases it is likely that an incremental annual loss of habitats 
and features over time would have a cumulative impact on ecosystem service 
delivery.  
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8.123. Aggregation and double counting: Valuing the benefits of ES raises issues in 
relation to the aggregation of benefits both within and across services.  For each 
service, it is important to understand the beneficiary population as a basis for 
aggregating service values.  For example, where stated preference techniques are 
used to elicit WTP for the delivery of environmental goods and services, it is 
important to aggregate the resulting values across the appropriate population of 
visitors or the general public.  Visitor numbers may be difficult to estimate given the 
widespread and dispersed delivery of the scheme.  This suggests that the general 
population may provide the most appropriate basis for aggregation.  In any case it is 
important to ensure that the WTP estimates correspond to the appropriate 
population.  

8.124. Care is also needed in aggregating value estimates across services.  To assess the 
total economic value of the services delivered by the scheme, it is necessary to 
ensure that all aspects of all relevant services are considered.  However, any attempt 
to estimate TEV by aggregating these different values needs to take great care in 
understanding any overlaps between them in order to avoid double counting.   

8.125. This is particularly an issue in interpreting and incorporating any value estimates 
derived from stated preference techniques, where it is important that the scope and 
extent of the good being valued is fully understood.  While the latter are particularly 
suited to valuing non-market benefits, individuals’ willingness to pay may incorporate 
a variety of use and non-use values, some of which may also be measurable using 
market data.  In asking individuals to value the benefits derived from Environmental 
Stewardship, it may be difficult for them to isolate the non-market benefits derived 
from cultural services from perceptions about the role of healthy ecosystems in 
providing regulatory services.  For example, it may be difficult to ask an individual to 
value the habitat and landscape value of a wetland without that value being influenced 
by perceptions about the wider functions of wetlands, such as in flood management, 
water regulation, and fisheries, which may also be assessed using market prices.  Thus 
any attempt to value these regulatory services through market price or cost based 
approaches needs to be made with care to avoid double counting. 

8.126. Avoiding double counting also requires a distinction to be made between 
intermediate and final ecosystem services.  Supporting services should not be valued 
in their own right but in terms of their delivery of final services.  Some services may 
be an intermediate service in some contexts and a final service in others, depending 
on their relationship to the economic endpoint.  For example, the provision of clean 
water may provide direct benefits for human consumption and indirect benefits by 
enhancing opportunities for angling.  Where the assessment combines different values 
such as these it is important to ensure that they do not overlap and that double 
counting is avoided.    

8.127. The assessment also needs to take account of interactions between different services.  
The analysis makes clear that different services are often linked.  For example, 
erosion control can have benefits in improved water quality which in turn may 
enhance recreational and aesthetic values.  It is important to understand these 
linkages and to ensure that any resulting value estimates are not double counted in 
the analysis. 

 



 146

Feasibility of valuation 
8.128. The analysis above suggests that it is currently unlikely to be feasible to value 

accurately all the individual ecosystem services delivered by Environmental 
Stewardship in England. 

8.129. The services for which valuation is likely to be most feasible include: 

 The provision of food and fibre 

 Cultural services 

 Climate regulation. 

8.130. Services for which valuation is more problematic at a national scale include most of 
the regulating services, including water regulation, water purification, erosion control 
and pollination.  Further work to quantify the role of ES in the delivery of these 
regulating services may help to enhance the feasibility of valuing them.  

Role of benefits transfer 
8.131. The analysis above indicates that some relevant valuation evidence is available for 

most of the ecosystem services of interest.  However, there is very little evidence 
relating directly to ES itself; instead it is necessary to make inferences about the likely 
value of services from studies in a variety of slightly different contexts.  This includes 
evidence from schemes such as ESAs which preceded ES, but nevertheless differed in 
their scope, scale and nature. 

8.132. Since original valuation studies are costly and time consuming to undertake, especially 
where they involve sizeable stated preference surveys, benefits transfer may be 
attractive where relevant and appropriate data are available. 

8.133. Benefits transfer is best suited to situations where the values involved are robust and 
not specific to individual contexts, making them amenable to transfer to different 
situations.  Examples include market prices for food and fibre, shadow prices for 
carbon, and certain recreational values.   

8.134. Other values (e.g. cultural services) are likely to be more context specific, making 
benefits transfer less reliable.  Though it would be possible to compile evidence from 
a variety of other studies to identify potential transferable values for different ES 
options, features and habitats, the varying contexts for the value estimates used 
would affect the robustness of the results and give rise to wide ranges between 
lower and upper bound benefits estimates.    

8.135. It is likely therefore that valuation will need to find an appropriate balance between 
the application of existing data and original valuation work, weighing up the need for 
a robust and comprehensive methodological approach and the time and resources 
available.  

8.136. In the light of these issues, it is also important that any original valuation studies are 
designed to maximise opportunities for benefits transfer in future.  This requires 
transparency in methodology and the presentation of results, providing willingness to 
pay functions as far as possible, and making recommendations about the use and 
wider applicability of the findings.  
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Alternatives to the service by service approach 
8.137. Valuation by habitats/features: An alternative to a service by service assessment 

is to estimate the total value of services delivered by different habitats and features 
and to aggregate these.  For example, if it is possible to estimate the value of services 
delivered by 100 metres of hedgerow or a hectare of chalk grassland, the total value 
of service delivery may be estimated by aggregating across the different habitats and 
features created or maintained by the scheme. 

8.138. In theory, this approach should be no easier than the service by service assessment, 
since it still requires an assessment of the value of each service delivered by each 
option – it is just that the means of aggregation is different.  However, it does allow 
potentially different approaches to benefits transfer, if appropriate transferable values 
can be identified for individual habitats and features.   

8.139. Some global meta-analyses are available of the value of ecosystem services for 
different habitats (e.g. Brander et al, 2006; Woodward and Wui, 2001), which could 
be used as a basis for benefits transfer.  Such an approach is taken by Eftec (2007) in 
assessing the value of services delivered by managed realignment schemes in 
Wareham.   

8.140. Given the difficulties in valuing individual services, a habitats and features based 
approach is potentially attractive in practical terms.  However, it is questionable 
whether values based on global meta-analyses are a robust basis for valuing the 
benefits of ES, while the large number of options to be valued, involving different 
habitats, features and practices, would also present problems with regard to data 
availability.    

8.141. Top down approaches: The analysis above suggests that a bottom-up approach to 
valuing the services delivered by ES is helpful in understanding the significance and 
value of a range of services.  However, some services are more easily valued than 
others, and the assessment suggests that arriving at a comprehensive estimate of the 
value of ecosystem services through a bottom-up approach is likely to be 
problematic.  Data gaps and scientific uncertainties make it infeasible to value many 
individual services robustly.  Furthermore, there are concerns about aggregation of 
values across services, especially when incorporating values from stated preference 
studies which, though primarily concerned with non-market benefits, may also 
incorporate perceptions and preferences for other services which have a market 
value. 

