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Background 

The HNV FarmForBio Project aims to assess the potential of novel approaches for the identification, 

characterisation, mapping and monitoring of High Nature Value farmland and forest in Ireland.  

One of the project task objectives was to develop and recommend methods for the monitoring of HNV 

farmland and forest in Ireland. This report addresses this specific objective of the HNV FarmForBio project. 

The findings of this project will help inform the design and implementation of a HNV farmland and forest 

monitoring programme in Ireland. 

  



Table of Contents 

 

Table of Contents 

Executive Summary ........................................................................................................................................................... 2 

1 Introduction ............................................................................................................................................................... 4 

1.1 HNV farmland and forest ............................................................................................................................................ 6 

1.2 Monitoring HNV farmland and forest ..................................................................................................................... 8 

1.3 Established monitoring approaches in Europe .................................................................................................... 11 

1.4 Case studies of monitoring methodologies .......................................................................................................... 13 

2 Monitoring HNV farmland and forest areas in Ireland ................................................................................... 20 

2.1 Composition of HNV farmland and forest areas .......................................................................................... 21 

2.2 Potential data sources ......................................................................................................................................... 22 

2.3 Sampling approach .............................................................................................................................................. 30 

2.4 HNV farmland and forest assessment ............................................................................................................ 33 

3 Developing and demonstrating monitoring methodologies......................................................................... 36 

3.1 Methodology ......................................................................................................................................................... 37 

3.2 Results ...................................................................................................................................................................... 47 

3.3 Discussion ............................................................................................................................................................... 53 

4 A national stratified sampling approach ............................................................................................................ 58 

4.1 Landscape classification ...................................................................................................................................... 59 

4.2 Stratified random sampling ............................................................................................................................... 67 

5 Implementation....................................................................................................................................................... 72 

5.1 Indicative monitoring programme costs ........................................................................................................ 72 

5.2 Incorporation with existing national monitoring programmes ................................................................ 75 

5.3 Summary conclusion and outlook ................................................................................................................... 79 

6 References ................................................................................................................................................................ 81 

7 Appendices .............................................................................................................................................................. 89 

7.1 HNV farmland and forest composition .......................................................................................................... 89 

7.2 HNVFF Rapid Evaluation Cards .......................................................................................................................... 91 

7.3 Cell sampling survey times ................................................................................................................................. 99 

7.4 List of National monitoring programmes and organisations with potential for collaboration ..... 100 

 

   

 

 



Executive Summary 

 2 

 

Executive Summary 

 

Conserving natural resources and halting biodiversity loss are key environmental objectives of the European 

Union. High Nature Value farmland and forest (HNVFF) areas are associated with high biodiversity and other 

public goods. They are headline indicators in Rural Development Programmes and European regulation 

requires that HNVFF areas are identified and monitored. Currently, few dedicated HNVFF quality and 

quantity monitoring systems are implemented in Europe and none in the Republic of Ireland.  

This report presents a proposed methodologies to monitor quality, quantity, and change of HNVFF areas 

in the Republic of Ireland. It is a deliverable of the HNV_FarmForBio project (hnvfarmforbio.ie), addressing 

the project Task 3 objectives to i) review the methodologies for biodiversity and ecosystem quality 

assessment of HNV farmland and forest areas; ii) develop and field test methodologies for the ecosystem 

quality and quantity assessments of HNV farmland and forest areas; iii) develop a costed national monitoring 

programme for HNV farmland and forest areas and iv) assess feasibility of incorporation of methodologies 

into existing national monitoring/inventory programmes. 

The report structure contains five sections as follows: 

1. Section one provides an introductory overview of HNV farmland and forests, the need for 

monitoring, and established monitoring approaches across the EU. 
 

2. Section two examines the monitoring of HNV farmland and forest in a national context, including a 

breakdown of HNV habitats for monitoring, the application of potential data sources, sampling and 

assessment approaches. 
 

3. Section three develops and demonstrates monitoring methodologies, including the development 

of sample spatial data, HNV habitat quality and spatial assessments. 
 

4. Section four develops a national sampling framework including the development of a stratified 

sampling approach, and an indication of the required sampling effort. 
 

5. Section five examines the implementation of the proposed monitoring programmes, including 

indicative costs, and incorporation and synergies with other existing national monitoring 

programmes. 

The report highlights the range of approaches taken by Member States to fulfil their obligations to measure 

HNV farmland and forest quantity and quality under a suite of indicators in the Common Monitoring and 

Evaluation Framework of the EU Common Agricultural Policy. Two in-depth case studies are presented and 

provide a conceptualisation of a national HNV farmland and forest monitoring approach. Potential data 

sources, sampling approaches, quality and quantity assessment methods are examined.  

The report then develops and demonstrates methodologies to map and classify sampling areas and conduct 

quality and quantity assessments of HNV farmland and forest areas. Three Learning Areas were selected to 

https://hnvfarmforbio.ie/
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represent and compare delimited landscapes representing a range of biophysical contexts. These were 

located within the Glenfarne valley of County Leitrim, the upper Lough Derg and Slieve Aughties region of 

County Galway, and the Glendalough and Vale of Clara region of County Wicklow. Within these delimited 

landscapes, sampling cells were selected, and habitat cover maps were developed using OSi PRIME 2 and 

recent orthoimagery. A subsequent revision of the cell maps was performed using historical orthoimagery, 

enabling a simulation of a temporal monitoring cycle to compare trends in HNV farmland and forest 

assessments and habitat change detection.  

The results provide an indication of expected outputs of the monitoring and assessment approaches. A 

contrasting trend of decreasing HNV farmland and increasing HNV forest quantity was observed over 

simulated monitoring period. Categorical habitat change detection identified a range of HNV habitat loss 

and gain, driven predominantly by land use intensification, but also as a result of ecological succession and 

technogenic pressures.  

To upscale the monitoring to national level, a sampling strategy is proposed using a newly published 

landscape classification. An indicative sampling effort and associated implementation costs are identified 

under a range of potential monitoring frequencies. A maximum indicative sampling effort of 1784 and 140 

sampling cells are required for HNV habitat quantity and quality assessments respectively under a three-

year monitoring frequency, with a total cost of €660,499.27. The indicative sampling effort and costs 

compare to other established countryside monitoring programmes in Europe; however, additional cost 

benefits are possible from a national scale sampling framework to support a wider range of environmental 

monitoring variables to respond to increasing and evolving policy monitoring requirements. Finally, the 

report identifies numerous synergies and potential collaboration with other national monitoring 

programmes and organisations. 
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1 Introduction 

 

Almost half of the European Union (EU) is covered by agriculture (EEA, 2017). Shaped over a long history of 

agrarian management, many habitats and species of conservation concern are dependent on agricultural 

areas maintained by traditional farming practices (Batart et al., 2015; Strohbach et al., 2015). Consequently, 

farmland biodiversity loss has been attributed to both farmland intensification and abandonment, leading 

to species loss, habitat degradation and fragmentation alongside wider environmental emissions. Despite 

the implementation of a number of ambitious European conservation responses such as the Habitat and 

Birds Directives and EU- wide agri-environment climate programmes funded through the Common 

Agricultural Policy (CAP) over the past decades, farmland biodiversity continues to decline (Stoate et al., 

2009; ECA, 2015, 2020; EEA, 2020).  

Covering a similar share of the EU territory, forests and other wooded land (as defined by FAO, 2020) 

account for almost 44% of EU land cover (European Commission, 2021), and have been growing over the 

last 30 years. Forest biodiversity remains strongly dependent on the degree of naturalness (EEA, 2014; 

Winter, 2012) but is similarly increasingly under strain, partly as a result of natural processes but also because 

of increased intensive and inappropriate ecosystem management (EEA, 2014, European Commission, 2021, 

ECA, 2021). In a similar response to agricultural biodiversity loss, financial supports for conservation 

measures and for planting and restoring woodland are funded through the EU budget, though at a much 

lower level than for agriculture – representing less that the 1 % of the CAP Budget (ECA, 2021). Despite these 

supports, there has been limited improvements to forest biodiversity and resilience to climate change (ECA, 

2021), and forest conservation status remains largely ‘unfavourable’ or ‘bad’ (EEA, 2020). 

The monitoring of agricultural and forest environmental indicators have become increasingly important to 

measure impacts of increased resources spent and measures taken to halt biodiversity loss (ECA, 2015, 2021). 

Agri-environmental indicators (AEIs) were developed by the European Commission following European 

Council's request to monitor and develop strategies to integrate increasing environmental concerns and 

sustainable development into the Common Agricultural Policy (CAP) at EU, national and regional levels. 

These agri-environmental indicators aimed to assess the constantly changing interrelations between 

agriculture, forests and the environment and thus make positive contributions towards improving the agri-

environment within the EU.  

Agri Environmental Indicator 23 – “High nature value farmland” was one of the impact indicators included 

in the CAP Common Monitoring and Evaluation Framework for 2014-2020. Advances have been made in 

Ireland to define, categorise and map the estimated distribution and extent of HNV farmland (Sullivan et al., 

2015, 2017; Matin et al., 2020, 2016). These advances support the first of four key developmental steps 

following best practice in the guidance document for Member States on applying the Common Monitoring 

and Evaluation Framework for Rural Development:  
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1. Characterise the main types of HNV farming and forestry 

2. Conduct quantitative assessments of their extent (including ground-truthing assessments) 

3. Develop indicators for monitoring changes 

4. Incorporate extent and condition assessments into the Rural Development Programmes of Member 

States. 

Within this context, the aim of this report is to develop and recommend methods for the monitoring of HNV 

farmland and forest in Ireland. It is a deliverable of the HNV_FarmForBio project (hnvfarmforbio.ie), 

addressing the project Task 3 objectives to i) review the methodologies for biodiversity and ecosystem 

quality assessment of HNV farmland and forest areas; ii) develop and field test methodologies for the 

ecosystem quality and quantity assessments of HNV farmland and forest areas; iii) develop a costed national 

monitoring programme for HNV farmland and forest areas and iv) assess feasibility of incorporation of 

methodologies into existing national monitoring/inventory programmes.  

Although the report concentrates on HNV farmland and forest areas, the monitoring approach presented 

could be extended to monitor a wider range of biodiversity indicators at a national scale.  

The report structure is as follows: 

Section 1 provides an introductory overview of HNV farmland and forests, the need for monitoring, and 

established monitoring approaches across the EU. 

Section 2 examines the monitoring of HNV farmland and forest in a national context, including a breakdown 

of HNV habitats for monitoring, the application of potential data sources, sampling and assessment 

approaches. 

Section 3 develops and demonstrates monitoring methodologies, including the development of sample 

spatial data, HNV habitat quality and spatial assessments. 

Section 4 develops a national sampling framework including the development of a stratified sampling 

approach, and an indication of the required sampling effort. 

Section 5 examines the implementation of the proposed monitoring programmes, including indicative costs 

and synergies with other existing national monitoring programmes. 
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1.1 HNV farmland and forest  

The concept of High Nature Value farmland was introduced in the early 1990’s, describing the general 

characteristics of low-input farming systems in terms of biodiversity and management practices (Baldock et 

al., (1993) and Beaufoy et al., (1994)). Typical high nature value (HNV) farmland areas include extensively 

grazed uplands, alpine meadows and pasture, steppic areas in eastern and southern Europe and dehesas 

and montados in Spain and Portugal. Certain more intensively farmed areas in lowland western Europe can 

also host concentrations of species of particular conservation interest, such as migratory waterfowl. HNV 

farmland has been defined as 

“those areas in Europe where agriculture is a major (usually dominant) land use and where 

agriculture supports or is associated with either a high species and habitat diversity or the presence of 

species of European conservation concern or both” (Anderson et al., 2003). 

More recent to the concept are High Nature Value forests. A study by IEEP (2007) proposed a first definition 

for HNV forest areas as  

“all natural forests and semi-natural forests in Europe where the management (historical or present) 

supports a high diversity of native species and habitats, and/or those forests which support the presence of 

species of European, and/or national, and/or regional conservation concern”.  

However, this definition of HNV forests was strongly influenced by definitions of HNV farmland and it was 

suggested that more scientifically oriented measures of forest naturalness approaches be integrated in the 

HNV forest definition and assessment methods (EEA, 2014). Consequently, the EEA (2014) redefined HNV 

forest as follows (adapted from Winter, 2012):  

“high Nature Value forestry are the forest dominated areas which, in the continuum gradient of 

naturalness, are located close to natural conditions” (EEA, 2014). 

1.1.1 HNV farmland and forest in Ireland 

Of Ireland’s 7.04 million hectares of land area, 4.76 million hectares is used for agriculture (67.6%) and 

672,085 hectares is used for forestry (9.5%). Dominant agricultural land use comprises pasture, hay, grass 

silage and rough grazing, with a relatively small area of crop production (EPA 2020). The agricultural land 

cover matrix is made up of a range of habitat types from grasslands, hedgerows, woodland/scrub, field 

margins, and peatlands (Sheridan et al. 2017, Larkin et al. 2019, Rotchés-Ribalta et al. 2021), providing a 

range of provisioning, regulating, habitat, and cultural ecosystem services (Moran et al., 2021).  

The extent, distribution and typology of agricultural land of High Nature Value in Ireland is well established 

in Ireland (Matin et al., 2016; Sullivan et al., 2017; Matin et al., 2020). Just under 34% of the overall farmland 

area is estimated as having high likelihood of being HNV and covers a range of landscape types under a 

broad gradient in intensity of production. This can be observed as a broad divide between the east and 

southeast of the country to the extensive pasture areas in the west and northwest (Matin et al., 2020), 

reflecting the distribution of natural/seminatural vegetation with natural constraints on food and fibre 

production (Jones et al., 2012). 

