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Agriculture plays a significant role in climate change, contributing to greenhouse gas (GHG) emissions, biodiversity loss, deforestation, and soil degradation. Simultaneously, it faces increasing challenges from extreme weather events, fluctuating market prices, and policy changes, particularly in the UK and Wales. The newly proposed Sustainable Farming Scheme (SFS) aims to address these environmental concerns by encouraging farmers to implement sustainable land management practices. However, farmers have expressed concerns regarding feasibility, economic impacts, and land-use constraints. This study explores the practical application of the SFS by evaluating hedgerow and woodland management strategies as potential solutions. Using Geographical Information Systems (GIS) mapping and farm audits, the study identifies current contributions to the scheme and provides actionable management recommendations in line with the aim. The findings emphasise the necessity of clear and easy-to-use guidance, including working with nature. Hedgerow management improvements, including species diversification and modified cutting regimes, can enhance biodiversity and carbon sequestration. Woodland management strategies, such as removing invasive species and planting native trees, further support environmental sustainability.
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[bookmark: _Toc194504879]Chapter 1: Introduction

Agriculture contributes significantly to global climate change, causing various environmental issues, including greenhouse gas (GHG) emissions, biodiversity loss, deforestation, and soil erosion (Feola et al., 2015). Farmland covers approximately 70% of the UK's land (DEFRA, 2023), with 90% of the Welsh landscape being looked after by farmers (BBC, 2024). Climate change has become recognised as an independent driver of environmental change and is expected to become a critical issue in the future. (Moss, et. al., 2021). Increased temperatures, extreme weather events, and changes in precipitation patterns will ultimately coincide with global food security for a growing population (Moss, et. al., 2021). Thus emphasising the importance of correctly managing and maintaining British farmland. The strain on agriculture has many contributing factors; a deeper dive into a selection of those factors is explored in the following sections.
1.1 [bookmark: _Toc194504880]Climate Change

Agriculture is known to be a leading cause of climate change and is, ironically, under threat from its effects. The Intergovernmental Panel on Climate Change (IPCC) stated in the Synthesis Report (2023) that anthropogenic climate change through GHG emissions has warmed the planet, causing rapid changes to the climate. The release of GHGs has been steadily increasing over the decades, as can be seen below in Figure 1.1. 
[image: A graph showing the growth of the global warming

Description automatically generated]Figure 1.1 Agricultural Drivers of Historical Emissions (Climate Watch, 2025)

Farming is weather-dependent, and the increase in extreme weather is causing increased strain on the sector. In 2023, flooding led to a loss in income of 19% for farmers in England compared with 2022. The economy suffered an 8.7% decrease as farms contributed less because of heavy rain, making it impossible to harvest and plant crops (Horton, 2024). Furthermore, between October 2022 and March 2024, the wettest 18 months ever were recorded, with 1,696mm of rain falling across England, causing a 5% drop in vegetable yields and a 12% drop in fruit yields (Simmonds, 2024). 
In 2022, the extreme heatwave also disrupted the farming sector, as the high temperatures caused crops to wither and put pressure on harvests (Horton, 2022). With temperatures reaching as high as 40°C in some areas (Kendon, 2022), crops simply ‘cooked’ (Horton, 2022). The 2022 drought in Wales led to an animal feed cost rise of £265m (BBC News, 2024). There was also record rainfall, with many believing it was a direct result of climate change. These weather events are occurring more often and becoming more severe, placing farmers in a desperate position to ensure the survival of their farms.  The predicted impacts of global temperatures reaching 1.5°C and 2°C above pre-industrial levels are concerning, with 2024 being the first year to pass the 1.5°C limit and being the hottest year on record (Poynting, 2025).
 The IPCC (2018) reports that the increase in temperature will negatively impact organisms, ecosystems and human systems. Increases in the frequency and intensity of heavy precipitation, the frequency of droughts, and the loss of some ecosystems are just some of the predictions. The predicted loss of plants in a 1.5°C warmer world is 8% compared to the 16% of 2°C warmer world, highlighting the urgency to reduce and reverse the effects of climate change. 
[bookmark: _Toc194504881]1.2 Declining Farming Sector 

World market agricultural prices have declined over the last 70 years (Angus et.al 2009), as confirmed in a recent news report on stagnant prices and incomes since the 1970s, driven by cheaper food imports (Horton, 2025). Agriculture has been in the spotlight recently because of the new Sustainable Farming Scheme (SFS) implementation by the Welsh Government (2024). The SFS superseding the Common Agriculture Policy (CAP) is set to be put in place from 2026 and claims to reward farmers for ‘public good’ and their efforts to enhance biodiversity. For example, reinstating hedgerows and planting trees are some of the management practices mentioned in the SFS. The backlash has been most notably towards the requirement of tree cover being 10% on all farms, claiming it to be ‘unworkable’ and the loss of land reducing profits (Messenger, 2024). Furthermore, a report from the National Farmers Union (NFU) on the economic impacts of SFS could lead to a 10.8% reduction in livestock, leading to around 5,500 job losses (The Guardian, 2024), sparking further outrage from farmers. Decreased profitability on farms has seen a surge, with the Department of Environment Food and Rural Affairs (DEFRA) (2023) reporting a decrease in beef herds by 3.8%, a decrease of sheep by 4.1% and a decrease in wheat and oil seed rape both of 11%.  Global events like COVID-19 and the war in Ukraine have increased the strain on farmers by increasing fuel and fertiliser costs, thereby exposing a fragile modern food system (Nature-Friendly Farming Network, 2023). Between 2022 and 2023, the average farming costs in Wales rose by 15%, yet the average income decreased by 37% to £24,300 for cattle farms in Less Favoured Areas (LFA) (Welsh Government, 2024). The rise in extreme weather events exacerbates the increased loss of farming stock, with farmers commenting that the 2024 lambing season was the toughest they had experienced due to high rainfall causing lambs to die from hypothermia (Lonsdale, 2024).  

[bookmark: _Toc194504882]1.3 Biodiversity 

In the UK, intensive agricultural methods are a key cause of nature loss in that they degrade soil, reduce soil organic carbon, and are among the greatest pollutants of watercourses (Nature-Friendly Farming Network, 2023).  A strong emphasis on boosting productivity through higher yields using increased inputs like fertiliser and insecticides has dominated the agriculture sector for many decades (Nature-Friendly Farming Network, 2023). Biodiversity in the UK has already been depleted because of unsustainable farming practices. Ironically, the current management of land for food production is causing climate and biodiversity problems that threaten its long-term sustainability and the foundation of farm profitability (Nature Friendly Farming Network, 2023).  The State of Nature Report (2023) acknowledges a 19% decline in UK species since 1970 and further reports that only 14% of habitats important for wildlife were in a good ecological state. Since the Second World War, a startling 97% of wildflower meadows have disappeared along with all its inhabitants. Whilst these statistics are shocking, they can be reversed. By implementing sustainable farming practices which work with nature, UK biodiversity can be brought back from the brink of extinction (The State of Nature Report, 2023). 
This topic is important as climate change and biodiversity loss are progressively getting worse. By protecting and restoring ecosystems, biodiversity acts as a nature-based solution to climate change by absorbing emissions in the atmosphere (United Nations, n.d.). Introducing these sustainable agricultural techniques at the farm level not only benefits local wildlife but also improves the viability of the farm itself. As the UK is 70% farmland, getting farmers to implement these strategies is paramount. However, communicating with farmers and working with them is of equal importance to the success of this scheme. The need for the agricultural sector to manage and adapt to climate change is well documented; however, implementing these changes at the farm level has proven to be a challenge.  
Now that the problems have been highlighted, it is important to discuss how this research will provide a solution and insights into policy improvements. The next section will discuss the research plan and how it will inform policy and be beneficial to the farming community.
[bookmark: _Toc194504883]1.4 The Research Plan

While there is substantial research assessing farmers' motives, values and attitudes towards sustainable farming, the application of these new agricultural innovations is automatically assumed they be beneficial, and the benefits are equally realised by the farmer (Jordon, 2023). Where these innovations are incompatible with existing farming methods, farmers are categorised as problem ‘non-adopters’ rather than recognising the limitations (Jordon, 2023). As the SFS is still in the consultation stage, this study will demonstrate to farmers how the scheme will benefit them by improving the sustainability of the farm and the ease with which they can comply with the scheme. This study will challenge farmers' perspectives on environmental conservation and the benefits this can bring to them at the farm scale.
This study will produce guidance that will demonstrate how different techniques will benefit the farm. From this, farms across Wales can benefit from the step-by-step approach and ease of implementation.  The findings of this study will assist farmers by advising on improving farming practices that will allow farmers to achieve the criteria necessary for the payment under SFS. Furthermore, it will enhance biodiversity, which will, in turn, improve the viability and the environmental impact of the farms. This study also aims to help inform policy. Communicating directly with farmers and listening to their opinions on how to make it work can be used to develop policy further. 
Additionally, there is an urgent need for scientific and technological advances in controlling the environmental impact of agriculture (Zhang. et, al., 2021).  By using GIS (Geographical Information Systems) to map each farm and its attributes, it will calculate how much of the farm already contributes towards the scheme and provide management suggestions to enable the attainment of the remaining percentage requirement.   
The plan for this study is to firstly assess the literature on the topic to understand gaps in knowledge. Secondly, to visit selected farms and conduct a site audit of the current state of the farm, determine what habitats are there and how they are currently managed. From this, a GIS map will be created of the farm to identify the habitats and calculate how much of the farm already is or could be contributing to the SFS scheme. Once this is complete, a mini-management plan will outline how to improve the farm and how to further achieve the goals set out in the SFS. 
[bookmark: _Toc194504884]1.5 Limitations

While this study offers insights and contributions to the field, it is important to note that the SFS scheme is in the very early stages of development, making it difficult to determine how it will be implemented. Secondly, there is no way to determine the baseline of each farm from previous attempts at management techniques used by the farmer. With no management plans or documentation of farm improvements, it will be difficult to know what has previously worked or not. As part of the methodology, an initial site audit and informal interview with the farmer will provide a baseline; from this, the management changes implemented will be used to measure the success.
	While there are many variables outlined in the SFS to consider, covering them all would be difficult through the scope of this project. Therefore, two management strategies were selected to review: 
· Hedgerow Maintenance 
· Woodland Management
These have been chosen as they can be applied to all farm enterprises. However, many interrelated variables, such as soil and water management, overlap and influence the health of woodland and hedgerows. Where appropriate, these will be discussed
In summary, it is important to focus on the research question, the aim and the objectives before proceeding to the background subject literature in the next chapter.

[bookmark: _Toc194504885]1.6 Research Question

· How will the SFS work in practice?

[bookmark: _Toc194504886]1.7 Aim: 

· Develop guidance towards the SFS implementation using case study examples.

[bookmark: _Toc194504887]1.8 Objectives: 

· Assess current literature to understand the current evidence and strategies regarding the problem.
· Identify sustainable agriculture management practices.
· Investigate the impacts of agriculture on biodiversity.
· Provide recommendations for different management practices 
· Outline how farmers can achieve 10% vegetation coverage outlined in the SFS.