8.142. An alternative yet complementary approach is to conduct an overall valuation of the 
whole package of services delivered by ES, using a stated preference methodology.  
This could involve the design of a survey instrument which describes to respondents 
the breadth and scope of options delivered by ES, and the various provisioning, 
regulating and cultural services they provide.  This would reduce the need to quantify 
all of these services, some of which could be described in more qualitative terms.  It 
would also avoid difficulties in asking respondents to distinguish between the non-
market and market benefits of ES.  

8.143. Such an approach would provide an overall estimate of the value of services delivered 
by ES.  Estimates of the value of individual services could then be undertaken as 
evidence became available, and calibrated against the top down estimate. 
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8.144. The key disadvantage in the top down approach is that it is likely to be demanding for 
survey practitioners and respondents alike.  Furthermore, it is questionable whether 
members of the public are capable of making informed judgements of their WTP for 
regulating services.  Therefore there is a danger that potential aggregation biases are 
replaced by other forms of bias in the valuation. 

CONCLUSIONS  
8.145. The key points to emerge from this analysis are: 

1. The ecosystem service approach is useful in helping us to categorise and assess 
the different services which Environmental Stewardship provides to people.  
However, it also highlights a number of significant gaps in our knowledge of these 
services and our ability to quantify and (to a lesser extent) place values on them. 

2. The study suggests that there is value in conducting further work to assess the 
value of the ecosystem services delivered by ES. 

3. Initial attempts to value individual ecosystem services delivered by ES should focus 
on key services which are likely to have significant value and for which 
quantification and valuation of benefits is likely to be feasible.  These include: 

 Cultural services 

 Provision of food 

 Climate regulation 

4. For most regulating services, there is a need for further work to develop the 
scientific understanding required to quantify changes in service delivery brought 
about by ES.  A further problem relates to the difficulty of quantification of many 
services at the national scale, given spatial variations in service delivery. 

5. Valuation estimates should seek to assess changes in the net value of ecosystem 
service delivery, taking account of deadweight and negative effects. 

6. Stated preference methods offer the most promise in valuing cultural services, 
which are likely to account for a substantial proportion of the overall value of the 
benefits of the scheme. 

7. Care is needed in designing stated preference surveys to be clear about the scope 
of the goods and services being valued.  In particular, it might be difficult to isolate 
preferences for cultural services from other services delivered by the scheme, or 
to encourage respondents to distinguish between non-market and market 
benefits.  For example, respondents’ preferences may value habitats and features 
not just for their aesthetic and cultural heritage values but also because they are 
seen to contribute to a healthy environment and therefore play a role in the 
delivery of regulating services. 

8. In view of the last point, and the difficulties in assessing the value of individual 
services, consideration could be given to a top down approach which uses a 
stated preference methodology to assess the benefits of all of the services 
delivered by ES, or of the regulating and cultural services in combination.  Ideally 
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this would be combined with bottom up estimates of the value of particular 
services, where feasible.
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9. CONCLUSIONS AND RECOMMENDATIONS 

ENVIRONMENTAL STEWARDSHIP 

Introduction 
9.1. This study has looked at the delivery of ecosystem services under the Environmental 

Stewardship scheme, Defra’s flagship agri-environment scheme administered by 
Natural England and introduced in 2005.   

9.2. Environmental Stewardship is ‘on a journey’: it is evolving to reflect the policy 
context within which it operates.  This study therefore marks a snapshot in time (the 
ES options available in 2009) and the results and conclusions of this study need to be 
read in this context.  

9.3. ES was set up as a multi-objective scheme, with primary objectives for wildlife 
conservation; maintenance and enhancement of landscape quality and character; 
protection of the historic environment; protection of natural resources; and 
promotion of public access and understanding.  These primary objectives are 
supported by two secondary objectives for genetic conservation and flood 
management.  These are broader objectives than those of the agri-environment 
schemes (ESAs and Countryside Stewardship) that preceded it. 

The components of ES 
9.4. ES is made up of Entry Level Stewardship (ELS); Entry Level Stewardship on Organic 

Land (OELS); and Higher Level Stewardship (HLS) with the majority of ES options 
designed to deliver one or more of the above objectives. 

 
9.5. The main differences between ELS (and OELS) and HLS are: 
 

• ELS is primarily concerned with supporting sustainable land management practices, 
both existing and new.  Options are therefore usually quickly implemented with 
their effect often felt over a short timescale.  Entry into ELS is automatic for all 
eligible applicants so long as the combination of options selected achieves a 
certain threshold or score.  It is entirely up to the applicant to select the most 
appropriate options and to decide where they should be located on the farm. 62 
different ELS options have been assessed through this study (para 3.17). 

 
ELS has been designed as a scheme simple to administer, understand and enter, 
providing equity of opportunity between all farmers. 
 

• By comparison, HLS aims to deliver significant environmental benefits in high 
priority situations involving more complex types of management with an emphasis 
on the conservation, restoration and creation of habitats.  It is therefore partly 
concerned with conserving and creating sustainable land uses.  Where habitats are 
being restored or created, HLS options may take many years to achieve their full 
service potential, reflecting the time it takes for habitats to recover after damage 
or loss.  This highlights the importance of conserving existing habitat as ‘power 
houses’ of service delivery.  Unlike ELS, HLS is a competitive scheme where only 
those applications assessed as delivering the best outcomes for their local area 
are selected.  HLS is also clearly targeted at where it can bring maximum benefit, 
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with advice available to ensure that options are located in the best places to 
achieve the purpose for which they were designed. 85 HLS options have been 
assessed through this study plus 12 associated capital items / supplements (para 
3.17). 

Evolution of Environmental Stewardship 
9.6. In the early years of ES there was a bias towards the delivery of biodiversity, 

reflecting the number of biodiversity targets both nationally and in the targeting of 
scheme delivery. At the national level this has included delivery of PSA 28 (previously 
PSA target 3), where this relates to bringing nationally important farmed biodiversity 
sites into favourable condition (a particular concern for HLS) and reversing the long 
term decline in farmland birds (with a range of options under ELS responding to this).  
Nevertheless as ES evolves, so its multi-objective emphasis is increasingly being 
realised as indicated in the latest targeting maps for HLS produced by Natural 
England at the end of 2008.  These maps identify areas where environmental 
outcomes are likely to be greatest, reflecting the overlaying of information on 
biodiversity, landscape, natural resource protection, public access and historic 
interests (Box 2.1). 

THIS STUDY 
9.7. Through this study the Millennium Ecosystem Assessment (MA) framework has been 

used, with modification, to reflect the range of ecosystem services that might be 
delivered by ES.  This study has assessed the potential for ES to deliver a total of 22 
ecosystem services (five provisioning services; nine regulating services; five cultural 
services; and three supporting services) set out below, as well as the delivery of 
biodiversity for its own sake.  