Changes to extensive HNV areas in Ireland include land reclamation, fertiliser application, clear-felling, 

under/overgrazing and abandonment. Agricultural intensification is of the common pressures behind the 

continued decline in extensive farmland biodiversity (EPA, 2020). Threats to HNV areas and farmland 

biodiversity in Ireland such as intensification and land abandonment (O'Rourke et al. 2012; O'Rourke and 
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Finn, 2020; EPA, 2020), are often driven by wider societal issues such as aging rural populations, rural 

depopulation, and declining farm incomes (Moran et al., 2021). These HNV areas often coincide with 

locations of high-status waters, and poor land management in these areas can have significant knock-on 

negative impacts to other sensitive habitats, species and waters in the wider landscape (Moran and Sullivan, 

2017; EPA, 2020).   

1.1.2 HNV farmland and forest types 

Broad categories of HNV farmland and forest have been developed across large geographical scales at 

European level. These categories are based on a range of parameters including land use intensity, land 

cover diversity, presence of semi-natural vegetation and other landscape features such as field margins, 

hedgerows etc. Three categories of HNVf were initially typified by the European Environment Agency 

(Anderson et al., 2003; EEA, 2004) with the aim of being applicable across the EU: 

1. Type 1: Farmland with a high proportion of semi-natural vegetation, 

2. Type 2: Farmland dominated by low intensity agriculture or a mosaic of semi-natural and cultivated 

land and small-scale features, 

3. Type 3: Farmland supporting rare species or a high proportion of European or world populations.  

These EEA HNV farmland typologies were further contextualised in Europe (Keenleyside et al., 2014), with 

more detailed descriptions of ‘Whole’, ‘Partial’ and ‘Remnant HNVf’ that place additional emphasis on the 

structural characteristics of farming systems as follows: 

1. Whole farm HNV: where the entire farm is a low intensity system, 

2. Partial HNV systems with low intensity management of some land, alongside intensive practices, 

3. Remnant HNVf where there is HNV land but its land management is irrelevant to main farm business 

which is based on the intensive agricultural production with some abandonment or management 

for cross-compliance, nature conservation or Agri-Environment Scheme (AES) payments.  

Sullivan et al. (2017) concluded that HNV farmland in Ireland overwhelmingly corresponds to Type 1 HNV 

(both as Whole and Partial HNV farmland) and occurs throughout the country. Further characterization of 

farm-scale land cover and management data determined a typology with seven types of HNV farmland: 

1. Type 1 Whole HNVf farms with no common land, 

2. Type 1 Whole HNVf small farms, 

3. Type 1 Whole HNVf large farms, 

4. Type 1 Whole HNVf common land farmland with intensively farmed land, 

5. Type 1 Partial HNVf partial HNVf; 

6. Type 1 Remnant HNVf Remnant HNVf; 

7. Type 1 Not in Keenleyside et al (2014) Aggregate HNVf. 

No HNV forest typologies currently exist in Ireland, however, the HNVFarmFor Bio project is currently 

investigating the relevance of the typologies developed by the Scottish Government (2011), which proposed 

a classification of HNV forest types mirroring the three categories of HNVf by Anderson et al. (2003): 

1. Type A HNV forests: dominated by semi-natural features and low intensity of management, 

2. Type B HNV forests: forest with high diversity of features and low intensity of management, 

3. Type C HNV forests:  forest areas with species of conservation interest. 

These typologies not only provide context to the Irish HNV farmland and forest setting but are important 

to define the composition and characteristics of the habitats that comprise HNV farmlands and forests for 

the development of a monitoring system.  
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1.2 Monitoring HNV farmland and forest  

 

1.2.1 Common Agricultural Policy requirements 

The EU Specific Objective relating to High Nature Value farming and forestry aims to protect and enhance 

the EU’s natural resources and landscapes in rural areas; the resources devoted to the Common Agricultural 

Policy Pillar 2 should contribute to three EU-level priority areas: biodiversity and the preservation and 

development of high nature value farming and forestry systems and traditional agricultural landscapes; 

water; and climate change” (Council Decision 2006/144/EC, OJ L 55/20). In accordance with the strategic, 

programming approach of Pillar 2 of the CAP, rural development programmes and individual measures are 

monitored and evaluated to assess the extent to which programme objectives are being achieved. In part, 

this is assisted by the Common Monitoring and Evaluation Framework (CMEF), an EU-wide suite of 

indicators.  

The Institute for European Environmental Policy (IEEP) published guidance documents for Member States 

on how to monitor HNV farmland and forests - corresponding to the suite of indicators in the CMEF to 

assess the effectiveness of rural development measures in maintaining HNV farmland and forest areas (IEEP, 

2007 (a); (b)). The documents defined the key terms surrounding the HNV concept and suggested three 

indicators to identify HNV farmland and forests and to measure their extent and condition. They included: 

Baseline Indicator 18: Biodiversity: High nature value farmland and forestry, measured as UAA of HNV 

Farmland, in hectares, 

Result Indicator 6: Area under successful management contributing to biodiversity and HNV farming / 

forestry, measured as the total area of HNV Farmland and Forestry under successful land management, 

in hectares, 

Impact Indicator 5: Maintenance of HNV Farming and Forestry, measured as changes in High Nature 

Value areas and defined in terms of quantitative and qualitative changes. 

and were established to assess whether the HNV resource of a Member State was being maintained over 

the seven-year period of the rural development programmes. An indication of the area of HNV areas and 

their change was recommended for the baseline and result indicators. For the impact indicator, both habitat 

quality and quantity information was recommended to assess changes over time. 

In 2021, new impact, result and output indicators were established under the CMEF (European Commission, 

2021).  The direct requirement to monitor HNV farmland and forest under the previous indicators was 

superseded by less HNV-specific indicators that fall under the new EU Specific Objective “To contribute to 

halting and reversing biodiversity loss, enhance ecosystem services and preserve habitats and landscapes”:  

Impact indicator 19: Enhancing biodiversity protection: Percentage of species and habitats of Community 

interest related to agriculture with stable or increasing trends, with a breakdown of the percentage for 

wild pollinators species, 

 

Impact Indicator 20: Enhanced provision of ecosystem services: share of utilisable agricultural area 

covered with landscape features, 
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Result Indicator 30: Supporting sustainable forest management: Share of forest land under commitments 

to support forest protection and management of ecosystem services, 

 

Result Indicator 31: Preserving habitats and species: Share of utilised agricultural area (UAA) under 

supported commitments for supporting biodiversity conservation or restoration including high-nature-

value farming practices, 

 

Result Indicator 34: Preserving landscape features: Share of utilised agricultural area (UAA) under 

supported commitments for managing landscape features, including hedgerows and trees. 

While the new indicators include more generalised landscape biodiversity and ecosystem monitoring and 

evaluation, their interpretation is determined at Member State level. In the SWOT Analysis for Ireland’s CAP 

Strategic Plan 2021, references to High Nature Value farmland are made- “An estimated 1.5 million hectares 

has the potential to be managed as High Nature Value farmland” (Objective 6, Strength 3); “Incentivise the 

provision of ecosystem services including HNV farming” (Objective 6, Opportunity 1). However, the SWOT 

also highlights the “Lack of appropriate mechanisms and indicators to monitor impacts of agri-environment 

schemes” (Objective 5, Weakness 10) and the “Lack of appropriate mechanisms / indicators to monitor areas 

outside of Natura 2000” (Objective 6, Weakness 10) (DAFM, 2021(b)).  

Ireland’s Needs Assessment for the CAP Strategic Plan 2021 also recognised the need to “support farmers 

facing natural and other constraints to maintain a viable farm income, maintain the landscape and protect 

against the abandonment of agricultural land”- noting that High Nature Value farmland occurs frequently 

in areas of natural constraints (Objective 1, Need 2). It also recognised the need to “Increase the number of 

sustainable farming systems that better utilise and protect natural resources”, noting High Nature Value 

farming as a sustainable practice (Objective 5, Need 4) (DAFM, 2021(c)).  

Ireland’s draft CAP Strategic Plan 2023-2027 (DAFM, 2021 (a)) includes a new flagship Agri-Environment 

and Climate Measure (AECM) and a range of other locally led environmental schemes aimed at contributing 

significantly to improving biodiversity and water quality. The AECM will be based on two elements: an AECM 

General that includes general measures to restore and maintain habitats and species to halt the further 

decline of biodiversity; and an AECM Co-operation Project, where locally relevant measures and actions will 

be targeted within high priority geographical areas. Specifically, the AECM Co-operation Project will focus 

on “implementing a higher level of environmental ambition on High Nature Value farmland”. Both measures 

have significant potential to support High Nature value farmland and forest areas and will include new 

results-based payment models. In these models, payments are linked to the assessed quality of the 

environment and biodiversity produced on the farm: higher payments go to farmers producing higher 

quality environmental goods. There is thus a need for monitoring of the effectiveness of these new 

measures, to contribute to the validation of farmland quality assessors and provide independent scientific 

assessment of the level of achievement of the AECM outcomes. 
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1.2.2 Other policy monitoring requirements 

The European Green Deal (European Commission, 2019) sets a series of policy initiatives with an overarching 

aim of making the EU climate neutral by 2050. It supports the protection, management and restoration of 

the European Union’s biodiversity. As part of the initiative, the European Commission aims to ensure 

increased sustainable farming and forestry practices, including a shift in focus from compliance to 

performance; resulting in land managers rewarded for improved and measurable environmental and 

climate performance. The deal highlights the need to increase the value given to protecting and restoring 

natural ecosystems and the sustainable use of resources, and puts forward the European Biodiversity and 

Forest Strategies and their implementation. 

The New European Forest Strategy 2030 refers to the need for strategic forest planning in all EU Member 

States at national and, where applicable, regional level, that is based on reliable monitoring and data, 

transparent governance and coordinated exchange at the EU level. As part of this, Member States 

competent authorities would prepare Strategic Plans for forests and the forest-based sector. The Strategy 

aims to strengthen existing monitoring of climate effects and other natural or human induced disturbances 

on forests using Copernicus products, other remote-sensing data and ground-based monitoring. It also 

aims to protect, restore and enlarge EU’s forests to combat climate change, including ensuring forest 

ecosystem resilience (European Commission, 2021(b)). 

The European Biodiversity Strategy 2030 recognises that improving the condition and diversity of 

agroecosystems will increase the sector’s resilience to climate change, environmental risks and 

socioeconomic shocks. The strategy (similar to the New EU Forest Strategy 2030) also emphasises the 

importance of defining, mapping, monitoring and strictly protecting all the EU’s remaining primary and old-

growth forests. It highlights there are currently no requirements to comprehensively map, monitor or assess 

ecosystem services, health or restoration efforts. Under the strategy aims, the European Commission will 

put in place a new European biodiversity governance framework that will include a monitoring and review 

mechanism. This will include a clear set of agreed indicators and will enable regular progress assessment 

(European Commission, 2020).  

At national level, the National Biodiversity Action Plan 2017-2021 highlights the key role HNV farmland and 

forests play in biodiversity protection and in the delivery of ecosystem services. Objective 4.1 of the Plan 

aims to optimise opportunities for agriculture and forestry to benefit biodiversity. Under this objective, 

Action 4.1.2 specifies the need for the implementation of a monitoring programme for the quantity and 

quality of HNV farmland. In the recent State of the Environment 2020 report, the Environmental Protection 

Agency concludes that land cover and landscape resources need to be protected, monitored and managed 

responsibly: covering cross-sector activities on farms, forest plantations, and peatlands. Additionally, action 

404 of Food Wise 2025 highlights the need to develop indicators for environmental sustainability with 

specific reference to the need to monitor trends in biodiversity.  
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1.3 Established monitoring approaches in Europe 

This Section presents an overview of examples of existing approaches to monitoring habitat quantity and 

quality (where applicable) with a focus on agriculture and biodiversity across Europe. Examining these 

approaches enables a conceptualisation of HNV farmland and forest monitoring programme in Ireland.  

An estimate of the distribution of HNV farmland across Europe (updated from 2008) was provided by the 

European Environment Agency at a scale of 1 km2, generated from several data layers that included: the 

CORINE land cover data, Natura 2000 network, terrain layer and information about important bird (IBA) and 

prime butterfly areas (PBA) (EEA, 2012). However, this estimate of HNV farmland distribution did not 

adequately represent the Irish (and other Member States) situation, since, among other aspects, small areas 

and landscape features (<25 ha) are not represented and commonly found CORINE classes such as ‘pasture’ 

do not discriminate between extensive or intensive management. In response to the EU Commission 

recommendation to Member States to develop their own methodologies, various approaches emerged 

across Europe to identify and monitor HNV farmland and forest quantity and quality.  

To date, most Member States have focused solely on the definition and identification of the extent of HNV 

farming and farmland, i.e., attempting to quantify the common context indicator to establish a baseline for 

the assessment of changes in the extent of HNV farming in the 2013 – 2020 RDP (European Commission, 

2016). A survey conducted by the European Evaluation Helpdesk for Rural Development in 2016 (European 

Commission, 2016) identified the various approaches taken by member states to monitor HNV farmland 

and forest. Data sources most commonly used in the identification of HNV areas were obtained from Natura 

2000 sites, CORINE land cover (CLC), Land Parcel Identification System (LPIS), and Integrated Administration 

and Control System (IACS). However, Member States highlighted a lack of resolution in some datasets; an 

increase in land cover data resolution would lead to a considerable increase in the precision of the 

identification of HNV areas. Also, the use of protected sites as a criterion (for example as used in Ireland, 

Lithuania and Latvia) has resulted in a more static monitoring system, because the area of sites that are 

designated as ‘protected’ typically shows little or no change over time. In contrast, the integration of more 

dynamic data such as vegetation species presence and habitat structural characteristics (for example as used 

in Germany) was promoted as rendering the monitoring approach more robust in detecting trends. 

In Sweden, the monitoring of HNV farmland quality consists of orthophoto interpretation and field 

inventories of land cover and land use as well as vegetation records. These are carried out within permanent 

sample plots within a sampling framework that is representative of the geographical variation in the 

landscape. Within the sample plots, more in-depth monitoring of flora and fauna species of selected 

grassland areas are used to monitor changes in the quality of HNV farmland. The data collection includes 

vegetation species, bumblebees, butterflies, tree layers and grassland management. The monitoring 

programme has a five-year cycle. 

