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Summary of evidence: Land 
management  
1 General introduction 
This summary sets out Natural England’s assessment of the evidence relating to land management. It 
provides a statement of the current evidence base, presenting:  

• what we know (with supporting data and key references);  
• areas that are subject to active research and debate; and  
• what we do not yet know from the evidence base. 

It also provides information on Natural England research and key external research programmes to show 
how we are seeking to fill gaps.  

This summary forms part of a suite of summaries covering all of Natural England’s remit. The summaries 
are not systematic reviews, but enable us to identify areas where the evidence is absent, or complex, 
conflicting and/or contested. These summaries are for both internal and external use and will be 
regularly updated as new evidence emerges and more detailed reviews are completed. 

2 Introduction to land management 
The term ‘Land Management’ is used here to describe the various ways in which land that is essentially 
undeveloped is managed. Agriculture is the most important and widespread use of undeveloped land, 
covering about 70% of the land surface of England. Woodland, with varying degrees of woodland 
management, comes next at 10%. Other significant forms of land management (often overlapping) 
include military training, recreational use, game management, water resources and nature conservation. 
This document is concerned with the evidence relating to the interactions between these forms of land 
management, the natural environment and our cultural heritage. 

The evidence is presented under the following headings:  

• Historical context. 
• Lowland land management.  
• Land management and the historic environment and landscapes. 
• Woodland management (to be added in a later edition). 
• Upland land management. 
• Land management and water quality. 
• Land management and atmospheric pollution. 
• Agri-environment scheme design, targeting and delivery. 
• The wider benefits of land management changes delivered through agri-environment 

schemes. 
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3 Historical context – The impact of land management practices 
on the natural environment 
What we know: 
3.1 The application of science and technology to farming has dramatically increased yields 
from most farming systems since the 1940s. UK total agricultural output (weighted by value) rose by 
almost 180 per cent between the mid-1950s and a peak in the mid-1980s (Angus et al. 2008). Average 
yields of wheat in England increased from around 2.5 tonnes/ha in 1945 to 7.8 tonnes/ha in 2011 (Defra 
2011a). Milk yields per cow doubled during the period 1960–2000 and the UK sheep flock peaked in 
1992 at 44 million (Angus et al. 2008). This increase was the result of a number of changes, including 
mechanisation, use of artificial fertilisers, increasingly sophisticated pesticides and advances in plant and 
animal breeding. The need for labour for farm and environmental management declined dramatically 
during the period. Agricultural employment fell from 876,000 FTE (full time equivalents) in 1960 to 
242,000 FTE in 2003 (Defra, 2004a). This process, often referred to as ‘agricultural intensification’, is 
more than just about increased levels of inputs. Mechanisation has allowed crops and livestock to be 
farmed on a much bigger scale. Along with the use of agro-chemicals, this permitted greatly simplified 
patterns of cropping and encouraged a trend towards much more specialised agricultural enterprises. 

3.2 In recent years the increase in yields has tended to level off, with wheat yields, for 
example, increasing by only 4% in the past 15 years (Defra 2011a), but changes aimed at reducing 
costs and making farming more efficient have continued. These changes have included reductions in the 
levels of some inputs, but also a continuing polarisation of farming businesses including larger and more 
specialised farm enterprises and smaller diversified enterprises that add value, as exemplified by the rise 
of ‘block cropping’ (the practice of co-locating fields of particular crops, to minimise the need to move 
large machinery across the farm).  

3.3 Historically these changes in farming were a major cause of the observed decline in 
biodiversity, and of landscape change. Biodiversity declined both because of the outright loss of many 
areas of semi-natural habitat, as these were converted to modern agricultural use, and because of 
changes to the nature of the farmed land itself, which reduced the range of species that can survive on it. 
The extent of historical habitat losses was reviewed by English Nature (Townshend, Stace & Radley 
2004). The most dramatic example of outright habitat loss was that of lowland unimproved grasslands, 
which underwent a 97% reduction in area between 1930 and 1984 in England and Wales (Fuller 1987). 
Specialist farmland birds are used as an indicator of the wider biodiversity of farmland; an index tracking 
the populations of 12 species showed a dramatic decline between 1970 and the late 1990s (Defra 
2013a). 

3.4 The decline in biodiversity was paralleled by dramatic losses of historical environment 
features such as ridge and furrow grassland (Hall 2001), and very large scale changes to agricultural 
landscapes, typified by the dramatic reduction in the length of hedgerow in England in the decades 
following the Second World War (Macdonald and Johnson, 2000). From the 1940s until 1999, agriculture 
has been the cause of the outright destruction of 80% of ridge and furrow in the East Midlands. A further 
4% was lost between 1999 and 2011 (Catchpole et al. 2012). More than half of our nationally important 
archaeological sites are at risk from agriculture - particularly arable cultivation (Catchpole et al. 2012). In 
addition, traditional farm buildings are the single largest category of ‘at risk’ building on local authority 
risk registers (Gaskell, 2009) and 45.8% of historic parkland extant in 1918 has been lost, with 
agricultural intensification being one of the major causes of degradation (Natural England 2009). 
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3.5 Strengthened environmental regulation, in combination with environmental land 
management payments, was introduced in the 1980s. The 1981 Wildlife and Countryside Act 
strengthened a level of control over the agricultural and forestry management of SSSIs for the first time, 
and the level of statutory protection has been increased, both by successive amendments to domestic 
legislation and by the EU Habitats and Birds Directives. Although the European Union has made 
relatively small sums available for its dedicated environmental programmes, it has sought to secure its 
environmental objectives through the integration of those objectives into its mainstream funds. This has 
secured significant funding for the environment. The success of this approach (known as 
‘mainstreaming’) has varied across the funds, but CAP Rural Development Programmes now include 
significant financial support for environmental land management through agri-environmental and forestry 
schemes. 

3.6 Agri-environment schemes, first introduced in 1985 and progressively expanded since, 
have complemented designations by providing a means of rewarding the positive management 
of statutory sites and have also provided a mechanism for rewarding farmers for the positive 
management of landscapes, historic environment features and undesignated habitats in the wider 
countryside. 

3.7 These environmental measures made a major contribution to the conservation of 
biodiversity, landscapes and the historic environment. Working together these mechanisms have 
achieved considerable success. A review of the achievements of the English ‘Classic Schemes’ 
concluded that the Environmentally Sensitive Areas (ESAs) had at least partially succeeded in 
maintaining the wildlife value of the areas they covered, maintaining and enhancing the landscape 
values and maintaining the values of the historic environment. Countryside Stewardship was found to 
have had some notable successes in reversing the declines of localised bird species, including the cirl 
bunting and stone curlew. In the lowlands, most agreements also seemed to be on course to maintain 
and enhance wildlife and landscape value (Ecoscope 2003). 

3.8 In more recent years many of the adverse impacts of agriculture have been mitigated, and 
there have been areas of environmental improvement, though some indicators of farmland 
biodiversity continue to decline. Outright habitat loss has slowed, and in some cases reversed. Major 
efforts have been made to maintain, restore and even recreate semi-natural habitats and these have met 
with some success (see for example Kirkham et al. 2006). 

3.9 Reforms to the Common Agricultural Policy, particularly the removal of production-linked 
subsidies, have also reduced the pressure on farmers to maximise, rather than optimise 
production. The impact of this and other factors (for example Foot and Mouth Disease) has been 
particularly marked in the livestock sector, where the population of sheep in England fell by 26% 
between 2000 and 2010 (Defra 2010c). 