 Table 9.1: Ecosystem services assessed through this study (based on the MA) 

Provisioning services (5) Regulating services (9) Cultural services (5) 
 Food production 
 Fibre production 
 Fuel production 
 Genetic conservation 
 Water provision (in the 

uplands) 

 Air quality 
 Climate regulation 
 Water regulation 
 Erosion control 
 Water purification /quality 
 Human disease regulation 
 Crop / livestock pests / 

diseases  
 Pollination 
 Hazard regulation 

 Recreation 
 Education 
 Cultural heritage 
 Aesthetics 
 Sense of place 

Supporting services (3) 
Soil formation 
Photosynthesis 

Primary production 
 

9.8. This study has identified the full range of ecosystem services that could be delivered 
by each of the different ES options based on an understanding of the prescriptions 
and outcomes or conditions which each option is aiming to achieve (as identified in 
the scheme Handbooks). 
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9.9. The analysis has undergone a series of iterations to refine accuracy and consistency.  
In a study of this nature involving 159 different ES options (para 3.18), 23 ecosystem 
services (including biodiversity), and consideration of four different variables, there 
will always be debate about the ‘scoring’ given to particular ES options and their 
potential to deliver different services.  But within the relatively crude scoring used in 
this study we believe that the data presented in this report is robust, meaning that 
the study can inform key policy decisions.   

9.10.  However, further research is needed in this area.  In particular, the interaction 
between land management activities and the delivery of the supporting and regulating 
services is still poorly understood especially, with regard to water and climate 
regulation. 

9.11. This sets the context for the conclusions that follow. 

Summary of the main conclusions      Box 9.1 
1. ES is a multi-objective scheme that includes many options that, while designed to 

meet a specific objective, have the potential to deliver a wide range of services. 

2. The Millennium Ecosystem Assessment is an important assessment tool that helps 
tease out services that are sometimes conflated in UK policy and draws attention to 
services that might otherwise pass unnoticed. 

3. There are 14 ecosystem services of particular relevance to ES in addition to support 
for biodiversity.  These are the delivery of: (a) genetic diversity and water provision 
in the uplands (2 provisioning services); (b) water infiltration in the wider catchment, 
flood alleviation, erosion control, water purification / quality, pollination, and 
alleviation of coastal flooding (6 regulating services); (c) recreation, education, 
cultural heritage, aesthetics, and sense of place (5 cultural services); and (d) 
conservation of soil organic matter and nutrient cycling (a supporting service). 

4. As would be expected from the scheme design, HLS options provide a wider range of 
services at a much higher level of delivery per unit area, when compared to the 
majority of ELS options. 

5. The overall area of land under ES option agreement is relatively small (11.3% of the 
agricultural area of England) of which 8.3% is under ELS and 2.5% is under HLS 
management options.32 

6. The overall relatively small areas under ES highlights the importance of targeting 
options to those locations where service delivery will be maximised.  This is as 
important for ELS as HLS. 

                                            
32. The area of land under agri-environment scheme agreement can be measured in two ways: (a) the total land 
area of holdings under agreement or (b) the total area of land under specific option management on holdings 
with agreements.  The former method is used to assess scheme performance against uptake targets and is the 
most often quoted figure.  The latter method is used (as here) in association with the delivery of benefits.  
Figures of ES option uptake calculated by this study are based on the Genesis database. The total area covered 
by ELS options estimated by this study is 980,052 ha. amounting to 8.8% of the agricultural area.  The total area 
under HLS options is estimated by this study as 273,480 ha (2.5% of the agricultural area).  The figures for HLS 
are based on uptake in June 2008, they are therefore more than the quoted figure for 2007 and less than for 
the quoted figure for the full year of 2008. 
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7. Many of the cultural and regulating services are dependent on the right location of ES 
options for service delivery to be achieved.  Put in the wrong place and service 
delivery could be minimal. 

8. ES has an important role to play in climate mitigation, especially supporting those 
habitats vital to carbon sequestration and storage.  However, it may not be 
appropriate for all ES options to be ‘climate change proofed’ as this could result in a 
scheme that is unable to meet other important conservation objectives and may 
compromise the ability of some habitats and species to adapt to climate change. 

9. ES needs to be considered and planned for at a landscape and field scale in 
combination with other tools, including regulation and guidance, to maximise service 
delivery. 

10. Reflecting that ES is a multi-objective scheme concerned with agricultural land 
management and use, the findings of this study provide lessons applicable to wider 
considerations of multi-purpose land management. Indeed, ES effectively embodies 
the key findings of the IAASTD report Agriculture at a Crossroads (2009). 

11. The relatively small areas of ES option uptake mean that drawing any statistically 
significant link, causal or otherwise, between national data on the outputs of services 
and the areas under ES management is difficult but may be addressed through a 
combination of: comparison of ES uptake data with other spatial data sets of service 
delivery; analysis of ES uptake; sampling of areas under ES; and other approaches 
potentially involving modelling and the transfer of findings from other studies. 

12. Valuation of the benefits provided by ES may be best addressed by a combination of 
top-down and bottom-up valuation techniques. Top down approaches avoid double 
counting of benefits but need to be balanced by bottom-up approaches that help 
tease out the values attached to different services. 

 

CONCLUSIONS – THE DELIVERY OF THE MAIN ECOSYSTEM 
SERVICES UNDER ES 

9.12. A key conclusion of this study is that ES options, in combination, have the potential 
to deliver a wide range of ecosystem services.  Many options deliver a range of 
ecosystem services well beyond that anticipated in the option design and guidance in 
the ES Handbooks. Indeed, all the ecosystem services addressed through this study 
are delivered through ES in one form or another.  This is not to say that currently ES 
offers the very best options for delivering ecosystem services but they clearly assist in 
enhancing ecosystem service delivery. 

9.13. Based on the findings of this study, the main services with the potential to be 
delivered by ES are as follows: 

 The provisioning services – food, fibre, fuel, genetic resources and fresh 
water 

9.14. Service delivery: With the exception of genetic resources and fresh water, ES has 
not been designed to enhance the delivery of the provisioning services.  But, in gross 
terms, most ES options involve the production of food and, to a lesser extent, fibre 
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and fuel, as they continue to involve agricultural systems (albeit in less intensive 
forms).  Looked at in terms of net service delivery i.e. the marginal difference in 
service delivery between having an ES option in place and not having it in place, the 
majority of ES options will result in a net reduction in food as land is either taken out 
of production or farmed more extensively.  Nevertheless, there will be examples 
where ES will result in a net increase in food production, for example, where 
conservation grazing is re-introduced to previously ungrazed habitats or where 
traditional orchards are brought back into management.  ES will also enhance the 
opportunities for foraged foods such as hedgerow berries. 