The German monitoring program was introduced in 2009 by the Federal Agency for Nature Conservation 

(BfN). HNV farmland monitoring is carried out nationwide using a set of stratified random 1 km2 sample cells 

which were previously established for the monitoring of breeding birds. Potential HNV features such as 

grassland, arable land, fallow land, fruit and vine areas as well as landscape elements typical of agricultural 

landscapes such as individual trees, hedges, small water bodies, dry stone walls and corridors are mapped 

within 1200 sample cells representative of the national landscape. All HNV features identified by orthophoto 

interpretation of sample cells are field surveyed using transects (areal habitats) and scoring systems using 

indicator species. The BfN coordinates the surveying, provides the necessary mapping documents, and 
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carries out extensive quality management and extrapolation of the results for the federal government. 

Further information is available from IFAB, PAN & ILN (2008); Benzler & Huenig (2015); Hünig & Benzler 

(2017); BfN (2020). 

In Denmark, an annually updated HNV indicator map at a scale of 10 m2 is derived of a set of 14 layers or 

parameters, each of which relates to farmland biodiversity. Parameters include topography, proximity to 

designated areas and landscape features such as linear woody features, land use categories, and species 

presence, to calculate a final HNV score that is represented as a heat map. Since the map is continuous and 

provides real-time (annual) data at relatively fine scales, it can be applied to target financial supports to 

farmers who achieve a HNV score of between 5-13, with priority given to areas with the highest score. The 

number of hectares financially supported could be interpreted to provide a measure of the area under HNV, 

and the scoring provides an indication of quality and effect. However, the developers caution about the 

overinterpretation of HNV areas, and the challenges involved in linking multiple datasets from different 

secondary sources. 

Since 2001, Switzerland has been monitoring biological diversity through the Swiss Biodiversity Monitoring 

BDM programme. Although the focus of the programme is not dedicated to HNV farmland areas, the 

methodology provides nuances for recording species-rich areas and HNV farmland. Monitoring intervals 

are every five years; spread out so that 20% of the survey is carried out each year. The BDM primarily 

monitors species diversity at habitat, landscape and biogeographical levels, but also a host of other spatial 

measurements of natural and semi-natural areas, agricultural intensities, water quality, deadwood, 

landscape fragmentation, etc., under a set of 32 state, pressure and response indicators. Biodiversity 

monitoring is used, among other things, to monitor the change of biodiversity in Switzerland and to measure 

the achievement of goals in nature conservation policy. The BDM includes a systematic sampling grid that 

is surveyed at regular time intervals, based on existing survey programs, such as the state forest inventory. 

Further information is available from BDM Coordination Office (2014). 

Similar to the Swiss BDM programme, the long-established UK Countryside Survey also provides useful 

insight for the design of a HNV monitoring programme that addresses a range of land use policy needs. 

The first Countryside Survey (CS) was carried out in 1978, followed by Surveys in 1984, 1990, 1998, 2007, and 

2019, providing a 40-year time series of survey data at 6- to 12-year intervals. Since 2019, the monitoring 

has transformed into an annual rolling program (covering 20% of the sample area) to measure soils and 

vegetation that will repeat every ~5 years. This makes the program more resilient to annual weather events 

such as flood and drought. Since the introduction of the Broad Habitat classification system in 1998, CS data 

have been used to provide information on progress against the UK Biodiversity Action Plan for Broad 

Habitats and for some Priority Habitats. Since 1990, the CS has been used with other statistics to help inform 

policy makers on changes in the rural environment. The field survey consists of 591 x 1 km stratified random 

sample cells across England, Scotland and Wales, representative of the variations in the climate and geology 

of the three countries (applying the ITE Land Classification). Habitats are mapped within each square in GIS 

and more detailed vegetation surveys are conducted in a series of plots. The data collected enables 

estimates of the area of habitats and the change in area of habitats; the changing condition of vegetation; 

the pH, carbon concentration and bulk density of soils; and the changing condition of freshwaters and 

ponds. Further information is available from Carey et al., 2008; Wood, 2011. 

Overall, many elements of the approaches examined from other countries are transferable to the 

development of a national HNV farmland and forest monitoring programme in Ireland. In particular, the 



Introduction 

 13 

well-established German monitoring programme (currently in its 4th cycle), provides a useful template for a 

HNV farmland and forest monitoring approach. However, the UK Countryside Survey and the Swiss 

Biodiversity Monitoring present similar approaches that also apply areal sampling and thus include a 

targeted recording of the ecologically relevant areas and are successfully implemented over several 

decades. Both the UK CS and the German monitoring programmes apply stratified random sampling 

approaches that permit strata or regional representations. Adapting a similar methodology in Ireland could 

provide an efficient and effective monitoring framework. In the next Section, we examine two case studies 

that provide a more detailed examination of monitoring approaches based on vegetation indicators and 

landscape-scale ecological assessment. 

1.4 Case studies of monitoring methodologies 

In the context of conceptualising a national HNV farmland and forest monitoring approach, case studies on 

the German HNV farmland monitoring approach and the UK Countryside Survey are presented in more 

detail. The German approach was chosen as it is the longest established system specifically developed for 

the monitoring of HNV farmland, including field-scale monitoring of biodiversity data (IFAB, 2018). The UK 

Countryside Survey was selected because it is long established and provides insight into a potential wider 

landscape approach in tandem to the monitoring of HNV farmland and forest areas. 

1.4.1 Case Study 1: HNV farmland monitoring in Germany 

1.4.1.1 Overview 

The purpose of this monitoring programme is to determine the 

state and development of biodiversity in the agricultural landscape 

in Germany. The programme was established in response to the 

reporting obligations for the CAP Common Monitoring and 

Evaluation Framework, recording quality and quantity data in High 

Nature Value farmland at a national and regional scale. The data 

is quality-checked and examined for change over time, and 

extrapolations are made for federal and state governments for the 

evaluation of agricultural policy. Reports are also published upon 

the completion of each monitoring cycle and are made publicly 

available via the Federal Agency for Nature Conservation website.  

An initial HNV sampling concept was developed in 2006 (Lutze et 

al., 2006) for some federal states and for the Federal Republic of 

Germany, but without examining available data from state surveys 

and without a clear implementation procedure. In 2008, a study 

was conducted by the Federal Agency for Nature Conservation 

(BfN) which examined the extent to which existing monitoring data 

relevant to HNV features could be applied to produce indicators 

of HNV, with a particular focus on grasslands and landscape 

features such as hedges, strips, forest edges, orchards etc. The 

study examined the harmonisation of these datasets, and how 

HNV indicators can be monitored over time.  

Due to surveying inconsistencies across Federal states in relation to HNV-specific indicators, supplementary 

extensive surveying and specific harmonisation approaches were found to be required to provide national 

representation. Despite the resource of existing data, costs attributed to this harmonisation were found to 

exceed any cost savings, and a bespoke, national sample-based approach was recommended. The current 

Figure 1.1. Stratified distribution of sampling 

cells across Germany for HNV farmland 

monitoring. 
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monitoring program was introduced in 2009 and coordinated by the BfN, and is currently in its fourth 

monitoring cycle. 

1.4.1.2 Sampling strategy 

HNV farmland monitoring is carried out nationwide using a set of 1,278 stratified randomly selected 1 km2 

sample cells which were established for the monitoring of breeding birds (Fig. 1.1). The stratification ensures 

a representative and efficient sample of the geographical variation across all the federal states. Potential 

HNV features are identified and mapped through aerial imagery orthophoto interpretation of sample cells, 

including grassland, arable land, fallow land, fruit and vine areas as well as landscape elements typical of 

agricultural landscapes such as individual trees, hedges, small water bodies, dry stone walls and farm tracks 

(Fig. 1.2). A minimum mapping unit of 0.05 ha and 10 m width applies. 

An indication of the digitisation effort is the mapping of individual trees within their crown space. All HNV 

features are field surveyed using transects (areal habitats), indicator species and structural scoring systems. 

The mapped polygons are stored in a GIS with their attributes. The BfN coordinates the surveying, provides 

the necessary mapping documents, and carries out extensive quality management and extrapolation of the 

results for the federal government. In order to ensure data quality, control surveys of 10 sample plots are 

carried out each year, and all data are validated and subjected to a visual inspection using aerial 

photographs before being included into the federal dataset. In addition, extensive training courses are 

offered annually for the surveyors. A hotline is set up during the mapping periods to answer any questions 

that arise from the surveyors. 

1.4.1.3 Field survey 

The preparation of individual site maps and aerial photo material as well as digitisation is carried out centrally 

by the BfN in order to achieve consistency, cost-effectiveness and efficiency. Site locations and maps are 

provided to contracted ecologists who survey individual HNV features identified within each sample cell. 

Fields are scoped out from the field boundary by the ecologists; the visual presence of three or more 

indicator plant species from the edge means the field is identified as HNV and warrants the establishment 

of a field survey. If there are structural changes visible within a field, every homogeneous area is mapped 

Figure 1.2. Example 1 km2 sampling cell for HNV monitoring in Germany- all HNV farmland is mapped 

under a broad classification and each individual HNV feature or parcel is surveyed in the field. 
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and surveyed individually. All linear landscape elements (stone walls, hedges, and treelines) are evaluated 

per sample cell. The number of field transects can vary depending on the percentage of HNV grassland 

within the agricultural area and the amount of field parcels within the 1 km2 sample cell. According to the 

2008 scoping study, the total effort for site survey is between 30 minutes for very simply structured areas to 

around 8 hours for a very diverse area; an average working time of four hours per site is estimated.  

1.4.1.4 Habitat quality assessment 

Habitat quality scoring systems were developed using qualitative indicators such as indicator species and 

structural characteristics. The scoring system for grasslands, for example, includes a nationwide list of 90 

grassland and vineyard species that indicate an increased floristic biodiversity or a more extensive land use. 

The list adopted was already used in several states as part of landscape management programs and was 

adapted in consultation with the federal states for the purpose of HNV farmland monitoring. There are 

therefore seven regionalised lists (of up to 35 species each) for HNV grasslands in Germany. The indicator 

species are recorded in a permanent transect of 2 m × 30 m. For the grassland parcel to be recognised as 

HNV, a minimum of four indicator species must be found within the transect.  Other scoring systems, for 

example for treelines, groups of trees and individual trees apply more emphasis on structural characteristics 

(see Table 1.1). Further information is available from IFAB, PAN & ILN (2008); Benzler & Huenig (2015); Hünig 

& Benzler (2017); BfN (2020). 

 

 HNV quality 

level: 

Grasslands Hedgerows, groves, 

woodland fringes 

Rows of trees, groups of trees, individual trees 

extremely 

high nature 

value 

8 + 

indicator 

species 

Very diverse structure 

(multilayer) and 

species-rich (> 8 

indigenous woody 

species); Width> 10 m 

Old trees with a pronounced crown, > 15 m high, trunk 

diameter at 1.30 m high on average ≥ 80 cm, defining the 

landscape. Striking, old, coppiced trees (e.g., willows) are 

also assigned to this value when <15 m high 

very high 

nature value; 

5 – 7 

indicator 

species 

Diverse structure or 

species-rich (> 5 

indigenous woody 

species); Width> 5 m. 

Indigenous trees with a pronounced crown, at least 8 m 

high. 

moderately 

high nature 

value 

4 - 5 

indicator 

species 

Simply structured; up to 

5 indigenous woody 

species; Width ≥ 3 m 

Indigenous trees without a pronounced crown, at least 5 

m high or 1.6 m trunk height for fruit trees up to the first 

main branch; non-native trees at least 10 m high 

 

 

 

 

 

 

 

 

Table 1.1. Summary of the three HNV quality levels assigned per HNV grassland parcel, hedgerow or 

trees based on indicator species, indigenous tree presence or general structural or age characteristics. 
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1.4.2 Case Study 2: The UK Countryside Survey 

1.4.2.1 Overview 

The purpose of the UK Countryside Survey is to monitor the countryside over time with an objective to 

improve scientific understanding of the countryside’s landscape, vegetation, freshwater, and soils. The first 

Countryside Survey was carried out in 1978, followed by surveys in 1984, 1990, 19981 and 2007, providing a 

30-year time series of data. Survey findings are used to underpin the UK Government’s reporting of 

biodiversity and assess progress against target indicators in Biodiversity Strategies. Since 1990, it has been 

used with other statistics to help inform policy makers on changes in the rural environment. Since the 

introduction of the Broad Habitat classification system in 1998, CS data have been used to provide 

information on progress against the UK Biodiversity Action Plan for Broad Habitats and for some Priority 

Habitats. In the 2007 survey, data was gathered as part of agri-environment scheme monitoring. Survey 

outputs are published upon completion and publicly available via the UKCEH Countryside Survey website. 

These include reports on land cover, freshwater, and terrestrial habitats.   

1.4.2.2 Sampling strategy  

The core of CS is the field survey which provides national and regional estimates of the extent of the different 

broad habitats found in the UK countryside. The survey consists of 591 x 1 km2 stratified random sample cells 

across England, Scotland and Wales, representative of the variations in the climate and geology of the 

countries (applying the ITE Land Classification) (Fig. 1.3).  

 

Figure 1.3. The ITE land classification of Great Britain is used to stratify the random selection 

of 1 km2 sample cells for mapping, habitat classification and field assessments. 



Introduction 

 17 

Cells containing more than 75% of technogenic land or more than 90% of sea are not included. If a surveyed 

sample square subsequently changes so that more than 75% of its area becomes developed, it is included 

for a subsequent survey to give the area of broad and priority habitats being lost to developed land. Habitats 

are mapped within each 1 km2 cell in GIS and more detailed vegetation surveys are conducted within the 

cell using a series of transect and x-plots. The plots vary in size depending on the habitat feature being 

sampled and all plant species presence and cover are recorded. Soil samples are also collected from five, 

randomly placed plots within each cell, and one stream and pond (if present in the cell) are also sampled.  