3.10 In 2014, Defra reviewed the changes to indicators relevant to the state of biodiversity in 
England since 2000 (Defra 2014c), a number of which are relevant to farmed land. Whilst the 
indicators relating to water quality showed some improvement, those relating to the plants and animals 
that directly depend on farmed land and the farmland habitats themselves showed a more mixed picture. 
Amongst species groups, bat populations are increasing but the farmland bird index shows no sign of 
recovery. The majority of butterfly species have continued to decline because of habitat deterioration 
resulting from a combination of neglect and intensification (Fox et al. 2011). The Countryside Survey 
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(Smart et al. 2010) has shown evidence of a continued decline in plant species diversity in the more 
botanically-interesting neutral grasslands and in boundary habitats, but the plant diversity of arable and 
horticultural farming systems has improved.  

4 Lowland land management and biodiversity 
4.1 This section focuses specifically on the interaction between land management practices and 
biodiversity. A separate summary of evidence for biodiversity is available in this series.  

What we know: 
Arable farming systems 
4.2 A range of arable options was incorporated in the design of Environmental Stewardship. 
Most of these use the principle of ‘land sparing’ where small areas of land are taken out of normal 
production and managed specifically for environmental purposes. Much of the experience gained was 
summarised in Boatman et al. 2007.  

4.3 Arable margins sown with nectar, pollen and native wild flower mixes attract greater 
numbers of bumblebees than cropped, grassy or naturally regenerated margins (systematic 
review, Dicks, Showler & Sutherland 2010). The SAFFIE Project (Clarke et al. 2007) and the Hillesden 
Project (Hinsley et al. 2010, Heard et al. in press) have between them provided a lot of information on 
the management of buffer strips for biodiversity. 

4.4 Land-based schemes are effective in maintaining higher densities of farmland bird 
species, especially during winter periods, compared to conventionally cropped fields (systematic 
review, Roberts & Pullin 2007). The focus on farmland birds arose largely because the availability of 
robust population data over a long period of time led to their choice as an indicator for the wider 
biodiversity of farmland. Not all species will benefit from management designed primarily to benefit 
farmland birds, but there is some evidence for spin-off benefits for other species (MacDonald et al. 
2012). 

4.5 There is a weakness with the provision of habitat for farmland birds, and there has been 
the late winter ‘hungry gap’, after seed sources provided by sown plots are exhausted (BTO 
2007). An extended stubble option and a supplementary feeding option have been introduced to help 
tackle this problem for arable farmland. Applying this approach to intensive grasslands took longer, but 
much of the necessary underpinning research has now been done (See for example Buckingham et al. 
2011; Peach et al. 2007; Pywell et al. 2007). A new management option has been developed for 
intensive grasslands which allows small areas of ryegrass to seed and so provide a food source.  

4.6 There is good knowledge of the scale of habitat creation needed to sustain populations of 
farmland birds (Winspear et al. 2010) and more evidence is emerging, especially in relation to winter 
bird food (Baker et al. 2012). Similar information is available for a few other species, including the brown 
hare (Game & Wildlife Conservation Trust 2010). The systematic review of bee conservation (Dicks, 
Showler & Sutherland 2010) found in one large trial that the average abundance of long-tongued 
bumblebees on field margins was positively correlated with the number of ‘pollen and nectar’ agri-
environment agreements within a 10 km grid square. 
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Extensive grassland systems 
4.7 There is a good understanding of the impact of soil pH, nutrient status, fertilisers and 
manures on species-rich grassland (Kirkham et al. 2014) and the management needed to 
maintain, restore and re-create most types of species-rich grassland. This knowledge has served to 
highlight how difficult this management can often be to achieve in practice. Nevertheless, recent 
evidence (Stevens & Wilson 2012; Hewins 2011) has demonstrated that it is possible to create species-
rich grassland swards that fall within the definition of grassland BAP priority habitat under Higher Level 
Stewardship agreements. Successful re-creation and restoration is particularly dependent on soil 
conditions and seed supply (Pywell et al. 2007). 

4.8 There are grazing management and sward height prescriptions that strike a balance 
between maintaining species-rich swards and good livestock performance on species-rich 
lowland neutral grassland (Defra 2006; Stewart & Pullin 2006). We are also learning how to manage 
grazing to increase abundance and diversity of invertebrates, and hence food for declining bird species 
(Peach et al. 2007).  

4.9 Introducing hay-cutting for one year or more can ‘kick-start’ restoration of botanical 
diversity, control injurious weeds and offer the opportunity to introduce missing species, and can 
be a better management regime for species rich grasslands than grazing every year (Defra (h)). 

4.10 There are grazing management and sward height prescriptions to increase abundance and 
diversity of invertebrates, and hence food for declining bird species, in semi-improved relatively 
species-poor grassland (Peach et al. 2007; Buckingham et al. 2011). This knowledge has resulted in 
the development of the lenient grazing supplement in the new Countryside Stewardship scheme. 

4.11 The management requirements for species-rich flood plain grasslands (MG4 and MG8 and 
related vegetation) are well known (Gowing 2004), and work to produce a technical management 
handbook is well advanced. Recent work (Smart et al. 2014; Bolton et al. 2007; Malcolm et al. 2009) has 
clarified the habitat management and predator control regimes necessary to improve the conservation of 
breeding wader populations on wet grasslands. The management requirements of other semi-natural 
grasslands is well-known although further research on aspects of grazing management (timing, 
advantages/disadvantages of different species and breeds) would be beneficial. 

4.12 Without current regulatory, advisory and incentive mechanisms, biodiversity losses would 
have been much greater. Pinches & Rimes (2007) compared the condition of species rich lowland 
grasslands on statutory and non-statutory sites across the UK and found that, whilst many designated 
and undesignated sites were in unfavourable condition, the percentage of undesignated sites in 
unfavourable condition was consistently higher. Other studies have shown that grassland inventory sites 
recorded in the 1980s have experienced a very high rate of attrition when not subject to either 
designation or agri-environmental management (see for example Hewins et al. 2005). 

4.13 Creation and restoration of species-rich grassland has been one of the major areas of 
agri-environment spend. Higher Level Stewardship (HLS) has been successfully used to re-create 
species-rich grassland communities (Hewins 2011; Stevens & Wilson 2012). Several research 
projects relating to this have just concluded and should enable better guidance on defining the 
restorability of candidate sites (Defra (a) in prep) and the trajectory and timescale required to reach BAP 
Priority Habitat standard (Defra (b) in prep). We now know that restoration of the most specialised and 
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demanding plant species can be successfully achieved, at least in calcareous grasslands (Defra (c) in 
prep).  

Hedgerows 
4.14 Entry Level Stewardship (ELS) has achieved a marked shift in hedgerow management, 
with a significant decline in the proportion of hedges in England that are cut every year (Britt et al. 
2011). However, whilst ELS payments may have altered farmer’s hedgerow management practices, they 
have had limited success in changing their attitudes to and beliefs about hedgerow management, which 
must call into question the long term sustainability of the management changes (Britt et al. 2011). 
Numbers of hedgerow trees are declining (Forest Research 2009), but they are important for the 
landscape-scale conservation of key species, including moth species and the bats that feed on them. 

Lowland wetlands 
4.15 Wetlands and other freshwater ecosystems are important globally for provisioning, 
regulating and supporting ecosystem services, as well as having a significant cultural value 
(Maltby et al. 2011). Wetlands are also particularly important for their record of our archaeological 
heritage, and wetland losses have had a severe effect on that cultural service – for example, up to 50% 
of the archaeological sites that existed in peatlands in England in 1950 were lost by 2000 (van de Noort 
et al. 2001). The extent of ecosystem services provided by most freshwaters and wetlands has become 
more restricted in recent years (Maltby et al. 2011). Restoration of ecosystem functioning is likely to 
deliver generally positive benefits to the full range of provisioning, regulatory, cultural and supporting 
ecosystem services, (Everard & Kataria 2010). 

4.16 The management requirements of wetlands are well known (McBride et al. 2011), but 
management is often highly resource intensive, especially where the regular removal of biomass 
is needed. We have a much improved knowledge of the water regime requirements of specific types of 
wetlands of particular conservation importance (Wheeler et al. 2009). The creation of reedbeds has been 
very successful as demonstrated by the continuing rise in the numbers of breeding bittern in England 
(Brown et al. 2012). 

