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SWEEP019: Future land-use scenarios for modelling water quality to facilitate
sustainable aquaculture development in SW England
This report outlines the development of future land use scenarios applicable to evaluate the
trajectory of water quality in South West England. The scenarios are constructed through
engaging over 100 stakeholders, including the perspectives of agricultural, water,
environmental, conservation and academic sectors. The report forms one output from the
SWEEP019 aquaculture project; the overall aim of which is to support the sustainable
expansion of aquaculture in SW England through integrated understanding and management
of water quality issues at a catchment and a regional scale.
1) Introduction
Water quality faces environmental pressures caused by land use, this has significant
ramifications on the water environment, and is a key consideration in the development of
aquaculture (Froehlich et al., 2018). Impairment of water quality by microbial and chemical
contaminants, introduced largely from land-based sources, limits aquatic food production,
food safety and public confidence (Lee and Morgan, 2003; Lindahl et al., 2005; Pelletier and
Tyedmers, 2010; Maxwell et al., 2016; Ottinger et al., 2016; Gentry et al., 2017; Gephart et
al., 2017).
The rural landscape in the UK, particularly in England, has changed dramatically over the last
century following the industrial revolution and the rapid growth of agriculture after World
War II. The expansion and intensification of farming via the removal of hedgerows and
woodland, and the widespread use fertilisers and pesticides to increase crop yields and
livestock production, have impacted on biodiversity and the delivery of ecosystem services
beyond terrestrial food production (Easy et al., 2011; RSPB, 2021). Among the most impacted
services are the regulation of water quantity and quality within river basins. Priority areas
include SW England, where agricultural runoff frequently causes concentrations of nutrients,
pesticides, suspended sediment and faecal indicator organisms (FIOs) to breach quality
standards (Environment Agency, 2016a; 2019a). Furthermore, runoff and pollution events are
being exacerbated by climate change, due to wetter winters and more frequent flooding
(Kendon et al., 2020).
Historical trends in rural/agricultural land use and management provide some indication of
potential future changes. In particular, changes in land use since 1990 captured by satellitederived land cover maps may signal similar changes in the next 10-20 years. For example,
there has been a recent increase in arable land in SW England and a reduction in pasture land
cover, in conjunction with a substantial destocking of grazing dairy and beef cattle (Paling
pers. comm.). These trends reflect changes in farming practice, including indoor rearing of
livestock, and also increasing consumer awareness of environmental sustainability and
changing dietary preferences, including for vegetarian food. Lower grade agricultural land has
also been targeted for growing energy crops and for direct energy generation in the form of
wind and solar farms in the last 10-20 years; growth of energy crops such as maize has
recently declined, but significant growth of perennial (woody) energy crops and direct
renewable energy generation are projected in the coming decades.

EU Exit is likely to lead to a departure from the existing framework of environmental
regulation, and may even provide an opportunity to implement step change in future land
use management; however the scale and trajectory of changes are subject to significant
uncertainty, depending on the steps implemented to manage environments and activities
affecting them. There is widespread recognition of the need for improvements in agricultural
practices and land management to reverse environmental impacts, which have not been
adequately addressed under the EU Common Agricultural Policy (DEFRA, 2018a). The
Government’s 25 Year Environment Plan (25 YEP) aims to integrate agricultural development,
under the new UK Agriculture Bill, with the environmental management of land, air and water
to enhance biodiversity and ecosystem functioning. Most importantly the 25 YEP aims to
maximise the delivery of multiple ecosystem services from agricultural landscapes through
implementation of holistic catchment-based approaches and natural capital-based
Environmental Land Management Schemes (HM Government, 2018a; 2018b). Integration of
environmental and agricultural policies with national planning policy frameworks, the
Industrial Strategy (HM Government, 2017a) and the accompanying Clean Growth Strategy
(HM Government, 2017b) also has the potential to facilitate a further step change in
sustainable development and land use management. Undertaking the valuation of natural
capital and making appropriate payments for derived ecosystem services will be essential for
maximising the profitability and sustainability of land use, including for example agricultural
production, nature conservation, housing, industrial development, or combinations thereof.
This will help reduce wide disparities in productivity, wealth and income between regions of
the UK, and also meet the UK Government’s ambition “To leave our natural environment in a
better condition than we found it” (Green Alliance, 2019). The valuation of nature/natural
capital/ecosystem services is now required in the appraisal and evaluation of all national
investments (HM Treasury, 2018).
It is highly evident that current land use is less than optimal and future planning should play
to the strengths of different regions, maximising the delivery of multiple ecosystem services
via sustainable and judicious use of land, water and other associated natural capital assets
across the UK. A key element in this natural capital approach is stakeholder participation. In
order to build a picture of likely beneficial future scenarios for rural/agricultural land use and
management in SW England, stakeholders representing a wide range of sectors across the
region were engaged in a virtual workshop. The outputs from the workshop are intended for
use in the modelling/prediction of positive and negative impacts of different future rural land
use options and to inform the optimal management of land and water quality for the benefit
of downstream stakeholders, including the aquaculture industry. This work is essential for
ensuring the sustainability and profitability of food production systems, both on land and in
water. Prediction of land use and water quality changes will also be highly beneficial for other
downstream stakeholders including the water, recreation and tourism industries, which are
also vital to the SW economy.
This report outlines engagement methods, learnings from stakeholder feedback and high
level basis for conceiving and optimising future land management scenarios.

2) Methods
A virtual workshop was conducted by video-conferencing on 21 October 2020, in order to
elicit views and insights from stakeholders on likely future scenarios for rural land use and
land management in SW England (Cornwall, Devon, Dorset and Somerset). The intention was
to develop realistic best case and worst case scenarios applicable to the region in the next 1020 years that could be used to facilitate the modelling of positive and negative impacts on
water quality in SW catchments and the identification of effective mitigation options. Over
100 stakeholders from farming and other industries, including water and waste industries,
along with environmental regulators, conservation authorities and academic researchers
(Figure 1) attended the workshop.
Figure 1: Sector representation among workshop participants

During the workshop stakeholders listened and responded to a series of five short
presentations and then in 5 separate breakout groups considered a common set of short
questions regarding possible future changes in agricultural land use and management in the
next 10-30 years. Stakeholders were encouraged to consider future scenarios based on
environmental drivers (e.g. climate change, flood risk, habitat change, pollution) and socioeconomic drivers (e.g. policy, demographics, economic, technological), all of which influence
the way we use land and water. The approach taken follows that set out by the UK National
Ecosystem Assessment Follow-on (UK NEAFO, 2014), which places different emphases on the
above drivers to define alternative plausible futures along six axes (Appendix 1). Of these axes
‘Local Stewardship’ was a major focus, given the regional nature of the workshop and the
desire to elicit local expert views and insights on future land use and management.
2.1) Presentations on future rural land use and land management in SW England
Short (5 minute) introductory presentations were given by an invited panel (Table 1). The first
presentation (a) outlined the purpose of the workshop and the importance of evaluating
future land and water quality management for the development of aquaculture alongside
agriculture. The following presentations outlined a range of agricultural land use and
management schemes designed to maximise profitability and sustainability of farming. All
schemes aim to reduce the impact of agriculture on soil and water quality through diverse
mechanisms: b) agro-ecological/regenerative farming practices; c) nutrient management and
emissions trading; d) natural flood management; e) participatory catchment-based
approaches; f) farmer advice on catchment sensitive farming practises.

Table 1: Presentations on future rural land use and land management in SW England
a) Future scenario setting for modelling water quality for aquaculture (Ross Brown SWEEP)
•

All inland surface waters in England failed to achieve good status in 2020 (WFD 1, 2020)

•

Clean and plentiful water are needed by numerous downstream users incl. aquaculture

•

Water quality is an indicator of land management and ecosystem health in the 25 YEP 2

•

Various environmental schemes aim to manage terrestrial habitats and water quality

b) Agro-ecological Farming Framework and Environmental Land Management Schemes
implementation in Devon (Sue Pritchard, Food Farming and Countryside Commission)
•

Agro-ecology aims for environmentally sustainable/socially equitable food production

•

A strategic framework for land use will deliver multiple additional ecosystem services

•

Low intensity farming can improve profit margins, productivity, environmental quality

•

A pilot framework is being developed and trialled in Devon

c) Nutrient management and emissions trading (Paul Cottington, National Farmers Union)
•

A nutrient trading scheme for farmers is being trialled in the Poole Harbour catchment

•

Aims: quantify farm-level nutrient budgets; enable catchment-wide nutrient trading

•

Assess ambition for cooperative nutrient management in other catchments

d) Managing the lowland and upland farmed landscapes of the SW for water quality and
wider natural capital outcomes (David Smith, South West Water)
•

Upstream thinking is restoring hydrologically functional uplands & floodwater storage

•

Flood and CSO 3 discharge risk reduction, through reduction of peak catchment flows

•

Enhance biodiversity conservation, nutrient regulation, carbon regulation etc.