1.4.2.3 Field survey 

The field survey is carried out by teams of botanical and freshwater surveyors, following intensive training 

to ensure high standards and consistency of methodology, identification, and recording. Detailed 

information about the composition of vegetation (presence and percentage cover of vascular plant species) 

within each sample cell is collected using a series of vegetation sampling plots. Various types of plot are 

employed and on average 30 plots are completed in each sample square. Plots are located at pre-selected 

random points within the sample square to provide an unbiased sample of habitat types in the open 

countryside (fields- up to 5 per cell, road verges- up to 2 per cell, hedgerows- up to 10 per cell, etc.). 

Additional targeted plots for habitats of interest are randomly selected by surveyors (up to 5 per cell) (Fig. 

1.4).  

 

 

Figure 1.4. Example of field survey assessments and data gathered in a UK Countryside Survey sampling 

cell. 
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1.4.2.4 Cell assessment  

Terrestrial habitat condition is measured using a range of vegetation condition indicators including species 

richness, grass : forb ratio, proportions of ruderals, light score, Ellenberg pH and moisture score. Aquatic 

habitats condition is measured using macro-invertebrate diversity, submerged or partly submerged stream 

indicator plant species. The data collected in the field survey enables estimates of: the area of habitats and 

the change in area of habitats, the changing condition of vegetation, the pH, and the changing condition 

of freshwaters and ponds. All survey variables are reported by Great Britain and by country, but broad 

habitat data are reported at the UK, Great Britain and country levels. The following variables are reported 

for each CS:  

› broad and priority habitat area,  

› change in broad and priority habitat area, condition of broad and priority habitats,  

› length of linear features,  

› no. of ponds,  

› biological condition and habitat quality assessment of streams,  

› soil pH, soil C concentration, bulk density and stock. 

 

1.4.3 Summary and transferable insights 

Overall, both monitoring programmes examined in the case studies include elements that are transferable 

to the development of a HNV farmland and forest monitoring approach in Ireland. Both programmes are 

adapted to the needs of specific land use and land cover monitoring. The UK Countryside Survey is 

considered well established and is renowned as best practice in HNV farmland monitoring studies 

(Pointereau et al., 2007; Samoy et al., 2007; IFAB, PAN & ILN, 2008; European Commission, 2016, IFAB, 2018). 

Similarly, the German HNV farmland monitoring programme is in its fourth reporting cycle and specifically 

assesses HNV farmland habitat quality and quantity; it is considered one of the most robust to the needs of 

the HNV farmland indicators (European Commission, 2016; IFAB, 2018). 

Both monitoring programmes apply a cell sampling approach, with each cell functioning as an observation 

window for aerial imagery landscape-scale GIS assessments and as framework for sub-sampling at field-

scale. Despite the UK Countryside Survey’s broader environmental monitoring, habitats and ecosystems 

related to HNV farmland and forest are represented within its sampling framework of field-scale linear 

feature and vegetation plots and landscape-scale land use and land cover mapping.  

Each monitoring programme applies a stratified random sampling approach for the placement of the 

sampling cells, providing an efficient countryside sampling framework that is statistically representative of 

the major and environmentally homogenous landscape regions. This enables reporting at an overall national 

level, but also provides region- specific data that can enable a strategic response to required changes in 

land use etc.  

The UK CS has an intermittent survey cycle; five surveys were performed over the period 1978-2007 -

approximately one survey every six years. The German HNV farmland monitoring programme is conducted 

over a four-year cycle since its introduction of a baseline assessment in 2009 and is more suitably timed to 

provide multiple HNV farmland indicator results under each RDP period. Its annual resurvey of 25% of the 

sampling cells allows to make estimates of change on annual basis. However, its sampling intensity includes 

all HNV farmland field parcels and landscape features identified within each sampling cell to be assessed in 
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the field; this is likely to be unfeasible in an Irish context due to a higher parcellation of HNV landscapes. A 

cell sub-sampling approach for field-level assessments as used in the UK CS may be more feasible. The 

application of vegetation indicator species and hierarchal quality scoring system used in the German field-

scale assessment has similarities to field quality rapid assessment systems already developed and tested in 

Ireland (Collier and Feehan, 2009; Foulkes et al., 2013; Boyle, 2015; Maher et al., 2018; Carlier and Moran, 

2019 (b); Rotchés-Ribalta et al., 2020; Ruas et al., 2021).    

A deficiency of the German methodology is that only HNV farmland habitats are digitised and recorded in 

the field (IFAB, 2018). No other data is available for agricultural land that is not HNV farmland at the time of 

the survey. This complicates the assessment of the reasons for change, since neither the origin of newly 

appearing HNV habitat or the reason behind loss of HNV habitat is recorded. A study has been 

commissioned to develop and test methodologies in Germany for general land use and habitat survey on 

the HNV sample plots, akin to the UK CS (Oppermann and Schraml, 2017). Although the extent of the UK 

CS is beyond that of HNV farmland monitoring, an adaptation of its general approach can be useful to 

ensure future proofing for new and evolving National and European monitoring programmes in support of 

policymaking that requires relevant data (as identified in Section 1.3), or towards supplementing existing 

national monitoring programmes. Such national scale data can be subject to further ambitious modelling 

programmes that can explore the environmental consequences of potential land management actions, such 

as the new Environment and Rural Affairs Monitoring & Modelling Programme (ERAMMP) in Wales.  

Both monitoring programmes are dependent on specialist analysis of terrain imagery and habitat field 

assessments. Training of surveyors is a key element of both systems and is considered important for high 

data quality and consistency. 
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2 Monitoring HNV farmland and forest areas in Ireland 

In this Section, we examine the concept of monitoring HNV farmland and forest in Ireland with an objective 

provide data to inform towards policy monitoring needs examined in Section 1.2. As observed across a 

range of established monitoring approaches across Europe, different methods have been taken to respond 

to these monitoring needs; the case studies examined in Section 1.4 enable a preliminary conceptualisation 

of a national HNV farmland and forest monitoring system. Based on this context, this Section explores the 

following: 

1. The composition of HNV farmland and forest areas: 

- What habitats need to be identified and monitored? 

 

2. The datasets available to support the identification and monitoring of HNV farmland and forest areas: 

- What data is available? 

- How could they be used? 

- What detail or resolution is possible? 

 

3. Sampling approach: 

- What national sampling systems are currently in use? 

- Are current sampling systems suitable to inform the monitoring of HNVFF? 

- Is there a need for dedicated HNVFF monitoring? 

 

4. A range of methodological approaches: 

- to assess the quality of HNV farmland and forest;  

- to spatially assess change in HNV area and distribution 
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2.1 Composition of HNV farmland and forest areas 

The habitat and landscape feature composition and distribution of HNV farmland areas in the Irish 

countryside is well established (Matin et al., 2020, Sullivan et al., 2017; Matin et al., 2016; Boyle et al., 2015; 

Sullivan et al., 2013; Sheridan et al., 2011). Broad classifications of HNV farmland types that describe the 

diversity and characteristics of HNV farmland area were developed for a variety of geographical areas in 

Ireland with known high HNV potential (Sullivan et al., 2017). The habitats that, on their own or in various 

landscape matrix compositions, constitute the HNV farmland types are identified and include extensively 

managed semi-natural habitats such as peatland, heath, scrub, semi-natural grassland and associated field 

boundaries.  

A classification of habitats of HNV farmland and forest areas was made using the list of habitat types in the 

Irish Habitat Classification system (Fossitt, 2000). By examining the habitat and landscape feature 

composition described in the HNV farmland typologies (Sullivan et al., 2017), the following Fossitt (2000) 

level 2 habitats classes were considered as components of HNV farmland areas for monitoring:  

HNV farmland areas:  

› Seminatural grasslands (GS),  

› Freshwater marsh (GM),  

› Heath (HH),  

› Peatland (PB),  

› Scrub/transitional woodland (WS).  

Since a high density of field boundaries is also a HNV farmland feature in Ireland (e.g., Cooper and Beaufoy 

2008; Sullivan et al., 2013; 2017), the following linear habitats were also considered associated with HNV 

farmland habitat areas:   

› Watercourses (FW),  

› Linear Woodland (WL),  

› Built land (BL).  

In the absence of a HNV Forest definition, map or typologies at the time of this work, HNV forests were 

considered to be composed of the following Fossitt (2000) level 2 habitats classes: 

HNV Forest areas:  

› Semi-natural woodland (WN),  

› Highly modified/non-native woodland (WD),  

› Linear Woodland (WL). 

Further consideration to the work currently under development by Ruas et al. (2022) (in prep) as part of the 

HNVFarmForBio project will enable a more comprehensive definition of HNV Forest areas. Note that the 

presence of linear habitats alone do not indicate HNV farmland or forest.  

A full breakdown of all HNV farmland and forest habitats (to Fossitt (2000) level 3 classification) with 

additional clarifications is provided in Appendix 7.1. 
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2.2 Potential data sources  

The monitoring of HNV farmland and forest areas can be supported by relevant secondary datasets from a 

range of sources. However, the frequency of data collection and update intervals are determined by the 

specific objectives of the data collection, and thus secondary data can have direct monitoring frequency 

implications if they are applied within a HNV farmland and forest monitoring programme. The following 

basic requirements should be considered when assessing the usefulness of datasets for national HNV 

farmland and forest monitoring:  

› The datasets used must provide a representative area of HNV farmlands and forests, 

› The datasets must be updated at regular intervals and preferably in sequence (optimally twice per 

RDP/CAP cycle to allow timely policy and management adjustments ~every 3 years), 

› The dataset outputs must remain consistent (avoiding fluctuations in methodologies, sampling, 

reporting, etc.), 

› The long-term availability of the datasets is crucial. 

A compilation of available land cover datasets which could be applied for the monitoring of HNV farmland 

and forest areas in Ireland is presented in Table 2.1. Each dataset is described and an evaluation of its 

Relevance/potential for a national/regional representation (e.g., landscape strata, catchments, etc.) of HNV 

farmland and forest is provided taking in consideration the criteria listed above. Datasets were only included 

if they were complete for full national coverage.
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Table 2.1. List of available land cover secondary datasets (in no particular order) which could support the monitoring of HNV farmland and forest areas in Ireland.  

Name Description Scale 
Time-

series 
Format Relevance Source 

Copernicus 

High Resolution 

Layers: Small 

Woody 

Features 

 

The High-Resolution Layer (HRL) Small Woody Features provides 

harmonized information on linear structures such as hedgerows, as 

well as patches (200 m² ≤ area ≤ 5000 m²) of woody features. It is 

important to note that not all European landscapes have meaningful 

small woody features (fully in line with the geometric rules). That is, 

many natural and semi natural landscapes show more uniformly 

distributed gradients from open ground to vegetation cover, which 

is particularly the case in many regions of Ireland. In these cases 

woody vegetation is not represented by the data as distinct patches 

or linear features.  Therefore, the concept and the product may be 

most meaningful in agricultural and managed landscapes with 

distinct hedgerows and/or woody vegetation patches. 

5 m  3 years Raster  

 

The dataset has potential to sufficiently 

identify HNV features such as small woody 

patches and linear woodlands: however, 

accuracy is severely limited in extensive 

landscape settings. The dataset could be 

applicable to support both a national and 

regional representation. 

https://land.

copernicus.

eu/pan-

european/h

igh-

resolution-

layers/small

-woody-

features 

Copernicus 

High Resolution 

Layers: Forest 

 

The forest type product allows to get as close as possible to the FAO 

forest definition (FRA, 2000). In its original (10m (2018) / 20m (2012, 

2015)) resolution it consists of two products: 1) a dominant leaf type 

product that has a MMU of 0.5 ha, as well as a 10% tree cover density 

threshold applied, and 2) a support layer that maps, based on the 

dominant leaf type product, trees under agricultural use and in 

urban context (derived from CLC and imperviousness 2009 data). 

 

10 m 3 years Raster  

 

The dataset has potential to sufficiently 

identify broadleaf woodlands to support 

HNV forest mapping. The dataset is 

applicable to support both a national and 

regional representation (a spatial 

resolution of 10 m might be too coarse 

depending on sampling scale). 

https://land.

copernicus.

eu/pan-

european/h

igh-

resolution-

layers/forest

s 

CORINE Land 

Cover 2018 

 

This is a national land use landcover dataset for 2018 produced at a 

25-ha resolution. Includes differentiations of semi-natural habitats; 

however the dominant landcover class in Ireland ‘Pastures’ does not 

differentiate between extensive/intensive.  

 

  Vector  

 

The dataset may be useful to refine 

sampling stratification maps and exclude 

built-up/urban classes from sampling. 

CLC may also be applied to observe wider 

land use influences on land cover within 

sampling areas. Given the coarse spatial 

resolution, the dataset is applicable to 

support a broad national representation 

only. A time series of six years is sufficient 

to unfavourable. 

https://gis.e

pa.ie/GetDa

ta/Downloa

d 

https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/small-woody-features
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://land.copernicus.eu/pan-european/high-resolution-layers/forests
https://gis.epa.ie/GetData/Download
https://gis.epa.ie/GetData/Download
https://gis.epa.ie/GetData/Download
https://gis.epa.ie/GetData/Download
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National Land 

Cover Map 

 

A new high resolution national baseline landcover and habitat 

mapping dataset is being developed by the EPA in partnership with 

OSi. Habitat classification is not yet finalised but will differentiate 

areal semi-natural habitats. The map is anticipated to be released in 

2022. The NLHM will provide a highly detailed land cover spatial 

data that will enable the establishment of a baseline for monitoring 

at all scales. The baseline data can be readily updated during cell-

scale monitoring cycles should the map updates cease. Examples of 

the mapping detail and resolution are available (EPA, 2020). 

1 m N/A Vector  

 

This dataset appears highly applicable in 

its use to identify a baseline of HNV 

habitats, at national or regional 

representation levels. No time series is 

noted; however, the baseline can be 

updated ad-hoc, particularly in the case of 

sample area monitoring. 