4.17 Land management practices operating at wetland catchment scale need to be coordinated 
in order to achieve the improvements in water quantity and quality that are required by low 
nutrient wetlands (McBride et al. 2011).  

Lowland heathland 
4.18 A great deal is known about how to manage heathland for the plant communities and the 
key species that they support - these require a diverse vegetation structure, including patches of 
bare ground (Symes & Day 2003; Webb et al. 2010). The importance of patch size and connectivity is 
also better understood than for many other habitats (Webb & Thomas 1994; Webb 1989). The potential 
for heathland re-creation, and the implications of heathland creation on the historic environment and 
soils are well known (Hawley et al. 2008), as are the limitations on re-creation, particularly from farmland 
(Pywell et al. 1994; 1995b; Walker et al. 2004, 2007). There is evidence that grazing animals can 
produce a microstructural diversity impossible to achieve mechanically (Lake et al. 2001). Comparative 
research has shown the grazed areas have greater botanical species richness than areas mown or 
recovering from burns (Pywell et al. 1995a). The former had a higher incidence of low-growing and small 
forbs and grasses. Overgrazing, on the other hand, can be damaging but even low levels of grazing can 
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have negative impacts on some species, e.g. reptiles (Lake et al. 2001). Grazing generally involves 
fencing and this can cause conflict, especially on commons with high levels of public access. 

Wood-pasture and parkland habitats 
4.19 Wood-pasture and parkland is a priority habitat which supports 41% of the priority species 
associated with woodland (Webb et al. 2010). The conditions created by wood decay fungi in veteran 
trees provide a mosaic of micro-habitats that support rare saproxylic invertebrates, and nearly 11% of 
the saproxylic beetles found in veteran trees are considered threatened in Europe, with a further 13% 
considered near threatened. The ecological continuity provided by the wood decay inside the veteran 
trees is not found in any other habitats. The value of ‘non-woodland’ trees in the landscape in providing 
connectivity between sites for different species is poorly understood. A separate summary of evidence is 
available for wood-pasture and parkland in this series. 

Coastal habitats 
4.20 The Land Use summary of evidence in this series contains a wider range of information 
about coastal management issues, primarily relating to flood and erosion risk management. 
Climate change is also a major consideration for coastal habitats and more detail is provided in the 
relevant summary. 

4.21 Diffuse air and water pollution (often from land management practices or intensive 
agriculture elsewhere) has significant impacts on coastal and marine environments. Sand dunes 
in particular are negatively affected by nitrogen deposition. To mitigate the impacts, grazing or other 
management is often recommended; however, many dunes have suffered from the loss of historical 
grazing. Eutrophication of the estuarine environment by diffuse sources is also an issue - see the Marine 
summary of evidence in this series. 

4.22 A key interaction between coastal environments and land management is the impact of 
land claim from intertidal areas and taking action to restore functionally of the coastal flood 
plain. For many years, even as recently as the 1980s, intertidal areas have been drained and enclosed, 
as part of the drive for greater production. There are examples where these embanked areas are now 
being restored to reinstate tidal inundation and create habitat by managed realignment (e.g. Badley & 
Allcom 2006).  

Soils  
4.23 A separate summary of evidence for soils is being produced. 

4.24 We know that soil biota have been drastically modified by modern agricultural practices, 
the use of agro-chemicals, deeper and more frequent cultivation and simplified crop rotations. 
The comprehensive summary of the long term Defra-funded research programme (Robinson et al. 2008) 
sets out what is known about the ecosystem services provided by soils and how these can be affected 
by the ways in which soils are managed. This has also made it clear that there are major continuing 
uncertainties, and the report suggests a number of priorities for further research. 

What we don’t know: 
4.25 Information on the current quality and even extent of many wetland habitats remains 
inadequate. Current work on existing inventories will help, but an urgent priority is further survey for key 
wetland habitats in order to plan more effective targeting for restoration and creation of new habitats. 
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4.26 The way in which wetland restoration can contribute to improvements in a wide range of 
ecosystem services, including: the role of wetland restoration and management in greenhouse gas; 
use of wetland treatment systems for removal of nutrients from effluents/runoff; how different freshwater 
habitat types, (quality, size, and connectivity) affect provision of ecosystem services; and practical 
examples of integrated catchment management in lowland systems. 

4.27 When and what type of grazing is necessary for achieving lowland heathland favourable 
condition. Conservation-based heathland management has generally favoured maintaining or restoring 
appropriate, extensive grazing as the best way of maintaining a diverse heathland vegetation (Lake, 
Bullock & Hartley 2001). A systematic review of the comparative merits of grazing, burning and no 
management (Newton et al. 2009) concluded that there is limited empirical evidence regarding the 
relative impacts of burning, grazing and cutting on lowland heath and much unexplained variation in the 
outcome. The authors concluded that further research and long-term monitoring regarding the effects of 
heathland management was urgently required. 

4.28 How to reduce the cost and carbon footprint of habitat management. For wetlands, 
heathlands and other habitats which are now managed primarily outside mainstream farming, 
environmental land management often involves periodic removal of large quantities of biomass. There is 
a need to find both more economical ways of doing this, and ways of making use of the products instead 
of burning them or sending them to landfill, which results in carbon emissions (Alonso et al. 2012). 
Biomass for compost, energy and as a feedstock may offer new markets. Pilots have also taken place to 
find use for heathland by-products (Little 2011). Feasibility studies into use of wetland arisings have 
been undertaken in the UK, e.g. ELP & Ash (2010). 

4.29 Whether it is possible to deliver measurable improvements in agricultural productivity as 
a result of management to enhance soil biota. 

4.30 How the ecosystem services provided by soils are affected by changes in land use and 
land management. 

4.31 How to mitigate the impacts of nitrogen deposition in coastal habitats using grazing. 
Grazing can slow down the impacts of deposition (Plassmann et al. 2010). Some work under HLS has 
taken place but more needs to be done to understand the seasonality and levels of grazing required to 
reverse over-stabilisation and recover more of the early stage dune habitats.  

4.32 How grazing affects the species use of saltmarshes. Grazing management of coastal habitats 
is generally considered as good practice, but some species may suffer. For example, grazing resulted in 
serious declines in redshank breeding species (Norris et al. 1997; Malpas et al. 2011, Malpas et al. in 
preparation) and some invertebrates (Ford et al. 2013). The saltmarsh grazing survey carried out in 2013 
aims to provide information on how conservation management guidelines could be improved.  

4.33 How to maintain/reinstate coastal grazing. Grazing patterns have changed with the changes in 
farming systems, with the loss of seasonal grazing on dunes, saltmarshes and cliff slopes, using upland 
or other livestock (often hardy traditional breeds), and the lack of suitable livestock. There is a need to 
understand how the infrastructure required to support grazing in coastal habitats can be provided so that 
grazing is sustained in the places where it is needed. 
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5 Land management and the historic environment and 
landscapes 
5.1 This section focuses specifically on the interaction between land management practice and 
landscape character and the historic environment. 

What we know: 
5.2 We understand the effects of different cultivation regimes and some habitat restoration 
techniques on above and below-ground historic features. Based on the outcomes of the COSMIC 
and TRIALs work undertaken as part of Defra and English Heritage R&D work, we have a means of 
assessing the risk of cultivation damage to individual monuments, based on site specific factors (Oxford 
Archaeology 2006; Oxford Archaeology et al. 2009). Work has also provided information on key issues 
around heathland creation and management (Alonso et al. 2009) and we have some information on the 
impact of different types of vegetation on historic environment features. 