9.15. It does not necessarily follow though, that ES will reduce income from food sales – 
many local and locality food labels require entry into an agri-environment scheme as 
a pre-requisite to selling under the label. 

9.16. For genetic conservation (the conservation of the genes of rare domesticated breeds 
of livestock) and the provision of fresh water (improving the water holding capacity 
of upland moorland as the source of many English rivers) ES has a key although 
strictly focused role to play.  Genetic conservation is delivered by four options (the 
conservation, restoration and creation of traditional orchards and the rare breed 
supplement – all HLS options).  Water provision is associated with those ELS and 
HLS options concerned with the conservation, restoration and re-creation of upland 
moorland and blanket bog where these assist with the re-wetting of upland peat soils.  
Although provided by a limited number of ES options, all have the potential to have a 
very strong positive influence on the delivery of these two services. 

9.17. Areas of service delivery: From analysis of the ES uptake data, it is calculated that, 
in gross terms, food and fibre continue to be produced across 1.1 M ha under ES 
option management. Although fresh water provision is only covered by seven ES 
options, these cover 0.3M ha in Cumbria, Northumbria, along the Pennine ridge and 
on Exmoor and Dartmoor (Figure 5.10).  Conversely relatively low levels of uptake in 
the relevant options mean that genetic conservation is only being delivered across 
8,000 ha. 

The regulating services – principally climate regulation, water 
regulation, erosion control, water quality and pollination 

9.18. As identified through this report (see for example, Table 3.2) there are a significant 
range of regulating services.  Below emphasis focuses on those services relating to 
climate regulation and water and soil management, as well as pollination, as they form 
the focus of current policy.  Hazard regulation is another very important regulating 
service, including regulation of coastal flooding.  Unfortunately under the MA 
definitions of service delivery, regulation of coastal processes is combined with other 
aspects of hazard regulation and therefore the findings of this study are not as helpful 
as they might be in this area. 

9.19. Service delivery: A primary conclusion of this study is that a wide range of ES 
options (both ELS and HLS) have the potential to deliver the key regulating services 
both in gross and net terms.  120 options or more have the potential to deliver 
climate regulation, water regulation, erosion control, water quality and pollination.  
Roughly two-thirds of these options are HLS and one-third are ELS (Figure 4.2).  This 
is far more than identified in the scheme details.  As one example, according to the 
ES Handbooks, a total of four options (2 ELS, 2 HLS) are specifically designed to 
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prevent soil erosion – yet a total of 120 options can make a contribution to this 
service because of their emphasis on extensive grazing, conservation of grasslands, 
provision of cover crops, and options that can help block cross land flows.    

9.20. In the case of erosion control and water regulation, most of this service delivery 
under ES has the potential to be at a high level of impact, so long as options are 
located where they can maximise their effect.  Conversely nearly two-thirds of the 
options with the potential to assist with climate change mitigation, about half of the 
ES options that can deliver pollination, and a fifth of the options with the potential to 
deliver water quality, will do so only at a relatively low level of impact (see, for 
example, para 4.23).  These options offering lower levels of service delivery are more 
commonly, as would be expected, associated with ELS (Figure 4.6). 

9.21. Areas of service delivery: Based on current levels of ES uptake, climate regulation, 
water regulation, soil erosion and water quality each have the potential to be 
delivered across 0.9M ha under current ES option management.  Pollination is 
delivered by a slightly smaller area of ES, being addressed by a similar number of 
options to the above, but which have slightly lower areas of uptake.  In all cases just 
over two-thirds of the area of delivery is accounted for by ELS options, reflecting that 
ELS has much higher levels of uptake than HLS.   

9.22. Expressed another way, climate regulation, water regulation, soil erosion and water 
quality have the potential to be delivered by 75% of all land under current ES option 
management, so long as the options are in the right location to deliver these services.  
This is roughly equivalent to 70% of all land under ELS options and 90% under HLS 
options (Table 5.4).  Nevertheless the uptake data also demonstrates that under ELS 
the majority of options which are under agreement with the potential to deliver 
climate regulation and water quality do so at only a low level of impact.  Conversely 
nearly all HLS options under agreement have the potential to deliver these, and all 
the other main regulating services, at a high level of impact (Figures 5.5 and 5.6). 

9.23. Looking at the geographical distribution (Figures 5.11 – 5.16) of these services under 
current ES uptake, it is noticeable that their potential delivery is especially 
concentrated in the upland areas and in the west of England.  In other words, they 
are concentrated in the pastoral rather than the arable areas of England.  This is 
further reinforced by the case study analyses in Chapter 6.  These show that the 
Eastern Arable areas have some of the lowest levels of ES uptake (covering 4.9% of 
the agricultural area) and that option selection focuses on those options that do not 
bring benefits for the regulating services (such as the conservation of winter stubbles 
and reduction in ploughing depths over archaeology). 

The cultural services – recreation, education, cultural heritage, 
aesthetics and sense of place 

9.24. Delivery of the cultural services covers the more traditional territory of agri-
environment schemes and many options have been developed with these services in 
mind.  

9.25. Service delivery: Aesthetics and sense of place have the potential to be delivered 
by between 120 and 140 different ES options and cultural heritage by some 115 ES 
options.  Conversely education has the potential to be delivered by some 30 options 
although, arguably, all options that assist the cultural services will be to the direct 
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benefit of education.  Recreation is delivered by some 80 options, including those 
supporting the management of moor, heath and down – the access land under the 
CRoW Act.  Reflecting previous studies of ecosystem service delivery, these options 
also cover those offering habitats for game birds.   

9.26. In the majority of cases ES options have the potential to deliver the cultural services 
at a high level of impact, although HLS options consistently deliver at a higher level of 
impact than ELS options (Figure 4.6). 

9.27. Areas of service delivery: Under current levels of ES uptake the cultural services 
are delivered across significant areas. Aesthetics / sense of place have the potential to 
be delivered across 1.2M ha., cultural heritage has the potential to be delivered 
across some 0.9M ha., including many of the ELS grassland options;33 and recreation 
has the potential to be delivered across 0.8M ha.. Under both ELS and HLS, based on 
option uptake, delivery of these cultural services has the potential to be at a high 
level of impact. 

9.28. Compared to the primary regulating services, the proportion of all land under ES 
option management delivering the cultural services varies significantly depending on 
the service.  So, aesthetics and sense of place are delivered by 96% of land under 
agreement compared to 75% for cultural heritage, 68% for recreation and 34% for 
education.   

9.29. Geographically, the potential delivery of sense of place and aesthetics under current 
levels of uptake, closely follows the overall uptake of ES distribution (Figure 5.20), 
with lowest levels of uptake in the Eastern region.  Conversely, there is a more even 
distribution of cultural heritage delivery, although this still shows clear concentrations 
in the North Pennines, Northumbria, Dartmoor and Salisbury Plain and West 
Wiltshire Downs (including the Stonehenge and Avebury World Heritage Site) 
(Figure 5.18). 