[bookmark: _Toc194504888]Chapter 2.0: Literature Review

This section of the study is dedicated to grasping current trends within the topic and understanding the research gaps. This is a necessary step as it creates a baseline of understanding the current state of sustainability within farming and indicates what has or has not worked in the past. 
[bookmark: _Toc194504889]2.1 Background

Farming was once considered a benign function of the countryside (Cremlyn, 1996). Government intervention has been the most influential driver of agricultural land use (Angus et.al., 2009). Between the 1930s and 1980s, the UK promoted intensive farming to feed the nation after World War II. The UK Agriculture Act of 1947 focused on the production of cheaper food to achieve economic revival and abolish food rationing (Angus, et.al., 2009). Research in the 1960s showed that farming practices, including unregulated pesticides, caused harm to the environment and a decline in farmland birds (Fuller et al., 1995). 
	The Common Agricultural Policy (CAP) was introduced in the 1970s to ensure food security for Europe following World War II while guaranteeing farmers a fair price (Giuliani and Baron, 2023). Piller I of CAP supports agriculture and reformed key agricultural subsidies by ensuring compliance with EU environmental, food safety, and animal welfare standards, including soil protection and habitat maintenance (Angus et al., 2009).  This policy has been widely criticised for leading to over-production and damaging agriculture practices (Attorp et.al., 2023). CAP led to reduced biodiversity as it moved towards monoculture and the use of pesticides to support intensive farming (Giuliani and Baron, 2023). In 1984, surplus milk production led to quantity limits on production being introduced, with milk quotas and penalties (Angus et.al., 2009). To combat this, the ‘second pillar’ of CAP was introduced in 1992 under the MacSharry Plan, aimed at rural development, highlighting environmental concerns in agricultural policy for the first time. However, this also led to the end of the Basic Payment Scheme (BPS), which subsidised farmers regardless of the market price (Giuliani and Baron, 2023). Since then, 1990s policies have sought to make UK agriculture internationally competitive and environmentally friendly (Angus, et.al., 2009). Following pressure from the highlighted negative impacts of intensive farming, CAP introduced Environmentally Sensitive Areas (ESA) to promote the agri-environmental and farm woodlands (Angus, et.al., 2009).
In 2014, the Welsh Government published Towards Sustainable Growth: An Action Plan for the Food and Drink Industry 2014-2020, which aimed at obtaining more money for Welsh food. While exceeding the 30% target by 2020, this came at a cost, causing a rise in greenhouse gas emissions by 7.6% in Wales from agriculture (Institute of Welsh Affairs, 2024). With the emergence of legislation and public interest, environmental management has been recognised for its importance (Skinner, et al., 1996) with sustainable agriculture being defined as the consideration of environmental, economic and social aspects of farming while also promoting the resilience and persistence of productive farming landscapes (Garibaldi et al., 2017). 
Welsh agriculture is protected and enhanced under the Environment (Wales) Act (2016) and places a duty on Welsh Ministers to develop policies to improve sustainability, biodiversity, and counteract climate change (Welsh Government, 2019). Agriculture plays an important role in sustaining ecosystems as farmers manage 85% of Welsh land area by maintaining and enhancing the environment (Wiseall, 2018). This can be through water management, habitat creation, hedgerow management etc. However, agriculture is also responsible for approximately 10% of UK greenhouse gas emissions and greatly contributes to biodiversity loss (Banfield-Nawachi, 2024). 
UK agriculture has undergone challenges since Brexit, altering relationships with international markets, increasing environmental sustainability concerns, and changing government policy priorities (Arnell, 2021). Since leaving the EU, the UK will no longer be required to adhere to CAP, thus, requiring a new way to support farmers after Brexit and putting further pressure with increased uncertainty. Since Brexit and moving towards leaving CAP, farm support will move towards payment for public goods (Lenormand, 2022). These European agricultural policy changes shifting from subsidies to rural development have been met with criticism for poor monitoring (Kleijn and Sutherland, 2003). 
The UK Government has previously tried to introduce controls to dissuade farmers from overproduction. Numerous Agri-Environment Schemes (AES), such as the Habitat Scheme, Countryside Stewardship Scheme, and the Farm Diversification Scheme, were introduced, but they were met with limited success, predominantly due to farmers being unmotivated to comply (Burton, 2004). Wales introduced the Glastir Scheme in 2009, aiming to reduce greenhouse gas emissions, reduce flooding and water pollution, halt biodiversity loss, manage historic landscapes and create and manage woodland (State of Nature Report, 2023). Jones (2013) argues that rather than the scheme being a ‘Payments for Ecosystem Services’ (PES) scheme, it is more of a hybrid model of governance rather than a ‘pure’ agri-environment scheme. In a study of how effective agri-environment schemes are in conserving and promoting biodiversity in Europe, Kelijn (2003) notes that these schemes are most effective when they provide finances which enable farmers to carry out measures, they feel positive about. However, the study noted instances where these schemes are considered a ‘financially beneficial inconvenience’ (p. 964) and therefore not fully carried out. An important note from this study is the lack of research into the effectiveness in this field; due to this, a conclusion was not made on whether these schemes are effective or not. However, the benefits of sustainable farming methods have been documented, and their success has been promoted, as discussed in section 2.3. 
The importance of grasping farmers' responses and motivations to policy change is key to its success. The perceived benefits of farmers sharing their data have been important in influencing attitudes and behaviour intentions (Zhang, et.al,. 2021). There is limited research on farmers’ behaviours and willingness to share their data and whether they perceive they will benefit (Zhang, et.al,. 2021). However, Burton (2004) argues that farmer response to policy change initiatives has become increasingly important. Making these changes work for them is essential.  
[bookmark: _Toc194504890]2.2 Farming and the Environment 

After delving into the background of farming, it is important to consider the environmental aspects that shape a farm. 


[bookmark: _Toc194504891]2.2.1 Welsh Landscape

  Eighty per cent of Welsh farming falls into the category of Less Favourable Area (LFA) defined under the 1975 provision of CAP as areas where farmers face a disadvantage due to the physical landscape (Lemormand, 2022). Wales’ climate gets colder, wetter and windier with altitude (Met Office, 2022), making the conditions harsher for farmers. Due to this, there are limited increases in habitat diversity linked to constrained management conditions (Follett, 2023). These conditions restrict most farms to grassland-based sheep and cattle production (Fraser, 2013)
[bookmark: _Toc194504892]2.2.2 Biodiversity

Habitat is defined as any vegetation which has a composition of less than 25% sown agricultural species (Environmental Impact Assessment (Agriculture) (Wales) Regulations, 2017). Biodiversity looks at species abundance within habitats; habitats with strong diversity contribute to a resilient ecosystem which will deliver a range of ecosystem services which underpin the productivity capacity of farmland (Welsh Government, 2019). Agriculture is the frontline of biodiversity protection or destruction (Wayne, et.al., 1995). Grassland in LFAs can be categorised as native pastures and improved grassland, with most farms having a combination of both. Two-thirds of grazing land in LFA remains unimproved, classified as semi-natural and of low nutritional value, reflected in lower animal productivity, emphasising the requirement for grassland management (Fraser, 2013). 
Farming poses a serious threat to biodiversity, and lower species diversity can lead to reduced ecosystem functions (Varah et.al., 2013). In a report from the State of Nature Partnership (2023), a study was done to review the abundance, distribution and extinction risk of UK biodiversity. The key findings show that since 1970, 151 species have become extinct, with a further 1,500 species threatened by extinction. Furthermore, the distribution of 4,979 invertebrates has decreased by 13%, and 54% of plant species have decreased in distribution across the UK since 1970. In Wales, the decline of plant species reaches 42%, along with a 20% decline in species abundance since 1994. Much like the rest of the UK, Welsh biodiversity is under threat by agriculture, as 90% of Welsh land is used for farming and over 50% of Wales is improved grassland, predominantly ryegrass (State of Nature Partnership, 2023). According to the Carmarthenshire State of Nature Report (2024), priority species such as the Brown Hairstreak Butterfly and the Yellowhammer are both declining, both linked to hedgerows and farmland.
The decline in farmland birds primarily due to agriculture is well documented (Bradbury, 2006). Pilot schemes in reversing the damage have successfully enhanced invertebrate and plant taxa but had limited success for birds (Critchley et al., 2004). Agri-schemes follow a generic framework including hedgerow maintenance, improving grassy field margins and planting wild bird seed mixture crops (Evans et al., 2002). These are just some of the suggested management techniques to combat biodiversity loss; further suggestions are discussed in the following section.
[bookmark: _Toc194504893]2.3 Management Techniques for Sustainable Farming

In a study of agricultural practices delivering sustainable intensification in the UK, Dicks et. al., (2018) investigated improving agricultural marginal land for natural habitats and farmers were unenthusiastic, with landscape and nature conservation being the lowest-scoring practice amongst farmers. However, in a study of 165 farms, The Nature-Friendly Farming Network (2023) found that farming in keeping with the natural resources of the farm and removing artificial inputs reduced environmental pressures and contributed to increased insect populations, improved marine ecosystems, improved soil health and reductions in GHG emissions. Therefore, it is clear that there are benefits of working with nature to improve the farm, yet farmers are unenthusiastic to comply. To encourage the use of these strategies, they need to be quick and straightforward to not overwhelm and confuse farmers. The following strategies are outlined in the SFS for farmers to comply with.
[bookmark: _Toc194504894]2.3.1 Woodland Maintenance and Agroforestry

Agroforestry is defined in the European Union, Article 23 of Regulation 1305/201 as land use systems which combine tree planting with agriculture on the same land, which will then benefit ecological and economic interactions (The Agroforestry Handbook, 2019).
As part of the SFS, a target is to create 43,000ha of new woodland by 2030 to combat climate change, with each farm having a minimum of 10% tree cover (Sustainable Farming Scheme: outline proposals for 2025).  In 2022, the UK woodland cover was 13%, with ancient woodland covering 2.5% of the UK land area (State of Nature Report, 2023). The benefits of agroforestry include enhanced soil health and protection, flood protection and reduced runoff from improved root structures, shelter for livestock, carbon-storing and habitats for wildlife (UK Government, 2024).
 Results from a study confirm that combining trees with crops (silvoarable) demonstrates two ecosystem services working together, illustrating a more sustainable way of farming (Varah et.al., 2013). An increase in pollinators was seen in the understory which cannot be seen in combining trees with animals (silvoarable) due to the understory being grazed, therefore allowing nesting birds and foraging to thrive. This technique is comparable with field margins and pollinator strips within agri-environment schemes, demonstrating the successful implementation of sustainable farming techniques that are encouraged within the SFS. However, until recently, UK policy did not support agroforestry in that the loss of arable land meant farmers would lose payments (The Agroforestry Handbook, 2019).
Trees play an important role in the hydrological functions of the farm by controlling the volume and quality of water while increasing infiltration rates. This was seen by planting blackthorn in Wales, increasing infiltration rates to 60 times higher than surrounding pasture (The Agroforestry Handbook, 2019). Outlined in the Agroforestry Handbook (2019) are mostly the benefits of agroforestry on arable farms with increased soil health and higher yields, making it attractive to farmers. However, as the majority of Welsh farming falls to livestock, the benefits of agroforestry are not as obvious to farmers, therefore not incentivising them to plant trees. There are several benefits to livestock, including the reduction of exposure, protecting animals from the elements. For example, animals sheltered in trees use less energy to maintain their core body temperature, resulting in lower feed costs and boosting the farm's profitability. An estimated 17% increase in dairy milk has been observed (The Agroforestry Handbook, 2019). Furthermore, as previously discussed, the 2024 lambing season saw deaths due to hypothermia, but a study in New Zealand showed that shelter decreased overall lamb mortality by 10% (The Agroforestry Handbook, 2019). As the Welsh climate is predominantly cold and wet, planting the right species to cope is essential. Hardier, native, broadleaf trees such as alder (Alnus), and willow (Salix) will also do well in waterlogged areas. Fruiting trees such as hawthorn (Crataegus), blackthorn (Prunus spinosa), holly (Ilex), beech (Fagus) and hazel (Corylus) will also provide a food source for wildlife, promoting biodiversity (The Agroforestry Handbook, 2019).  A case study in Wales showed that planting 15,000 trees improved the productivity of a 113-ha farm by reducing water run-off, which was causing waterlogged fields and soil erosion. By planting the trees, the water infiltration rates were improved by 60 times. Additionally, the trees provided shelter, therefore improving lamb health, strengthening biosecurity by reducing disease transmission and allowing livestock to turn out to the fields early, making it cost-effective for the farmer (The Agroforestry Handbook, 2019). 
A healthy woodland floor is a vital component for supporting biodiversity, soil health and nutrient cycling on a farm (Aber and Melillo, 2001). A diverse plant life including ferns, mosses, wildflowers, as fungi ensures minimal soil compaction or erosion (Brady and Weil, 2008). Furthermore, deadwood and leaf litter create a habitat for insects, birds and small mammals (Schoeneberger, 2009). By introducing managed grazing in woodlands, the livestock can help reduce brush overgrowth, enhance soil aeration and distribute manure nutrients effectively. By introducing rotational grazing, the woodland floor can benefit (Sharrow, 2008). 
Woodland height is an important consideration as taller woodlands support multiple canopy layers, which allow for diverse wildlife niches and reduce soil erosion (Webb, et.al. 2021). Webb et.al., (2021) found that woodlands with larger canopy gaps lead to increased soil erosion due to reduced interception by the canopy. Additionally, a diverse structure, including a variety of tree ages and heights that includes some open space, is beneficial for biodiversity (Watson, 2023). Furthermore, taller trees have a deeper root system, allowing greater uptake of water and structural support (Gilmartin, 2021). A further study by Torresani et.al., (2023), confirmed by using LiDAR that height diversity is a strong indicator for good tree diversity and could be used to identify biodiversity hotspots. 