5.3 There is concern about the potential loss of protection for historic environment features 
as a result of more intensive cultivation, changes to incentive schemes and a lack of protection 
through Environmental Impact Assessment regulation. Anecdotal evidence suggests an increasing 
loss of ridge and furrow and earthwork remains in grassland as more cultivation takes place in 
historically predominantly pastoral areas. Recent research carried out for Natural England suggests that 
many land managers intend retaining grassland reverted from arable even after agreements have 
expired (ADAS 2014). To date there is little information as to what actually happens. 

5.4 For the historic environment, Agri-Environment Schemes (AES) are a key driver in 
improving the condition of historic environment features. English Heritage time series data based 
on the 1,515 Scheduled monuments in farmland in the East Midlands shows a reduction in risk for those 
in AES, with a 78% improvement in condition between 2005-7 directly attributable to Environmental 
Stewardship (ES) management (Boatman et al. 2008). Both undesignated and designated monuments 
within ES have increased protection to those in the older Classic schemes: the multi-objective emphasis 
of the new schemes means that, even if an option does not lead to a land use change, the more positive 
management attributed to ES reduces monument vulnerability and reduces risk (English Heritage 2009). 
The need for consistent, accessible information on the extent, distribution and condition of unscheduled 
historic monuments has been addressed through the SHINE project (Defra 2013b) 

5.5 How to measure the cumulative impact of agri-environmental and other interventions on 
landscape quality and character. A major research project has recently defined a methodology to 
enable monitoring and reporting of the direct and cumulative impacts of Environmental Stewardship on 
the maintenance and enhancement of landscape character and quality (Defra 2013c). A monitoring 
programme using this methodology was started in 2013 (Defra (d)). 

What we don’t know: 
5.6 We lack data on the continuing rates of loss and damage to unscheduled monuments 
caused by agriculture.  

5.7 We lack a sound means of determining how to effectively use Historic Landscape 
characterisation to enhance the targeting of options for protection and enhancement of the 
historic landscape. 
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6 Woodland management 
6.1 To be added in the next edition. 

7 Upland land management 
7.1 Natural England undertook a comprehensive Uplands Evidence Review in 2012-13 (Natural 
England 2013) which involved input from a number of stakeholders. This section broadly summarises 
findings from the five specific areas under review: 

• The impact of tracks on the integrity and hydrological function of blanket peat. 
• Restoration of degraded blanket bog. 
• The effects of managed burning on upland peatland biodiversity, carbon and water. 
• Upland hay meadows: what management regimes maintain the diversity of meadow flora and 

populations of breeding birds? 
• Impacts of moorland grazing and stocking rates. 

What we know: 
7.2 Many upland habitats are in poor condition. Natural England statistics from 2013 showed that 
only 13% of blanket bog on SSSIs was in favourable condition (Defra 2014c). We also know a great deal 
about the causes of decline in upland habitats, and an increasing amount about the management 
needed to maintain and restore key upland habitats and some ecosystem services. 

7.3 Upland habitats are important not only for biodiversity but also for a range of ecosystem 
services, including food and timber production, access and recreation, the storage and sequestration of 
carbon, the provision of good quality drinking water and the mitigation of flooding. The majority of timber 
production in the uplands is in Kielder and the South Lakes, with only relatively small areas in the other 
upland areas of England (see MAGIC website www.magic.gov.uk). 

7.4 There are both conflicts and synergies between the different ecosystem services that 
mountains, moorland and heath provide (Van der Wal et al. 2011). There are many synergies 
between the management needed to restore biodiversity, protect carbon stocks and improve water 
quality and quantity. However, there are also potential conflicts, particularly between the management 
that optimises delivery of these services and that which optimises the provision of other services, 
particularly the production of food, shooting and energy. 

7.5 Impact of grazing on upland heathland. Grazing has a direct impact on the composition and 
condition of habitats. There is an association between sheep stocking rates at the landscape scale and 
the extent and condition of dwarf-shrub habitats (e.g. Anderson & Yalden 1981). Agri-environment 
agreements covering moorland have generally halted deterioration of heathland and blanket bog 
habitats, and there is limited evidence of improvements in condition, but heathland habitat expansion is 
generally slow or lacking (Ecoscope 2003; Boatman et al. 2008; Critchley et al. 2008), in some cases 
related to increases in non-desirable graminoids such as Molinia (Critchley et al. 2008). Annual average 
grazing levels of around 0.1 Livestock Unit (approximately I ewe)/ha/year) or lower gives the greatest 
likelihood of improving the condition of heathland habitat (Hulme et al. 2002; Pakeman et al. 2003) which 
accords with agri-environment monitoring findings that the higher restoration tiers are likely to be most 
successful. 
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7.6 Grazing and restoration of upland heathland. Significantly lower stocking rates are required 
for the restoration of habitats with lower annual growth and productivity, but exact stocking rates are 
influenced by a complex interaction of extent and distribution of vegetation types available to graze, 
topography, climate and livestock management systems. The overall impact of a given stocking rate is 
influenced by the size and distribution of grass patches (e.g. Clark et al. 1995; Oom et al. 2008, 2010; 
Palmer et al. 2003; Sibbald et al. 2008). Grazing preferences also vary seasonally, influencing the 
impacts of different timing of grazing (Welch 1998; Hulme et al. 2002; Gardner et al. 2002). The annual 
productivity of different vegetation types varies between locations and years (Milne et al. 2002). Sheep 
display greater fine-scale selectivity of diet than cattle, leading to different grazing outcomes (Grant et al. 
1985, 1987; Hodgson et al. 1991; Fraser et al. 2009). Cattle are more likely to graze mat grass and 
purple moor-grass that sheep avoid or graze less frequently (similar references to above). Grazing 
affects the structure of moorland food webs, i.e. invertebrate and bird assemblages, through its influence 
on vegetation composition and structure (Pearce-Higgins & Grant, 2006; Dennis et al. 1997, 2001, 2002, 
2008; Littlewood 2008). Invertebrate biomass increases with grazing reduction or removal. However 
grazing intensity (through effect on structure and timing) will affect the functional groups present. Low 
intensity, mixed (livestock type) grazing is likely to have general biodiversity benefits. Atmospheric 
nitrogen deposition is also likely to influence the effects of grazing (Hartley & Mitchell 2005; Hartley 
1997; Van der Wal et al. 2003; Gordon et al. 2001). 

7.7 The impact of vehicle tracks on blanket peat. Tracks alter the structural integrity and the 
hydrological system of blanket peat at either surface or sub-surface level. Artificial drainage associated 
with tracks can focus water upon areas of weakness leading to instability, result in the settlement of peat 
and lead to drying and erosion of associated peat areas. The types of vehicle, loading and usage 
influences the impact of unmade tracks upon the structural integrity and hydrology of blanket peat. Once 
initiated, these processes were found to be ongoing and in some cases, irreversible (Grace et al. 2013). 

7.8 The sustainable nutrient and spring grazing regime for a species-rich northern hay 
meadow. Applications of farmyard manure (FYM) of up to 12 tonnes/ha/year will maintain current 
diversity on meadows with a history of this rate of application (Kirkham et al. 2014). FYM applications of 
6 tonnes/ha/year or less should be used to enhance or restore characteristic flora. To retain botanical 
quality, livestock should be excluded from the hay meadow no later than 15th May, and the average 
sward height should be > 5 cm in the spring-grazing period. (Smith et al. 2012). 