•

Extend participatory upstream thinking across all SWW catchments in next 20 years

e) Catchment-based approaches (CaBA) for water quality management Nick Paling
(Westcountry Rivers Trust)
•

CaBA delivery is through 104 catchment partnerships across England and Wales

•

Integrated, holistic, adaptive, collaborative catchment management of water quality

•

Adaptive catchment management aligns closely with the natural capital approach

f) Catchment Sensitive Farming Rob Lamboll (Natural England)

1

•

Advise, train, support-£ farmers to improve environmental and business performance

•

Focus on priority areas - rural catchments not achieving good ecological status (WFD)

•

Evaluate farmer engagement, uptake of pollution control measures, water quality &
ecology

EU Water Framework Directive
UK Government 25 Year Environment Plan
3
Combined Sewer Overflow
2

Following each presentation a multiple choice question was posed to workshop participants
to poll opinions on future changes in land use and land management.
Slides and recordings of the presentations are available from the SWEEP website
(https://sweep.ac.uk/natcapexpo/#Day_2_Session_1).

2.2) Breakout discussions
Stakeholders were randomly assigned to one of six separate breakout groups, each of which
were provided with a common set of three short questions regarding possible future changes
in agricultural land use and management in the next 20 years (Table 2). Breakout groups were
chaired by each of the opening presenters, who ensured that all three questions were
addressed by all participants over a period of 20 minutes. All groups then reconvened and
each of the presenters in turn recapped on key discussion points in a 10 minute plenary. Each
of the 20 minute breakout discussions were also recorded in video, audio and online chat/text
format. The plenary of which is available using the link in Section 2.1.

Table 2: Breakout discussion questions exploring likely future scenarios for land
management and water quality in SW England
a) How effective are environmental stewardship schemes likely to be in terms of improving
and maintaining water quality?
b) What is the likely extent of environmental stewardship scheme coverage across SW
England in the next 10-30 years?
• Should schemes be rolled out across the whole region?
• Should schemes be targeted (e.g. on areas with high flood risk and poor water quality)?
c) Is water quality a good measure of good rural land management/ farming practice?

3) Results from presentations and stakeholder feedback regarding future land use
3.1) Projection of future changes based on recent historical trends
Future scenario setting based on the projection of recent trends represents a future that is
roughly based on today’s ideals and targets and is consistent with the ‘Go with the flow’
scenario outlined by the UK NEAFO (Appendix 1).
3.1.1) CEH land cover mapping
Currently South West England is largely comprised of farmland (80% total land cover), which

is dominated by grassland pasture and includes a lower proportion of arable farming than in
England as a whole (Figure 2). Within the SW River Basin District (Figure 3), land cover
currently comprises of improved grassland (53% - lowland pasture treated periodically with
fertilizers and herbicides), unimproved grassland (3% - mainly upland); arable land (24%),

woodland (11.5%), urban land (6.3%) and wetland mires/peatbogs (2.1%) (Centre for Ecology
and Hydrology, 2020). Recent (1990-2019) changes in land cover in SW England (expressed as
changing proportion of total land cover) include increasing woodland (9.5-11.5%), (sub)urban
land (4.6-6.3%) and arable land cover (20-24%), with concurrent reductions in grassland (6656%) and wetland (3.1-2.1%) (Figure 2; Appendix 2).

Figure 2: CEH land cover mapping showing current and recent changes in land use

The apparent increase in arable land use in the coastal margins of SW England may be due in
part to the conversion of some permanent pasture to temporary pasture, which may be
classified as arable via aerial imaging for CEH land cover classification (Paling pers. comm.).
SW England. [DEFRA classification of arable land also includes uncropped land and temporary
grassland (DEFRA, 2020a)].
It is evident that growing of cereals, brassicas, sugar beet and other root vegetables including
potatoes and swede has increased in recent years. This trend may continue, following a longterm shift towards high fibre, vegetable-rich diets in the UK (Kearney, 2010; AHDB, 2013).
Nevertheless, the hilly terrain of SW England, with soils that can become supersaturated, is
generally more suitable for grassland than arable crop production (FFCC, 2019).

The growth in biofuel crop production in the UK has been slow to date, falling substantially
below initial projections, despite government incentives for green/carbon neutral energy
crop cultivation on low productivity arable land (Hammond et al., 2008; Hillier et al., 2009;
DEFRA, 2019a). In particular growth in bio-diesel and bio-ethanol producing crops has been
limited. However, anaerobic digestion or combustion of biomass crops along with organic
wastes are major sources of bioenergy, which was the largest component of renewable
energy production in the UK, responsible for 79% of renewable heat and 59% of renewable
electricity generation in 2018 (DEFRA, 2019b). Anaerobic digestion has the added
advantages of being able to process a wide range of farm wastes and also produces
nutrient-rich digestate, which can be used as organic fertiliser. Maize is currently the largest
of the ‘edible’ biomass crops; its land cover has tripled in the UK since 1990 and now
amounts to 57000 ha – growth in maize has now plateaued. Non-food, perennial biomass
crops occupy much smaller areas of low grade agricultural land and are mainly composed of
elephant grass (Miscanthus giganteus - 7000 ha) and short rotation coppice e.g. poplar and
willow (3000 ha) (DEFRA, 2019a). The majority of biomass is currently imported, therefore
production of carbon neutral perennial biomass crops is likely to continue to grow, given the
UK’s commitment to achieving net zero greenhouse gas emissions by 2050. This will require
farmers to move away from ‘edible’ biomass crops such as maize. Maize has a net positive
carbon footprint with or without tillage (Holka and Bieńkowski, 2020) and contributes to soil
erosion and up to half of sediment loads in local rivers (Jaafar, 2010; Farnworth and
Melchett, 2015).
3.1.2) Agricultural census data
Agricultural census (agcensus data 1947-2010) provide fine spatial resolution information on
farming activities, land use, livestock densities and agri-chemical use across the UK
(http://agcensus.edina.ac.uk/). The most recent agcensus data from 2000 and 2010 were
used by the Environment Agency, the Wildlife Trusts and West Country Rivers Trust for
informing River Basin Management Plans (Environment Agency, 2015a). These and other
more recent data show that there has been a reduction in improved grassland cover and a
40-50% reduction in UK dairy herds (including SW England) in the last 20 years (Uberoi, 2020).
Prior to the recent decline in improved grassland, there has historically been a significant
increase in this land type, corresponding with major losses in rough (or Rhôs) pasture in the
form of Culm grassland (purple moorgrass Molinia caerulea and sharp-flowered rush Juncus
acutiflorus). Culm grassland is unique to SW England, in Devon and Cornwall and has reduced
in area by 90% since the 1950s (from 40000 to 4000 ha), following drainage management and
intensive agricultural improvement with fertilisers and pesticides (Puttock and Brazier, 2014;
DBRC, 2016). Fragmented remnants of Culm are scattered across the National Character Area,
which covers 3,500 km2 of North Devon and contains 80% of this internationally important
habitat in England (Hughes and Tonkin, 1997). As well as being an internationally important
habitat for floral and insect species, the Culm grasslands provide a range of ecosystem
services including natural flood management (holding 11 times more water than improved
grasslands) and water quality regulation (in terms of nitrogen, phosphorus and soil/sediment
retention) (Puttock and Brazier, 2014).

3.1.3) Reflections from stakeholders on possible future changes in land use based on recent
trends
Stakeholders didn’t anticipate significant changes in overall agricultural land footprint in SW
England, but considered that changes were likely to take place within current agricultural land
use parcels, including changes to crops and crop production systems. Many stakeholders
recognised that there has been an increasing trend for dairy and beef cattle to be reared
indoors and fed fodder crops such as maize and beet grown on former pasture land. However,
there was wide recognition among stakeholders that the production of some energy/fodder
crops such as maize is currently unsustainable, since this leads to the exposure of soils to
winter weather and increased run-off and erosion, impairing both soil and water quality
(Farnworth and Melchett, 2015; Environment Agency, 2019a). This was one reason why
stakeholders did not anticipate major growth in land use for maize cultivation.
Several stakeholders believed the recent proliferation of solar farms in SW England was likely
to continue. Despite government subsidies drying up in 2017, there are independent,
community-based plans for developing new solar farms on low grade grassland, which can
continued to be grazed by sheep under and around the solar panels in autumn and winter.
Community-based projects currently aim to generate 11.6 GW, doubling current capacity
across 469 sites (potentially occupying around 17500 ha) in the UK, including a new 7.3 MW
farm in Yealmpton in SW England (Solar Media, 2020; Renewable Energy Planning Database,
2020).