[bookmark: _Toc194504895]2.3.2 Hedgerow Management and Field Margins

Hedgerows are ‘human-created systems of closely spaced shrubs and trees that form a boundary to fields’ (Holden, et.al., 2019) and are an important aspect of farmland biodiversity for mammals, birds and insects. Hedgerows are an important feature of the Welsh countryside and equally important to agriculture. Not only do they provide shelter and security for livestock, but they store carbon, slow down the flow of water and are a home for wildlife (Sustainable Farming Scheme, 2024). There are an estimated 106,000km of hedgerows in Wales, but 78% are currently in an unfavourable condition (Natural Resources Wales, 2024). In a study by Montgomery et, al. (2020), over 330 animal species were identified as dependent on seeds, but the source declined with increased agricultural intensification. Additionally, five million pairs of birds breed in hedgerows in Britain, and 64% of butterflies rely on the habitat. Neglected hedges develop gaps which significantly affect plant and animal diversity (MacDonald and Johnson, 1995), making management of these habitats paramount. By linking up patches, wildlife can move through the landscape, providing important services such as pollination and pest control (The Agroforestry Handbook, 2019). Furthermore, hedgerows act as an aid to livestock management as a physical barrier between fields and increase biosecurity by reducing contact of herds (The Agroforestry Handbook, 2019). These indicators of a healthy hedgerow can form the basis for auditing and monitoring (Crossland, 2015). 
Cutting, coppicing, or pollarding must be incorporated into hedgerow management to maintain the hedge structure (The Agroforestry Handbook, 2019). Research has shown that the cutting frequency (1, 2 or 3 years) and timing (autumn vs. winter) impact the abundance of flowers and berry resources. The observed timescale for optimum outputs was a 3-year cutting regime in autumn (post-harvest), which would increase the biomass of berries by 40%, enhancing winter survival for wildlife (Staley et.al., 2012). In a study of six agroecological farms in Wales, the World Wide Fund for Nature Cymru (WWF (Cymru), 2023), looked at a dairy farm in Carmarthenshire. The hedgerows were not cut annually like on most farms. By allowing them to grow, the biodiversity in the soil, as well as the habitats for wildlife, were abundant. As part of the SFS, annual cutting will no longer be permitted other than on the roadside for highway safety reasons to allow higher, wider and denser hedgerows to grow (Sustainable Farming Scheme: Proposed Scheme Outline, 2024). 
The shape of hedgerows most beneficial for biodiversity is an ‘A’ shape, shown in Figure 2.1. The advantages include an effective windbreak, reduced self-shading and the promotion of thick growth at the base, which is important for food and shelter for wildlife (Peak District National Park Authority, n.d.). Whereas the ideal height for a hedgerow is controversial. Early studies recommended a maximum height of 2m to avoid impoverishing the ground flora by shading it out, however, other studies have stated taller, wider hedgerows have greater species-rich diversity and structural density (Barr et.al., n.d.) However, tall hedges over 2m are beneficial to buffer fly species diversity, and dense hedges are favoured by mammals (Barr et.al., n.d.).
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AI-generated content may be incorrect.]Figure 2.1 Hedgerow 'A' Shape (Peak District National Park Authority, n.d.)









A simple strategy for increasing hedgerow biodiversity is allowing hedgerow nodes to overgrow. A node is the junction that connects two hedgerows as shown below in Figure 2.2. By simply allowing these sections to be overgrown, it provides food, shelter and nesting sites as well as an enhanced corridor for movement (Hedgerow Survey Handbook, 2007). 
[image: A long line of animals

AI-generated content may be incorrect.]Figure 2.2 Hedgerow Nodes Explanation (Hedgerow Survey Handbook, 2007)



 Species of plants in hedgerows typically include hawthorn, blackthorn, hazel and holly. Factors such as soil type and depth need to be accounted for when planting to ensure its success. 
 Coupled with field margins, described as narrow, grassy margins adjacent to the hedge, both management practices can reduce sediment loss and enhance biodiversity on farmland (Holden, et.al., 2019). Furthermore, the sowing of wildflower seeds in field margins has been proven to increase biodiversity and support natural pest control (Sutter et.al. 2018). As Wales predominately farms livestock, these methods are not always feasible but can be altered or incorporated into other management practices. For example, buffer strips planted along watercourses slow the flow of water and intercept sediment and contaminants from reaching the water. Another alternative would be leaving a field ungrazed and planting a wildflower meadow. At the same time, they also act as habitat connectors for hedgerow species (Hudson et.al., 2024). 
Now that the two main criteria outlined in the SFS have been discussed, it is important to mention other variables that overlap and influence the health of woodlands and hedgerows, such as water and soil.

[bookmark: _Toc194504896]2.3.3 Water Catchments 

Agricultural land, forms the catchment area for river systems, meaning that any activity directly affects the freshwaters (Moss, 2007). Pollution resulting from agricultural activities has increased, mirroring the increase in agricultural intensification (Hooda et.al., 2000). Pollution can be seen in waste production (manure, slurry, dirty water, silage effluents etc.) and chemicals (fertilisers, pesticides etc.) (Hooda et.al., 2000). In agricultural run-off, the loss of nutrients, nitrogen and phosphorus poses a serious environmental threat (Moss, 2007) by disturbing the cycle in which these nutrients move among atmospheric, freshwater, marine and land environments (UK Parliament, 2022). Approximately 40% of nitrogen fertiliser is left unused or leaks into the environment, contributing to soil erosion and climate change, making it one of the leading reasons why agriculture is the biggest polluter of UK waterways (Nature-Friendly Farming Network, 2023). Further damage is caused by livestock grazing, which contributes to increased soil erosion and compaction, reducing rain infiltration and leading to accelerated runoff (Riley, et.al., 2018). Approximately 2.9 million tonnes of soil is lost every year in England and Wales (Worldwide Fund for Nature, 2018). 
Intensive farming around the River Wye has led to algal blooms destroying wildlife (BBC News, 2024). Government intervention by funding farmers to plant buffer strips along the riverbank to stop soil running into the water as research showed that 70% of excess phosphate was linked to agricultural waste (BBC News, 2024). According to research, the population of freshwater species have declined by 81% since 1970 (World Wide Fund for Nature, 2018). In a similar case, the Department of Agriculture, Environment and Rural Affairs (DEFRA) confirmed a pollution event from agriculture killed over one thousand brown trout in a river in Northern Ireland; the true impact of this event on local biodiversity is yet to be determined (BBC, 2024). Measures to protect water ecosystems within farming landscapes are costing the UK approximately £470m per annum (Williams et.al., 2020). Government response includes a mix of policy and financial incentives but has been met with limited success, mostly from farmers unwilling to comply. In a study of water pollution mitigation behaviours within the farming community, Inman et al. (2018) noted that proactive and sustained engagement is needed to adopt mitigation measures. Expert, trusted advice delivered one-to-one at the farm level thereby equips farmers with the will to change their behaviour and the confidence to do so. 
The House of Commons suggests that fewer than 40% of waterbodies meet statutory ecological and chemical standards (Inman et al., 2018). The legal requirements for minimising water pollution in Wales are set out in The Water Resources (Control of Agricultural Pollution) (Wales) Regulations 2021 and are enforced by Natural Resources Wales (NRW). Outlined are the requirements for spreading slurry and storing manure responsibly to reduce risk. However, strategies that are not written in legislation may contribute to better land management. Healthy soils lessen the need for chemical inputs and reduce surface runoff and leaching. Introducing a rich species diversity via cover crops and hedgerows has been shown to benefit farm ecosystem services (Nature Friendly Farming, 2023).
Research into the use of nature-based solutions to increase freshwater biodiversity in agricultural catchments showed that the creation of ponds has been proven to increase biodiversity by supporting many freshwater plant species and increasing total catchment richness by 26% and rare plant species by 181% (Williams et.al., 2020). Creating clean-water ponds, specifically for biodiversity, could help reverse declines in plant biodiversity in farming landscapes (Williams et.al., 2020). The Carmarthenshire Nutrient Management Strategy (Blount- Powell and Golding, 2023) identifies several key findings regarding phosphorous pollution in local watercourses noting that agricultural runoff contributes significantly. Recommendations for improvement include implementing nature-based solutions such as the development of riparian buffer zones, restoring wetlands and encouraging afforestation. 
Riparian buffer zones are the interface between the aquatic and terrestrial ecosystems and contribute with biodiversity and ecosystem functions by regulating the flow of water and the transport of nutrients into waterways (Lind et.al., 2019). Grazing in these zones can lead to soil erosion and lower water quality, usually because of surface runoff (Lind et.al., 2019). However, the success of these zones is dependent on environmental factors such as topography vegetation or soil type. Lind (2019) argues that these zones need to be 11-15 metres to control sedimentation and filter nutrients and 25 metres to ensure bank stability and floral and faunal diversity. 
Other general farm management suggestions include relocating gateways and feeding troughs to reduce the risk of water pollution. Relocating to hardened areas, away from sensitive fields and steep slopes, reduces the risk of soil erosion and water pollution (Browning et.al., 1996).
[bookmark: _Toc194504897]2.3.4 Soil