Areas that are subject to active research and debate: 
7.9 The evidence for the ecosystem service benefits of peatland management; including grip 
blocking, the restoration of degraded peatlands, rotational burning and wetland restoration. 
There is active investigation of a number of ecosystem service benefits, including a reduction in 
greenhouse gas, better water resource management, improved water quality and the restoration of 
biodiversity. The IUCN UK Peatland Programme’s Commission of Inquiry on Peatlands (Bain et al. 2011) 
has identified actual and potential benefits across a range of ecosystem services, including the 
conservation of biodiversity, water management and reduced greenhouse gas emissions (Worrall et al. 
2010). The evidence on the hydrological and greenhouse gas benefits of grip blocking in particular has 
also been reviewed for the Moors for the Future Project (Holden 2009). Defra-funded research is also 
underway in this area (Defra (e)). The impact of grip blocking on greenhouse gas emissions is 
particularly difficult to quantify. The re-wetting of the peat and the blocking of drainage grips reduces 
levels of dissolved organic carbon in run-off water and the production of atmospheric carbon dioxide, but 
in the short-term, it increases the emissions of methane (Holden, 2005, 2006; Holden et al. 2004, 2006 & 
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2007). Both the IUCN and the Holden reviews agree that more work is needed to accurately quantify the 
potential greenhouse gas and water quality benefits. Defra is currently funding a major research 
programme to determine whether the net impact of grip blocking and peatland re-wetting is to reduce or 
increase greenhouse gas emissions (Defra). 

7.10 Whilst there is good evidence that fire encourages the growth of vascular plants, 
particularly graminoids and heather, more work is needed on the long-term trajectories for the 
ecological character of areas under differing burning regimes and changing climatic conditions 
(Lindsay 2010). In particular this review concluded that the relationship between fire and Sphagnum 
should be given specific, detailed attention and is the subject of a new PhD CASE studentship at Leeds 
University in collaboration with Natural England. 

7.11 How to restore blanket bog to favourable condition. Agri-environment schemes have had 
only limited success in restoring upland habitats to favourable condition and there is a need for additional 
evidence to guide management (Shepherd et al. 2013). A systematic review of the effect of burning of 
dry upland heath on vegetation diversity (Stewart, Coles & Pullin 2004b) found that burning old stands 
can reduce diversity, but it concluded that more research was required to provide evidence concerning 
site-specific factors. Research in relation to the restoration of blanket bogs is in progress, and a major 
project (BD5104) has recently been let (Defra (e)). The Moors for the Future Partnership carried out a 
major review of the current status of Sphagnum in the blanket bogs of the Peak District and the potential 
for its restoration (Carroll et al. 2009). It is also developing techniques for encouraging the re-growth of 
Sphagnum, which it is hoped will help re-start peat accumulation (see Bain et al. 2011). Widespread 
restoration of blanket bog does represent a considerable challenge. Some blanket bogs have been very 
severely damaged, and climate change raises the possibility that some may in future be outside the 
climatic limits for active blanket bog, though the science behind this remains uncertain. 

7.12 The management needed to maintain the biodiversity value of northern hay meadows 
within agricultural systems. A great deal is known about the conservation management needs of 
northern hay meadows (Jefferson 2005; Smith 2010), but despite this, there is evidence of widespread 
deterioration (Pinches et al. 2013). Considerable research has been undertaken on the management of 
these meadows, focusing mainly on nutrient management but also on shut-up times (Defra 2012).  

7.13 Alternatives for bracken management in response to reduced pesticide availability. 
Bracken management at present relies heavily on chemical control using the herbicide Asulam but, with 
its withdrawal through EU legislation (EU SU Directive 2010), we need to assess the effectiveness of 
alternative physical control methods (Stewart, Tyler & Pullin 2005). Current Natural England research is 
looking at alternative chemical control methods for bracken, and, in collaboration with English Heritage, 
at the efficacy of non-chemical bracken control, particularly in protecting the historic environment. 

What we don’t know: 
7.14 How sustainable intensification and a better environment could be achieved in the 
uplands. In upland areas, where much of the farmed area can be of high biodiversity value and/or 
important for the safeguarding of other ecosystem services, a ‘land sharing’ approach is needed, but UK 
experience to date has been that increased agricultural production in the uplands is almost inevitably 
associated with losses in a variety of other ecosystem services. There have been very innovative 
attempts to combine intensification and environmental benefits in other countries (e.g. Anon 2008), but it 
remains to be seen whether this experience could be directly transferred to the UK.  
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7.15 We still have a poor understanding of the spatial dynamics of grazing in the uplands. Our 
understanding of what determines the ranging and grazing behaviour of sheep on moorland is poor. 
Most of the behavioural studies of grazing sheep have been carried out in Scotland, and it is not clear 
whether there is an effect across breeds, nor whether the particular stratification system operating in 
England has an effect (Martin et al. 2013).  

7.16 We do not know how best to manipulate grazing livestock to the benefit of particular 
vegetation assemblages, nor how specific stocking rates might be used to suit best the spatial 
arrangement of different vegetation types within a moorland grazing unit. We don’t adequately 
understand trajectories of vegetation change and recovery (including in the face of changing climate) 
and if and when key species will appear. Nor can we calculate optimal grazing levels to deliver multiple 
ecosystem services. Similarly, we don’t know whether spatial patterns of grazing on moorland can be 
influenced to deliver spatially diverse grazing levels producing a range of outcomes on varied moorland. 

7.17 We do not have a simple method of determining the optimum date for ‘shutting up’ upland 
hay meadows in any given year. It is likely that the growth and flowering of a number of meadow 
species will be affected to different extents by spring grazing, and that the effect is likely to be influenced 
by the change in season (Pinches et al. 2013). We need a simple method to help farmers decide how 
long they can leave livestock in their hay meadows before shutting the fields up for the summer. 

7.18 We need better information from surveys of burning activities in order to formulate more 
effective management plans. There is a lack of consistency in the information recorded in surveys of 
moorland burning, which hampers the drawing of useful conclusions about floral and faunal recovery 
rates after different burning rotations (Glaves et al. 2013). In addition, previous and current research 
does not adequately account for intensity and/or severity of burns.  

7.19 The impact of Phytophthora diseases on upland habitats. Tree diseases are receiving much 
attention, but two notifiable species of Phytophthora (P. ramorum and P. kernoviae) and a few non-
notifiable species (P. pseudosyringae, P. lateralis, P. citricola, P. austrocedrae) are being found on 
moors and lowland heathlands, causing death to tree and shrub vegetation. As a result, some sites are 
seeing a decrease in otherwise common species in those habitats, such as bilberry (Vaccinium 
myrtillus). P. austrocedrae has recently been identified as the cause of dieback in juniper stands in 
Upper Teesdale.  

8 Land management and water quality 
What we know: 
8.1 The Statutory Nature Conservation Bodies (SNCBs) have recently summarised their jointly 
agreed evidence requirements for freshwater conservation (Interagency Freshwater Group 2014). 
This is intended to guide the research priorities of the SNCBs in undertaking their biodiversity duties. It is 
also designed to influence others who have a role in freshwater and catchment management research 
so that conservation needs are fully considered. The published framework links high level themes to 
more detailed research areas and in turn links detailed research needs to policy needs under different 
drivers. The themes cover: a) environmental processes, impacts and management – research needs 
which will better define the nature of management responses needed; b) ecosystem integrity and 
resilience – research needs which better characterise the response of biological communities to human 
impacts; and c) biodiversity assessment and audit – the need for datasets and methods which provide a 
direct assessment of habitats and their integrity. 
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8.2 The research framework above deals only briefly with evidence needs relating to the land 
management tools for freshwater, and these are set out below. 

8.3 Agriculture is a major source of nitrogen, phosphate, suspended sediment and Faecal 
Indicator Organism (FIO) pollution in freshwaters. High levels of nitrogen, especially in combination 
with other agricultural inputs, are one of the factors that have driven the observed decline in farmland 
biodiversity (Skinner et al. 1997). Factors contributing to increased nutrient loadings include the 
conversion of permanent pasture to arable cultivation, an increase in the area dedicated to cereal 
production and a substantial increase in average rates of inorganic fertiliser application (Foster 2000).  