Biodiversity 
9.30. Biodiversity has the potential to be supported by some 87% of both ELS and HLS 

options, equivalent to 147 different ES options.   

9.31. Analysis of current uptake data suggests that biodiversity has the potential to be 
supported across 1.3 M ha. (a similar figure to aesthetics and sense of place).  This is 
equivalent to 97% of all land under ES agreement, with 98% of ELS uptake area and 
95% of HLS uptake area having the potential to support biodiversity.  Geographically, 
as for the other services, there are clear concentrations of delivery in the uplands, in 
the South West and to a lesser extent following the chalk and limestone ridges.  
Again the Eastern Region shows lower levels of uptake (Figure 5.21). 

9.32. In the context of this study it is important to reflect that much of the delivery of 
ecosystem services is provided by the less obvious components of ecosystems such 
as micro-organisms, especially in terms of the supporting services.  Yet the type of 
biodiversity whose conservation is promoted under ES largely consists of more 
tangible / visible biodiversity and its cultural value to people, from the presence of 
key indicator species to the aesthetic and cultural benefits of a biodiversity-rich 
landscape. The role of conservation of these different components of biodiversity in 

                                            
33 although benefits for archaeology will only be felt where grassland overlays archaeological remains 
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delivering different services, and their inter-relationship, needs to be better 
understood.  

CONCLUSIONS – DIFFERENT ASPECTS OF SERVICE 
DELIVERY UNDER ES 

A multi-objective ES scheme 
9.33. This study has demonstrated that in principle and practice ES is a multi-objective 

scheme.  It clearly has the potential to deliver its five primary objectives and two 
secondary objectives as set out in para. 9.3..  

9.34. This study has shown that there is a close correlation between the primary and 
secondary objectives of ES and the regulating and cultural services (para 4.39).  ES is 
also able to make a contribution to the supporting services through assisting soil 
conservation.  There is therefore a clear correlation between the objectives of ES 
and the ecosystem services concept. 

Multi-objective ES options 
9.35. Building on the above, this study has demonstrated that ES options, either singly or  

in combination, can address a wide range of ecosystem services, with some options 
making a contribution to the delivery of the majority of ecosystem services (para 
4.8).  The options that deliver the widest range of services (15 or more services) are 
those associated with woodland, hedgerows, upland moorland and blanket bog, 
lowland heathland and semi-natural grassland. 

9.36. However, this potentially wide range of service delivery has not necessarily been fully 
recognised in either the prescriptions for individual ES options or in the scheme 
literature, especially the scheme Handbooks.  This potentially underplays the 
important role of ES in ecosystem service delivery, suggesting: 

• The scheme handbooks should be updated to make more of the wide range of 
benefits that many ES options can provide. 

• As part of ongoing reviews ES options should be re-examined to assess whether 
with minor amendments they can offer a wider range of services without 
compromising their original intent (but see para 9.70 below). 

The role of the Millennium Ecosystem Assessment in the identification 
of different ecosystem services 

9.37. This study has used the Millennium Ecosystem Assessment (MA) as the framework 
for identifying the ecosystem services delivered by ES.  Whilst this framework has 
been adapted by this study to reflect the English situation and the role of agri-
environment schemes, it has proved helpful in (a) teasing out certain services that are 
sometimes conflated in UK policy, such as the water services; and (b) drawing 
attention to services that are often left out e.g. pollination and aspects of hazard 
regulation. 

9.38. As demonstrated by this study, the MA framework is just that – it can bring rigour to 
analysis, allowing cross-comparison between different ecosystem service assessments 



 

 159

and ensuring that the widest range of benefits are considered.  But it is not a 
decision-making tool in its own right. 

9.39. An important aspect of the MA is the breadth of services that it covers.  It includes 
services that are not normally considered as part of agri-environment schemes, such 
as (a) under the regulating services: air quality and the control of animal and crop 
pests and human disease; and (b) under the provisioning services: food, fuel and fibre 
production. 

9.40. Whilst these services may not be a priority for agri-environment schemes, it is 
important that this broader framework is borne in mind as ES options evolve.  This is 
needed to ensure that all-round benefits are maximised and that unnecessary adverse 
impacts on wider service delivery are avoided.  As just one example, biomass 
production (fuel) has not been a major focus of this study.  This is because biomass 
crops are covered under a different grant regime and woodland management and 
creation is primarily covered under the England Woodland Grant Scheme.  Yet, there 
are aspects that are of direct relevance to agri-environment.  For example, 
community projects are looking at the use of hedge arisings as a source of 
woodchip,34 and the pollarding of hedgerow trees offers both a source of cut wood35 
and a means of reducing the susceptibility of trees to drought and windthrow in the 
face of climate change.  These inter-relationships are important in the implementation 
of ES if service delivery is to be enhanced. 

Services potentially of greatest relevance to ES 
9.41. Review of the results of this study suggests that ES has the potential to make 

important contributions to the ecosystem services in Table 9.2, in addition to the 
delivery of biodiversity for its own sake: 

                                            
34 A biomass fuel 
35In some parts of England, such as Hampshire, the value of sawn logs has doubled over the last two years as  
wood burning stoves are increasingly used as a source of supplementary room heat. 
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Table 9.2: Services potentially of greatest relevance to ES 
Provisioning services Regulating services Cultural services 
 Genetic conservation 
 Water provision (in the 

uplands) 

 Water infiltration in the 
wider catchment 

 Flood alleviation 
 Erosion control 
 Water quality / 

purification 
 Pollination 
 Alleviation of coastal 

flooding 

 Recreation 
 Education 
 Cultural heritage 
 Aesthetics 
 Sense of place 

Supporting services 
 Soil organic matter and nutrient cycling (as an origin of other service delivery) 

 Note: climate regulation is considered separately below 

9.42. In Table 9.2 greater precision is given to both water regulation and hazard control 
as defined by the MA (see Table 9.1).  Firstly, in the case of water regulation, 
reflecting the Environment Agency’s  Making Space for Water Project (HA6 and HA7), 
this more usefully breaks down into:  

• Water infiltration concerning the management of water in the wider catchment,  
where increased water infiltration and reduction in cross land flows can assist in 
water regulation (referred to by the Environment Agency as control of flood 
generation);  and 

• Flood alleviation that seeks to control the build-up and behaviour of waters in 
the river systems themselves and especially across floodplains (referred to by the 
Environment Agency as flood propagation).  Here water regulation, in the context 
of agri-environment schemes, is primarily concerned  with measures that help 
store and slow the speed of flood waters (a) in the upper catchment (for example, 
through the creation of wetland habitats) and (b) within floodplains (for example, 
through measures that reconnect rivers with their floodplain, enhance water 
storage, and help reduce the rate of flow of flood waters through the planting of 
hedgerows, tree belts and woodlands across the line of flow).  In many cases these 
will not provide the sole solution to flooding but can form an important part of 
flood alleviation schemes that work with natural processes. 