No data 

source yet, 

details 

available 

from 

Heritage 

Council, 

2016; 

NPWS, 

2017; EPA, 

2020. 

Private Forests 

2016 

 

Attribute and spatial information relating to grant aided 

afforestation is captured digitally in the Forest Service database. The 

spatial data provides information on the type of forest and species 

content but is incomplete and does not represent non-afforested 

woodlands. The data may be used to determine the spatial extent 

of HNV Forests (broadleaf parcels), to support or enhancing 

baseline maps etc., to include forest patch management 

information.  

N/A N/A Vector  

 

The dataset has potential to identify 

afforested broadleaf woodlands to 

support HNV forest mapping. The dataset 

is applicable to support both a national 

and regional representation.  

 

https://www

.agriculture.

gov.ie/fores

tservice/ 

Coillte Estate 

 

This dataset provides attributes and spatial information relating to 

Coillte forest. The data may be used alongside NFI data to 

determine the spatial extent of HNV Forests (broadleaf parcels), to 

support the enhancement of baseline maps etc., to include forest 

patch management information.  

N/A N/A Vector  

 

The dataset has potential to identify public 

broadleaf woodlands to support HNV 

forest mapping. The dataset is applicable 

to support both a national and regional 

representation.  

https://www

.coillte.ie/ 

High Nature 

Value Farmland 

tetrad map 

 

The dataset was generated by the IDEAL-HNV project and provides 

the likely distribution of HNVf in the Republic of Ireland at tetrad 

scale using indicators adapted for the Irish context and weighted 

based on specialist knowledge and literature. 13,660 tetrads are 

defined as farmland overall and are classified into 3 HNV likelihood 

classes.  

 

2 km N/A Vector This dataset may be useful to provide 

comparative analyses of HNV quality 

results between the various HNV classes. 

It could also be applied to guide a 

stratification or weighted sampling design. 

The data is applicable to national 

representation and could support the 

selection of sampling areas in a regional 

representation. No time series is provided, 

however the data used in the 

methodology are regularly updated. 

https://www

.tandfonline

.com/doi/p

df/10.1080/1

7445647.20

16.1223761 

https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.coillte.ie/
https://www.coillte.ie/
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
https://www.tandfonline.com/doi/pdf/10.1080/17445647.2016.1223761
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National Survey 

of Native 

Woodlands 

(NSNW) 

 

The National Survey of Native Woodlands (NSNW) was published in 

2008 and includes field data, GIS mapping, soil analysis and 

statistical data analysis. Although the survey is not time series, spatial 

and field data may be useful to support the development of a 

baseline extent of HNV Forests and as a supporting layer to aid the 

mapping of sampling areas. Site selection was carried out using the 

Forest Inventory Planning System 1998 (FIPS) and local knowledge. 

N/A N/A Vector This dataset is applicable in its use to 

support a HNV forest baseline generation, 

at national or regional representation 

levels. However, the dataset is considered 

incomplete since a minimum sampling 

unit size of 5 ha was applied. No time 

series is noted. 

https://www

.npws.ie/pu

blications 

Ancient and 

Long-

established 

Woodland 

Inventory 2010 

(ALWI) 

 

Ancient woodlands refer to those woodlands that have had a 

continuous history of cover since before the period when planting 

and afforestation became common practice. The inventory 

comprises a complete GIS database and sub-sampled field data. 

Although the survey is not time series, spatial and field data may be 

useful to determine a baseline extent of HNV Forest for future 

monitoring. The dataset is incomplete since minimum sampling unit 

size of 5 ha was applied. 

N/A N/A Vector This dataset is applicable in its use to 

identify a baseline of HNV forests, at 

national or regional representation levels. 

However, the dataset is considered 

incomplete since minimum sampling unit 

size of 5 ha was applied.  

https://data.

gov.ie/data

set 

OSi PRIME 2 

 

This national map is Ordnance Survey Ireland’s (OSi) central 

database of spatial information. Each building, fence, waterway etc. 

is stored as an individual ‘object’ in The National Map. There are 

over 50 million ‘objects’ in The National Map, which means that The 

National Map is the richest spatial database in Ireland. Useful spatial 

attributes include land parcel delineations, watercourse features, 

and other landscape features. Limited data is available on the 

intensity of land use and management.   

N/A Continuo

us 

Vector This dataset is highly applicable in its use 

to generate baseline of HNV habitats, at 

national or regional representation levels, 

through the reclassification of the 

digitised land parcels and features.  

https://osi.i

e/about/fut

ure-

developme

nts/the-

national-

map/ 

OSi Aerial 

Imagery 

 

Aerial map imagery: full national aerial imagery coverage is available 

for the reference years: Ortho 1995, 2000, 2005; Digital Globe (2013), 

including the most recent 25cm resolution Series One (2017) to all 

31 local authority areas.  

25 

cm 

2.5 years Raster Imagery datasets provide greater 

resolution to satellite imagery and can be 

applied to remote sensing and 

orthophoto interpretation exercises. 

Historical aerial imagery could provide 

historical estimates of HNV habitat 

quantity and extent. It is highly applicable 

to support the identification of HNV 

habitats, at national or regional 

representation levels, enabling the 

classification of the digitised land parcels 

and features.  

https://osi.i

e/products/

professional

-

mapping/os

i-aerial-

imagery/ 

https://www.npws.ie/publications
https://www.npws.ie/publications
https://www.npws.ie/publications
https://data.gov.ie/dataset
https://data.gov.ie/dataset
https://data.gov.ie/dataset
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/about/future-developments/the-national-map/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
https://osi.ie/products/professional-mapping/osi-aerial-imagery/
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Google Street 

View 

 

Google Street View displays interactive panoramas of photographs 

taken along public roads across Ireland. Imagery obtained from 

Google Street View has been used intensively for research purposes 

across a range of disciplines, including field ground truthing, 

supporting habitat classification etc. Historical imagery can be 

accessed to compare change over imagery capture dates. 

N/A Approx. 

ten-year 

interval 

update 

in many 

Irish 

countrysi

de areas. 

N/A This street view imagery can be applied to 

remote sensing and orthophoto 

interpretation exercises, including ground 

truthing, training and validation. Historical 

imagery is available in most instances and 

could provide historical estimates of HNV 

habitat quantity and extent. This imagery 

is highly applicable in its use to support 

the identification of HNV habitats, more 

suitable for local representation levels, 

enabling the classification, ground truth or 

validation of the digitised land parcels and 

features.  

https://www

.google.ie/

maps 

National Forest 

Inventory 2017 

To assess changes in the state of Ireland’s forests over time, Ireland’s 

NFI was designed using permanent sample plots located on a 

systematic grid that are assessed every six years. A total of 1,932 

plots were surveyed in 2017. In the plot survey a variety of primary 

attributes are assessed including tree growth and development, the 

diversity of plant species and soil type.  

500m
2 

plots 

on 

2km 

grid. 

6-year Vector 

point 

map with 

survey 

attri-

butes. 

The NFI data may be useful to provide 

localised indication of the quality of HNV 

Forests (plot samples only). However, 

since the sampling is systematic, only a 

national representation is possible. The 

time series is sufficient to inadequate. 

https://www

.agriculture.

gov.ie/fores

tservice/ 

Article 17  

 

The spatial data for Article 17 habitat and species assessments give 

the known or best estimate of distribution at 10 km or 50 km grid 

cells. The datasets used to derive the distributions are obtained from 

a range of sources. An overview of the data sources used is provided 

in notes section for each habitat and species in the Article 17 reports. 

10 or 

50 

km 

6-year Vector The survey data that supports Article 17 

reporting may be useful to provide 

indication of the quality of HNV farmland 

and forest areas. The time series is 

sufficient to inadequate. 

https://www

.npws.ie/pu

blications/ar

ticle-17-

reports 

Irish Hedgerow 

Map 

 

This dataset identifies all mature hedgerows wider than 2 m, with a 

1 m pixel resolution, showing all mature hedgerows, individual trees, 

and non-forest woodland/scrub with an 80 % estimate accuracy. 

The dataset was generated in 2011 and was based on OSi 2005 

orthophotography. 

1 m N/A Raster The dataset has potential to sufficiently 

identify HNV features such as small woody 

patches and linear woodlands: however, 

like the Copernicus SWF, accuracy 

decreases in extensive landscape settings. 

The dataset is applicable to support both 

a national and regional representation.  

https://www

.teagasc.ie/

media/webs

ite/publicati

ons/2010/T

he-Irish-

hedge-

map-

version1_56

90.pdf 

Land Parcel 

Identifi-cation 

System 

The LPIS is a land database which underpins payments to farmers 

under area-based schemes such as the Basic Payment Scheme 

(BPS), the Green, Low-Carbon, Agri-Environment Scheme (GLAS) 

N/A Yearly Vector The dataset can support remote mapping 

and classification of agriculturally active 

HNV farmland parcels. As part of a LPIS 

https://www

.gov.ie/en/s

ervice/1eb4

https://www.google.ie/maps
https://www.google.ie/maps
https://www.google.ie/maps
https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.agriculture.gov.ie/forestservice/
https://www.npws.ie/publications/article-17-reports
https://www.npws.ie/publications/article-17-reports
https://www.npws.ie/publications/article-17-reports
https://www.npws.ie/publications/article-17-reports
https://www.npws.ie/publications/article-17-reports
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.teagasc.ie/media/website/publications/2010/The-Irish-hedge-map-version1_5690.pdf
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
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the Areas of Natural Constraint Scheme, etc. The dataset consists of 

the defined agricultural land areas as shapefiles per calendar year. 

rebuilding initiative, existing LPIS data will 

be transformed to the OSi PRIME 2 spatial 

database and will therefor align well to 

any monitoring programme that 

incorporates PRIME 2 data. However the 

dataset excludes HNV habitats not in an 

agri-environmental scheme or claimed 

under an agri-environmental payment. 

The time series is favourable. 

d-land-

parcel-

identificatio

n-system-

lpis/ 

Countryside 

Bird Survey  

The survey measures changes in bird numbers in a random selection 

of approximately 300 1 km2 sample plots surveyed from year to year, 

ensuring that all common and widespread breeding species are 

surveyed across a wide range of habitats and geographical 

locations. Surveyors are mostly voluntary and visits to survey plots 

can vary year on year, with 401 sample plots surveyed since 1998. 

The survey includes habitat mapping of surrounding land cover 

within each plot. 

10 km Yearly Vector The survey data may be useful to provide 

indication of the quality of HNV farmland 

and forest areas. Habitat data gathered 

during each survey could be applied to 

support the monitoring of High Nature 

Value farmland and forest areas. Survey 

coverage is greatest in the east and 

southeast regions; however it is limited in 

the northwest and southern regions. The 

time series is favourable. 

https://www

.npws.ie/site

s/default/fil

es/publicati

ons/pdf/IW

M115.pdf 

National Farm 

Survey  

The national farm survey consists of a random, nationally 

representative sample of between 1,000 and 1,200 farms depending 

on the year, selected annually. The survey primarily provides data 

for research on financial, technical and socio-economic aspects of 

farming at farm and enterprise level. However, a pilot approach is 

currently examining how to measure biodiversity and incorporate it 

into sustainability assessments through interpretation of aerial 

imagery and farm-specific photos (Finn and Moran, 2020).  

N/A 4 to 5 

years 

N/A Data from habitat biodiversity 

assessments undertaken on all NFS farms 

on a periodic basis could be applicable to 

the monitoring of High Nature Value 

farmland habitats. The pilot survey is 

currently limited to 300 farms. A proposed 

four-to-five-year time series is sufficient. 

https://www

.teagasc.ie/r

ural-

economy/r

ural-

economy/n

ational-

farm-

survey/ 

National 

Biodiversity 

Data Centre 

surveys  

 

The National Biodiversity Data Centre operates a number of 

different biodiversity monitoring schemes. This includes the 

monitoring of various indicators such as butterflies, pollinators, 

dragonflies and damselflies, marine, rare plants, hedgehogs, 

ladybirds, etc. Surveys are supported by or dependent on citizen 

science, voluntary participation, or casual sightings.   

N/A Yearly + Vector  The survey data may be useful to provide 

indication of the quality of HNV farmland 

and forest areas. Surveys are generally 

carried out year-on-year which is 

favourable. 

 

 

https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.gov.ie/en/service/1eb4d-land-parcel-identification-system-lpis/
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.npws.ie/sites/default/files/publications/pdf/IWM115.pdf
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
https://www.teagasc.ie/rural-economy/rural-economy/national-farm-survey/
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2.2.1 Application of the data, monitoring scale and updates  

Several datasets identified have potential to support the monitoring of HNV habitats in Ireland. Landcover 

datasets such as CORINE Land Cover have been previously used in combination with other data to provide 

a likelihood measure of HNV farmland in Ireland (Matin et al., 2020); however insufficient resolution in CLC 

remains a common limitation identified by member states (European Commission, 2016), and the ‘Pasture’ 

class requires additional differentiation to determine its intensity of land use.  

The OSi PRIME 2 dataset provides a baseline digitisation of land parcels and boundaries and could be 

applied in the mapping and classification of HNV farmland and forest habitats. The classification of HNV 

farmland and forest spatial data could be supported by orthophoto interpretation of the OSi Aerial Imagery 

to provide high resolution digitised and reclassified landcover maps of sample areas. Additionally, other 

datasets (e.g., NFI, NSNW, ALWI) identified could also provide spatial and field information that could 

support the mapping and classification of HNV areas.  

Limited distributions, update uncertainties and insufficient data are deficiencies that render many datasets 

inadequate for the monitoring of HNV farmlands and forests. There remains insufficient data on certain HNV 

habitats and associated features (e.g., scrub - an important transitional habitat and indicator of farmland 

abandonment), woodlands, field margins etc.). With the exception of the Copernicus Small Woody Features 

layer (considered inaccurate within extensive landscapes), smaller landscape features are generally 

unrepresented in the listed datasets. Generally, similar deficiencies have been noted by HNV farmland 

identification and monitoring methodologies (e.g., Pointereau et al., 2007; Samoy et al., 2007; IFAB, PAN & 

ILN, 2008; European Commission, 2016).  