8.4 In recent years there have been considerable improvements in the efficiency with which 
agriculture uses resources, and these have led to reductions in levels of diffuse pollution. 
Farmers are using fertilisers and manures more efficiently and effectively, with average nitrogen 
application rates of nitrogen falling from 147kg/ha in 1987 to 95 kg/ha in 2008 and average phosphate 
use reduced by half to 20 kg/ha between 1983 and 2008 (Defra 2014a). This reduction in applications is 
feeding through to a reduction in diffuse pollution: in both Biodiversity 2020 (Defra 2014c) and 
Countryside Survey (Smart et al. 2010) reporting, most indicators associated with soils and freshwaters 
are now stable or improving. 

8.5 Pollution from agriculture is cited as the likely cause in 33% of known failures (nutrients, 
Biochemical Oxygen Demand (BOD)/ammonia, sediment, morphology) to achieve Good 
Ecological Status for water bodies in England (Defra 2004). Diffuse pollution is impacting on the 
status of water bodies with the highest public use or conservation value, including Protected Areas such 
as vulnerable Natura 2000 habitats, as well as freshwater fish, drinking, bathing and shellfish waters 
(Defra 2004). Only 29% of river SSSIs are in favourable condition, although other pressures including 
hydrological and physical modification and non-native invasive species are also contributory factors 
(Natural England 2008). Initial results from boreholes near groundwater-fed wetland SSSIs across the 
UK suggest that nitrate levels present a long-term risk to the health of many/most groundwater-fed sites 
in the lowlands of England (UK Technical Advisory Group on the Water Framework Directive 2014). 

Areas that are subject to active research and debate: 
8.6 Developing land management options that can help address water quality issues. We know 
how to manage buffer strips for soil erosion and runoff mitigation, and where they should be sited 
(though translating that into practice can be difficult) (Natural England 2011). However, there is concern 
that current mechanisms may not always be adequate to achieve the degree of change in land 
management needed to improve the water quality sufficiently for some sites. For example more 
permanent changes in vegetation cover, such as extensively-managed grassland or woodland (e.g. 
Zhang & Hiscock 2011) may be required to reduce nutrient levels in ground-water in some areas. There 
is good evidence that Catchment Sensitive Farming (CSF) scheme uptake and the combination of 
advice and incentives, including dedicated infrastructure grants, has produced demonstrable water 
quality improvements in terms of pollutant loadings and contributions of achieving Water Framework 
Directive (WFD) and biodiversity objectives (Environment Agency & Natural England 2011, 2015). The 
CSF approach does however successfully engage farmers with pollution control. As a consequence of 
their understanding of the farm business and ability to establish rapport with farmers, CSF advisers 
became more trusted and had influence over land management decisions (AIC 2013).  
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8.7 Understanding the scale of action needed to achieve the water quality objectives required 
to implement the Water Framework Directive, both to achieve target condition for SSSIs and Natura 
2000 sites and meet England Biodiversity Strategy targets, and to meet wider Protected Area and Good 
Ecological Status requirements. The optimal combination of measures (annual payments, capital 
payments, advice and regulation) needed to achieve these goals is not yet clear. In relation to SSSIs, we 
need to improve our ability to target management action through finer-scale modelling and field 
assessment of actions required to address diffuse water pollution impacts. 

8.8 Evidence to support effective targeting of reductions in nitrogen emissions. We need this 
to improve our understanding of the relative significance of different sources of eutrophication in order to 
tackle the combined effects of atmospheric sources and aquatic sources of nitrogen affecting, for 
example, wetlands and other freshwater habitats. This will require fundamental research to improve our 
understanding of nutrient dynamics in such ecosystems.  

9 Land management and atmospheric pollution 
What we know: 
9.1 Air pollution has caused widespread changes to species richness and distribution and to 
the quality of natural and semi-natural habitats in the UK (Stevens et al. 2011). 65% of the area of 
sensitive habitat in the UK (97% in England) exceeds critical loads for atmospheric nitrogen deposition 
(eutrophication) (JNCC 2014). This will reduce only slightly when existing national measures are put in 
place by 2020 (ROTAP 2012). The UK Habitats Directive report (JNCC 2013) showed that out of 77 
Annex 1 habitats, 34 had air pollution attributed as a high pressure and a high threat. 

9.2  Ammonia emissions from agriculture contribute significantly to atmospheric nitrogen 
deposition. At a national level, oxides of nitrogen (NOx) and ammonia (NH3) each contribute about 50% 
of the total nitrogen emission, but their contribution to nitrogen deposition at a local level varies between 
sites (Dragosits et al. in prep, 2015). Close to urban areas, large combustion sources or along motorway 
corridors, NOx is the dominant contributor, whilst NH3, predominantly from agricultural sources, 
dominates in more rural areas.  

What we don’t know: 
9.3  The Statutory Nature Conservation Bodies (SNCBs) have recently issued for comment a 
framework for UK research and evidence needs on air pollution impacts on ecosystems. The 
SNCB framework considers evidence needs relating to ecosystem responses to changes in air pollution; 
assessing and reporting air pollution impacts and measures and remedies for air pollution. As the 
evidence base of air pollution impacts on biodiversity has increased, there is an increasing requirement 
to focus on identifying measures and delivery mechanisms to minimise the impacts and to optimise co-
benefits in other policy areas (e.g. water quality, climate change, agriculture etc). Key gaps in evidence 
and capability that should be addressed to enable action to address air pollution impacts at site level 
include: a) understanding ecosystem response to future emission/deposition scenarios; b) uncertainties 
in the sensitivity of some nature conservation features and the effectiveness of mitigating measures; c) 
availability of information about local emission sources and local trends in deposition; d) improved tools 
to enable assessment in addressing atmospheric nitrogen impacts; and e) evidence to enable improved 
targeting of measures that will achieve multiple benefits. 
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10 Agri-environment scheme design, targeting and delivery 
What we know: 
10.1 The two-tier approach that Environmental Stewardship (ES) embodies has sparked a great deal 
of research interest (see for example Boatman et al. 2010). ES has been subject to an extensive 
programme of monitoring and evaluation since its introduction. The 2009 review of agri-environment 
schemes (Natural England 2009) demonstrates that ES has built on the achievements of the Classic 
schemes in many areas. Higher Level Stewardship (HLS) has been extensively used to bring SSSIs into 
appropriate management and in 2009 84% of eligible BAP priority habitat was under agreement. Entry 
Level Stewardship (ELS) has made a landscape-scale impact, with roughly 70% of Utilisable Agricultural 
Area (UAA) now subject to agreement and 41% of the hedges in England being actively managed for 
environmental purposes. A controlled trial conducted by the Centre for Ecology and Hydrology (CEH) on 
the Hillesden Estate (Heard et al. in press) has shown that when ELS-type management is applied 
systematically to an intensively farmed arable landscape it can produce a range of environmental 
benefits.  

10.2 Agri-environment schemes need careful management if they are to consistently deliver 
good results. Agreement-scale baseline monitoring by CEH (Centre for Ecology and Hydrology 2010) 
has shown that the flexibility incorporated into HLS has not always been fully utilised to specify and 
ensure delivery of the complex, adaptive management required for the maintenance, restoration and re-
creation of semi-natural habitats, though there is an increasing number of case studies demonstrating 
that HLS can successfully deliver such management (Natural England 2014). The advice and support for 
farmers provided by land management advisers can improve environmental outcomes (Defra (g)) 

10.3 Targeting is crucial to maximise scheme effectiveness. Where HLS options are more 
specifically targeted at the needs of particular biota they can be very effective in benefitting the targeted 
groups of species (Pywell et al. 2012; Natural England 2009). Butterfly monitoring studies have shown 
that targeted agri-environment schemes can increase local populations of species of butterflies with 
specialist habitat requirements (Fox et al. 2011). 