Soil management plays a critical role in environmental and land management. Agriculture in the UK accounted for 69% of nitrous oxide emissions and 48% of methane emissions in 2020, predominantly from applying nitrogen fertiliser and manure runoff (Nature Friendly Farming Network, 2023). Understanding soil characteristics allows for better decision-making and ensures stronger climate-change resilience. Factors such as root development, drainage, and biodiversity need important agricultural management considerations. NRW advocates for implementing nature-based solutions such as riparian buffer zones to maintain soil quality and protect soil resources on farmland (Natural Resources Wales, 2024). 
 In a study of six agroecological farms in Wales, WWF (Cymru), 2023, researched a regenerative beef farmer in Carmarthenshire who adopted new management strategies to improve soil health and biodiversity. The study found that rotational grazing, cover cropping and reduced chemical inputs significantly improved the soil health. Furthermore, in 2019, only 70% of the farm was utilised, compared to 85% in 2021, as well as having an infiltration rate of 10 seconds compared to 45 minutes in less regeneratively farmed fields. Rotational grazing leads to a deeper-rooted grass system that improves carbon sequestration as well as other benefits such as enhanced soil fertility, a longer grazing season which increases farm profitability and improved water infiltration (Teague et.al. 2011).  The same benefits can be seen by leaving fields ungrazed (Teague et.al. 2011). In the same study, a dairy farm in Carmarthenshire composted the farmyard manure with wood chippings from the hedgerows, recycling any nutrients produced on the farm and decreasing waste. Additionally, by removing the application chemicals, the reduction of leeching into rivers was observed as well as improved soil structure by allowing the roots to develop and look deeper for nutrients. 
It is clear that there is sufficient evidence to conclude that these management practices can enhance biodiversity and promote sustainable farming methods, however, there is a big question on how easy it will be for farmers to adopt these practices on their farms. Bohen et.al (2022) argue that farmer-led innovation will improve the adoption of these practices. By co-creating the narrative and identifying what contributes to successful farming and the associated environmental impacts, a mutual understanding of what is needed and how it can be implemented is created. Studies have shown that a hurdle in the uptake in these schemes has been unwillingness, but for this study, farmers' attitudes will not be studied and are assumed to be enthusiastic. This study will focus on the ease of implementing the actions outlined in the SFS and whether it will work for the farmers. Now that the benefits of the suggested management practices have been discussed, it is important to look at the SFS and how it plans to incorporate them into Welsh farming. 
[bookmark: _Toc194504898]2.4 The Sustainable Farming Scheme

Moving away from CAP, the development of the SFS will move towards a single scheme that will pay farmers and benefit Welsh society, economic growth, and the environment (Sustainable Farming Scheme Co-design, 2023). The SFS will become the main source of support for farmers in Wales from 2025 and, over time, replace the BPS. It aims to reward farmers for their actions in supporting Sustainable Land Management (SLM) objectives set out in the Agriculture (Wales) Act 2023 (Country Land and Business Association, 2024). These objectives are to;
· Produce food sustainably.
· Mitigate and adapt to climate change.
· Maintain and enhance the resilience of ecosystems.
· Conserve and enhance the countryside and cultural resources. 
These objectives must meet the needs of the present without compromising the ability of future generations and contribute to the well-being goals set out in the Well-Being of Future Generations (Wales) Act (2015) (National Farmers Union, 2024). 
In response to the Well-being of Future Generations (Wales) Act 2015, a new set of objectives was proposed under ‘Taking Wales Forward’ (2016-2021). The two relevant to this study are:
· Work with partners to secure a prosperous future for Welsh agriculture.
· Make progress towards reducing greenhouse gas emissions and protect and enhance biodiversity and local ecosystems. 
BPS is no longer considered an effective way of supporting farmers and is deemed inadequate to achieve the above goals. The new SFS scheme rewards farmers who are actively farming in a sustainable way and highlights the positive contributions they have made (Sustainable Farming Scheme: Outline Proposals for 2025, 2024).


[bookmark: _Toc194504899]2.4.1 The Scheme Criteria

As a rule, farms must have a minimum of 10% of the farm managed for habitat and 10% of tree cover. Wooded habitats are eligible for the 10% habitat requirement, allowing farmers to meet requirements, and farms which already have 10% will not be required to create more (Welsh Government, 2024). It is necessary to identify and capture each farm's features, and to do this Welsh Government propose a Level 1 Habitat Baseline Review (HBR1) be undertaken to establish the environmental baseline of each farm, details of which are yet to be released. 
The SFS is open to all farmers, including tenants who meet the scheme standards and proposes to cover all farm types. The Sustainable Farming Scheme Outline Proposals for 2025 (2024) states that farmers will be paid for carrying out the actions outlined, given that there is already evidence that they will deliver the SLM outcomes. 
To qualify for the scheme, you must:
· be able to perform the universal actions throughout the contract actively
· agricultural land must be in Wales
· must farm a minimum of three hectares of eligible land
[bookmark: _Toc194504900]2.4.2 The Scheme Structure

Above the National Minimum Standards for all farmers outlined in legislation, the SFS scheme is set in a structure to improve upon the current system while allowing farmers flexibility (Sustainable Farming Scheme: Outline Proposals for 2025, 2024). 

[image: A diagram of a company

Description automatically generated]Figure 2.3 The Sustainable Framing Scheme Structure (The Sustainable Farming Scheme: Proposed Outline for 2025, 2024).









The three main layers to the scheme are:
Universal Actions – carried out by all farmers who join the scheme. Exemptions can be made when considering farm type or topography. 
Optional Actions —these are targeted at specific land or landscape feature issues that a farmer may choose to address. Farmers will have the flexibility to choose which ones to take. 
Collaborative Actions – where several people are needed to achieve a specific outcome, with a minimum of two farmers forming a collaboration. 
The two actions outlined in this study, hedgerow management and woodland maintenance are both universal actions, and therefore mandatory. 
The SFS has set out five main characteristics, which are:
1. Resilient and productive
2. Reduce, reuse and recycle inputs, nutrients and waste
3. Reduce on-farm emissions and maximise carbon sequestration
4. Protect and enhance the farm ecosystem
5. Benefit people, animals and place. 
As the focus of this study will be in the analysis and implementation of the SFS at ground level, it is pertinent to explore the system in a little more depth. Having explored the relevant subject literature, the next chapter will introduce methods for data collection.













[bookmark: _Toc194504901]Chapter 3 – Methodology

This chapter will discuss the methods used for data gathering, along with an explanation of why they were picked. Having identified the current challenges within the industry in Chapter 2, it is now necessary to outline the methods involved in data gathering. This chapter will also explore the physical background of Carmarthenshire and each site. This is important as the geology and the weather patterns dictate the presence and variation of habitats. It is important to discuss the physical background, but before doing so it is useful to discuss the sampling strategy. Figures 4.1 and 4.2 show the selected sites for this study, which were chosen because of they offer specific features, further discussed in the following section. 
[bookmark: _Toc194504902]3.1 General Research Approach

	Two farms were assessed as part of this study, one livestock and one dairy. These farm types were chosen as they represent most Welsh farming as opposed to arable. Initially, seven farms were identified geographically to show different habitat types and landscape features, which included different characteristics and physical backgrounds, such as woodland, waterways and geography e.g. slope. However, some declined to take part of the study. The exact location and personal information of the farms/farmers will be completely anonymous. Further sampling criteria can be found in section 3.9
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AI-generated content may be incorrect.]Site 1Figure 3.1 Livestock Farm Location Plan, (Egan, 2025)



Site Name: Livestock Farm
County: Carmarthenshire
OS Grid Reference: SN509176
Latitude/ Longitude: 51.837386, -4.1642217
Altitude (m): 89.4m
Site Location and Description: Site 1 the livestock farm, is located approximately 10 miles east of Carmarthen town, just north of the A48 and just west of the National Botanical Gardens of Wales. The farm is approximately 95 acres and consists of gentle slopes on the north and south of the road, as shown by the contours on the location map.   


[image: A map of a farm

AI-generated content may be incorrect.]Site 2Figure 3.2 Dairy Farm Location Plan (Egan, 2025)



Site Name: Dairy Farm
County: Carmarthenshire
OS Grid Reference: SN494144
Latitude/ Longitude: 51.808149, -4.1852766
Altitude (m): 84.7m
Site Location and Description: Site 2, the dairy farm is located approximately 9.5 miles southeast of Carmarthen town, south of the A48. The farm is approximately between 130-160 acres and has wet, boggy ground with streams running through towards the Gwendraeth Fach, which travels east to west. 



[bookmark: _Toc194504903]3.2 Physical Background of Carmarthenshire

Carmarthenshire is a county located in southwest Wales, approximately 925 square miles. The physical background consists of rugged uplands in the north of the country to an expansive coastline in the south as shown in Figure 3.3 (Carmarthenshire County Council, 2020). Throughout the county, there is a mosaic of habitats intertwined in a network of rivers, woodlands and hedgerows all linking biodiversity (Carmarthenshire County Council, 2020). Eighty per cent of the area in Carmarthenshire is classified as agricultural land with at least 35 of the 55 priority habitats along with 240 terrestrial and marine priority species (Carmarthenshire County Council, 2020).
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AI-generated content may be incorrect.]Figure 3.3 Carmarthenshire Location Map (Wikimedia Commons, 2011)



 




The following image (3.4) further demonstrates Carmarthenshire's ecological map showing the Section 7 Priority Habitats. The map highlights the extensive river network flowing across Carmarthenshire as well as woodlands scattered around, especially in upland and lowland areas. 
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AI-generated content may be incorrect.]Figure 3.4 Carmarthenshire Priority Habitats (Carmarthenshire County Council, 2024)
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AI-generated content may be incorrect.]Having identified the priority habitats at a local authority level, it is necessary to establish the site-specific features. Looking at priority habitats at farm scale, detailed in Figures 3.5 and 3.6 it becomes clear the livestock farm does not house any within the farm boundaries but are surrounded by purple moor grass and rush pastures on the periphery, mixed with elements of raised bog and lowland fens and reedbeds. The dairy farm paints a different picture, portraying various species. The north of the farm houses coastal grazing marsh and purple moor grass and rush pastures. In this corner of the farm, the Gwendraeth Fach flows, enriching the soil.Figure 3.6 Dairy Farm - Priority Habitat Map (Egan, 2025)
Figure 3.5 Livestock Farm - Priority Habitat Map (Egan, 2025)

[bookmark: _Toc194504904]3.3 Weather and Climate

[image: A map of different colors

AI-generated content may be incorrect.] Carmarthenshire has high levels of rainfall, especially in the uplands, averaging 1,500 – 2,000mm per year; however, as shown in Figure 3.7, both sites experience around 700-900mm of rainfall annually (Data Maps Wales, 2025).  Carmarthen typically has mild winters (5°C) and warm summers (18°C-22°C) (Natural Resources Wales, 2015). The climate and geography of Carmarthenshire are categorised as an LFA, resulting in the majority of agricultural land use being sheep and cattle (Natural Resources Wales, 2015). This is an important aspect to consider when choosing management strategies as it connects to the viability of certain species.Figure 3.7 Carmarthenshire Rainfall Map (DataMaps Wales, 2025)

[bookmark: _Toc194504905]3.4 Geology and Soil
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AI-generated content may be incorrect.]Carmarthenshire’s geology is diverse, reflecting the varied landscape. The UK Soil Observatory shows in Figure 3.8 the contrast between the mudstone in the north of the country and the limestone and sandstone in the south; the key to differentiating between both is shown in Figure 3.9. Both farms fall within classic sedimentary rocks, showing mudstone and sandstone having the highest proportion of presence. Furthermore, Carmarthenshire’s soil types are just as varied, influenced by the rock types, climate and topography. As displayed in Figures 3.10 and 3.11, both farms sit on a bed of freely draining, slightly acid-loamy soils, considered ideal for agriculture due to their ability to drain and retain nutrients (UK Soil Observatory, 2025). Both farms also contain lowly permeable seasonally wet acid loamy and clayey soils, again good for draining for agricultural use; however, they can be waterlogged. The dairy farm in particular sits upon loamy and clayey floodplain soils with naturally high groundwater which coincides with the Gwendraeth Fach running thorough (UK Soil Observatory, 2025). Figure 3.9 Soil Type Key (UK Soil Observatory, 2025)
Figure 3.8 Carmarthenshire Soil Map (UK Soil Observatory, 2025).
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AI-generated content may be incorrect.][image: ]The key to differentiating the different soil types is displayed in Figure 3.12.