The anticipated National Land Cover Map could help identify HNV habitat classes at higher resolution, 

addressing resolution deficiencies of other land cover datasets. It is anticipated to provide a full mapping 

extent and classification of proposed HNV farmland and forest habitat classes identified in Section 2.1 

(Heritage Council, 2016; NPWS, 2017; OSi and EPA, 2020). This mapping programme is currently underway, 

and it is anticipated the resulting dataset will provide highly detailed land cover spatial data (EPA, 2020; OSi 

and EPA, 2020). This spatial data could be interrogated in a GIS exercise to determine the national coverage 

of the proposed HNV habitat classes. Depending on the sampling strategy, the data could serve as a baseline 

reference, with subsequent enhancement and regular updates of mapped and classified HNV habitats 

through specialist orthophoto interpretation of the latest OSi aerial imagery and field validations.  

2.2.2 Monitoring using secondary datasets vs bespoke, independent sampling.  

A national representation of the HNV indicator is often reported in many member state RDPs, integrating 

existing state monitoring programmes as secondary data sources. However as noted by the European 

Commission (2016), such methodologies can be insufficient to address the specific needs for monitoring 

HNV farmland and forest area. For the monitoring of HNV farmland and forest, the Commission 

recommends that consideration is given to the relevance of the chosen data and information, its 

appropriateness for the monitoring scale, and its ability to provide regular updates. A summary comparison 

of the use of secondary data versus data derived from a dedicated sampling system for HNV farmland and 

forest area monitoring is provided in Table 2.2, examining the advantages and disadvantages of both 

approaches.  
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*The resolution detail of the National Land Cover Map is anticipated to be sufficient to determine a baseline, however the data is 

not accessible at the time of this report and the data update frequency is unknown. 

 

 

Comparison 

criteria 

HNV farmland and forest monitoring: 

Inferenced from secondary data Dedicated sampling system 

Use of existing 

data sources 

Monitoring driven by available data; remains 

dependent on and is limited to the extent of these 

datasets. 

Monitoring can be supported by but remain 

independent of secondary data. 

HNV quantity  Good initial baseline to become available from 

anticipated data*, otherwise existing data is 

incomplete for some HNV habitats e.g., scrub and 

linear features or spatial resolution is too coarse 

(e.g., CLC 2018).  Monitoring of subsequent change 

is highly dependent on the frequency and regularity 

of data collection, which is possibly unsuitable.  

Quantity of HNV habitats and landscape 

features can be mapped and classified within 

a sampling framework to establish a 

complete baseline that can be subsequently 

updated at required monitoring cycles. 

HNV spatial 

distribution 

Good initial baseline to become available from 

anticipated data*, otherwise existing data is 

incomplete for some HNV habitats e.g., scrub and 

linear features or spatial resolution is too coarse 

(e.g., CLC 2018). Subsequent change monitoring 

dependent on possibly unsuitable dataset time 

series. 

Extent of HNV habitats and landscape 

features can be mapped and classified within 

a sampling framework to establish a 

complete baseline that can be subsequently 

updated at required monitoring cycles. 

HNV quality Existing data is incomplete for some HNV habitats 

e.g., scrub and linear features; long survey intervals 

(e.g. six year time series for Art. 17, National 

Forestry Inventory) may not be suitable for needs of 

the HNV monitoring programme. 

Quality of HNV habitats and landscape 

features can be targeted and assessed within 

a sample framework that is fully 

representative and subsequently updated at 

required monitoring cycles. 

Comparability 

of regions 

Good quantity and extent comparability is 

potentially available from anticipated data*.  data 

on habitat quality that are restricted to national 

surveys (e.g., Article 17) will be limited to the spatial 

distribution of the primary dataset, and will require 

additional sampling to supplement regions with low 

representation. 

A sampling framework can be designed to 

specifically represent homogenous 

landscapes, land cover, administrative or 

other targeted regions (e.g., stratified 

random sampling system). 

Resource 

requirements 

Lower costs are incurred from the use of existing 

data. Costs will arise from supplementary sampling 

required to supplement a regional representation of 

quality data and other incomplete quantity and 

extent data. 

Establishing a sampling framework and 

conducting HNV farmland and forest 

assessments could require a higher cost than 

using existing secondary data. However, cost 

benefits will arise from a  national scale 

sampling framework to support a wider 

range of environmental monitoring variables 

to respond to increasing and evolving policy 

monitoring requirements (Section 1.3.2). An 

indicative costing of a dedicated monitoring 

programme is examined in Section Five. 

Ability to meet 

monitoring 

objectives  

Likely to be medium to low. High to very high. 

Table 2.2. Summary comparison of monitoring using secondary datasets and bespoke, independent sampling 

data.  
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Advantages of a dedicated monitoring approach that is independent of existing national datasets includes 

flexibility in all aspects of survey design and implementation (Oppermann et al., 2008; European 

Commission, 2016). Additionally, summary comparisons in Table 2.2 emphasise the benefits of a system that 

can be designed not only to correspond to the requirements of the HNV farmland and forest indicators, but 

also that it is locally representative (e.g., catchment or regional administrative areas (i.e., strata)). This 

presents the benefits of assessing quantity, quality and change within distinct regions of land cover and land 

use, enabling to respond to required changes more efficiently in a targeted approach.  

 

2.3 Sampling approach 

2.3.1 Sampling strategy 

According to Kleijn et al., (2011), the monitoring of biodiversity and ecosystem services should be done within 

the context of land use within the wider countryside, so that effects observed account for trends within the 

wider regional and national landscape levels. This can help link HNV farmland and forest conservation efforts 

with regional and national biodiversity trends and their contribution to policy objectives to halt farmland and 

forest biodiversity decline.    

A HNV farmland and forest monitoring system should rely on a robust sampling strategy since it is not 

possible to routinely and systematically survey all HNV areas across the island due to resource constraints. 

A subset of units that effectively provide national representation need to be identified and optimally, one 

that provides regional landscape representation. A range of sampling designs have been applied to land 

cover and species monitoring programmes in Ireland, for example, some national monitoring systems have 

applied systematic sampling systems such as grid overlays (e.g., National Forest Inventory (Forest Service, 

2018); Countryside Bird Survey (Lewis et al., 2019); Butterfly Atlas 2021 (National Biodiversity Data Centre, 

2020)). Although such systematic sampling methods are straightforward to establish (Moore and Chapman, 

1986), they have a fundamental tendency to inefficiently under- and over-sample areas of extreme spatial 

extent (Goedickemeier et al., 1997), and may result in sub-optimal representation, unless some stratified 

sampling design is implemented.  

A suitable landscape classification could be applied to stratify samples, providing a more representative and 

efficient sampling system (Cochran 1977), while accounting for the necessary land-use or land cover context 

of the landscape (Kleijn et al., 2011).  Such a sampling system can be future proofed to suit a wider range of 

land use and land cover monitoring requirements; with the ability to meet evolving policy requirements 

under a common national monitoring framework like the UK Countryside Survey (Bunce et al., 1996 (c) and 

the Swiss Biodiversity Monitoring BDM programme (BDM Coordination Office, 2014). 

Since the requirements of monitoring HNV farmland and forests relates to habitat assessments, an objective 

and statistically robust classification representing the environmental and land cover heterogeneity of the 

island is needed.  This can provide the basis for a spatial framework for national monitoring. Several national-

scale landscape divisions are available; however, none account for land cover. These include the Soil 

Physiographic Divisions (Gardiner and Radford, 1980), which includes five divisional units: 1) Mountain and 

Hill; 2) Hill; 3) Rolling Lowland; 4) Drumlin; 5) Flat to Undulating Lowland. This map is based on topography 

and soil associations. The Land Use Capability map (Aalen et al., 2011) generally illustrates five varying 

strengths of the limitations on farming imposed by varying combinations of physical factors, ranging from 

wide to extremely limited land use capacity. The more recently published Physiographic Units (PU) Map of 
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Ireland (Geological Survey of Ireland, 2018) uses a three-tier classification scheme representing several 

hierarchical landscape divisions with increasing levels of complexity (Fig 2.1).  

The expert-driven classification differentiates various 

landscape morphologies and landforms based on 

elevation, bedrock geology, sediment and 

geomorphology, and orthophotography datasets. The 

dataset is available in vector format with a 5 km2 

minimum mapping unit. This dataset was identified as 

having potential to contribute to the development of a 

national landscape classification that includes land cover. 

The development of a landscape stratification using the 

PU Map and land cover data in a multivariate 

classification was developed and examined in greater 

detail in Section Four and published in 2021 (Carlier et al., 

2021). 

2.3.2 Sampling unit 

The choice of sampling unit scale constitutes a trade-off 

between sampling numerous small units and sampling 

fewer larger units. While the optimum sampling scale 

depends on the objectives of the survey, the advantages 

of numerous smaller samples are that more variation is 

captured, and more precise estimates are made. Inherent 

to each sample unit, however, are costs associated with, 

for example- mapping, classification, travelling, 

relocating, access negotiation, assessment, data storage and manipulation, etc. However, the sampling unit 

should go beyond field, forest stand or even farm scale, ideally supporting the critical landscape-scale of 

ecological processes that give rise to and support ecosystem services (e.g., Roche and Campagne, 2017; 

Donald and Evans, 2006; Cummings et al., 2006).  

Numerous well established land use monitoring programmes have adopted a 1 km cell (observation window) 

to define their sampling unit (Swiss Biodiveristy Monitoring BDM programme (BDM Coordination Office, 

2014); The UK Countryside Survey (Bunce et al., 1996 (c)); German HNV monitoring programme (Benzler & 

Huenig, 2017)). A 1 km cell can be aligned to or nested within existing national grids, Ordnance Survey maps 

or other strategic scales, and is considered of suitable scale to sample a range of landscape characteristics- 

from variable and complex landscapes to areas of more homogenous land cover (Bunce et al., 1995). General 

ease of access to all areas within a 1 km sample cell are also advantageous to this unit size. Further testing 

(i.e., power analyses) can determine the number of sample units required. 

2.3.3 Sampling unit spatial data 

High-resolution land cover data is anticipated from the National Landcover Map (NLCM) map, which will 

provide spatial land cover data to Fossitt (2000) level 2 and 3 (for some habitats only) classification. NLCM 

map samples (EPA 2020) appear to be very detailed, requiring minimal enhancement work to land parcels 

and landscape features (Fig. 2.2). Minimum mapping units of 0.05 ha for Vegetated & Exposed Areas, 

minimum length of 25m and minimum width of 2m for Treelines & Hedgerows, and 0.01 ha for Scrub will 

Figure 2.1. The Physiographic Units Map of Ireland- 

level one classification provides broad classes of 

the Irish landscape which could be applied for the 

basis of sampling stratification. 
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enable the identification of HNV landscape features. Its classification to Fossitt (2000) level 2 is advantageous 

to establish sample baseline maps, though this will be dependent on the accuracy assessment results and 

likely require expert verification. Sampling units (e.g., 1 km cell) can be overlaid onto this baseline map layer 

and intersected in a GIS exercise to export the series of sampling unit baseline maps. 

In the absence of the NLCM, the OSi PRIME 2 dataset provides a highly detailed, seamlessly digitised 

topography of the Irish landscape. This spatial data could be applied to provide the basis of a baseline map. 

Five polygon files are useful in this respect:  

1) “Way” (roads, paths, farm & forestry tracks etc.) 

2) “Water” (rivers, streams, some drains, lakes etc.) 

3) “Vegetation” (pasture, forests, marsh etc.) 

4) “Artificial” (sealed surfaces, buildings etc.) 

5) “Exposed” (non-vegetated- sand, rock, quarry, etc.)  

Combined, these layers represent a highly detailed, recent, initial mapping baseline upon which additional 

observed landscape features can be added with minimal additional digitising.  

Necessary corrections and enhancement of delineations and the classification of the digitised parcels and 

landscape features in either the NLCM or the PRIME 2 datasets can be supported by overlay analysis of 

some of the listed datasets in Section 2.2: for example, determining more precise forest boundaries using 

Figure 2.2. Example image of the National Land Cover Map, obtained from EPA, (2020) ‘Ireland’s 

Environment, An Integrated Assessment 2020’. 
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the National Survey of Native Woodlands and FIPs datasets, orthophoto interpretation of latest high 

resolution aerial imagery. Additional validation and enhancement of parcel boundaries can be achieved by 

local reference to Google Street View imagery. Although Street View imagery is largely absent from upland 

regions due to limited public access roads, upland habitats generally represent more vast expanses of 

exposed, forested and peatland dominated areas and will typically require less enhancement.  

Although no time series is currently indicated for the NLCM, the PRIME 2 data is continuously updated. Since 

these datasets are suggested as input maps to generate a baseline, most of the effort to generate sample 

unit maps will be incurred in a first round of monitoring (establishing an overall HNV farmland and forest 

baseline). Subsequent spatial monitoring cycles can be rapidly completed, likely involving minimal revisions 

of digitised parcels and features and their classification. Finally, an accuracy assessment of the habitat 

mapping and classification should be performed.  

 

2.4 HNV farmland and forest assessment  

This Section explores four HNV farmland and forest area assessment approaches, including measuring HNV 

habitat i) quantity, ii) quality, iii) connectivity, and iv) change. These assessments correspond to a range of 

HNV farmland and forest monitoring needs such as the current and draft CMEF baseline, impact and result 

indicators (IEEP, 2007; European Commission, 2018), addressing the monitoring weaknesses identified in the 

CAP Strategic Plan SWOT analysis (DAFM, 2021 (b)) and to support forest resilience and consolidation (EU 

Forest Strategy, 2030) through connectivity monitoring and assessment of the HNV forest network.    