10.4 Entry Level Stewardship (ELS) has not yet delivered the range of environmental benefits 
that was anticipated (Natural England 2009). The free choice of options, combined with the hands-off 
approach and some unforeseen limitations in the management prescribed have meant that the scheme 
has not yet been able to arrest the overall decline in the population of key farmland bird species, 
regarded as a key indicator of the state of farmland biodiversity. Recent research (Baker et al. 2012) has 
however shown that broad and shallow schemes like ELS do have the potential to benefit farmland birds 
at the population level if uptake of the key options targeting the factors limiting bird populations can be 
improved. 

Areas under active research or debate: 
10.5 The effectiveness and limitations of advice as a mechanism for influencing land 
management practice. The current strategy for addressing the under-performance of Entry Level 
Stewardship has been to enhance the advice available to agreement holders through the ELS Training 
and Information Programme (ETIP), and the effectiveness of this is being closely monitored. The 
Campaign for the Farmed Environment is also producing useful data which may help assess the 
effectiveness and the limitations of advice, both alone and in combination with payments. More work is 
needed to develop and test ways of engaging farmers more fully with environmental land management. 
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10.6 The extent to which farmers understand their agreements and have confidence in 
achieving the outcomes agreed with their Natural England Advisers. Current research under the 
joint Defra-NE programme (see Section 13) is exploring how well farmers with Environmental 
Stewardship agreements understand why they are doing things and how that affects their confidence 
that it will work. 

10.7 The extent to which advice provision during the life of an agreement makes a difference to 
the outcomes delivered. It is usually assumed that one-to-one advice increases outcome focus and 
engagement with agreements (and stakeholder organisations frequently call for more support and advice 
in Environmental Stewardship). Current monitoring and evaluation studies (see Section 13) are 
assessing whether or not this is the case. 

10.8 The extent to which agri-environmental management can deliver multiple benefits, and 
how best to achieve this. There is pressure to increase value for money by achieving multiple 
outcomes from a single intervention, but experience to date has been that interventions are most 
effective when clearly focused on a single, easily understood goal. It is not clear what combination of 
multi-objective management and carefully targeted single-purpose management will deliver the best 
value for money or whether this approach can be delivered without causing ‘detrimental’ change to other 
objectives. 

10.9 The scale of future environmental land management requirements and how to bridge the 
gap between the scale of those environmental challenges and the available resources. Cao et al. 
(2009) identified the scale of future land management challenges, based on Government priorities of the 
time. These have evolved over the last 6 years and we no longer know the scale of the environmental 
challenge based on current Government priorities. This knowledge is essential if we wish to bridge the 
gaps between the scale of the environmental challenge and available resources. Reduced RDP 
spending will put greater emphasis on alternative mechanisms for rewarding environmental land 
management. Progress has been made in persuading water companies to invest in improved land 
management within their catchments. Little progress has been made in developing the voluntary offset 
market for carbon, or with mechanisms to reward land managers directly for the economic value of land-
related outdoor recreation. This is particularly true in upland areas, which are well placed to provide a 
range of ecosystem services, but where only food production currently offers a return from the market.  

10.10 The best approach to targeting agri-environmental management. The Hillesden Project has 
shown that an increase in the level of intervention above that of the current Entry Level Stewardship 
(ELS) can produce disproportionately higher environmental benefits (Heard et al. in press). More limited 
use of targeted options applied at a landscape scale is likely to be more successful and cost-effective 
(Mountford et al. 2013).  

10.11 How to effectively integrate habitat and species conservation. Current habitat-focused 
management does not always provide for the full range of species that depend on these habitats (Webb 
et al. 2010). Tailoring habitat management to the precise needs of many different species is impossible 
in practice, but Webb et al. identified some general principles, most notably the importance of 
heterogeneity. It appears that agri-environment schemes may be producing habitats that are too uniform 
to support all the species that should be associated with them. The report lists many of the key features 
of individual habitats that are valuable for groups of species. More work is however needed on how best 
to convey this information to advisers and agreement holders, and how to get it built into scheme design 
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What we don’t know: 
10.12 The degree of culture shift achieved by agri-environment agreements. It is not known 
whether participation in an agri-environment agreement leaves a legacy of changed management 
practices if the contracts are not renewed. It is also unclear how to maintain positive and ongoing 
relationships with agreement holders once direct funding has ceased, in order to preserve environmental 
outcomes.  

10.13 How to deliver landscape-scale working and functional ecological networks. Current policy 
assumes that this is ‘a good thing’ following the Lawton Review (Lawton et al. 2010), but changing 
management across a whole landscape is expensive, so this approach needs to be focused on the 
situations where it is necessary to achieve the desired end. We need to document the situations where 
landscape-scale working is necessary to achieve a desired goal and to understand the threshold levels 
of intervention that can deliver success. We also need to understand better how to deliver this in the 
most effective way (in terms of cost and outcome).  

10.14 How to achieve sustainable intensification alongside an improved natural environment in 
the lowlands. The Foresight Report of the Future of Food and Farming (Foresight 2011) identified the 
need to achieve a further increase in food production, but to do this in ways that didn’t cause another 
wave of environmental damage. However, the report did not identify how this could be done, though it 
suggested this would need a combination of existing best practice and the application of new technology. 

10.15 How to make a reality of the ecosystem approach and to reconcile localism with delivery 
of Government’s national priorities and international obligations. The Natural England Ecosystem 
Services Pilots have explored these issues (Waters et al. 2012). Other pilots, including the Environment 
Agency’s (and others’) catchment-based approach under the Water Framework Directive, are also 
exploring these issues (Wyborn and Bixler 2013).  

10.16 How to maximise the flood mitigation potential of changes in land management. A recent 
major review (Parrott et al. 2009) found clear evidence of the benefits of using farmland to store 
floodwater, either on riparian washlands or estuarine managed re-alignment schemes. The review also 
found good evidence of local flood amelioration benefits from changes in land management, but 
concluded that quantifying the effectiveness of catchment-scale changes in land management practice in 
ameliorating downstream flooding is proving difficult. One technique that was identified as showing 
promise as a way of ameliorating extreme flood events at the large catchment scale is the establishment 
of additional flood plain woodland (Nisbet et al. 2011). 

11 The wider benefits of land management changes delivered 
through agri-environment schemes 
What we know: 
11.1 Agri-environment schemes demonstrate positive cost-benefit ratios. A study of the wildlife, 
landscape and climate mitigation benefits of Environmental Stewardship (ES) (Defra 2010b), showed 
positive cost-benefit ratios based on a representative sample of the public’s willingness to pay, with 
additional benefits from the value of the carbon saved by ES management. The cost-benefit of ES has 
been calculated as between 1.15 - 1.80. This is a conservative estimate as it excludes the valuation of 
water quality improvements, air quality improvements and carbon mitigation delivered by the scheme. 
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11.2 Agri-environment schemes have the potential to contribute to the provision of a range of 
ecosystem services. Their potential to do this was the subject of a recent review (Whittingham 2011). 

11.3 Agri-environment schemes produce wider social and economic as well as environmental 
benefits. A study of the incidental socio-economic benefits of Environmental Stewardship (ES) (Defra 
2010a) showed that Higher Level Stewardship in particular can have a significant positive impact on the 
rural economy, especially in more remote areas. For every £1 of ES scheme payment that goes to the 
agreement holder, 26 pence is generated off-farm in the local economy through direct expenditure and 
indirect and induced effects. Based on scheme spend in 2013, ES will generate £415m of spending in 
local economies and will sustain 778 jobs. 

11.4 Sustainable food production depends on a ‘healthy environment’ and particularly on 
biodiversity. A Natural England-funded survey (Boatman et al. 2008) of the ecosystem services 
supporting agricultural production that have been provided by agri-environment schemes has shown the 
following: 

• Soil, and the nutrients in it, is fundamental to agricultural production, while nutrient cycling, carbon 
sequestration, water regulation and water purification are also all reliant on soil. Water infiltration into 
soil slows the flow of water to rivers, which reduces the potential for flooding and soil erosion. 