Figure 3.10 Livestock Farm Soil Map (Egan, 2025)
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Figure 3.11 Dairy Farm Soil Map (Egan 2025)
Figure 3.12 Soil Key for Farm Maps (UK  Soil Observatory, 2025)
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AI-generated content may be incorrect.] The importance of soil depth in environmental management is important as understating it could alter suggestions for improvement. Deeper soils retain more water and allow for extensive root systems, while shallow soils drain quickly and can lead to surface runoff and erosion (UK Soil Observatory, 2025). The north of the dairy farm is deep (Figure 3.14), where the Gwendraeth Fach flows east to west, while the south is mostly shallow. The livestock farm (Figure 3.13) is predominately deep to intermediate. This information is useful in the recommendations chapter when designing a management plan for improvement. Figure 3.13 Livestock Farm Soil Depth Map (Egan, 2025)


Figure 3.15 Soil Depth Key for Farms (UK Soil Observatory, 2025)
Figure 3.14 Dairy Farm Soil Depth Map (Egan, 2025)

[image: ][image: A map of a flood

AI-generated content may be incorrect.]The flood risk maps for each location are shown in Figures 3.16 and 3.17 below. Flood risk from rivers is displayed in orange, while surface water and small watercourse flood risk is displayed in blue. During the site inspection, the farmer confirmed that the dairy farm experiences significant flooding from the river, which is apparent in Figure 3.17. Again, this data is an important consideration for management suggestions.  Figure 3.17 Dairy Farm Flood Risk Map (Egan, 2025)
Figure 3.16 Livestock Farm Flood Risk Map (Egan, 2025)

Having now introduced the physical features around climate and topography, it is necessary to discuss the methodology used to collect the data.
[bookmark: _Toc194504906]3.5 Informal Interview 

Each farmer was interviewed informally to ascertain basic information about the farm. Questions such as the farm's size and whether they are already part of or previously participated in an AES were asked. Furthermore, questions regarding the current management of the farm and the challenges they may face were also asked. These interviews were not voice recorded, and note-taking was used to record the answers. The answers to these questions were used to understand the baseline of the farm before undertaking data collection but were not used as an official data collection method. Semi-structured interviews were considered for a method to this research but ruled out due to the study looking at the practicality of applying the SFS scheme and not farmers' attitudes towards it. 
[bookmark: _Toc194504907]3.6 Site Audits

The SFS identified many areas where farmers can improve the environment; however, for this study, the surveys will focus on hedgerow and woodland management. Field surveys were undertaken in January, February and March across two farms in Carmarthenshire, one livestock and one dairy. Within these surveys, the identification of species within hedgerows and an assessment of the condition were undertaken. Following the literature review of similar studies and reviewing common survey techniques, 30m sample sections of the hedgerows were analysed, following the Hedgerow Regulations (1997). The surveys followed one main assessment criterion, which was structural assessments. 
The indicators below in Table 1 are based on survey methods in the DEFRA Hedgerow Survey Handbook (2007). A review of similar studies acknowledges that the practice of providing direct evidence of biodiversity is knowledge-intensive and time-consuming (Crossland et.al.,2015). Therefore, using indicators such as species density makes it easy to observe or identify without using specialist equipment (Crossland et.al.,2015). While a more in-depth biodiversity survey might be required at some point, for farmers to engage with and easy-to-follow and minimum-effort method, this type of survey is appropriate. 
The Ad Libitum sampling methodology is often used in observational studies to identify notable features and anomalies of hedgerows. This makes it flexible, leading to richer datasets (Altmann, 1974). The method of writing visual observations on a site audit is useful in recording criteria such as weather conditions or areas of soil compaction that at the time may not be considered relevant to the study, however, may be used to confirm theories.  
[bookmark: _Toc194504908]3.7 Structural Assessments

A structural assessment determines the physical characteristics of a hedgerow, such as its height, width, and species density. The taller and wider a hedgerow, the more it ensures livestock are sheltered while additionally providing a habitat and food source for wildlife (Barr et.al., 2005). Table 1 below outlines the methods and measurements used for data collection, which follow the protocols outlined in DEFRA Hedgerow Survey Handbook (2007) and adapted by Crossland (2015). In the study by Crossland (2015), the protocols are designed to be used by farmers, landowners and advisors, which this study has adapted to reach the same objective. However, certain criteria used in the Crossland (2015), such as wildflower margins and pollinator abundance, were removed due to not being viable for this study. 
Table 1 Indicators for Site Audit (adapted form Crossland, 2015)
	Parameters
	Methods
	Measurement

	Height
	Rangefinder
	M

	Width
	Rangefinder
	M

	Density
	Scoring system
	1-5 (1= sparse, 5= very dense)

	Number of Species
	Count and record names and number of species
	Visual assessment 



[bookmark: _Toc194504909]3.8 Biodiversity Assessment 

Biodiversity monitoring aids in identifying the conservation strategies required to increase species richness among the hedgerows (Barr, et.al., 2005). This aspect could not be fulfilled because this study was undertaken in the winter months. Signs of wildlife such as rabbit warrens, badger holes etc. were marked as survey points while doing a site audit as part of Ad Libitum methodology. If this study were to be undertaken again, the summer months would be an ideal time to note down any species found.
[bookmark: _Toc194504910]3.9 Sampling

The methodology for this study has been adapted from the research undertaken by Crosswell (2015), in that research sampling involved looking at three hedges of different character: newly planted, recently laid and tall overgrown hedges. However, from conversations with the farmer and a site audit, this was not viable due to the criteria not being met. Instead, the sampling has been chosen directly from the DEFRA Hedgerow Survey Handbook (2007). The recommended approach suggests selecting nine hedgerows within a 1km square using a grid overlay and picking the closest hedgerow to [image: A map of a golf course

AI-generated content may be incorrect.]the centre point, as shown below in Figure 3.18. From that it recommends measuring 30m from the end point and the next 30m section is the survey section as shown below in Figure 3.19. This method has recently been used in a study by The Environmental Information Data Centre (EIDC) which looked at hedge length and condition in sites across England in 2022 and 2023 (Environmental Information and Data [image: A diagram of a line of objects

AI-generated content may be incorrect.]Centre, 20224).Figure 3.18 Sampling Strategy (DEFRA, 2007)

Figure 3.19 Sampling 30 Metre Sections (DEFRA, 2007)
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AI-generated content may be incorrect.]Below are the two grid maps (Figures 3.20 and 3.21) created using the above methodology. Each site has nine hedgerows broken into 30m sections, marked in orange on each map. It is important to note that the north of the dairy farm does not have any survey sections due to a lack of hedgerows and the farm being inaccessible due to the boggy ground. However, all feasible hedgerows nearest the centre point in each square were assessed. When out on site, a range finder was used to ensure a 30m section was being surveyed. Only one side of each hedgerow was surveyed which was always the southern side, in the case where the section is on the boundary, the side inside the boundary was surveyed. Figure 3.21 Dairy Grid Map (Egan, 2025)
Figure 3.20 Livestock Grid Map (Egan, 2025)


[bookmark: _Toc194504911]3.10 Geographic Information Systems

Geographic Information Systems (GIS) are computer-based systems for capturing, analysing, and displaying data related to positions on the Earth’s surface (Longley et al., 2015). It is a standardised tool for mapping data, and Quantum GIS (QGIS) (version 3.30) is specifically used in this research to map the key elements of each farm, which are: farm boundaries, hedgerows, woodland blocks and improvement suggestions. It is used as a visual tool to display data and to calculate how much of the farm has habitats that are currently being managed, which will be established through a site audit and conversations with the farmer. Additionally, it can be used to verify if the farm currently has 10% of tree cover as an outlined criterion to meet the SFS. GIS has been used in several studies and is a standardised tool that can be applied to different methodologies and used to represent data visually. Furthermore, similar studies have used it to map the connectivity of hedgerows relative to surrounding habitats (e.g. woodlands) and assess their importance as an ecological corridor (Kratschmer et.al., 2024). Additionally, in a study by Kratschmer et.al., (2024), researchers used GIS to identify gaps, biodiversity hotspots and buffer zone analysis of hedgerows. They found that using GIS can improve management and policy. Using GIS maps, the percentage of the farm currently being managed can be calculated and recommendations can be provided for improvement. For example, it may be the case that 8% of the farm has already qualified for the scheme; using the maps can outline where work can take place. 
The lengths and widths of hedgerows can be determined by the digitisation from aerial imagery. Digitisation is the process of converting geographic features from aerial imagery and manually tracing them (Chang, 2016). From this digitisation, the assets of the farm, such as hedgerows and woodlands, will allow the extraction of parameters e.g. lengths and heights, which will infer the percentage of the farm currently qualifying for the SFS.  This digitisation results in geospatial vector layers such as polygons and lines, which are then used as inputs into the subsequent steps. 
Using LiDAR data from Data Maps Wales (Welsh Government LiDAR tile catalogue 2020-2023 | DataMapWales), a Canopy Height Model (CHM) layer can be overlayed over each farm. A Digital Elevation Model (DEM) is a generic term encompassing a Digital Terrain Model (DTM) and Digital Surface Model (DSM). A DTM represents the Earth’s terrain containing topographical information, and a DSM, includes vegetation, buildings etc. (Wood and Gorman, 2007). Both are achieved by extracting LiDAR data and inputting it into GIS to derive the CHM. To then generate the CHM, the following subtraction is applied:
CHM = DSM - DTM
[image: A close-up of a sign

AI-generated content may be incorrect.]Once this layer has been applied, any vegetation that is less than one metre can be removed; this was done to not skew any statistics when establishing averages of features heights (Liu and Weng, 2009). This is done to remove the vegetation in open fields, (grass) and the clearings in the woodlands and focus on the analysis on standing woodland and hedgerows. The following flow chart (Figure 3.32) has been created to help illustrate the process.Figure 3.22 Canopy Height Model Creation Flowchart (Egan, 2025)

 
Zonal statistics follow a raster-based method, widely used in environmental studies (Soysal et.al., 2012).  It is a GIS tool that summarises raster values within specified vector zones, thereby allowing the extraction of statistical measures within the defined area (Bolstad, 2016). Using the zonal statistics tool within QGIS, the following statistics were extracted:
· Total area that is covered by vegetation greater than one metre.
· The average vegetation height for that vegetation.
· The maximum vegetation height. 
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AI-generated content may be incorrect.]Using this tool, visualising normalised results and quantifying special data can help draw meaningful analysis and interpretations (Soysal et.al., 2012). A simplified explanation is demonstrated in Figure 3.33. 
Figure 3.33 Zonal Statistics Flowchart (Egan, 2025)