2.4.1 Quality assessment 

Ecosystem condition or quality is defined as “the physical, chemical and biological condition of an ecosystem 

at a particular point in time” (Maes et al., 2018). Higher quality is linked to better ecosystem condition and 

improved ecosystem function. HNV farmland and forest areas in better condition have the potential to 

support higher biodiversity, while functioning HNV ecosystems in good condition provide a range of 

ecosystem services to society (Maes et al., 2018).  

Field surveys can provide quality assessments that are more difficult to remotely assess, such as certain 

species cover and composition, or other obscured variables (e.g., woodland understorey parameters). 

Habitat quality assessments can be made on habitats identified within sampling cell units (e.g., all HNV 

farmland identified in a cell – e.g., Benzler et al., (2015)); or a subsample can be systematically located – e.g., 

Carey et al., (2009). Vascular indicator plant species have been noted to be most effort and cost-effective 

proxies for biodiversity and habitat quality assessment when compared to other known farm-based indicator 

species (Geijzendorffer et al., 2016; Opperman and Schraml, 2017).  

Various habitat quality assessment systems have different methodological approaches as regards the survey 

parameters, sampling approach and results scoring. Several field quality rapid assessment systems have 

been developed and tested in Ireland. These rapidly evaluate seminatural habitats and assess the ecological 

integrity based on the scoring of indicator plant species and structural characteristics (Collier and Feehan, 

2009; Foulkes et al., 2013; Boyle, 2015; Maher et al., 2018; Carlier and Moran, 2019 (b); Rotchés-Ribalta et al., 

2020; Ruas et al., 2021). 

Field level habitat assessment systems with similar indicators and scoring approaches have been successfully 

applied in Results-Based Payments Schemes (RBPS) such as the RBAPS pilot (Byrne et al., 2018), and are 
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implemented in various RBPS in Ireland e.g., Burren programme (http://www.burrenprogramme.com/), the 

Hen Harrier Project (http://www.henharrierproject.ie/) and Pearl Mussel Project 

(http://www.pearlmusselproject.ie/). These assessment methodologies rely on parameters associated with 

vegetation indicator species and other structural characteristics that are expected to be strongly related to 

the quality of a particular habitat or to a specific ecosystem service. Areal habitat surveys are typically 

conducted using a W-walk while randomly placed transects are applied for linear habitats. The standardised 

scoring from these field quality assessment systems means that various HNV farmland and forest habitats 

can be compared, reported individually or aggregated. 

A harmonisation with the existing and tested habitat quality assessment approaches would result in effort 

and costs savings, particularly since common assessment variables are becoming established in results-

based payments (RBP) schemes such as the current Results Based Environment Agri Pilot Programme 

(REAP). Common assessment variables provide an opportunity to validate the self-assessment process 

independently and scientifically by farmers and farm advisors associated with RBP schemes and directly 

assess the level of achievements of the specific outcomes (O’Rourke and Finn, 2020).  

2.4.2 Quantity assessment 

Quantitative HNV farmland and forest habitat data can be obtained from interrogation of sampling cell 

habitat mapping and classification spatial data. HNV habitats (e.g., seminatural grasslands) can be 

individually quantified or measured in proportion to other land cover or uses. A HNV farmland area indicator 

score can be calculated at sampling cell level as the areal sum of HNV farmland divided by the sum of all 

utilisable agricultural land to meet the needs of the HNV farmland baseline indicator (IEEP, 2007; Benzler et 

al., 2015). A similar area indicator can be repeated for HNV forests, and both HNV farmland and forest area 

indicators can be combined to provide an overall HNV landscape indicator score.  

A limitation observed from monitoring the HNV farmland area indicator only is that underlying land use 

change causing the trends observed (i.e., intra and inter change of HNV habitat over time) are not detected 

(IFAB, 2018). It is therefore useful to interpret the HNV farmland and forest area indicator alongside habitat 

change detection to determine drivers of land use change behind the trends observed. To achieve this, data 

is required for all habitats (including intensified and technogenic land uses) occurring within the sampling 

cells. 

2.4.3 Connectivity 

Habitat area and its spatial connectivity is a key aspect in biodiversity, ecosystem services and the ever-

increasing pressure from anthropogenic land use. Landscape fragmentation in Europe is now highest in 

Atlantic regions, with grassland and forest habitats under greatest pressure (EEA, 2018). Habitat 

fragmentation can lead to the isolation and loss of species and gene pools, degraded habitat quality, and a 

reduction in the ability to sustain the natural processes necessary to maintain habitat health. Assessing the 

connectivity of a habitat can provide quantifiable data to characterise the state and trend of fragmentation 

and has been particularly applied to report an indication of forest habitat health (Vogt. et al., 2019, EEA, 

2014; Forest Europe, 2020; FAO, 2020). Landscape connectivity in Ireland is supported by dense networks 

of treelines and hedgerows, interconnecting smaller patches to larger areas of woodland across the 

countryside (Carlier and Moran, 2019(a, b); Foulkes et al., 2013). The importance of these woodland networks 

have been demonstrated for bats (Carlier et al., 2019) and pollinators (Ruas et al., 2022) within HNV 

landscapes.  
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The European Commission’s Joint Research Centre Forest Division promotes the use of the software ‘Guidos 

Toolbox’ (GTB) (Vogt and Riiters, 2017) for landscape pattern, connectivity and restoration analyses. HNV 

forest area data can be extracted from the sampling cell habitat mapping and classification spatial dataset 

and analysed using the Coherence index from the new GTB ‘Restoration Planner’ tool (Vogt, 2021).  This can 

provide a connectivity index measure of the HNV forest network at sampling cell level. Like the HNV farmland 

and forest area indicator, underlying land use causes of connectivity trends can be assessed by habitat 

change detection to understand what habitat changes are contributing to increases or decreases of 

connectivity.  

2.4.4 Habitat change detection 

Habitat change can be monitored by detecting transitions between mapped and classified habitats across 

cycles of a monitoring programme. Basic change calculation in HNV farmland and forest quantity can be 

achieved by comparing area calculations or quality scores over subsequent monitoring cycles. More detailed 

spatial categorical change calculation within the mapped and classified sampling cells can reveal where and 

what change has occurred, i.e., what HNV habitats are increasing or decreasing in area under various land 

use pressures. The rate and type of change occurring is an important indicator of land management; for 

example, scrub can be considered a HNV farmland habitat, however the detection of successional change 

from seminatural grassland to scrub is an important change indication of potential farmland abandonment, 

requiring a shift in land use management.  

Agricultural land cover change assessments have been made using CORINE Land Cover Change (CHA) 

datasets to determine intensification, extensification and abandonment (Feranec et al., 2010), however the 

change datasets have been criticised in the past as not corresponding with reported ‘hot-spots’ of change 

from case studies (IEEP and Alterra, 2010). Verburg and Overmars (2009) also noted the deficiency of CLC 

data to determine farmland abandonment due to its spectral resemblance to grassland. Detected change 

is also limited to areas ≥5 ha (Büttner, 2014; Copernicus, 2020), potentially omitting smaller but more 

extensive changes within the landscape. 

More targeted and detailed habitat spatial change can be assessed using the recently developed Change 

Detection Wizard in ArcGIS Pro V2.8. This imagery analysis tool can compare habitat categorical change 

(change from one habitat class to another) using sampling cell classified habitat map data from one 

monitoring cycle against another. Change Detection includes a measure of the area of change. 

2.4.5 Fixed point photography 

Field-level photography of the sample plots is commonly used in environmental monitoring (e.g., NFI, 2017; 

Carey et al., 2008) to provide visual reference of the habitats and parameters surveyed. These can include 

overviews of the entire habitat or plot, a transect, or signs of management impacts. Fixed point photography 

provides a useful reference for visual impressions of the assessed habitat, serving as a check for validation, 

training and future image analysis. 
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3 Developing and demonstrating monitoring methodologies 

 

This section develops and demonstrates a HNV farmland and forest monitoring methodology, building on 

from the HNV farmland and forest monitoring concepts in Section Two. The methodology was applied 

within Learning Areas representative of a range of extensive to intermediate land use contexts of the Irish 

landscape. A baseline set of sampling cells were generated within these Learning Areas, and each cell was 

mapped and classified primarily using PRIME 2 and recent OSi orthoimagery, supported by secondary 

datasets where relevant. An update of the cell maps was performed using historical OSi orthoimagery to 

provide a monitoring update to compare trends in HNV farmland and forest assessments and habitat 

change. Figure 3.1 below introduces the methodological steps taken in this Section. 

The results are presented and interpreted for demonstration purposes and as an indication of expected 

outputs of the monitoring and assessment approaches. The variation observed from the sampling and 

assessment results was applied in power analyses to indicate the sampling effort required for national-scale 

monitoring in Section Four. Finally, the resources required during the demonstration also served to develop 

indicative costing of a national HNV farmland and forest monitoring programme in Section Five. 

Figure 3.1: Schematic overview of the steps taken to demonstrate the proposed monitoring approach. 
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3.1 Methodology 

3.1.1 Learning Areas selection 

Three Learning Areas were selected to represent and compare delimited landscapes representing a range 

of biophysical contexts. Within these delimited landscapes, sampling cells were selected to demonstrate and 

compare mapping, classification, quantity and quality assessments of HNV farmlands and forests under the 

proposed monitoring methodologies. The selection of these Learning Areas was also necessary for a 

subsequent task of the FarmForBio project that required detailed GIS mapping data for ecosystem services 

modelling. Therefore, a series of criteria to meet the objectives of both tasks were considered to establish 

the location and extent of the various areas (Table 3.1). 

Criteria Verification 

Broad stratification variability 

is represented 

Check stratification map (see Section Four) to ensure upland, lowland, 

peatland, extensive and semi-intensified strata are represented. 

Gradients of intermediate-

extensive land use dominate 

Use HNV likelihood map to check the proportion of the various HNV 

categories and ensure High and Medium likelihood tetrads are dominant.  

Representative of 

biophysical contexts of HNV 

farmland typologies  

Review HNV farmland typology characteristics and review available spatial 

data to ensure a representation of main farmland typologies from Sullivan 

et al., (2017) and the presence of ancient and native forests and 

woodlands in the absence of Irish forest typologies*  

Location  Ensure accessibility of upland terrain, avoid remote areas or islands, ensure 

adequate verification data using Google Street View. 

Site range of project 

partners 

› Dublin/Meath/Kildare/Wicklow (UCD) 

› Wexford/Wicklow/Carlow/Kilkenny (Teagasc) 

› Connaught/Ulster (GMIT) 

Area Ensure sufficient extent within each Learning Area to: 

› Represent intra and inter farm & forest dynamics 

› Adequate area to randomly select sample cells 

*Forest typologies were not developed in Ireland at the time of Learning Area selection; however, the general state of ‘naturalness’ 

indicator was applied form EEA (2014). 

The three Learning Areas selected were located in known HNV landscapes- the Glenfarne Valley in County 

Leitrim, the foothills of the Slieve Aughties to the upper reaches of Lough Derg in County Galway and 

Glendalough and the Vale of Clara in County Wicklow. Water Framework Directive River Sub Basins were 

used to determine a natural spatial extent of each Learning Area (Fig. 3.2). 

The County Leitrim Learning Area is defined by three River Sub Basins, comprising a total area of 56.7 km2. 

It is naturally bounded by Boleybrack Mountain (Special Area of Conservation (SAC)) and Thur Mountain 

(National Heritage Area (NHA)). It covers three landscape strata- ‘Extensive lowlands’, ‘Extensive 

mountainous’, and Semi-intensified uplands’, and is of ‘High’ HNV likelihood throughout. The dominant 

CORINE Land Cover class is ‘Land principally occupied by agriculture, with significant areas of natural 

vegetation’. Elevation ranges between 48 to 420 meters above sea level. This Learning Area represents an 

extensive landscape of varying altitude.   

The County Galway Learning Area is defined by five River Sub Basins, comprising a total area of 88.6 km2. It 

extends from the foothills of Slieve Aughty Mountains (Special Protection Area (SPA)) to the upper shores 

of Lough Derg (SPA and SAC), to comprise several woodland nature reserves (Rosturra Wood (SAC; 

Table 3.1: List of criteria considered for the selection of landscape Learning Areas. 
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Pollnaknockaun Wood Nature Reserve (SAC); Derrycrag Wood Nature Reserve (SAC)) and raised bogs 

(including Cloonmoylan Bog (SAC)). It covers four landscape strata- ‘Semi-intensified lowlands’, ‘Semi-

intensified uplands’, ‘Peatlands’ and ‘Extensive lowlands), and is of ‘High’ and ‘Medium’ HNV likelihood. The 

principal CLC classes are ‘Pasture’, ‘Peat bogs’, ‘Coniferous Forest’ and ‘Land principally occupied by 

agriculture, with significant areas of natural vegetation’. Elevation ranges from 23 to 200 meters above sea 

level. This Learning Area represents a more diverse landscape undergoing a degree of intensification.  

The County Wicklow Learning Area is defined by four River Sub Basins, comprising a total area of 74 km2. It 

extends from the Upper Lake of Glendalough in the Wicklow Mountains (SAC) down a valley flanked by 

Trooperstown Hill and the Derrybawn, Cullentragh and Kirikee Mountains to the Vale of Clara (SAC, 

proposed NHA).  It covers two landscape strata- ‘Extensive Mountainous’ and ‘Semi-intensified uplands’, 

and is predominantly of ‘Medium’ HNV likelihood, with lower proportions of ‘High’ and ‘Low’. The principal 

CLC classes are ‘Mixed Forest’, ‘Coniferous Forest’, ‘Pastures’, ‘Moors and Heathland’, ‘Peat bogs’ and 

‘Pastures’. Elevation ranges from 70 to 670 meters above sea level. This Learning Area represents a very 

diverse and mostly upland, semi-intensified landscape. 