• Breeding improved plants and animals for agricultural purposes, such as increased yield or disease 
resistance, requires new genetic material. The two main sources of this are existing traditional varieties 
or breeds and the wild relatives of cultivated or domesticated forms. There are over 300 taxa that are 
wild relatives of UK crops and hence are a source of genetic diversity for use in plant breeding. 

• Regulating pest species by natural enemies can be encouraged by providing appropriate habitats and 
resources and by reducing pesticide-induced mortality of those natural enemies. The research found 
that resources required by the predators of past can be provided by a number of options under 
Environmental Stewardship (ES), especially those for undersown spring cereals; enhanced stubbles; 
beetle banks; low input and species-rich grasslands and upland meadows. 

• Pollination by insects is important for many crops to promote seed set and fulfil yield potential. Many 
ES options support pollinator species. In Britain and the rest of Europe, insect pollinators contribute to 
the production of over 80% of crop species. The research found that estimates of the economic value 
of pollination services to UK agriculture range from £186m to £567m per annum. 

12 Current Natural England evidence projects 
12.1 The main activity relating to evidence projects is undertaken as part of a collaborative programme 
with Defra’s Sustainable Land and Soils Division. R&D projects and the Environmental Stewardship 
Monitoring and Evaluation programme delivered through this process are detailed in Section 13 below. 

12.2 In addition there is one current Natural England-sponsored project that is exploring alternative 
chemical control methods for bracken and, in collaboration with English Heritage, the efficacy of non-
chemical bracken control, particularly in protecting the historic environment. 

13 Key external research programmes 
13.1 Defra Sustainable Land and Soils Evidence Programme. This comprises a) a research and 
development programme and b) a monitoring and evaluation programme. Both are designed to support 
the ongoing development and delivery of environmental land management schemes in England. 
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• Defra Sustainable Land and Soils research and development programme. A long-term 

programme of research and development that includes many projects designed to inform agri-
environment policy and option design, and provide the basis for guidance material for advisers. The 
programme is collaborative and Natural England manages a number of projects within the programme 
on behalf of Defra, though the funding comes from Defra’s R&D budget. Details of the ongoing projects 
managed by Natural England are provided below: 

Code Project 

BD1451 DIGFOR (Diversification of grassland through the manipulation of plant-soil interactions and the 
identification of indicators of restorability) 

BD1459 Microsite (Techniques to enhance the establishment and persistence of poor-performing species in 
grassland restoration) 

BD1460 Susgraz (An experiment to test sustainable management systems for unimproved neutral grassland) 

BD5101 Milestones (Setting Indicators of Success for Species - rich grassland) 

BD5001 Characterisation of soil structural degradation under grassland and development of measures to 
ameliorate its impact on biodiversity and other soil functions 

BD5003 Managing Grassland Diversity For Multiple Ecosystem Services 

BD2114 Effects of hedgerow management and restoration on biodiversity 

BD5005 Provision of Ecosystem services in the ES scheme 

BD5104 Restoration of blanket bog vegetation for biodiversity, carbon storage and water regulation 

BD5105 Implications of grazing regimes on vegetation, invertebrates and livestock performance and following 
heather restoration on degraded heathland 

BD5204 Improving the management and success of arable plant options in ELS and HLS 

BD5209 Quantifying the effects of Entry Level Stewardship (ELS) and Higher Level Stewardship (HLS) on 
biodiversity and ecosystem services at the farm scale 

BD5210 Effects of winter-long provision of seed rich habitats on seed eating farmland birds 

LM0101 To develop an environmentally beneficial field-scale arable option for reducing blackgrass incidence 

LM0202 
A scoping study to develop a methodology that can be used to assess the value of agri-environment 
scheme options in the creation and maintenance of small-scale habitat mosaics to benefit priority 
species  

LM0301 Reducing the impacts of predation on breeding waders using landscape-scale habitat management 

LM0313 Woodland creation and ecological networks: Quantifying the relative importance of different attributes 
on biodiversity (Phase 1) 

 Counterfactuals (Review of methodological approaches and analyses undertaken in the Defra/NE agri-
environment monitoring and evaluation programme to improve assessment of scheme impacts) 

 
• Rural Development Programme ELM scheme monitoring and evaluation. A programme of 

monitoring and evaluation to determine how well current agri-environment schemes are achieving 
environmental policy objectives, how well Natural England is delivering appropriate agreements, and 
whether individual agreements and management plans are achieving their indicators of success. The 
programme is delivered jointly by NE, FC, EA and Defra and includes a combination of in-house and 
externally contracted work. In addition there are also equivalent programmes of RDP monitoring and 
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evaluation in Wales and in Scotland that provide relevant information. Details of the current externally 
contracted projects managed by Natural England are provided below: 

Code  Project 
LM0422 Monitoring the effects of English agri-environment schemes on upland breeding birds using the 

Upland Breeding Bird Survey (UBBS) 

LM0423 Project to survey and assess Soil pH and nutrient status on sites of high botanical value 

LM0425 Assessing the Effect of Policy Interventions on Agricultural Landscapes 

LM0431 Long-term monitoring of the effects of agri-environment: moorland 

LM0432 Assessing the impact of advice and support on the environmental outcomes of HLS agreements 

LM0433 Assessing the role of advice and support in the establishment of HLS agreements 

LM0434 Monitoring the impact of ES on Landscape Character and Quality 

LM0435 Effectiveness of ES for the conservation of historic farm buildings 

LM0436 Monitoring the response of farmland birds to Environmental Stewardship: ELS 

LM0439 Assessing Resource Protection benefits of AE through water quality monitoring 

LM0440 The value of grass margins as wildlife corridors 

LM0441 Impacts of HLS on farmland birds: resurvey 

LM0442 Long-term monitoring of the effects of agri-environment: lowland fen and bog 

LM0443 Long-term monitoring of the effects of agri-environment: lowland grassland 

LM0444 Soil characteristics of high value sites  

LM0445 Whole Agreement Monitoring 

LM0447 Monitoring of ELS Option EK21: Legume and herb-rich swards. 

LM0448 Evaluating the impact of ES agreements on climate change adaptation 

LM0449 Contribution of ES to conservation of Great Crested Newts 

LM0450 Evaluating the relative importance of site and landscape characteristics on the effectiveness of 
restoring species-rich grassland communities through agri-environment schemes 

LM0452 Impact of HLS on the conservation status of European protected reptiles on lowland heathland  
 
13.2 Defra’s Sustainable Intensification Platform (SIP). This programme is designed to consolidate 
research into how sustainable intensification can be applied at the feature scale, at a landscape scale, 
and within the supply chain industries. It comprises three interlinked research projects that will 
investigate ways to increase farm productivity while reducing environmental impacts and enhancing 
ecosystem services, and aims to develop more integrated and collaborative ways of funding, conducting 
and applying agricultural research. Defra is investing £4.5m in the SIP over the period 2014-2017. The 
initial three research projects are: 

• Project 1. Integrated farm management for improved economic, environmental and social performance.  
• Project 2. Opportunities and risks for farming and the environment at landscape scales.  
• Project 3. Scoping study on the influence of external drivers and actors on the sustainability and 

productivity of English and Welsh farming (6-month scoping study).  
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13.3 NERC Biodiversity and Ecosystem Services (BESS) programme. This is a six-year 
programme with three main themes: a) Functional relationships between biodiversity and ecosystem 
services, b) resilience of biodiversity-ecosystem service relationships to changing conditions and c) 
indicators for the monitoring and evaluation of ecosystem services. It is supporting four multi-institutional 
research consortia in four different landscapes: lowland agriculture, upland rivers, urban and coastal 
systems. The Wessex BESS consortium is looking at biodiversity and the provision of multiple 
ecosystem services in current and future lowland multifunctional landscapes is particularly relevant to 
land management. 
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