3.2) Contemporary drivers for changes in future land use
3.2.1) Changing market pressures and food and energy strategies
Pressure on farm product pricing (e.g. milk), including by supermarket retailers, is forcing
many small/upland farms out of business, while many others are only able to survive due to
government subsidies (and these are being phased out and being replaced by Environmental
Land Management Scheme (ELMS). Food market pressures have led to many small farms
being subsumed into larger commercial farming units relying on economies of scale, or being
bought as lifestyle businesses or country real estate (Winter et al., 2016).
A comprehensive review of food production and consumption in England, involving wide
stakeholder consultation, is currently being conducted in order to inform the forthcoming
National Food Strategy (NFS). The review acknowledges that food security is a growing
concern due to population growth, unsustainable, unhealthy diets and projected climate
change impacts on agriculture. As well as addressing regulation and marketing of food
products, the NFS aims to tackle grass roots issues including gathering views from the public
on “What do we want our countryside to look like?” (Dimbleby, 2020). Environmental
standards are also likely to continue to be driven by environmental stewardship schemes
demanded by customers and retailers, and eco-labels such as the British Red Tractor.
The UK’s draft integrated National Energy and climate Plan (NECP) indicates that renewable
energy production from biomass has recently been overtaken by onshore and offshore wind
farms, which now account for 54% of renewable electricity generation (BEIS, 2019). Wind
farms and solar farms are predicted to grow substantially in the next 10-30 years under all

likely future scenarios leading up to 2050 (DEFRA, 2019b). The NECP incorporates restrictions
on the use of food crops for energy production, which aim to address concerns around
indirect land use change. In particular the Plan contains the Renewable Transport Fuels
Obligation (RTFO), which includes limiting the contribution of crops towards transport fuels
(bio-diesel and bio-ethanol) from a maximum of 4% in 2020, declining to a maximum of 2% in
2032, with the gradual switch to electric vehicles.

3.2.2) Influence of planning and environmental policy changes on future land use
The UK population was estimated to be 66.8 million in 2019 following an annual increase of
0.5%. In the same period the total population of SW England was 5.59 million, following an
annual increase of 0.72%. Compared to other regions of the UK, SW England is receiving the
greatest net inflow of residents (4.7 per 1,000 population) (Office for National Statistics, 2020)
and the population in the SW is projected to reach 6.3 million by 2041 (Statistica, 2021).
Furthermore, there is a rapidly growing shortage of affordable housing, particularly in low
income areas of Dorset, Devon and Cornwall.
The National Planning Policy Framework (NPPF) recognises the growing need for affordable
and sustainable housing development; in November 2020 housing delivery was below 75% of
housing requirements noted over the previous three years (Ministry of Housing, Communities
and Local Government, 2019). The NPPF aims to target developments on land with the least
environmental or amenity value, minimise impacts on and provide net gains for biodiversity,
establish coherent and resilient ecological networks, restore and enhance priority habitats
and natural capital at a catchment or landscape scale across local authority boundaries.
Planning decisions by Local Planning Authorities should maximise the provision of multiple
benefits from both urban and rural land developments, including benefits to wildlife,
recreation, flood risk mitigation, cooling/shading, carbon storage and food production, while
also improving public access to the countryside. In particular, planning decisions are required
to protect landscapes, geology and soils, consider the economic and other benefits of best
most versatile (BMV) agricultural land, and use poorer quality land for alternative
development (Ministry of Housing, Communities and Local Government, 2019).
The UK’s Industrial Strategy (HM Government, 2017a) and the accompanying Clean Growth
Strategy (HM Government, 2017b) also call for sustainable development and land use
management to reduce wide disparities in productivity, wealth and income between regions,
and to meet the Government’s ambition “To leave our natural environment in a better
condition than we found it.” This will be achieved by harnessing science and innovation,
creating green jobs and supporting infrastructure to level up disparities across the regions
and ‘build back better’ kick-started by £600 billion of gross public sector investment (including
an £80 million Green Recovery Challenge Fund) over the next five years (HM Treasury, 2021).
Technical innovations in precision farming methods are expected to contribute towards clean
growth, enabling reductions in fertilizer, pesticide and irrigation water use, through
environmental sensing and surveillance systems and more targeted use of agri-chemical and
recycled nutrient-rich waste products (EIP-AGRI, 2019). The increased uptake of regenerative
farming methods will also be a component of clean growth, delivering multi-functional,
sustainable agriculture. These methods include no-tillage, residue mulching, cover cropping,

integrated nutrient and pest management, complex rotations, and integration of crops with
trees and livestock (Lal, 2020). It is hoped that ‘high tech’ precision farming and regenerative
farming methods will help entice young people into the ageing industry workforce (DEFRA,
2016) and help build the resilience of the agriculture industry, including mitigating the
impacts of climate change (Roy and George, 2020; Saiz-Rubio and Rovira-Más, 2020).
Climate change poses one of the greatest risks to future food production both in the UK and
globally (Roy and George, 2020). As well as being a major victim of climate change, agriculture
is a key driver, which holds significant potential to limit it (IAASTD, 2009). The general
consensus is that climate change will have both significant positive and negative impacts on
UK agriculture, and these will vary depending on geographic region and local landscape.
Changing patterns of rainfall, including increased risk of drought in the summer and flooding
in the autumn and winter are expected to impact on crop production and the timing of
farming operations, resulting in environmental damage, such as soil erosion and compaction.
However, considerable uncertainty remains as to the location and severity of these impacts,
and the rate of recovery following perturbations (Bullock et al., 2017; Redhead et al., 2020).
Nevertheless, the presence of semi‐natural habitats in proximity to arable land has been
shown to mitigate extreme climate-related impacts on crop yield, including cereals such as
wheat (Redhead et al., 2020).

3.2.3) Reflections from stakeholders on possible future changes in land use based on recent
policy changes
Given increasing pressures on land use, including from urban and rural housing development
on green as well as brown- field sites (Foresight Land Use Futures Project, 2010), stakeholders
considered that the proportion of land used for food production from farming is unlikely to
grow. The proportion of exsiting farmland used for cultivating arable food and fodder crops
is likely to continue to grow. The introduction of Environmental Land Management Schemes
(ELMs) is also likely to encourage more multi-functional agriculture, creating a tension
between land sharing and land sparing for maximising the delivery of ecosystem services
beyond food production, including flood control and carbon capture.

3.3) Contemporary drivers for changes in future land management
3.3.1) Environmental policy changes influencing agricultural land management
The Government’s 25 Year Environment Plan (25 YEP) aims to achieve net zero carbon
emissions and net gains in biodiversity and water quality across England (Table 3) (HM
Government, 2018a). The 25 YEP commits to the establishment of ELMS and a ‘Nature
Recovery Network’, to restore 75% of protected sites on land (including freshwaters) to
favourable condition and to create an additional 500,000 hectares of wildlife habitat, more
than three times the area of Greater London by 2042 (HM Government, 2020a). The 25 YEP
also commits to natural woodland restoration and tree planting (up to 30,000 hectares of
trees per year by 2025 across the UK), which will contribute significantly to national efforts to
reach net zero carbon emissions by 2050. Woodland restoration will be achieved through the
£640m Nature for Climate Fund (NCF) announced in the March 2020 budget. In order to

maximise the delivery of public goods through the spending of public money, the forthcoming
Tree Strategy for England (undergoing public consultation) aims to align tree planting with
nature conservation, avoiding tree planting on carbon sequestering wetland/peat bog. In
addition promoting net gain in biodiversity, the Tree Strategy will contribute to flood
protection and sustainable agriculture. The strategy will aim to target planting in urban areas,
integrate trees and woodlands into farmland and create large new forests (DEFRA, 2020b).
The Forestry Commission and Environment Agency’s £1.4 million ‘Woodlands for Water’
programme (funded via the NCF) aims to plant over 850000 trees to protect around 160 km
of river from flooding and impaired water quality by reducing surface run-off (HM
Government, 2020b).
In SW England the Woodlands4Water will plant over 30000 trees in three areas: the Taw
Torridge catchment including the North Devon Biosphere; the Camel catchment in Cornwall;
the Otter, Sid and Axe catchments and the Blackdown Hills Area of Outstanding Natural
Beauty (AONB) in East Devon (Woods4Water, 2020). Tree planting is being targeted based on
opportunity mapping, which aims to identify priority locations to restore environmental
system function, avoid unintentional consequences and promote more integrated catchment
management (Forest Research, 2020; Lagas, 2020). Mapping accounts for the heterogeneity
of landscapes, allowing different areas of land to be used to best advantage, based on their
specific characteristics. Multi-functional land use (land sharing) may be optimal in some areas
(Todman et al., 2019), whereas ‘land sparing’ i.e. segregation of food production from other
ecosystem services might be preferable for other landscapes and scales (Phalan et al., 2011).
With respect to achieving 25 YEP targets of clean and plentiful water and managing exposure
to chemicals (Table 3), numerous agriculture (and domestic) pesticides have been banned in
the last two decades and several are designated as priority pollutants destined for phasing
out in the near future under the EU Priority Substances Directive (2013/39/EU). This phasing
out is likely to continue, in keeping with the maintenance of a level playing field for enabling
trade between Britain and the EU. There have also been changes in ways farms use pesticides
e.g. several highly toxic and persistent organophosphate insecticides have been banned
including for use in sheep-dipping to control sheep scab and lice, and dipping is now
undertaken by highly regulated mobile contractors (Farmers Weekly, 2020). The UK
government also implemented additional Farming Rules for Water in April 2018 (Table 4)
(DEFRA, 2018b).