A buffer zone in GIS is a zone created around a special feature, e.g. points, lines, or polygons, at a specified distance (Bolstad, 2016). Once the feature has been identified, for example, hedgerows, a buffer distance of one metre will be defined. A one-metre distance was chosen, as the average width of the hedgerows was two metres; therefore, having a one-metre distance in either direction of the drawn feature captures the true width of a hedgerow. Furthermore, the pixels taken from the LiDAR are 1m², meaning that the two-metre buffer zone will capture the pixel squares.
As part of the SFS, a representative from NRW will first audit and map the site. This research will take the place of that role by identifying a baseline and what can be improved, thereby demonstrating the ease with which farmers can implement the suggestions. It was important that any methods chosen could be easily replicated by a farmer who would be applying to the scheme and monitoring progress once part of the scheme. It is important to note that the farmer will not be expected to create GIS maps; it is only used as part of this study to create a baseline, calculate the area of qualifying habitats and visually display data.
[bookmark: _Toc194504912]3.11 Limitations

As with any study, there are always limitations in what can be achieved and elements that are not possible. This section will outline where those were encountered.
Firstly, the sample size was a clear limitation in this study. To obtain a strong dataset of information, a higher sample of farms to study would provide a clearer picture; however, within the scope and timeframe of this research, that was not possible. If this study were to be replicated, a minimum of ten farms would be recommended to enable a wider range of findings.
Weather restrictions were a clear limitation of this study. As this study was carried out in Wales during the winter months, biodiversity monitoring among birds and pollinators in wet and cold conditions can lead to variability in results (Crossland et.al., 2015). As discussed, climate change is having a significant impact on increased weather events. These year-to-year changes in climate can skew results in terms of biodiversity data (Crossland et.al., 2015). Studies of hedgerows typically consider a biodiversity assessment and identify pollinators, birds and mammals as an indicator of the health of hedges. As this study in the winter months, this aspect was not viable. However, any signs of wildlife, e.g. rabbit warrens, were marked on the map during the fieldwork. The methodology in this study uses indicators, such as the number of tree species within a hedgerow. However, using indicators has its limitations as the habitat may suggest a high likelihood of species abundance, however offering no evidence of its presence (Crossland et.al.,2015). 
Furthermore, due to the time of year in which the study was carried out, farmers had already cut the hedgerows as regulations state no hedge-cutting is allowed after March 1st (UK Government, 2024). Therefore, identifying species proves harder, and the accuracy of identification is hindered by the timing of the study. However, this does make it easier to identify any gaps in the hedges as everything is cut back as well as identifying the presence or absence of ditches, banks, stone walls or other similar features.  These features can add to biodiversity, and the upkeep could be incentivised as part of the legislation. The opportune time to carry out site surveys would be June and July, making it easier to identify flora and fauna. However, that does pose a seasonal bias by overlooking the wintering birds that rely on hedgerow berries (Crossland et.al., 2015). 
One inherent limitation of LiDAR technology is that the accuracy of the data is restricted to the conditions present at the time of capture. The most recent dataset available on Data Maps Wales dates to 2023. Consequently, any subsequent changes in vegetation, such as deforestation or new plantings, will not be reflected in the dataset. This limitation affects the precision of measurements, including the recorded height of hedgerows, as the data may no longer represent the current landscape accurately.
[bookmark: _Toc194504913]3.12 Monitoring and Checking

Monitoring and evaluating the success of AES schemes is essential to ensure they effectively deliver the intended environmental benefits. A strong criticism of the implementation of AES is insufficient monitoring of efficiency, and the benefits for nature are to be expected (State of Nature Report, 2023). In a study of the effectiveness of AES schemes, Kleijn and Sutherland (2003) identified that many suffered from methodological weaknesses, such as the absence of baseline data or, a sampling bias to select sites that will give a favourable result. The suggested methodology for this study establishes the baseline for each farm, which is crucial for assessing changes over time, and uses a DEFRA sampling method to ensure no bias is encountered. As the SFS is still in the consultation stage, the details of the proposed sampling are not yet released, however, it does mention annual monitoring. The details are vague, but farmers are expected to complete an assessment each scheme year using the Farming Connect Key Performance Indicator Tool, which will be made available in spring 2025, however, it was not available at the time of this study (Sustainable Farming Scheme: proposed scheme outline, 2024). Studies have shown that a tiered approach, combining frequent short- term monitoring with periodic in-depth assessments, ensures that AES are effective and adaptable (Batary et.al., 2015).
	Now that the methods used for data collection and the reasoning have been established, the next chapter will discuss the results of the findings.
[bookmark: _Toc194504914]Chapter 4 - Results and Discussion

This chapter analyses and presents the site audit findings and recommendations for improvement for each farm. In line with the research question ‘How will the SFS work in practice?’, these findings will demonstrate how farmers can impose the SFS and improve the environmental quality of their farms. Previous chapters have identified the difference between the two survey sites, and the same methodological approach has been enacted for both sites; therefore, at this stage, it is most useful to look at the two distinct variables that are being considered under the SFS. The following narrative will concentrate on the two variables, hedgerow management and woodland maintenance, as well as additional suggestions analysed in the literature review and found on site using Ad Libitum methodology. Each will be considered under individual headings. 
[bookmark: _Toc194504915]4.1 Hedgerow Management

Preliminary discussions with the livestock farmer indicated that no environmental management strategies are currently implemented on the farm. Furthermore, all hedgerows undergo annual cutting during the winter months, and over the past decade, minimal efforts have been made to enhance their ecological health. Limited planting has occurred within this period, primarily to fill gaps for livestock containment rather than for environmental improvement. Additionally, findings from the site audit confirmed that all hedgerows were fenced off.
In comparison, the dairy farmer revealed that hedgerows are cut bi-annually, except by the road, which are cut annually for mandatory highway safety reasons. Furthermore, over the last ten years, six miles of hedgerows have been improved and laid by filling in gaps, for housing livestock, not for environmental purposes. 

	[bookmark: _Hlk192765573]Livestock Farm
	Grid Square
	Height
(m²)

	Width (m²)

	Density
1-5
	Species and Percentage

	Hedge 1
	11
	2.6
	1
	3
	Blackthorn
Hazel
Bramble
	80%
15%
5%

	Hedge 2
	16
	2.8
	3
	4
	Hazel 
Blackthorn
	90%
10%

	Hedge 3
	12
	0.5
	0
	1
	Ash
	100%

	Hedge 4
	7
	2.4
	2
	3
	Hazel
Blackthorn
	70%
30%

	Hedge 5
	3
	0.8
	1
	2
	Ash
Blackthorn
	20%
80%

	Hedge 6
	2
	2.4
	3
	5
	Blackthorn
Hazel
	80%
20%

	Hedge 7
	1
	2.7
	2
	4.5
	Hazel
Blackthorn
	50%
50%

	Hedge 8
	5
	2
	1
	3
	Blackthorn
Bramble
	90%
10%

	Hedge 9
	6
	2.5
	3
	5
	Blackthorn
Hazel
	80%
20%


[image: A map of a farm

AI-generated content may be incorrect.]Tables 2 and 3 below show the results of the hedgerow surveys conducted between the livestock and the dairy farm using five key parameters: height, width, density, species and species percentage, as outlined in section 3.7 and Table 1. Followed by graphs depicting the results visually. 
Table 2 Livestock Hedgerow Results (Egan, 2025)
Figure 4.1 Livestock Farm Grid Numbers (Egan, 2025)

	Dairy Farm
	Grid Square
	Height (m²)
	Width (m²)

	Density (1-5)
	Species and Percentage

	Hedge 1
	19
	2.7
	3
	5
	Blackthorn
Bramble
Holly
	60%
35%
5%

	Hedge 2
	18
	2.1
	1
	5
	Blackthorn
Bramble
	70%
30%

	Hedge 3
	13
	2.6
	2
	4
	Hazel
Blackthorn
Bramble
	60%
20%
20%

	Hedge 4
	8
	2.4
	3
	5
	Holly
Blackthorn
Bramble
	70%
20%
10%

	Hedge 5
	9
	2.6
	3
	4
	Hazel
Blackthorn
Bramble
	60%
20%
20%

	Hedge 6
	14
	2.3
	2
	5
	Blackthorn
Hazel
	50%
50%

	Hedge 7
	15
	2.3
	2
	4
	Blackthorn
Hazel
	60%
40%

	Hedge 8
	5
	2.2
	2
	4
	Hazel
Blackthorn
	60%
40%

	Hedge 9
	10
	2.2
	2
	4
	Hazel
Bramble
	80%
20%



Table 3 Dairy Farm Hedgerow Results (Egan, 2025)
[image: A map of land with red lines
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Figure 4.2 Dairy Farm Grid Numbers (Egan, 2025)


As a general overview, the dairy farm (Figure 4.4) shows consistently higher density values, indicating thicker and more robust hedgerows, whereas the livestock farm (Figure 4.3) scores as low as one, showing thinner and less well-maintained hedgerows. The same patterns appear in species diversity, with the dairy being more consistent with mostly two or three. The dairy farm hedgerows are much more uniform in structure with consistent density and species because of better hedgerow management, whereas the livestock shows greater variability, reflecting low maintenance or environmental factors affecting growth. The average height of the hedgerows is 2.1m for the livestock compared to 2.4m for the dairy. While literature argues that height does not guarantee healthy hedgerows, the benefits for taller, thicker hedgerows for biodiversity and livestock shelter advise they are around 2m. The dairy farm paints a healthier and more stable picture, providing better wildlife habitat and wind protection for livestock. Figure 4.4 Livestock Hedgerow Results Graph (Egan, 2025)
Figure 4.3 Livestock Hedgerow Results Graph (Egan, 2025)


The general health of the hedgerows was far better overall on the dairy farm. There were higher species abundances and fewer gaps, making the hedgerows denser and wider. As previously mentioned in this section, this could be a result of the bi-annual cutting regime, the confirmed benefits of prolonging the cutting outlined in the Agroforestry Handbook (2019) (section 2.3.2). General recommendations for improvement for both farms would be to follow a bi-annual cutting regime and, in certain areas of the farm, to leave sections for cutting every three years to allow growth, increasing the number of berries and creating a micro-climate for ground feeding birds and invertebrates (Staley et.al. 2012). Furthermore, as outlined in section 2.3.2, the shape of hedgerows is an important consideration. Those hedgerows identified on the site audit to be dense and thick were rectangular, as shown in Figure 4.6. However, cutting the hedges in an ‘A’ shape allows for benefits such as thick growth at the base and a windbreak for livestock (Peak District National Park Authority, n.d.).
 	