9.43. In addition, there may be a third aspect of water regulation that is, as yet, not widely 
discussed – that of aquifer recharge.  In many parts of England aquifers are central 
to public water supply, providing 70% of the fresh water needs of the South East of 
England.  The land use and management activities that encourage aquifer recharge 
may be different, in part, to those that help reduce flood generation.  As one 
example, woodland cover in the wider catchment can help reduce flood generation 
but the woodland canopy will intercept water, potentially reducing aquifer re-charge. 

9.44. With regard to hazard regulation, the MA includes a wide range of hazards under 
this one heading, from natural fires and land slides to the regulation of coastal 
flooding.  Under current circumstances the key service that can be provided by agri-
environment schemes is in assisting with the management of coastal flooding.  Of 
course in the years to come other hazards (and their regulation) may become of 
increasing importance in the face of climate change. 
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Comparative role of ELS and HLS in service delivery 
9.45. This study has demonstrated that both ELS and HLS can make wide ranging 

contributions to both gross and net ecosystem service delivery (see for example, 
Figure 4.2).  However, from this study it is clear that HLS options, compared to ELS, 
generally deliver a wider range of ecosystem services and at a greater level of impact 
(para 4.26).  This reflects that HLS options are more exacting and therefore attract 
higher levels of payment than ELS.  In particular, HLS is concerned with the 
conservation, restoration and creation of whole habitats and with options that 
significantly reduce the intensity of agricultural management. 

9.46. These differences between ELS and HLS are further reflected in the analysis of ELS 
and HLS uptake data. Based on current levels of ES option uptake it is clear that, 
while the overall areas under HLS agreement are significantly less than for ELS, the 
intensity of delivery of most services is significantly higher per unit area under HLS 
(para 5.31).  As a consequence, for example, the areas under HLS delivering climate 
regulation and water quality at high impact are greater than the equivalent areas of 
ELS uptake. 

Area of land under ES options 
9.47.  Based on the calculations of uptake undertaken for this study (paras-5.9 – 5.11) it is 

evident that ES options cover some 11.3%36 of the agricultural area of England,37  

9.48. Of the 11.3% of agricultural land under ES: ELS options cover 980,053 ha. (8.3% of 
the agricultural area of England); and HLS options cover 273,480 ha. (2.5% of the 
agricultural area).  This suggests that, on average, a fifth of the area of holdings under 
ES agreements are covered by ELS options. 

9.49. The analysis of the ES uptake data illustrates three other important points:  

• Biodiversity and sense of place / aesthetics are potentially delivered under ES 
by10% of the agricultural area of England (although their benefits may cover a 
significantly larger overall area), with all other services being delivered over a 
lesser area (Table 5.3). 

• The primary delivery of services is achieved by a small proportion of total ES 
options.  For ELS, 90% of the total option uptake relates to just 23 options and, in 
the case of HLS, to 24 options. In other words, the dominant influence of ES is felt 
through just 47 options out of a potential of some 220 options. 

• In some areas of England the options with the highest levels of uptake under ELS 
are those that deliver only one or two services.38   

9.50. In some cases (such as options associated with landscape character), such uptake 
levels may deliver services across a greater area than the land under each option 

                                            
36 Note the methods of calculation used in this study, may over-estimate the areas under HLS (para 5.9) 
37 In addition further areas are being managed under the earlier agri-environment schemes (ESAs and CCS) as 
identified in Figure 5.2.   
38 For example, in the main arable areas of England winter stubbles (delivering biodiversity and sense of place) 
and reduced cultivation depth over archaeology (delivering cultural heritage) have some of the highest levels of 
uptake (para 6.55).  These clearly bring benefits for the cultural services but other options may additionally 
address wider natural resource protection issues. 
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would suggest.   However, in others, these levels of uptake may be insufficient to 
deliver certain (e.g. regulatory) services unless very carefully targeted and, as 
identified in the counterfactual in Chapter 6, may offer insufficient area to address 
important local or wider environmental issues. 

 
9.51. Differences in uptake highlight the need for much greater understanding of the areas 

required to deliver key services.  At its simplest service delivery under ES may be 
divided into four categories: 

• Services requiring relatively small but focused areas of ES option uptake as they 
relate to the conservation of specific features, such as options relating to certain 
aspects of cultural heritage and sense of place.  

• Services where relatively small areas of land under options are required to deliver 
the benefits across a much larger area, such as options which enhance the 
landscape of an area or support a diversity of habitats that brings broader benefits 
to biodiversity. 

• Services potentially requiring significant but targeted areas of relevant ES uptake if 
the services are to be delivered, such as erosion control and flood alleviation 
(river, coast and runoff). 

• Services potentially requiring very large levels of ES uptake of relevant options if a 
meaningful level of service delivery is to be achieved, such as climate change 
mitigation and potentially enhancement of water infiltration. 

9.52.  Superimposed over these categories will be consideration of options that can deliver 
services at very high levels of intensity within concentrated areas, such as the role 
played by blanket bogs in many aspects of environmental regulation. 

9.53. Nevertheless, this study highlights the need for action if the relatively limited area 
under ES option management (some 11% of England’s farmed area) is to maximise 
ecosystem service delivery.  In particular, this might involve:  

 
• Greater targeting to meet specific objectives, as is occurring under the revised 

targeting of HLS (para 9.6). 

• Making the 11% under ES agreement ‘work harder’ e.g. through greater emphasis 
on multi-purpose delivery.  

• Ensuring that ES is better integrated into the wider context of rural land use  

All of the above are considered further below 

• Helping ensure that conservation activity under ES helps change farmer attitudes 
more widely and raises understanding of multi-purpose land use. 

9.54. This last point potentially requires further research to assess the wider influence of 
agri-environment scheme uptake on farmer conservation activity and the perceptions 
amongst farmers of ecosystem services and how they might be termed to gain wider 
interest. 
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 Targeting of ES uptake 
9.55. The relatively small areas of agricultural land under ES, highlights the vital 

importance of targeting ES options to ensure that service delivery is maximised. 
There are two issues to be addressed here: 

• Whilst there is targeting of HLS there is no similar targeting of ELS options – this 
is left to the discretion of individual farmers 

• Current ES guidance (for example, the ELS and HLS Handbooks) tends to focus on 
the locations suitable for biodiversity and the cultural services, at the expense of 
the regulating services Yet different locations may be required for the delivery of 
different services by the same ES option.  For example, the location of options for 
biodiversity may be different to the locations needed for the same options to 
deliver different aspects of natural resource protection. 