Table 3: Key targets and actions within the 25 YEP
Targets and actions relating specifically to sustainable agriculture are highlighted in bold.
Key targets within the 25 YEP

Actions

Clean air

Reduce emissions of damaging air pollutants, including from
burning of fossil fuels
Halve impacts of air pollution on human health by 2030

Clean and plentiful water

Reduce damaging water abstraction and pollution
Enhance water quality for biodiversity and drinking water in
catchments via River Basin Management Plans
Minimise water losses (leaks). Minimise harmful bacteria in
designated bathing waters by 2030

Thriving plants and wildlife

Grow a resilient network of well managed land, water and sea
areas
Restore 75% of UK’s one million hectares of terrestrial and
freshwater protected sites to favourable condition
Create or restore 500,000 hectares of wildlife-rich habitat
outside the protected site network, including planting 180,000
hectares of woodland by end of 2042

Reducing the risks of harm from Reduce risks from flooding, drought and coastal erosion
environmental hazards
Using resources from nature more Ensure that resources from nature, such as food, fish and
sustainably and efficiently
timber, are produced/farmed and used more sustainably and
efficiently. Manage soils, woodland and fish stocks sustainably
by 2030
Enhancing beauty, heritage and Conserve high quality, accessible, natural spaces close to
engagement with the natural where people live, safeguarding and enhancing the beauty of
natural scenery
environment
Mitigating and adapting to climate Minimise greenhouse gas emissions including from land use,
change
land use change, the agriculture and waste sectors
Minimising waste

Eliminate avoidable plastic waste by end of 2042
Aim for zero avoidable waste by 2050

Managing exposure to chemicals

Significantly reduce the levels of harmful chemicals entering
the environment (incl. through agriculture)
Eliminate the use of Polychlorinated Biphenyls by 2025, in line
with commitments to the Stockholm Convention
Reducing land-based emissions of mercury to air and water by
50% by 2030

Enhancing biosecurity

Reduce the risk of impact of plant and animal diseases and
invasive non-native species
Protect wildlife and livestock, and boost the resilience of
plants and trees

Table 4: CSF Farming Rules for Water
1 a) Application of organic manures and manufactured fertilisers to cultivated land must be planned
in advance to meet soil and crop nutrient needs and not exceed these levels
b) Planning must take into account where there is a significant risk of pollution* and the results of
testing for Phosphorus, Potassium, Magnesium, pH and Nitrogen levels in the soil every 5 years.
2. Organic manures must not be stored on land: a) within 10 m of inland freshwaters or coastal waters;
b) where there is significant risk of pollution entering inland freshwaters or coastal waters; c) within
50 m of a spring, well or borehole
3. Organic manures or manufactured fertilisers must not be applied: a) if the soil is waterlogged,
flooded, or snow covered; b) if the soil has been frozen for more than 12 hours in the previous 24
hours; c) if there is significant risk of causing pollution
4. Organic manures must not be applied: a) within 10 m of any inland freshwaters or coastal waters,
(within 6 metres if precision equipment is used); b) within 50 m of a spring, well or borehole
5. Manufactured fertiliser must not be applied within 2 metres of inland freshwaters or coastal waters
6. Reasonable precautions to prevent significant soil erosion and runoff from: a) the application of
organic manure or manufactured fertiliser; b) land management and cultivation practices (such as
seedbeds, tramlines, rows, beds, stubbles, polytunnels and irrigation); c) poaching by livestock
7. Any land within 5 metres of inland freshwaters and coastal waters must be protected from
significant soil erosion by preventing poaching by livestock
8. Livestock feeders must not be positioned: a) within 10 m of any inland freshwaters or coastal
waters; b) within 50 m of a spring, well or borehole; c) where there is significant risk of pollution from
poaching around the feeder entering any inland freshwaters or coastal waters

* Pollution risk depends on: the slope of the agricultural land (>12°); ground cover; proximity to inland
fresh waters and coastal waters; proximity to wetlands; weather conditions; soil type and condition;
presence and condition of agricultural land drains.

Table 5: Evolution of national environmental stewardship schemes in England
Note the majority of schemes are voluntary/ financial incentive schemes.
* ELMS will impose basic requirements, which farmers are obliged to meet by law. The scheme will
also incorporate additional environmental management standards and targets, which, if met, will
attract farm payments e.g. Peatland Code (IUCN-UK,2021), Woodland Carbon Code (WCC, 2021).
Scheme

Environmental aims

Location

a) Environmental Sustainable
Farming England
Land Management Local Nature Recovery Wales
Scheme (ELMS)*
Landscape Recovery
b)
Countryside
Stewardship (CS)
(integrates
the
following
three
schemes c-e)

Duration

and From 2024 DEFRA
(transition
2021-28)

Conserve and restore Priority areas in 2015-2020
wildlife habitats, incl. England (Figure
woodlands,
manage 1)
flood
risk,
reduce
agricultural pollution of
surface waters

c) Environmental As above
Stewardship (ES)

Coordinators/
Sponsors

Natural England,
DEFRA

Priority areas in 2005-2020
England

Natural England,
DEFRA

d)
Catchment Reduce
agricultural Priority areas in 2006-2020
Sensitive Farming pollution of surface England
(CSF)
waters
(Countryside
Stewardship)

Natural England,
EA, DEFRA

e)
English Sustain and increase
Woodland Grant public benefits from
Scheme (EWGS)
existing, newly created
and restored woodlands

Forestry
Commission,
DEFRA

Regional
Forestry
Framework
plan areas

2005-2014

Additional exemplar agri-environment schemes in SW England
f)
Upstream Catchment management
Thinking (UsT)
scheme which applies
natural landscape-scale
solutions to improve
water quality and supply.

Primarily
strategically
important
drinking water
catchments in
the SW

UsT2 2015- South
West
March 2020 Water,
WRT,
DWT,
CWT,
UsT3 2020- FWAG, NE, EA
2025

g)
Nutrient Nutrient accounting and Pilot:
Poole In
National Farmers
Accounting
and trading (nitrogen) – over Harbour
development Union
2018-2020
Trading (NAT)
performing farms sell catchment
credits
to
offset
underperforming farms
h)
Farming Facilitate
Pilot: Devon
Framework
for multifunctionality to use
land to its full potential
England (FFE)

In
Food,
Farming
development and Countryside
Commission

i)
Regenerative Restoring degraded soil International
Farming (RF)
organic matter and
biodiversity – resulting in
both carbon drawdown
and water infiltration
and storage.
j) Nature Recovery A national network of
Network (NRN)
wildlife-rich places to
increase and restore
nature, and the role of
the delivery partnership
and management group.

Ongoing:

National
Up to 2042
scheme
but
local strategies
and targets for
delivery.

Regeneration
International

DEFRA, Natural
England
and
partners.

3.3.2) Delivering environmental goods and services beyond food production
Environmental stewardship schemes have been (re)designed and implemented in the last 10
to 20 years, modifying agricultural practices and land management in order to restore
biodiversity and improve soil and water quality (Table 5). These schemes focus on regulating
pesticide use, managing slurry/waste, restoring soil quality, managing flood risk and
minimising land runoff and soil erosion. Natural flood management via planting of trees and
creation of riparian buffer strips and restoring wetland areas, are particularly important in SW
England given climate change and increasingly wetter winters (Kendon et al., 2020).

3.3.3) Reflections from stakeholders on future land management implementing new policy
Stakeholder participants expressed hope for demonstrable improvements in agricultural and
rural land management after EU Exit, but thought that existing farm/land management
schemes should be more integrated and that remits should be extended (Figure 3). As well
as managing flood risk and water quality, additional remits should include climate change
adaptation and mitigation, as well as promoting biodiversity (net gain). Leading examples
include National Farmers Union (NFU), who have set a target of 2040 for achieving net zero
carbon emissions from agriculture, 10 years ahead of the UK Government target. SWW in
partnership with SW farmers, WRT and DWT have restored 2,083ha peatland capable of
storing 416,600t of carbon (SWW, 2020).
Figure 3: Stakeholder opinion on expanding the remit of Catchment Sensitive Farming (CSF)

a) Environmental Land Management Schemes (ELMS) aim to promote sustainable farming,
local nature recovery and landscape recovery. However, there is currently limited
understanding among stakeholders as to how these aims will be achieved, if and how they
will be delivered through existing environmental schemes (Table 5) or through new
mechanisms, and to what extent habitat restoration and re-wilding will be addressed. The
majority of stakeholder participants were somewhat optimistic about ELMS (Figure 4). When
questioned, stakeholders said that their optimism for ELMS success was limited by their
uncertainty about the implementation process. The need for integration of ELMS with other
schemes and for wide geographical coverage (providing opportunities for farm/
environmental improvements across the SW) were also highlighted by stakeholders (Table 6).
Figure 4: Stakeholder optimism for the success of future Environmental Land Management
Schemes (ELMS)

Table 6a: Stakeholder views on ELMS
•

ELMs are more likely to promote investment than result in large-scale abandonment of
agricultural land. Changes are anticipated initially through the repurposing of smaller
farms and/or their inclusion in larger agricultural cooperatives or businesses.
o Large-scale fundamental changes in land use are unlikely in the next decade

•

ELMS should aim to complement/integrate with existing DEFRA schemes (e.g. CS, CSF)
and other environmental schemes (e.g. UsT, FFE, NAT, NRN, RF) (Table 4).