At a closer level, improvements on the hedgerow sections would first be to fill any gaps by planting new species, allowing wildlife to move, increasing biosecurity and increasing pollination (The Agroforestry Handbook, 2019). For example, hedge 8 in the livestock farm, shown in Figure 4.5 scored low in density and width, and the primary species was blackthorn. This hedge sits at the north of the farm at a high elevation; improving the density would primarily provide shelter for the sheep. It sits on intermittent-shallow soil that is not waterlogged; therefore, planting hazel, holly or hawthorn would be beneficial as these are fruiting trees which provide a food source to wildlife and are also self-seeding trees (The Agroforestry Handbook, 2019). 
[image: ]





	
Figure 4.5 Livestock Farm Hedge 8 (Egan, 2025)
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Figure 4.6 Dairy Farm Hedge 5 (Egan, 2025)


For the hedges that are already in good condition in that they are dense and cut bi-annually, a suggestion for improvement would be to create a hedgerow junction in the nodes. An example would be hedge 5 on the dairy farm, pictured in Figure 4.6. Creating a junction in either corner, as shown in Figure 4.7, would improve shelter for livestock and mammals as well as a corridor for movement and an enhanced food source for nesting birds (Hedgerow Survey Handbook, 2007). Areas where this is viable on both farms can be seen in Figures 4.8 and 4.9.
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Figure 4.7 Hedgerow Junction Example (Egan, 2025)
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AI-generated content may be incorrect.]Figure 4.9 Dairy Farm Possible Hedgerow Junctions (Egan, 2025)

Figure 4.8 Livestock Farm Possible Hedgerow Junctions (Egan, 2025)


[bookmark: _Toc194504916]4.1.2 Hedgerow Calculations

As mentioned in section 1.8, the objective of this study was to outline how farmers can achieve the 10% vegetation coverage to adhere to the SFS. Therefore, each farm needs to be able to calculate its vegetated cover. QGIS can be used to calculate the percentage of the farm that is covered by hedgerows in an idealised scenario. This can be done by creating a one-metre buffer zone around the mapped hedgerow sections and calculating the area, as previously outlined in section 3.10. In Figure 4.10, the hedgerows for the livestock farm are continuous. The total area for the livestock farm is 383200m², and the total area covered by continuous hedgerows could be 16491m², making the total area of the farm covered 4.31%. 
Livestock -Percentage covered = x100
Percentage covered = x 100
[image: A map with red lines
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Figure 4.10 Livestock Farm Continuous Hedgerows (Egan, 2025)

Using the same calculations for the dairy farm, the total cover of hedgerows in an idealised scenario would be 2.42%.
Dairy - Percentage covered = x100
Percentage covered = x 100
[image: A map of a forest
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Figure 4.11 Dairy Farm Continuous Hedgerows (Egan, 2025)


However, by using LiDAR data, a clearer picture of the current state of the farm and the current cover of hedgerows can be determined by using the same method of creating a one-metre buffer zone around the mapped hedgerows. As previously mentioned, anything with a vegetation height under one metre will not appear; therefore, by using zonal statistics for the buffered layer, a count of how many pixels is above one metre can be determined. The total cover of the livestock farm by hedgerows is 2.27%.
Livestock - Percentage covered = x100
Percentage covered = x 100
=2.27%

Using the same method, the total cover of the dairy farm is 1.11%
Dairy - Percentage covered = x100
Percentage covered = x 100
=1.11%
[image: ]However, as outlined in the limitations, LiDAR data was problematic when looking at hedgerow cover, as shown below in Figure 4.12. Survey section one on the dairy farm can be seen on aerial imagery and was surveyed when on-site; however, the LiDAR data suggests that there is little to no vegetation over one metre within the buffer zone.  Therefore, if the SFS were to consider using LiDAR data to calculate vegetation cover, this method would be flawed. It cannot give an accurate representation of the current state of a farm. Therefore, moving forward, it is recommended that ground surveys are carried out for this analysis. 
Figure 4.12 Lidar Discrepancy Example (Egan, 2025)

Improvements such as the hedgerow junctions will also count towards the cover of vegetation outlined in the SFS. Using the same calculations as above, the cover will increase by 1.16% for the livestock and 1% for the dairy.

Livestock - Percentage covered = x100
Percentage covered = x 100
=1.16%
Dairy - Percentage covered = x100
Percentage covered = x 100
=1.00%
By farmers correctly managing hedgerows, the total percentage of cover outlined in the SFS is much more achievable. By having continuous hedgerows and incorporating hedgerow junctions the total coverage would be 5.47% for the livestock farm and 3.42% for the dairy. By also incorporating a bi-annual cutting regime, cutting into an ‘A’ shape and planting fruiting and self-seeding trees the biodiversity of the farm will improve. 




[bookmark: _Toc194504917]4.2 Woodlands 

When considering management strategies for the woodlands, it is important to consider the physical background of each farm outlined in section 3.2. Soil depth and soil type play an important role in considering what will thrive when planted. As there are differences in the recommended management strategies, farms have been split into separate sections.
[bookmark: _Toc194504918]4.2.1 Livestock 

[image: A map of a field

AI-generated content may be incorrect.]The livestock farm has four woodland blocks, shown below in Figure 4.13Figure 4.13 Livestock Farm Woodland Blocks (Egan, 2025)

From the site audit, the largest woodland block, located in the southwest of the farm, was fenced off to stop livestock from entering and could not be accessed. However, as shown in Figures 4.14 and 4.15, the woodland floor is very overgrown, mostly by brambles (Rubus) and ivy (Hedera).  Correctly managing it, would include removing these non-native species and encouraging native plants such as clover (Trifolium) and bluebells (Hyacinthoides non-scriptato), enhancing the ecosystem's health by introducing light, rotational grazing (Sharrow, 2008). Introducing ferns and mosses will also limit compaction and erosion (Brady and Weil, 2008).  As pictured, any fallen trees should be left to support insects, fungi and other decomposers (Schoeneberger, 2009). Furthermore, by introducing silvopasture techniques, the understory can be maintained by the livestock, promoting soil health (Sharrow, 2008). A rotational grazing plan should be incorporated to prevent overgrazing and soil compaction and can be found in Appendix 1. 
In comparison, the most northerly woodland block is open to allow livestock to roam, as pictured in Figures 4.14 and 4.15, and the room for improvement is apparent. The fallen tree could potentially pose a risk to livestock; therefore, cutting sections to reduce risk is advised. The remainder of the tree should be left as deadwood to supply a habitat for wildlife (Schoeneberger, 2009).  The chopped sections can be placed on slopes to slow water runoff and prevent further soil loss. As outlined in section 2.3.1, woodlands with larger canopy gaps lead to increased soil erosion due to reduced interception by the canopy (Webb, et.al. 2021). The exposed root structure and worn-down soil suggest heavy livestock traffic and overgrazing. The rotational grazing plan outlined in Appendix 1 can limit the grazing in this area and prevent soil compaction. Planting native species that suit the soil conditions, such as oak (Quercus), hazel and alder will help stabilise the soil structure with their deep roots. Additionally, it provides a food source for wildlife and improves biodiversity (The Agroforestry Handbook, 2019).  Furthermore, planting ground cover and erosion control plants such as wood avens (Geum urbannum) that thrive in shaded soils and provide nectar for insects and creeping bentgrass (Agrostis stolonifera) that can tolerate being trampled will hold the soil, reduce run-off and improve [image: ]the pasture quality (The Wildlife Trust, n.d). 



Figure 4.14 Livestock Farm Woodland Floor 1 (Egan, 2025)
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Figure 4.15 Livestock Farm Woodland Floor 2 (Egan, 2025)
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AI-generated content may be incorrect.]Figure 4.17 Livestock Farm Woodland Block 2 (Egan, 2025)
Figure 4.16 Livestock Farm Woodland Block 1 (Egan, 2025)

As shown in Figure 4.18, the livestock farm LiDAR map shows trees of varying heights, this indicates species and age diversity which suggests biodiversity within the woodland blocks (Watson, 2023). 
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Figure 4.18 Livestock Farm LiDAR Map (Egan, 2025)


Using the zonal statistics tool within QGIS, variables such as average tree coverage (column _mean) and maximum tree height (column _max) can be determined. Shown in Figure 4.19, the average tree height for the largest woodland block was 14.5m, compared to the tallest tree being 26.4m. As previously mentioned, anything shorter than one metre was removed from the CHM so as not to bring down the average statistics and provide a clearer reflection on the woodland height. As outlined in section 2.3.1, the height of a woodland a strong indicator for species diversity. These results, along with sightings from the site audit, confirm that trees with a range of height and, therefore, species and ages are present. While a biodiversity assessment was not undertaken, literature confirms it is likely that the woodland will be a host to many habitats (Watson, 2023).  
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Figure 4.19 Livestock Woodland Statistics (Egan, 2025)






[bookmark: _Toc194504919]4.2.2 Dairy
[image: A map of land with red lines

AI-generated content may be incorrect.]The dairy farm has three woodland blocks within the boundary and has multiple others surrounding the perimeter, as pictured in Figure 4.20.Figure 4.20 Dairy Farm Woodland Block (Egan, 2025)


As previously mentioned, the north of the farm could not be accessed due to boggy ground and the river running through, therefore, the most northerly and easterly woodlands were not visited. However, by using LiDAR, pictured in Figure 4.21, it is clear that they are both sparse in areas. Management of these woodlands would include planting trees suitable to the soil type and ground conditions, such as native broadleaf trees. As they sit on a floodplain, deep-rooting, water-tolerant species such as alder and willow would be best suited (The Agroforestry Handbook, 2019). Additionally, limiting livestock grazing and machinery to prevent soil compaction would be beneficial. Encouraging the understory growth by planting ferns and marsh grasses that thrive is damp conditions and [image: A map of a farm

AI-generated content may be incorrect.]further soak up the water is advised (Brady and Weil, 2008).Figure 4.21 Dairy Farm LiDAR Map (Egan, 2025)







The third woodland block in the west of the farm was accessible, as pictured in Figures 4.22 and 4.23. Clear signs of soil erosion and run-off into the river were present. This area of riparian buffer zone on either side of the stream could be enhanced to reduce soil erosion and slow the flow of water. It currently measures around 25m on either side of the stream and is planted primarily with ash trees, with ferns and wild garlic dotted on either side. To improve the area, an array of species that include wildflowers and ferns dispersed amongst willows, alders, hazel, birch (Betula) and oak trees to improve the structure of the riverbank and absorb water (Lind et.al., 2019). Similar practices have been seen in the Clwyd catchment, where 3km of river habitat was created by planting native trees (North Wales River Trust, 2025).
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Figure 4.22 Dairy Farm Riparian Buffer Zone (Egan, 2025)

















Using zonal statistics, the averages have been calculated as shown. As outlined in section 2.3.1 and shown in Figure 4.21, woodlands with larger canopy gaps lead to increased soil erosion due to reduced interception by the canopy (Webb, et.al. 2021). This can be seen in Figure 4.23, where a gap in the woodland has a clear sign of soil erosion, yet the tallest tree is 26.7m. This confirms that tall woodlands do not necessarily mean a healthy woodland. As above, management in these areas would include planting woodland floor cover to absorb excess water and improve soil structure.   
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Figure 4.24 Dairy Farm Woodland Block Zonal Statistics (Egan, 2025)







[bookmark: _Toc194504920]4.2.3 Woodland – LiDAR Discrepancy

[image: A map of a farm

AI-generated content may be incorrect.]Like hedgerows, the LiDAR data was problematic for accurately depicting the woodlands. As the data was extracted in 2023, the true coverage of the woodlands in 2025 cannot be determined using this method. Furthermore, gaps in the woodland blocks, pictured in Figure 4.25, can impact the zonal statistics. A woodland block is typically defined by the perimeter of the woodland section; however, as shown, there may be areas where trees are not present. Therefore, as part of this research, anything below one metre was removed so not to bring the average down. If this had not been done the average height would be as shown in Figure 4.26, using the dairy farm as an example. Figure 4.25 LiDAR Discrepancy for Woodlands (Egan, 2025)
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AI-generated content may be incorrect.]Figure 4.26 Dairy Farm Woodland Block Zonal Statistics Discrepancy Example (Egan, 2025)


[bookmark: _Toc194504921]4.2.4 Woodland Calculations 

Using the same methods outlined in section 4.1.2, the woodland coverage is as follows. 
Livestock - Percentage covered = x100
Percentage covered = x 100
= 5.37%

Dairy - Percentage covered = x100
Percentage covered = x 100
= 8.85%
This can demonstrate to farmers that the 10% coverage requirement is not as daunting as they anticipated, as a large proportion may already be achieved.
[bookmark: _Toc194504922]4.3 Final Thoughts and Suggestions