9.56. Critically this study has identified that a number of the key regulating services 
including water regulation, erosion control, and water quality, and many of the 
cultural services are dependent on the location of ES options if the service is to be 
delivered.  If ES options are not located where they need to be to deliver location-
specific services, then these services will not be delivered or will be sub-optimal in 
their effect (para 4.33). 

9.57. Such targeting potentially needs to be considered at three scales, as is happening 
through the latest targeting of HLS released at the end of 2008 (para 6.7): 

• Targeting at the regional level (e.g. at the Uplands). 

• Targeting at the landscape-scale (e.g. individual floodplains). 

• Targeting at the field-scale (working with individual farmers - e.g. locating natural 
resource protection options adjacent to water courses). 

9.58. To maximise service delivery it is important that this targeting relates to ELS as well 
as HLS.  This reflects the  recommendations in the Review of Progress of Environmental 
Stewardship (2008) which proposes a geographically differentiated programme of 
advice to support ELS delivery and continued development and refinement of a map-
based approach to targeting HLS agreements. 

9.59. In terms of regional and landscape-scale targeting, the current targeting of HLS within 
the Uplands demonstrates the potential benefits that can accrue.  In the Uplands this 
targeting has the potential to bring significant benefits for the cultural and regulating 
services as well as biodiversity.  It is only by targeting at bio-geographical areas that 
the relationship and interdependencies between different objectives can be 
considered and synergies identified, as demonstrated by the latest HLS targeting maps 
(para 9.6).  Other important service ‘hotspots’ include: the priority catchments; 
priority flood areas; areas of managed retreat; and areas overlying important aquifers, 
especially in areas of water shortage, such as the South East. 

9.60. At the farm-scale a range of different approaches could be used to ensure the 
appropriate targeting of individual options.  These include: 

• Improving the guidance / information available in the ES Handbooks. 
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• Taking a more hands-on approach by project officers to encouraging the correct 
location of options to achieve different objectives. 

• Using external projects (such as England Catchment Sensitive Farming Delivery 
Initiative) to help in the targeting of options. 

• Providing a differential points systems to reward targeting (in the case of ELS). 

• Applying a zoning approach in certain areas (e.g. flood plains, uplands) with 
selected options given priority. This and the above point would need to be subject 
to EU rules. 

9.61. Nevertheless, the balance needs to be struck between increasing the effectiveness of 
ELS through more focused targeting whilst avoiding increased complexity and 
administrative costs, and potentially making the scheme more difficult for farmers to 
understand and access.   

Climate mitigation and ES 
9.62. Under the Defra-led Review of Progress of Environmental Stewardship (May 2008) 

climate change mitigation (prevention of the causes of climate change) has been 
confirmed as an over-arching theme of ES (para 2.14).  NE is therefore exploring how 
farmers might be assisted in identifying factors affecting the mitigation of climate 
change in their Farm Environment Record (FER), completed as part of their ELS 
application.  In turn, NE is considering which ELS options are best suited to 
addressing the mitigation of climate change. 

9.63. In this study ES options are identified as assisting climate change mitigation where 
they: (a) help reduce the emission of greenhouse gases (e.g. CO2, methane and 
nitrous oxide); and (b) assist in the storage and sequestration of carbon (paras 3.29 – 
3.30). 

9.64. According to the ES uptake data, climate change mitigation is provided over 0.9 M ha. 
under ES.  This is equivalent to 8.5% of the agricultural area of England, made up of 
6.1% under ELS (mainly at a low level of contribution to climate mitigation) and 2.3% 
under HLS (largely at a high level of contribution).  While the latter will be making a 
very important contribution to climate mitigation, bringing upland peat into 
favourable condition, the areas under relevant ELS options may not be enough to 
make any discernable difference.   

9.65. This highlights that, unless there is a very dramatic increase in the areas under ES, ES 
can only play a part in a much wider suite of guidance and regulation aimed at 
assisting climate mitigation in agriculture, including an emphasis on minimum tillage 
and storage of soil carbon.  The primary roles for ES therefore may be to: 

• Ensure the conservation, restoration and enhancement of those habitats most 
critical to climate change mitigation e.g. blanket bogs, salt marshes and significant 
areas of organo-mineral soils. 

• Provide exemplars of the best forms of land management for climate change 
mitigation as a spearhead to wider changes in land management practice. 
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9.66. Whilst accepting the importance of raising the profile of climate change mitigation in 
agriculture, ES should avoid “chasing the carbon dollar”.  Some options under ES that 
do not assist climate change mitigation are nonetheless important in assisting the 
adaptation of habitats and species to the effects of climate change.  In other words, 
ensuring that all ES options are ‘carbon compliant’ could result in a scheme which is 
unable to meet other specific conservation objectives.  

 ES better integrated into the wider context of rural land use and 
management 

9.67. The levels of ES uptake suggest that unless there is a radical change in overall uptake, 
ES can only ever be one of a number of tools aimed at achieving more sustainable 
land management.  Indeed, in policy, agri-environment schemes have always been 
seen as forming part of a much wider suite of activity, including regulation and 
guidance. 

9.68. ES service delivery therefore needs to be considered and planned for at the 
landscape and field-scale in combination with other tools aimed at enhancing 
ecosystem service delivery. These include: 

• national regulation, as in Nitrate Vulnerable Zones (NVZs) and Water 
Protection Zones (WPZs) 

• cross-compliance measures, as in the Good Agricultural and Environmental 
Condition (GAEC).39   

9.69. At the local level links also need to be made to Woodland Grants and the other 
schemes available under the Rural Development Plan for England (RDPE).  This 
already happens in many protected landscapes and within environmental project 
areas but has not necessarily filtered into all parts of the wider countryside. 

Single versus multiple benefit approaches 
9.70. This study has identified that many ES options are able to deliver a wide range of 

services in ways that do not diminish their primary objective(s).  Nevertheless, the 
multi-focused emphasis of ecosystem services needs to avoid encouraging the 
development of ES options that are excessively broad brush and provide the lowest 
common denominator for the delivery of individual services.  To meet the broad 
range of services identified in Table 9.2, ES will almost certainly need to be made up 
of a combination of: 

• Single focus options delivered through highly focused targeting (see also para 9.61) 

• Broad multi-objective options 

• Combinations of co-located options encompassing both of the above, with the 
combinations drawn up to suit local circumstances. 

                                            
39 Particular concerns that could be considered under GAEC include the implementation of activities that build-
up soil organic matter, result in minimal tillage and help relieve soil compaction.  Since 2005 soils have been a 
particular concern of GAEC.  Under the CAP Health Check (agreed November 2008) the water environment 
is now also being addressed but it remains to be seen how this will be adopted in England. 
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Link to wider policy on multi-purpose land use 
9.71. This study has solely focused on the role of ES in ecosystem service delivery.  