•

ELMS need to have wide (universal) geographical coverage e.g. the Culm is part of the
NRN, but is not covered by current agriculture-related schemes and is in a poor state.

Table 6b: Stakeholder views on land use and environmental management in general
•

Arable land use is likely to continue to increase steadily (Figure 5).

•

None of the existing management schemes adequately address impacts from arable
farming, since profits from produce exceed rural payments e.g. lucrative bulb and
vegetable farming. Buffer strips can help reduce soil erosion and run-off.

•

Water quality is a good measure of good land management and farming practice, but
is not the only one. Biodiversity and habitat cover are also important indicators.

Figure 5: Stakeholder opinion on most likely land-use changes in the next 10-30 years

b –e) Countryside Stewardship including Catchment Sensitive Farming (CSF) – A major
attribute of CSF is the monitoring of environmental improvements following advice and
interventions on farming practice. A total of 127 different CSF measures have been advised
on soil management (25%) fertiliser management (23%) manure management (20%), farm
infrastructure (16%), pesticide management (7%), livestock management (5%) and land use
(1%). Across priority areas (Appendix 4) soil management measures contributed most to
reductions in local river water concentrations of suspended sediment (-90%), total
phosphorus (-60%) and nitrogen (-45%). Farm infrastructure and livestock measures
contributed most to FIO reductions (-91% combined), manure and fertiliser management
measures substantially reduced dissolved phosphorus (-68% combined) and pesticide
management reduced local pesticide concentrations (-88%) (Environment Agency, 2019b).
Stakeholders considered that advice and monitoring of environmental improvements are key
to success (i.e. more effective than relying wholly on direct financial payments). However,
farmers are under high financial pressure. They are also part of an aging community, which
may lack the skills and energy to change over to CSF or other practices (e.g. precision or
regenerative farming). There is a clear need for educational training and advice, as well as
financial support to deliver ELMS. Several stakeholders believed that advice was heeded best
when it was given by other farmers ‘over the farm gate’. Farmer networks are therefore also
a major component of the key to success (UK Farmer Group Discussion Network, 2020).

f) Upstream Thinking (UsT) - SWW in partnership with SW farmers, Westcountry Rivers Trust,
the Wildlife Trusts and the Farming and Wildlife Advisory Group SW have in the last 10 years
restored 2,083 ha peatland in 10 catchments extending across Exmoor, Dartmoor and Bodmin
moor, which are capable of storing 416,600t of carbon (SWW, 2020). The work has also made
significant improvements in regulating flooding and water quality for the benefit of drinking
water abstraction and treatment, as well as for other amenity uses and for riverine flora and
fauna. Stakeholders considered that uplands should primarily support natural ecosystems
including forests and mires, which are important for regulating water flooding and quality,
and providing carbon storage and biodiverse habitats (Figure 6). The next (third) phase of UsT
will cover 18 catchments for the period 2020-2025, with the aim of improving raw water
quality and long-term resilience of water supply while simultaneously restoring landscapes

and enhancing biodiversity (net gain). Interventions will include catchment-wide nutrient
management agreements, river bank planting, buffer strip creation, riparian fencing, river
(fish spawning) habitat restoration, wetland restoration including blanket bog and culm
grassland, and the planting of 1 million trees by 2030 (SWW, 2020) (as part of the Water UK
10-year national commitment to plant 11 million trees) (SWW, 2020).

g) Nutrient Accounting and Trading (NAT) - The NFU are developing the first nutrient
emissions trading scheme for farmers, which is being trialed in the Poole Harbour catchment
(Table 5). This is a partnership programme for mitigating nutrient enrichment and avoiding
the need for a Water Protection Zone, which would likely threaten the viability of numerous
smaller farms in the catchment. The trading scheme is expected to be far more effective than
requiring all farms (large or small) to manage their nutrients at an individual farm level (NFU,
2020). In the spirit of multi-stakeholder cooperation, workshop participants believed that
enagement of stakeholders across all sectors is required to effect real change on the ground
(Figure 7).

h) Farming Framework for England (FFE)
Failure to capitalise on synergies in land usage has resulted in land not fully delivering on its
potential to offer a range of public needs. A more strategic approach to land use would enable
it to play a better role in delivering key social, economic and environmental objectives
including: farming for healthy food; enabling carbon sequestration; supporting habitat
creation and housing development. A strategic framework is being trialled in Devon,
capitalising on the North Devon Pioneer Environmental Land Management Trial (North Devon
Biosphere, 2021). The proposed land use framework has four strands: i) mapping natural
capital and future opportunities for land use; ii) ensuring land is used appropriately and
delivers multiple benefits; iii) developing a legislative and decision-making framework for land
use; iv) setting an overall vision that guides how decisions about land are made (FFCC, 2021).

i) Regenerative Farming (RF)
Like organic farming, regenerative farming avoids the use of chemical fertilizers and
pesticides. It takes an holistic approach to identify and manage rate limiting steps in order to
minimise any losses in net productivity, taking into account inputs versus outputs from the
agricultural system. RF also seeks to maximise benefits from all natural capital assets within
farm environments, for example by habitat management to maximise ecosystem service
delivery, including nutrient/waste recycling, soil formation/regeneration, water regulation,
carbon capture, biodiversity enhancement (and climate change resilience). Maintaining and
restoring these ecosystem services are central to the 25 YEP (Table 3). Several farms in SW
England have adopted regenerative farming approaches and some of these have been
profiled (Agricology, 2020).

j) Nature Recovery Network (NRN)
The NRN will be a national network of wildlife-rich places. The aim is to expand, improve and
connect these places across our towns, cities and countryside in order to increase and restore
nature. The NRN will by 2042: restore 75% of protected sites on land (including freshwaters)
to favourable condition; create or restore 500,000 hectares of additional wildlife-rich habitat
outside of protected sites, providing more, diverse and better connected habitats; increase
woodland cover; achieve a range of environmental, economic and social benefits, such as
carbon capture, pollination, flood management, clean water, and recreation. The NRN is
being led by Natural England and supported by Defra, the Environment Agency and the
Forestry Commission. It is a major commitment in the Government’s 25 Year Environment
Plan and part of the forthcoming Nature Strategy.

4) Results from breakout discussions among stakeholders on likely future scenarios for land
management and water quality in SW England
4.1) What is the likely extent of coverage of environmental stewardship/ agri-environment
schemes across SW England in the next 10-30 years?
There are diverse opportunities for land use and land management in SW England including
via ELMS, which will support farmers in implementing a range of measures for maintaining
agricultural productivity while also enhancing natural capital, including biodiversity and water
quantity and quality. For example opportunities for enhancing land use and management in
Cornwall have been highlighted by the Tevi project ‘Lagas’. Lagas is an online natural capital
management and information hub for gathering environmental intelligence using the latest
technology in sensor networks, mapping software and live wildlife cameras at selected sites
across Cornwall. The recently developed hub will play a key role in ensuring the achievement
of biodiversity net-gain (as well as improving water quality) within local development plans
through opportunity mapping for habitat restoration (e.g. woodland and wetland) (Lagas,
2020). Tools such as Lagas and opportunity mapping by Forest Research (2020) will also be
key to informing the implementation of ELMS.
Stakeholders highlighted that the uptake of ELMS and other agri-environment schemes will
depend upon farmers being able to understand, access and realise the value of these
schemes. One group summed this up in four words: ‘context matters’ – referring to
geographical context, maximising local opportunities for land management and
environmental outcomes; and ‘context changes’ – with successional changes the farming and
land management community, and changes in environmental and socio-economic climate.
Context also includes the communication and interaction between farmers and with farm
advisors. Maximising the uptake and delivery of agri-environment schemes will require
gaining buy in from farmers and this is likely to be best achieved through local and regional
farmer networks and champions, aimed at sharing best practice and ensuring joined up
delivery of food production and other public goods and ecosystem services e.g. via
interconnected flood management and biodiversity networks (NRN, green corridors).
During the current transition period leading up to full implementation of ELMS in 2028, there
is a growing opportunity expanding regenerative farming in SW England (Agricology, 2020).
The key principles underpinning RF correspond with the aims of the 25 YEP (Table 3) and are
therefore likely to underpin ELMS (FWAG SouthWest).
The funding of wider strategic catchment partnership schemes e.g. Woods4Water and
Upstream Thinking will also continue to be key to improving land use and water quality.
Additional blended public and private partnership projects are also being financed via Land
Enterprise Networks (LENs), which include local businesses who require and/or are working
towards mutually beneficial landscape outcomes. An example in SW England is the
management of phosphate concentrations in the Hampshire Avon through the procurement
of actions and results from the Pewsey Downs Farmer Group (Game and Wildlife
Conservation Trust, 2021). This is similar to the nutrient trading scheme focusing on nitrogen,
which is being coordinated by the NFU, local farmers and Wessex Water in the Poole Harbour
catchment (Table 5).