This section will look to sum up the findings from both farms and seek to provide management suggestions that can be applied to most farms across Wales and help to develop the SFS. This section will also include further management suggestions for problems identified from the site audit using Ad Libitum. 
As outlined in section 3.1 and shown in Figure 3.2, the dairy farm slopes downwards towards the river. The area surrounding the river consisted of boggy ground, making access to the river impossible. From a visual assessment, there were no diversion channels, reed beds or runoff channels present on the farm to divert soil. Based on this, it can be assumed that soil run-off is present in the river. To improve this, buffer strips along the river shown in yellow in Figure 4.27 are a clear suggestion to reduce sediment loss and enhance biodiversity (Holden, et.al., 2019).  Furthermore, as this area of the farm is difficult to access, the farmer confirmed it would be possible to leave this area ungrazed. Therefore, planting wildflower meadows in the areas shown in purple would be highly beneficial to pollinators, increasing biodiversity but also to the soil. A diverse range of species with deep roots can soak up excess water and prevent flooding and additionally sequester more carbon (Sutter et.al. 2018). 
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Figure 4.27 Suggested Improved Habitats for Dairy Farm (Egan, 2025)

Figures 4.28 and 4.29 show areas around water troughs and gateways, displaying clear signs of soil erosion. Coupled with steep slopes pointing to a watercourse, this can lead to a myriad of environmental concerns. Moving these features to areas of harder ground can reduce the impact and improve the soil.  (Browning et.al.,1996).
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Figure 4.29 Evidence of Soil Erosion Near Water Trough (Egan, 2025)

Figure 4.28 Evidence of Soil Erosion Near Gateway (Egan, 2025)



The total area for the dairy farm is 650,871m², and the total amount of vegetation coverage over one metre is 115561m², making the percentage of vegetation cover over one metre 17.8%. In comparison, the livestock farm's total area is 383200m², and the total vegetation cover over one metre is 49,125m², making the average percentage 12.82%. Based on these calculations, at their current state, both farms qualify for payments under the SFS. However, as previously mentioned, extracting this data from LiDAR is problematic in that it is not a true reflection of the vegetation coverage on the farm, and a true number cannot be determined using this method. Using LiDAR for a general overview of coverage is advised as it can be useful in determining an idea of the farm.  Therefore, the recommendation for the SFS would be to undertake side audits. 
Farmers are apprehensive about the potential loss of land from planting trees under the SFS (section 1.2). However, by implementing suggestions such as hedgerow junctions, this study has demonstrated that an additional 1% coverage can be obtained with minimal effort and cost from the farmer, making it attractive. 
If farmers are particularly keen on improving their farm in a certain area, such as soil, for example, future studies could involve looking at the soil profiles of each particular farm and how dairy vs. livestock manure and livestock rotation can improve soil health. The scope of this project is a more general application of management, and therefore, detailed analysis of specific variables was not considered. 










[bookmark: _Toc194504923]Chapter 5 - Conclusion and Recommendations

This final chapter will reflect on each section and will paint an overall picture of the viability of the study. A conclusion on the findings from the literature and site visits will form the basis of a management plan on how farmers can seek to achieve the criteria set out in the SFS.
Objective one of this study was to assess the current literature to further understand the problem. The literature has demonstrated that agricultural practices are harming biodiversity and causing climate change (Feola et al., 2015), as explained in Section 1. The introduction of SFS has caused unease amongst farmers, who are worried that they will not have the time or money to implement new management strategies and that the loss of land will reduce their yield (BBC, 2024). Previous studies have analysed farmers' attitudes towards sustainable farming method policy implementation but have failed to consider the practicality of implementing them, especially in LFAs (Burton, 2004), outlined in section 2.1.  Many equate the success of a farming scheme to financial gain, however, there are other important criteria to consider, including the efficiency, effectiveness and impact (The Agroforestry Handbook, 2019). This study sought to achieve these criteria within the research methodology to demonstrate to farmers that it does not have to be difficult and time-consuming to audit a farm, and the result of implementation can be widely beneficial.
	The methodology used in this study was an appropriate fit for the scope of the research. For farmers to engage, it needed to be quick and simple, which was achieved. The site audits provide a strong indication of the health of hedgerows and where improvements can commence, whether it be increasing the density or number of plant species. It is not advised to rely on LiDAR for calculating vegetation percentage as a variety of variables can influence the data. As the SFS is still in consultation and the details of how this will be calculated are not yet released, these findings prove LiDAR is a useful tool to provide a general overview but not to be relied upon to determine if a farmer qualifies or not. The recommended approach would be site audits using the sampling method used in the study to avoid bias.
	The benefits of working with nature are widely recognised. In a study of six agroecological farms in Wales, WWF (Cymru), 2023, noted that all six farms in the study reported higher levels of biodiversity by working with nature because of increased soil diversity, healthy hedgerows, herb-rich grass meadows and fungal networks. While the SFS offers many variables to consider, two management strategies were selected for review: hedgerow management and woodland maintenance, and additional suggestions based on findings from the site audits.
As outlined in the aim of this study, to develop guidance towards the SFS implementation, below is a simplified table of suggestions alongside the criteria of the SFS. It has been created to reflect the knowledge and abilities of most farmers. Furthermore, it was also informed by the discussions with the farmers as to what is achievable. As they are not experts or simply not interested in environmental management, it makes it much more accessible and user-friendly. Compared to a Local Authority biodiversity action plan that may be considered overwhelming, this strips it back to what can be achievable to most farmers. Given that the SFS needs to be interpreted and carried out by farmers, the following management plan has been developed to ensure ease of implementation and can be attributed to all farm types in Wales that sign up for the scheme. The management plan below is coded in a traffic light style to reflect job importance. Red denotes top priority, amber denotes importance but not urgency, and green denotes low priority. These recommendations achieve the objectives of this study to provide recommendations for different management objectives and outline how farmers can achieve 10% vegetation cover.
Table 4 Management Plan 
	
	Management Plan

	1. 
	Hedgerow Management

	Action Number
	Action
	Evidence Section
	Comments
	Proposed Benefits
	Target Time
	Target Time and Priority Explained

	1.1
	Plant new species in hedgerow gaps
	2.3.2

4.1
	Fruiting, self-seeding trees e.g. hazel, holly, hawthorn.
	Improved food source, increase in biodiversity   
	5 – 8 years
	Planting gaps with new species will influence further actions. Farmer conversations indicated timeframes for planting. 

	1.2
	Develop bi-annual or longer cutting regime 
	2.3.2
	Alongside roads must remain annually
	Improved food source, improved hedge height and density 
	Immediately
	Quick and simple to implement. Quickly see the benefits.

	1.3
	Cut hedgerows into ‘A’ shape
	2.3.2
	-
	Improved ground flora and livestock shelter
	2 years from last cut
	The timeframe is dependent on the cutting regime. Encouraged but not essential.

	1.4
	Create hedgerow junctions in nodes
	2.3.2
	Where possible
	Improved habitat corridor, habitat for nesting birds, improved food source
	Immediately/ after last cut
	Easy to implement, quickly see benefits. Creates cover to go towards 10%.

	2. 
	Woodland Management
	

	2.1
	Remove non- native species on floor
	2.3.1
	Small amounts of controlled grazing
	Fertilises ground, clear scrub
	Immediately 
	Makes room for diverse species, can be implemented quickly using grazing plan.

	2.2
	Plant native species
	2.3.1

4.1
	Broadleaf e.g oak
	Improves carbon sequestration, improves waterlogged soils
	5-10 years
	Benefits will take longer to see from time taken to grow but will significantly impact many aspects.

	2.3
	Leave fallen trees
	2.3.1
	Cut if there is a safety risk 
	Provide habitats for insects, fungi etc
	Immediately 
	No effort required from farmer; done straight away.

	2.4 
	Plant ground cover species
	2.3.1
	Clover, ferns, bluebells
	
	2 years
	Once floor has been cleared from action 2.1. 

	3. 
	Additional Considerations
	

	3.1
	Plant buffer strips along watercourses
	2.3.2
	e.g. shrubs, ferns
	Reduced run-off and soil erosion
	5 years
	Encouraged but not essential, other actions should be completed first to try and limit waterlogged soils.

	3.2
	Ungrazed areas where possible
	2.3.2
	At least one field, depending on farm size
	Improved soil and root structure
	Immediately   
	Quick and simple for farmer. 

	3.3
	Plant wildflowers
	2.3.2
	Plant in ungrazed fields or riparian buffer zones
	Increased pollinators, strong root structure to reduce run-off
	1 year
	Quick and simple for farmer. 

	3.4
	Relocate troughs or gateways to hardstanding areas
	2.3.3
	Avoid putting on sloped ground
	Reduce soil erosion and runoff
	5 years
	Creating a hardstanding may be expensive and time consuming but it is important. 



Table 5 Key for Management Plan
	Management Suggestions Table Key

	Red
	Top priority

	Orange
	Important but not urgent

	Green
	Low priority
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[bookmark: _Toc194504925] Appendices
Appendix 1 – Rotational Grazing Plan Example
Based on a 130-acre dairy farm with 30 cows per field. Adapted from Agriculture and Horticulture Development Board (AHBD) (n.d.).
	Grazing Days
	Field Grazed
	Rest Period Start
	Rest Days Before Next Use
	Notes

	1-2
	Field 1
	Day 3
	45-60
	Start in high-quality pasture

	3-4
	Field 2
	Day 5
	45-60
	Rotate to maintain pasture health

	5-6
	Field 3
	Day 7
	45-60
	-

	7-8
	Field 4
	Day 9
	45-60
	-

	9-10
	Field 5
	Day 11
	45-60
	-

	11-12
	Field 6
	Day 13
	45-60
	Ensure full regrowth before reuse

	13-14
	Field 7
	Day 15
	45-60
	-

	15-16
	Field 8
	Day 17
	45-60
	-

	17-18
	Field 9
	Day 19
	45-60
	-

	19-20
	Field 10
	Day 21
	45-60
	Observe pasture recovery

	21-22
	Field 11
	Day 23
	45-60
	-

	23-24
	Field 12
	Day 25
	45-60
	-

	25-26
	Field 13
	Day 27
	45-60
	-

	27-28
	Field 14
	Day 29
	45-60
	-

	29-30
	Field 15
	Day 31
	45-60
	-

	31-32
	Field 16
	Day 33
	45-60
	-

	33-34
	Woodland
	Day 35
	60+
	Ideally on sunny days for shade

	35-36
	Woodland
	Day 37
	60+
	Monitor saplings

	37+
	Restart Cyle
	-
	
	



Dairy Farm - Hedgerow Survey Results

Height	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	2.7	2.1	2.6	2.4	2.6	2.2999999999999998	2.2999999999999998	2.2000000000000002	2.2000000000000002	Width	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	3	1	2	3	3	2	2	2	2	Density	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	5	5	4	5	4	5	4	4	4	Species	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	3	2	3	3	3	2	2	2	2	



Livestock Farm - Hedgerow Survey Results

Height	2.6

Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	2.6	2.8	0.5	2.4	0.8	2.4	2.7	2	2.5	Width	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	1	3	0	2	1	3	2	1	3	Density	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	3	4	1	3	2	5	4.5	3	5	Species	
Hedge 1	Hedge 2	Hedge 3	Hedge 4	Hedge 5	Hedge 6	Hedge 7	Hedge 8	Hedge 9	3	2	1	2	2	2	3	3	2	
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