Nevertheless, the findings of this study may help inform the wider debate on the 
importance of multi-purpose land use.  These messages include: 

• Habitats and land management activities individually and in combination can 
provide a wide range of valued ecosystem services. 

• There needs to be careful targeting of these habitats and land management 
activities to maximise the range of benefits delivered, especially reflecting the 
limited areas under agri-environment scheme management.  

• There must be integration between different policy areas and different forms of 
delivery, again to ensure that the right services are delivered in the right place – 
for example, close integration between cross-compliance measures; incentive 
schemes; and community activity to enhance sustainability. 

• Policies for ecosystem service delivery should be used to help conserve and 
enhance varied and sustainable landscapes that help engender sense of place – the 
delivery of required services should underpin the conservation and enhancement 
of desired landscapes.  

Monitoring and evaluation   
9.72.  The relatively small areas of ES option uptake mean that drawing any statistically 

significant link, causal or otherwise, between national data on the outputs of services 
and the areas under ES management is difficult. 

9.73. Broadly measurement of service delivery under ES falls into four groups ranging from 
the most to the least easy to measure.  These are:  

 
• Where there are existing outcome indicators which can be mapped spatially and 

therefore compared with areas of ES uptake; these services are: fresh water, 
water regulation, natural hazards, cultural heritage; and sense of place (in part).  

 
• Services where there is a suitable indicator but additional sampling of ES 

agreement land will be needed to measure the impact of ES uptake; these services 
are water quality; erosion control and soil formation.  

 
• There are then those services where ES uptake data should provide a reliable 

indicator of service delivery; these are genetic resources, pollination, recreation 
and education.   

 
• Finally there are those services where alternative approaches will need to be 

adopted that may involve the transfer of findings from other studies or landscape-
scale models for predicting impacts. 

Valuing the benefits of ecosystem service delivery under ES 
9.74. Identifying the benefits provided to people by ecosystem services and giving value to 

these benefits, is important in underlining the relative importance of different 
services.  This study has developed a framework for the valuation of services 
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provided under ES and has highlighted the importance of basing valuation on the net 
change in service delivery achieved under ES (as discussed in Chapter 6). 

9.75. From this study, it is clear that in many areas there is a lack of research data to 
inform the valuation of benefits.  For example, for most of the regulating services 
there is a need for further work to develop the scientific understanding required to 
quantify changes to service delivery brought about by ES.  As for monitoring, a 
further problem relates to the difficulty of quantifying many of the services at the 
national scale given spatial variations in service delivery. 

9.76. In view of these difficulties and the problems of isolating the values placed on 
individual services through stated preference surveys, there is a case for adopting a 
top-down approach which uses a stated preference methodology to assess the 
benefits of all the services delivered by ES together, or the regulating and cultural 
services in combination.  Nevertheless, such an approach would need to be matched 
by bottom-up approaches that help develop an understanding of the value of 
individual services provided under ES. 

SUGGESTIONS 
9.77. Based on the conclusions of this study, potential suggestions are: 

Research 
1: Research is needed into: 

• The optimal land management options to deliver the regulating and supporting services 
with particular emphasis on climate mitigation and water regulation. 

• The area of different land management options and habitats required to deliver different 
ecosystem services.  This research should assess whether there are specific thresholds in 
service delivery associated with different types of option and areas of uptake. 

• The development of spatial and temporal models that assess the delivery of each service 
by different options in different situations. 

• Methods for improving the farm-scale targeting of ELS options and their relative cost 
benefits. 

• Development of more robust quantifications of the benefits provided by different services: 
this particularly relates to the regulating services. 

• The effects of ES uptake on wider land management practices on the farm and the 
perceptions of the farming community of ecosystems services. 

ES objectives 
 2: The wide range of services that ES is able to deliver should be explicitly acknowledged 
and kept under review in line with broader policy development on multi-purpose land use. 

3: An ecosystem services framework (potentially an adaptation of the Millennium Ecosystem 
Assessment framework) should continue to be used as ES objectives and options are 
developed to ensure that all-round benefits are maximised and that unnecessary adverse 
impacts on wider service delivery are avoided. 
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ES option development 
4: ES should be made up of a combination of single focus options and multi-benefit options 
clearly designed to deliver a range of complementary services. 

5: The vital role of HLS in wide ranging service delivery associated with maintaining existing 
habitats in favourable condition should be highlighted.  

6: Where it does not compromise other objectives, climate mitigation should be integrated 
into ES options. 

Targeting of ES 
7: HLS should be targeted at three scales: regional e.g. the uplands; landscape-scale e.g. 
floodplains; and at the field-scale – all are essential to maximise service delivery (this is being 
developed through the current map-based targeting of HLS).  As far as possible there should 
also be targeting of ELS to ensure that it is able to deliver key regulating, cultural and 
supporting services. This could be through the use of a differential points system to reward 
targeting; or zoning within selected areas with selected options given priority.  Nevertheless, 
the approach will need to avoid complexity and not increase costs relative to the benefits 
provided. 

8: At the regional / landscape-scale, there may be a case for identifying bio-geographical 
areas where the relationships and inter-dependencies between options can be considered 
and synergies identified (e.g. between HLS and ELS options). This approach underlies the 
most recent map-based targeting of HLS launched at the end of 2008. 

9: Methods for improving the farm-scale targeting of options need to be developed building 
on the work of Natural England.  This may involve: an Enhanced Farm Environment Record 
(FER); improved written guidance; guidance for project officers; and use of other projects, 
such as the Catchment Sensitive Farming Delivery Initiative, to assist in scheme delivery, This 
reflects current proposals by Defra /NE for a geographically differentiated programme of 
advice to support ELS delivery (para 2.15). 

ES scheme literature    
10: The scheme literature should do more to reflect the wide range of services that ES can 
deliver. 

Better integration 
11: Mechanisms should be developed that encourage the integrated planning and use of ES 
with other broader tools for ecosystem service delivery, such as regulation and cross-
compliance, to maximise all round service delivery.  Work undertaken by the Countryside 
Agency on the development of Local Land Management Frameworks might prove helpful 
here. 

12: The results of this study should inform broader considerations of multi-purpose land use. 
Indeed ES effectively embodies the key findings of the IAASTD report Agriculture at a 
Crossroads (2009). 



 

 169

Monitoring and valuation 
 13: Monitoring of ecosystem service delivery under ES will need to involve the analysis of 

spatial datasets overlaid against ES uptake data combined with (a) developing landscape-
scale models for predicting impacts; (b) focusing data gathering in target areas; and (c) 
transferring findings from other studies. 

 
14: The valuation of ecosystem services delivery under ES should use both top-down and 
bottom-up valuation approaches. Top-down approaches avoid double counting of benefits 
but need to be balanced by bottom-up approaches that help tease out the values attached 
to different services. 

 
Land Use Consultants in association with GHK Consulting Ltd  
March 2009. 
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