Some stakeholders also highlighted the benefits of extending partnership programmes
beyond catchments to a regional scale, in order to integrate and maximise the restoration of
natural capital assets and ecosystem service delivery. The aggregation of interventions and
scaling up of resulting benefits will better enable the SW (particularly during the transition
period) to access environmental financing from the UK’s first ‘sovereign green bond’
proposed for 2021 by the Chancellor of the Exchequer. So far 19 other countries have issued
sovereign labelled bonds, worth ~$92 billion (Environmental Finance, 2020). A Natural Capital
Maket Place for projects aiming to create/enhance economic, social and governance (ESG)
value of local and regional natural capital assets is currently being established and trialled in
Devon (North Devon Council, 2021). The marketplace place will bring together land (and
marine) asset owners, customers/investors and natural capital project delivery partners to
create a pool of resources, a pipeline of viable/auditable projects (meeting required standards
e.g. Peatland Code (IUCN-UK, 2021), Woodland Carbon Code (WCC, 2021)) and a long-term
investment budget to ensure sustained delivery of ESG value. Natural capital investment
priorities highlighted for agricultural land management in North Devon include protecting and
improving water quality and minimising flood risk (Eunomia, 2020).
4.1.1) Should schemes be rolled out across the whole region?
Stakeholders were supportive of universal blanket roll out of ELMS measures across the SW
region, but they also acknowledged the benefits of targeting ELMS measures (and payments)
based on the potential for landscapes to deliver public goods and services required by local
residents and businesses, and for maximising delivery from a more strategic regional
standpoint (Sections 3.3.1). Stakeholders therefore acknowledged that some farmers stand
to benefit from ELMS payments, due to their greater potential to deliver goods and services,
whereas other farmers may have limited potential to access to ELMS payments. An alternative
means for encouraging improvements in land management and water quality is to provide all
farmers and other land owners (including the general public) with a standard set of principles
for everyone to follow. This approach is also being taken in ELMS, which incorporate a
standard set of obligatory requirements for all land owners/managers, and these should build
upon the Catchment Sensitive ‘Farming Rules for Water’ (Table 4) and rules from other
existing agri-environment schemes.
There will be considerable pressure on the UK Treasury to demonstrate financial return from
ELMS in terms of delivery of public goods and services, which will drive a more targeted
approach towards ELMS roll out. Key policy drivers influencing ELMS implementation (in
addition to those highlighted in Sections 3.2 and 3.3), include the housing development white
paper on ‘Planning for the Future’ (Garton Grimwood, 2020), the Green Finance Strategy (HM
Government, 2019), and the UN Climate Change Conference of the Parties (COP26) in 2021.
There is an urgent need for pilot projects to showcase ELMS (and catchment sensitive and
regenerative farming) in the transition period, demonstrating the range and value of possible
measures. This will be important for demystifying ELMS, ensuring uptake and successful
delivery by farmers, as well as demonstrating value to downstream beneficiaries, including
food retail and other value chains and the public. Stakeholders believed that farmers should
be given as much opportunity as possible to opt into the new scheme. For example, they
should be provided with a pick list of priority measures and targets for their

locality/catchment, from which they could select those that are most relevant to their
business.
Designing and implementing ELMS (including catchment sensitive and regenerative farming
practices) and demonstrating the benefits for ecosystem health and functioning will take
some time, in some cases more than the eight year transition period. Furthermore, causal
links may not be discernible if multiple measures are put in place at the same time. Monitoring
and reviewing the performance of ELMS will be a key part of a continuing plan-do-review
cycle. Monitoring will be costly, but the benefits for focusing measures and driving medium
to long-term improvements are tangible, as already shown by CSF. The value of monitoring
data will be increased by data sharing within and between catchments, but hurdles include
quality assurance, data security, data and software standardisation and accessibility. Some
stakeholders mentioned that the number of software systems and ‘apps’ was already
bewildering and likely to grow exponentially. FWAG Southwest use industry standard tools
such as UK Hab classification (ukhab.org) and The Land App (www.thelandapp.com) for
habitat mapping.

4.1.2) Should schemes be targeted (e.g. on areas with high flood risk and poor water
quality)?
Stakeholders agreed that some measures, including flood mitigation and pollution
management would be most effective if they were targeted in high risk areas. Making
improvements in high risk areas, should also help demonstrate and propagate good practice,
and help raise the bar in other areas, which would lead to better overall outcomes throughout
catchments.
The SW River Basin District contains nine management catchments (Appendix 3) containing
diverse landscapes, which provide different opportunities and challenges for optimising land
use, flood mitigation and water quality management. The west of the District is susceptible
to rapid onset flooding in the small steep sided, impermeable rocky catchments in Devon, and
Cornwall. The east of the District is more prone to delayed, but prolonged flooding, for
example in porous chalk catchments in Dorset and the low lying Somerset Levels and Moors,
where river systems are at or below sea-level and require pumped drainage (Environment
Agency, 2015a). Examples of effective natural flood management (NFM) schemes in different
parts of SW England include the restoration of peatland in several hydrological catchments in
SWW’s Upstream Thinking programme (2011-2020). Blocking peatland drainage ditches to
retain water has reduced storm discharge by up to 32%, leading to more sustained and higher
base flows during dry periods, benefitting wildlife and enabling drinking water abstraction.
Other NFM schemes currently underway in SW England include reconnecting the river Culm
and the river Otter to their historic floodplains and returning them to a more natural
condition. In the Culm, restoration of woodland, hedgerow and wetland (including Culm
grassland) will build climate change resilience, tackling the growing issues of flood and
drought, improving water quality in the river, and creating a better place for wildlife and
people (Connecting the Culm, 2021). The lower Otter restoration project will alleviated
coastal flooding and create over 50 ha of intertidal mudflats, saltmarsh and other valuable
estuarine habitats (LORP, 2021).

4.2) How effective are environmental stewardship/ agri-environment schemes likely to be
in terms of improving and maintaining water quality?
Stakeholders highlighted that managing diffuse agricultural pollution to improve water
quality is difficult, often requiring the coordination of multiple interventions by multiple
farmers and other land owners. Local improvements in water quality can be achieved by
controlling farm operations according to the Farming Rules for Water (Table 4), installing
riparian buffer strips and hedgerow and tree planting to control run off, and by using fencing
to prevent livestock contaminating water courses. These local interventions contribute to
cumulative benefits on water quality, but benefits can be diminished if poor land
management occurs elsewhere in a catchment, leading to impacts downstream. Natural flood
management schemes can be effective in reducing agricultural runoff and driving wider
improvements in water quality, especially when a whole catchment partnership approach is
taken. This approach helps ensure that implementing flood management measures in one
place does not lead to significant problems in another part of the catchment. To ensure longterm resilience, flood management also needs to account for climate change and sea level
rise. The National Resilience Review (to 2021) and the 25 YEP aim for more integrated
catchment planning for water, where Flood and Coastal Risk Management, River Basin
Management, nature conservation and land management are considered together
(Environment Agency, 2016b).

4.3) Is water quality a good indicator of good rural land management/ farming practice?
Stakeholders agreed that despite being a complex issue (and difficult to manage) water
quality is a good indicator of good environmental land management, but this shouldn’t be the
only one used. Under ELMS and other agri-environment schemes farmers will be remunirated
for delivering water quality and flood regulation alongside a range of other public goods and
services, including carbon capture and biodiversity enhancement. In order to justify £ billions
of farm payments from ELMS, a range of metrics and standards will be required to ensure
that services are quantifiable, additional and permanent. Metrics and standards have already
been developed within CSF’s Farming Rules for Water (Table 4), the Peatland Code (IUCNUK,2021) and the Woodland Carbon Code (WCC, 2021).
Stakeholders suggested that there would be some merit in prioritising and establishing a
hierarchy of environmental targets under ELMS. If possible, flood mitigation and water quality
management should be given high priority and appropriate weighting in terms of payments.
Given that ELMS is likely to take a targeted approach, additional weighting could be given to
interventions and the delivery of results in priority (high risk) areas. However, stakeholders
believed strongly that it was important to improve environmental quality and ecosystem
service delivery across the board, and in the case of water quality we should aim for
improvements across whole catchments. There is also considerable merit in applying
upstream thinking and targeting NFM interventions in upland areas, above high flood risk
areas (SWW, 2020).

5) Conclusions:

5.1) Current situation and future vision
Around 80% of land in South West England is farmland, mainly comprising grassland and
arable land. Since land use and water quality are inextricably linked, there is an urgent need
to ensure that agricultural land management practices are optimised across the landscape.
This will require integration of Environmental Land Management Schemes (ELMS) with other
agri-environment schemes, providing wider opportunities for farming and environmental
improvements (e.g. meeting nature recovery and net zero carbon emissions targets) across
SW England (Table 6). Strategic planning will also be required to balance demands on food
production (intensification versus extensification of agriculture) with other land uses,
including urban development and renewable energy generation. Careful planning will be key
to ensuring the delivery of clean and plentiful water, as well as other targets in the 25 Year
Environment Plan – Table 3) (DEFRA, 2021).

5.2) Possible land use scenarios concerning flood mitigation and water quality management
in the next 30 years
The following future scenarios represent possible changes in land use and land management
in SW England, based on opinions gathered from a representative cross-section of local
stakeholders and synthesised in this report.
These scenarios are consistent with the range of scenarios outlined in the UK National
Ecosystem Assessment (National Ecosystem Assessment, 2014). The scenarios are intended
to provide granularity and context for SW England, enabling exploration and modelling
possible future eventualities for water quality and impacts on water use, including
aquaculture in the region.
Five possible future land use/ management scenarios for 2050 were identified (Table 7), along
with a set of climate change futures for SW England (Table 8 – after Kendon et al., 2020). The
potential effects of each scenario on water quality and the viability of estuarine and marine
aquaculture in SW England are being explored through integrated catchment modelling (from
river source to sea) via the SWEEP project ‘Water quality management underpinning
sustainable
aquaculture
and
its
expansion
in
South
West
England’
https://sweep.ac.uk/portfolios/aquaculture/.

Table 7: List of possible future land use/ management scenarios for SW England in 2050
Scenario 1. Business as usual based on the current expected trajectory of land use change in
South West England, according to trends from the past 30 years. Analagous to ‘Go with the
flow’ scenario under the UK National Ecosystem Assessment (UK NEA, 2014).
Scenario 2. Extensive regenerative agriculture, regeneration and land sharing leading to
increased soil quality and Best Most Versatile Agricultural land and reduced agricultural runoff
and combined sewer overflow (CSO) spills to water courses. Analagous to ‘Nature at work’
scenario (UK NEA, 2014).
Scenario 3. Intensive agriculture creating pollution hotspots, compensated to some extent
by land sparing and conservation in the uplands. (Pollution hotspots, including CSO spills may
interconnect via flooding). Analagous to ‘World markets’ scenario (UK NEA, 2014).
Scenario 4. Increasing renewable energy generation, including bio-energy crops, solar and
wind power, which will require trade-offs in terms of available land use. Analagous to
‘National security’ scenario (UK NEA, 2014).
Scenario 5. Strategic tree planting across the UK and SW England is a key component of the
UK's 25 Year Environment Plan. This scenario considers resulting changes in land use and
hydrology. Analagous to ‘Local stewardship’ scenario (UK NEA, 2014).

Table 8: Expected changes in % rainfall and temperature in summer and winter (50th
percentile) across SW England by 2050
Representative Concentration Pathway (RCP) is a greenhouse gas concentration. RCP 8.5
represents business as usual i.e. emissions continue to rise unchecked throughout the 21st
century. RCP 2.6 requires that carbon dioxide (CO2) emissions start declining by 2020 and go
to zero by 2100. (Kendon et al., 2020)
RCP 8.5

RCP 2.6

Summer rainfall -20%

Summer rainfall –10 to 20%

Winter rainfall +10-20%

Winter rainfall +10%

Summer temperature +2°C

Summer temperature +2°C

Winter temperature +1°C

Winter temperature +1°C

NOTE: % changes in land use from 2020 2050 are expressed as X Y% total land cover in
the SW River Basin District
Scenario 1. Business as usual
Projection of current land use trends highlights further loss of improved and unimproved
grassland (5648.5%) with the continued switch from outdoor grazing to indoor rearing of
livestock, and replacement by increasing arable land (2428%), woodland (11.513.5%) and
urban land (6.37.8%). These anticipated changes in land use are based on extrapolation
from historic changes in the CEH land cover mapping (1990-2019) projected forward (CEH,
2019). The projected change in (sub)urban land cover is in line with the ~20% population
increase (projected by South West Water for 2039) (SWW, 2019). Agricultural run-off and CSO
spill rates, both influencing pollutant concentrations in water courses (e.g. nutrient, FIOs,
pesticides) are expected to remain at current levels (WRT, 2021), assuming adequate storm
water capacity will be provided for new developments. It is assumed that 34% of farmland
will continue to be well managed according to CSF practice (no change from current level).
This scenario aligns with ‘Go with the flow’ under the UK National Ecosystem Assessment (UK
NEA, 2014).

Scenario 2. Extensive regenerative agriculture
Extensive uptake of regenerative agriculture is anticipated alongside the widespread rollout
of ELMS and CSF practice to 80% of farmland in SW England, contributing to expanding areas
of best most versatile (BMV) land, with increased soil quality/fertility, increased infiltration
capacity and reduced pollution run-off. Improved soil quality and productivity will
compensate for loss of improved and unimproved grassland (5650%), allowing for increases
in wetland (24%), woodland (11.514.5%) and urban land (6.37.3%). Arable land cover
will remain unchanged (24%), all of which will constitute BMV land. Agricultural pollutant runoff (comprising nutrients, FIOs, pesticides etc.) is expected to decline substantially due to
improved soil infiltration and reductions in synthetic fertiliser and raw slurry use (with 50% of
raw slurry being replaced by anaerobic digestate). CSO spills are aniticipated to be zero for
new developments and to reduce by 50% for existing (sub)urban developments following
Green Recovery investment (Pennon, 2021). This scenario is consistent with the ‘Nature at
work’ scenario outlined in the UK National Ecosystem Assessment (UK NEA, 2014).

Scenario 3. Intensive agriculture
Intensive (largely indoor) rearing of livestock is expected to drive dramatic reductions in
grassland grassland (5646%), and concurrent substantial increases in arable land
(2431.5%), for growing food and fodder crops. Remaining spared land will be used to enable
substantial urban development (6.38.3%) and marginal woodland expansion (11.512%).
New woodland is unlikely to encroach on the more fertile riparian corridors (where it would
be most effective for flood regulation and pollution management). Consequently, despite
reductions in outdoor grazing livestock numbers, more intensive application of slurry
(generated indoors), synthetic fertilisers and herbicides to half of remaining grassland
(constituting low lying improved grassland) and all arable land (also largely occupying the

more fertile lowland areas) are anticipated to drive increasing run-off and water pollution
(e.g. 50% increase in pollutant inputs). These inputs and associated impacts will mainly affect
lower sections of catchments, including estuaries and coastal waters. Meanwhile grassland
located largely in the uplands (up to 50%,) will be left unimproved with no fertiliser or slurry
inputs. Under this scenario it is assumed that 34% of farmland will continue to be well
managed according to CSF practice (no change from current level). It is also assumed that
legacy CSO systems will continue to overflow at current rates (WRT, 2021), assuming
adequate storm water capacity will be provided for new developments. This scenario aligns
partially with the ‘Global markets’ scenario outlined in the UK National Ecosystem
Assessment (UK NEA, 2014)

Scenario 4. Increasing renewable energy generation
Renewable energy generation is expected to be targeted on low grade agricultural land,
including unimproved or improved grassland (5653%). Solar parks and wind farms are
expected to displace minimal numbers of grazing livestock and therefore have a negligible
impact on the agricultural footprint of this grassland. Planting of perennial, woody bio-energy
crops* not requiring fertilizers or pesticides will effectively convert 2% of grassland to
woodland (11.513.5%), reducing contaminant inputs to rivers by reducing runoff and by
excluding livestock. Arable land cover is not expected to change (24%), while urban land cover
will increase marginally (6.3%  7.3%). CSO spills are aniticipated to be zero for new
developments and to reduce by 50% for existing (sub)urban developments, following Green
Recovery investment (Pennon, 2021). It is assumed that 50% of farmland will be well managed
according to ELMS and CSF practice (moderate increase from current level). This scenario
aligns with the ‘National security’ scenario outlined in the UK National Ecosystem Assessment
(UK NEA, 2014) and the ‘Mixed renewables scenario’ presented within the RSPB’s 2050 energy
vision.
*Bio-energy crops include elephant grass (Miscanthus spp.), Short Rotation Coppice (SRC e.g. Poplar and Willow) suitable for lowland flood plains /riparian corridors, and Sitka spruce
more suited to sloping, well drained soils in upland areas (Environment Agency, 2015b;
Dadson et al., 2017). Cultivation of maize as a bioenergy crop will reduce significantly due to
environmental concerns linked to soil erosion and conflict with land use for food production
(Kam et al., 2020).

Scenario 5. Strategic tree planting
The strategic planting of native broadleaf and coniferous woodland (11.512%) will be
driven by the England Trees Action Plan, which aims to create at least 12% woodland cover
across England (HM Government, 2021). Tree planting will be guided by opportunity mapping
e.g. by Forest Research (2020) and Cornwall County Council (Lagas, 2020) and will target
critical source areas, where land is most intimately connected with water course hydrology
(i.e upland areas and riparian zones throughout catchments). This will significantly reduce
flooding and pollutant run-off, whilst also increasing base flows, reducing drought risk and
creating nature corridors for wildlife (Burton et al., 2017; Horton, 2021). Marginal increases
in arable land for growing food and fodder crops (2425.5%) and urban land cover

(6.37.3%) are also anticipated and will contribute to a marginal reduction in grassland cover
(5653.5%). CSO spills are aniticipated to be zero for new developments and to reduce by
50% for existing (sub)urban developments, following Green Recovery investment (Pennon,
2021). It is assumed that 50% of farmland will be well managed according to ELMS and CSF
practice (moderate increase from current level). This scenario aligns partially with the ‘Local
stewardship’ scenario outlined in the UK National Ecosystem Assessment (UK NEA, 2014) and
the ‘mixed renewables scenario’ presented within the RSPB’s 2050 energy vision.
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Appendix 1: Descriptions of the six future scenarios developed by the UK National
Ecosystem Assessment

Appendix 2
Appendix 2.1: Relationship between UK CEH Aggregate classes, UK CEH Land Cover class and UK
BAP Broad Habitats (Jackson 2000), with associated integer identifiers.

Broadleaf woodland
Coniferous woodland
Arable
Improved grassland

Agg_class
Identifier
1
2
3
4

Semi-natural grassland

5

Aggregate class

CEH Land cover class

CEH_LCM
Identifier
1
2
3
4
5
6
7
8
9
10
11
12
13

Mountain, heath and bog

6

Saltwater

7

Deciduous woodland
Coniferous woodland
Arable
Improved grassland
Neutral grassland
Calcareous grassland
Acid grassland
Fen
Heather
Heather grassland
Bog
Inland rock
Saltwater

Freshwater

8

Freshwater

14

Supralittoral rock
Supralittoral sediment
Littoral rock
Littoral sediment
Saltmarsh
Urban
Suburban

15
16
17
18
19
20
21

Coastal

Built-up areas and gardens

9

10

UKBAP habitat description
Broadleaved mixed and yew woodland
Coniferous woodland
Arable and horticulture
Improved grassland
Neutral grassland
Calcareous grassland
Acid grassland
Fen marsh and swamp
Dwarf shrub and heath
Bog
Inland rock
Standing open water and canals
Rivers and streams
Supralittoral rock
Supralittoral sediment
Littoral rock
Littoral sediment
Built-up areas and gardens

Appendix 2.2: England Land cover based on aggregated classes (from Table 1)
Aggregate class name
Broadleaf woodland
Coniferous woodland
Arable
Improved grassland
Semi-natural grassland
Mountain, heath and
bog
Saltwater
Freshwater
Coastal
Built-up areas and
gardens

Aggregate 1990 Area
2019 Area
Percentage
2
2
class ID
km
km
change
1
8779
10751
22.5%
2
2626
2803
6.7%
3
47793
46073
-3.6%
4
44802
42526
-5.1%
5
8142
6624
-18.6%
6
7
8
9

5294
1231
697
1640

4826
728
1026
2346

-8.8%
-40.8%
47.2%
43.1%

10

11607

14907

28.4%

Appendix 2.3: England Land cover. All classes: 1990 and 2019 area (km2) and calculated change.

Land cover
Deciduous woodland
Coniferous woodland
Arable
Improved grassland
Neutral grassland
Calcareous grassland
Acid grassland
Fen
Heather
Heather grassland
Bog
Inland rock
Saltwater
Freshwater
Supralittoral rock
Supralittoral sediment
Littoral rock
Littoral sediment
Saltmarsh
Urban
Suburban

1990_Area 2019_Area
Percentage
2
2
km
km
Change change
8779
10751
0.22
22.5%
2626
2803
0.07
6.7%
47793
46073
-0.04
-3.6%
44802
42526
-0.05
-5.1%
1305
775
-0.41
-40.6%
2214
1052
-0.52
-52.5%
4337
4693
0.08
8.2%
286
104
-0.64
-63.8%
2500
1582
-0.37
-36.7%
1043
1048
0.01
0.5%
1344
2015
0.50
49.9%
407
182
-0.55
-55.4%
1231
728
-0.41
-40.8%
697
1026
0.47
47.2%
81
44
-0.45
-45.4%
187
225
0.20
20.0%
34
80
1.33
133.0%
858
1274
0.48
48.5%
479
724
0.51
51.0%
2717
3660
0.35
34.7%
8890
11247
0.27
26.5%

Appendix 2.4: England Trends based on aggregated classes (left side) and simplified classes (right
side). Aggregate classes (see table 1) were simplified for the purpose of the figures - ‘Woodlands’,
and ‘Grassland’ were created by merging relevant classes and Saltwater and Coastal classes were
excluded.

Aggregate class name
Broadleaf woodland
Coniferous woodland
Arable
Improved grassland
Semi-natural grassland
Mountain, heath and bog
Saltwater
Freshwater
Coastal
Built-up areas and gardens

Change 19902019 km2
1972
177
1720
2276
1517
468
503
329
707
3300

Simplified class
name – for figures

Change 19902019 km2

Woodland

2149

Arable

1720

Grassland

3793

Heath and bog
Saltwater
Freshwater
Coastal
Built-up areas

468
503
329
707
3300

Appendix 2.5: SW_RBD Land cover based on aggregated classes (from Table 1)

Aggregate class name
Broadleaf woodland
Coniferous woodland
Arable
Improved grassland
Semi-natural grassland
Mountain, heath and
bog
Saltwater
Freshwater
Coastal
Built-up areas and
gardens

Aggregate 1990 Area 2019 Area
Percentage
2
2
class ID
km
km
change
1
1375
1671
21.5%
2
339
418
23.4%
3
3692
4356
18.0%
4
9379
8462
-9.8%
5
1565
1177
-24.8%
6
7
8
9

555
129
31
203

423
91
44
321

-23.8%
-29.6%
41.6%
58.0%

10

833

1139

36.8%

Appendix 2.6: SW_RBD Land cover. All classes: 1990 and 2019 area (km2) and calculated change.
Land cover
Deciduous woodland
Coniferous woodland
Arable
Improved grassland
Neutral grassland
Calcareous grassland
Acid grassland
Fen
Heather
Heather grassland
Bog
Inland rock
Saltwater
Freshwater
Supralittoral rock
Supralittoral sediment
Littoral rock
Littoral sediment
Saltmarsh
Urban
Suburban

1990_Area km2
2019_Area km2 Change % change
1375
1671
0.21
22.5%
339
418
0.23
23.2%
3692
4356
0.18
18.4%
9379
8462
-0.10
-10.0%
332
122
-0.63
-62.1%
638
375
-0.41
-41.3%
537
663
0.23
23.5%
58
16
-0.72
-71.5%
257
225
-0.12
-14.7%
127
49
-0.61
-66.7%
112
91
-0.19
-18.5%
60
57
-0.04
-3.6%
129
91
-0.30
-29.6%
31
44
0.42
35.9%
50
43
-0.15
-15.0%
31
39
0.28
28.4%
16
32
0.96
96.4%
73
123
0.68
67.9%
32
83
1.58
157.5%
74
144
0.95
95.4%
759
996
0.31
31.4%

Appendix 2.7: SW_RBD Trends based on aggregated classes (left side) and simplified classes (right
side). Aggregate classes (see table 1) were simplified for the purpose of the figures - ‘Woodlands’,
and ‘Grassland’ were created by merging relevant classes and Saltwater and Coastal classes were
excluded.

Aggregate class name
Broadleaf woodland
Coniferous woodland
Arable
Improved grassland
Semi-natural grassland
Mountain, heath and bog
Saltwater
Freshwater
Coastal
Built-up areas and
gardens

Change 19902019 km2
296
79
664
-917
-388
-132
-38
13
118
306

Simplified class
name – for figure

Change 19902019 km2

Woodland

375

Arable

664

Grassland

-1305

Heath and bog
Saltwater
Freshwater
Coastal

-132
-38
13
118

Built-up areas

306

Appendix 3: Management catchments in the SW River Basin District

Appendix 4: Catchment Sensitive Farming (CSF) Priority Catchments in SW England
Appendix 4.1: Extent of Countryside Stewardship High and Medium Priority Areas for Water
and former CSF Priority Catchments in SW England (Environment Agency, 2019b)

Appendix 4.2: Extent of CSF engagement across WFD River Basin Districts, expressed in terms
of total farm numbers and total farmed area in SW England

Catchment Sensitive Farming Evaluation Report – Water Quality Phases 1 to 4 (2006-2018)
(NE731) (Environment Agency, 2019b)
19,776 farm holdings have received CSF advice
34% of total farmed area in England managed by CSF-engaged farmers
53% of farm holdings engaged on three or more occasions
128,691 farm-specific mitigation measures advised
59.6% of advised farm-specific measures implemented
87% of implemented measures assessed to be ‘mostly effective’
£84M of grant-funded improvements match-funded by farmers (2007-14)
4-12% reduction in agricultural pollutant losses (average across Phase 1 Target Areas)
4-8 times higher reductions in agricultural pollutant losses from within agri-environment
scheme farms also implementing CSF measures
1-6% modelled water quality improvement (averaged across water bodies associated with
Phase 1 CSF Target Areas or, for FIOs, all areas targeted consistently since Phase 1)
34% reduction in monitored pesticide concentrations exceeding 0.1μg/l (across monitored
CSF catchments)
5-22% reduction in monitored nutrient, sediment and FIO concentrations (averages of four
responsive pollutants across water bodies associated with Phase 1 CSF Target Areas or all
areas targeted consistently since Phase 1, for FIOs)

Recent changes in CEH land cover

Photo credit: The Exe Estuary Management Partnership
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