  

Figure 3.2. Map locations of three Learning Area 

landscapes representing a range of biophysical 

contexts to demonstrate and compare mapping, 

classification, quantity, and spatial assessments of 

HNV farmlands and forests under the proposed 

monitoring approach 
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3.1.2 Sampling cell selection, mapping, and classification  

Fifteen sampling cells (each 1 km2) were randomly placed within the three Learning Areas. The number of 

cells was limited to minimise land access negotiations and contacts during the Covid-19 outbreak (2021) and 

ensure a feasible fieldwork season. The cells were proportionately placed according to each Learning Area: 

four in the County Leitrim Learning Area, six in the County Galway Learning Area and five in the County 

Wicklow Learning Area. Cells were located by generating random points (with a minimum distance threshold 

to limit potential overlap and maintain sampling within the Learning Area boundary), creating a circular 

buffer of 1 km diameter and using the Minimum Bounding Geometry tool in ArcGIS Pro.  

Sampling cells were used to cut the five OSi PRIME 2 polygon files ‘Way’, ‘Water, ‘Vegetation, ‘Artificial’ and 

‘Exposed’ (see Section 2.3.3). All five polygon files were subsequently dissolved into one shapefile and 

processed for further enhancement. Every effort was made to reproduce a mapping output that resembled 

or exceeded that of the anticipated NLCM, which was not available at the time of this work. Although the 

PRIME 2 data is highly detailed for buildings, ways, parcel boundaries etc., a number of modifications and 

reclassifications were nonetheless necessary to improve each sample cell map and to achieve a mapping 

detail similar or in excess to that observed of the NLCM from example previews available (e.g., EPA, (2020). 

In the absence of details on the scale, minimum mapping unit and accuracy of the NLCM, a consistent 

mapping scale of 1:1250 (half of that recommended in Smith et al., (2011)) was found to be sufficient to align 

interpretation and enhancement of the sample maps to the detail observed in the NLCM. Mapping and 

classification were performed by orthophoto interpretation of OSi Digital Globe imagery (2011 -2013 capture 

date). Validation of the imagery classification was applied using Google Street View imagery (Carlier and 

Moran 2019(c)). All cell mapping was timed for cost estimation for developing the cell map baseline (Section 

Five). 

Treelines and hedgerows were largely absent from the PRIME 2 ‘vegetation’ layer and were digitised using 

the ‘split’ ArcGIS editing tool along canopy edges identified in the aerial imagery. This habitat class was 

found to largely exceed the four-meter threshold for polyline mapping (as recommended in Smith et al., 

2011). Similar to linear treelines, areas of scrub (WS1) were digitised and were identified with the additional 

support of historical aerial imagery (e.g., OSi Ortho 2000 aerial imagery) to detect successional changes. 

Although a majority of larger woodland and forest stands are identified in the PRIME 2 data, smaller strips 

of woodland typically alongside rivers and emerging pockets in wetlands and peatlands had to be digitised. 

Discernable areas of deciduous woodland cover within conifer plantations were also mapped. Using the 

National Survey of Native Woodlands dataset, Google Street View, and winter aerial imagery where 

available, seminatural woodlands (WN) and (Mixed) broadleaved woodland (WD1) (<25% coniferous 

species) were classified. Woodlands with a greater cover of conifers observed were classed as Mixed 

broadleaved/conifer woodland (WD2), and afforested areas dominated by conifers were identified using 

FIPs data where available and classified as Conifer plantation (WD4). Grassland classes were identified by 

their appearance in aerial and Street View imagery; a distinction was made between seminatural grasslands 

(GS) (typically with greater heterogenous spectral variation) and intensified grasslands (GA) (more uniform 

and rich green hues or fields with obvious machinery patterns etc.). Heathlands (HH) and Bogs (PB) were 

classified supported by the national Soils and Subsoils database (Fealy et al., 2009), elevation, aerial and 

Street View imagery. 
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All cell maps were subsequently revised using older aerial imagery to provide data for trend analysis and 

change detection. This was carried out using an overlay of OSi Ortho_2000 aerial imagery and mapped and 

classified habitats were modified or adjusted as observed (Fig. 3.3). All cell revision was timed to provide a 

cost estimate of a simulated cell map monitoring cycle.  

 

An accuracy assessment of the mapping and classification was performed using data obtained from field 

assessments of randomly selected HNV farmland and forest habitats in Section 3.3. This sub-sample of HNV 

habitats represented 353.09 ha or 23.54% of the overall mapped area of all cells. This was done by 

comparing the mapped classification and the ground truthed habitats in an error matrix using ‘combine’ 

and ‘pivot table’ tools in ArcGIS. 

3.1.3 Quality assessment 

HNV farmland parcels and forest areas were randomly selected within each sampling cell to assess habitat 

quality. To limit the habitat sampling effort, a maximum of 10 farmland parcels or forest areas were chosen 

at random under each HNV habitat category (grasslands, peatlands, scrub, and forest), selected using the 

cell baseline map attributes table. Since it was not possible to accurately identify or define field margins from 

remote sensing of the sample cell maps, a single field margin was selected at random in the field and 

assessed while conducting the grassland parcel assessments. Field maps of the sample cells were generated 

at 1:5000 with various layers to assist navigation and assessment of the selected habitats in each sample cell 

(e.g., OSi Discovery, latest aerial imagery, coded and numbered habitat sample areas (e.g., see Fig. 3.4)).  

Field assessments were conducted by three field ecologist members of the project team. Access to private 

lands were negotiated by cold calling to nearby residences and farms. Geotagged imagery at a location 

best representing each surveyed habitat was taken in the four cardinal directions at a consistent surveyor 

height using a Sony Cyber-Shot HX400V digital camera. These images provided a backup image sample of 

the habitats surveyed and fixed-point photography reference for future monitoring assessments. A handheld 

GPS was used to locate a center point in each habitat surveyed. A ‘W-walk’ walkover assessment was used 

for all areal habitats, and a randomly located 30 m transect was used for linear habitat assessments (or two 

30 m transects in the case of linear habitats >60 m). Further details on the habitat parameters assessed in 

the field are provided in the following Section 3.3.2. 

Figure 3.3. Mapping detail example of OSi PRIME 2 vector layers (a) modified to correspond to OSi 

Ortho_2000 (b) and to OSi Digital Globe aerial imagery (c), providing two sets of baseline spatial data at 

a 13-year timeframe. 
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Figure 3.4. Aerial field map (1:5000) (center image) with randomly selected mapped HNV farmland parcel 

and forest areas (colour coded- green for scrub; purple for peatland, red for forests, yellow for grasslands. 

Fixed point photography images taken during habitat quality assessments are illustrated, including a field 

margin (top). 
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3.1.3.1 Farmland habitats 

Rapid evaluation cards (REC) were developed from Rotchés-Ribalta et al., (2020) (adapted from Irish habitat 

assessment methodologies (O’ Neill et al., 2013; Maher et al., 2018; Foulkes et al., 2013) and used to assess 

each HNV farmland and forest habitat under habitat categories (i.e., grasslands, peatlands, field margins, 

scrub and woodland) (see Fig. 3.5). All RECs assessed generic parameters relating to the cover and 

composition of positive and negative species, presence of invasive species or extent of damaging activities, 

cover of bare soil, and habitat structural characteristics (e.g., grassland sward structure, peatland vegetation 

structure, hedgerow profile etc.). Additional parameters specific to the habitat categories were also assessed. 

The grassland REC included plant litter cover, grass- forb ratio, encroaching scrub cover and bracken cover. 

The peatland REC included encroaching scrub cover and composition, bryophytes and lichens cover, 

bracken cover, drainage impact. The field margin REC included an overall measure of management intensity, 

bryophyte and lichen cover, fern cover, bracken cover, weed cover. Where the habitat was found to be a 

transition between two classes (e.g., grassland to heath or vice-versa), the scoring system with the highest 

number of indicator species present was applied. All farmland habitat RECs are available in Appendix 7.2. 

Figure 3.5. Example habitat quality Rapid Evaluation Card (REC) used in the field for assessing grassland 

habitats. All RECs are available in Appendix 7.2. 
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3.1.3.2 Forest habitat 

An REC for forests was developed to extend existing woodland rapid assessment systems from the Pearl 

Mussel and Hen Harrier programmes. This included a wider range of recommended indicators from 

literature summarized in Table 3.2. The forest habitat REC is available in Appendix 7.2. 

 

Indicators assessed Explanation Source(s) 

Canopy height Minimum canopy heights as determined in Irish habitat 

classification. 

Fossitt (2000). 

Woodland layers 

(canopy, shrub, field) 

Layers are an important structural factor in determining 

biodiversity value and management or grazing pressures 

NFI (2017); Perrin et al., 

(2008); Zeller et al., (2022) 

Cover of native tree 

species 

The proportion of native tree species is an important 

factor in determining the habitat structure and function, 

naturalness, and biodiversity value   

EEA (2014); IEEP (2007(a)); 

Perrin et al., (2008); Zeller et 

al., (2022) 

Occurrence of negative 

species 

Negative or invasive species impact habitat structure and 

function and impacts the condition and future prospects 

of the forest. 

EEA (2014); IEEP (2007(a)); 

Perrin et al., 2008) 

Excessive cover of 

Hedera helix, Rubus 

fruticosus and Pteridium 

aquilinum 

Species such as Bracken, Ivy and Bramble are capable of 

dominating the local flora leading to a suppression of 

slower growing species and biodiversity. 

Marrs et al., (2013) 

Cover of lichens and 

bryophytes; presence of 

Lobaria spp & Sticta spp. 

Lichens and mosses are important components of forests 

and are indicators of air pollution and old growth. 

Perrin et al. (2008); 

Dymytrova et al., (2018); Ellis 

(2016); Zeller et al., (2022) 

Cover of dead wood Dead wood increases the range of substrates, niches and 

resources for other taxa and is indicative of older 

woodlands and management pressures. 

Perrin et al., (2008), NFI, 

(2017); EEA (2014); IEEP 

(2007(a); Zeller et al., (2022) 

Cover of bare ground 

and erosion 

Bare soil is indicative of management and grazing 

pressures, and can cause decreases in water quality. 

Perrin et al., (2008) 

Presence of forest fringe Forest fringes are the shrubby interface between forest 

edges and surrounding habitats, supporting more diverse 

environmental conditions, and increasing the range of 

ecosystem services and biodiversity. 

Valdes et al., (2019) 

Cover of damaging 

activities 

Damaging activities threaten the function and future 

prospects of the forest. 

Perrin et al., (2008); NFI, 

(2017). 

Cover of native tree 

species regeneration 

Natural regeneration is indicative of forest management 

or grazing pressures and is crucial to the future prospects 

of a forest. 

Perrin et al., (2008); NFI, 

(2017); Zeller et al., (2022) 

Presence of an open 

canopy 

Open canopies allow light to promote the growth in the 

layers below and indicate more dynamic forests systems. 

Observed during REC 

testing, also Zeller et al., 

(2022) 

 

3.1.3.3 Scoring HNVFF quality 

HNV farmland and forest habitats field quality assessment parameters were entered into an excel 

spreadsheet. Conditional formulas were used to generate final habitat quality scores on a scale of 0-10 for 

each habitat assessed and the range and mean values were calculated for each HNV farmland and forest 

habitat (i.e., grasslands, peatlands, field margins, scrub, and woodland) per cell and Learning Area. A quality 

score for HNV farmland as a whole per Learning Area was determined as the mean score of all grassland, 

field margin, peatland, and scrub; the same was repeated for HNV forests using the mean score of forest. 

Scoring of assessed parameters followed Rotchés-Ribalta et al. (2021).  

Table 3.2. List of woodland quality indicators applied in the assessment of HNV forest habitats 
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3.1.4 Spatial assessment of change in HNV area and distribution 

Three quantitative assessments were carried out at cell-scale (1 km2) on each of the 15 cells: a measure of 

HNV proportion area (HNV area index), an analysis of HNV network connectivity, and change detection of 

HNV habitats over time.  

 

3.1.4.1 HNV quantity  

The HNV farmland and forest area index presented in this section demonstrates how the quantity of HNVFF 

and trends can be measured at sampling cell scale using mapped and classified habitat data using an 

adaptation of the German HNV farmland indicator (Benzler and Hunig, 2015). Area of HNV farmland and 

forest categories (AHNVcat) were calculated to determine their share of the terrestrial land use area (LUA) 

as a proposed HNV area index: 

𝐴𝐻𝑁𝑉𝑐𝑎𝑡

𝐿𝑈𝐴
 

Land use area (LUA) was calculated as the areal sum of all mapped terrestrial and food-production habitats. 

This included all semi-natural habitats and intensified land uses, and excluded technogenic and non-food 

production classes: 

Included in Land Use Area: Excluded from Land Use Area 

o Heath (HH), o Semi-natural woodland (WN), o Exposed rock (ER), 

o Peatlands (PB), o Scrub/transitional woodland (WS), o Disturbed ground (ED). 

o Freshwater marsh (GM1), o Improved agricultural grassland (GA1), o Amenity grassland (GA2), 

o Semi-natural grasslands (GS), o Highly modified / non-native woodland (WD). o Buildings and artificial surfaces (BL3),   

 

The area of the following HNV farmland and forest categories (AHNVcat) were calculated as the areal sum 

of the following mapped HNV farmland or forest habitats: 

HNV farmland Grazed HNV farmland HNV forest 

o Heath (HH), o Heaths (HH), o Semi-natural woodland (WN), 

o Peatlands (PB), o Upland blanket bog (PB2), o (Mixed) broadleaved woodland (WD1). 

o Woodland scrub (WS1), o Seminatural grasslands (GS).  

o Semi-natural grasslands (GS).   

 

The area of HNV farmland and forest habitats was calculated using attribute summary statistics of the 

mapped and classified sampling cell data in GIS within each Learning Area. This enabled the calculation of 

various proportions of HNV farmland and forest to the overall productive land use area, as normalised 

indices for comparison: a value closer to 1 signifies a high proportion of HNV land use, while a value close 

to 0 signifies a high proportion of land use associated with low nature value. Using the two reference years 

(2013 and 2000) from the cell mapping of OSi Digital Globe and Ortho 2000 aerial imagery, HNV area index 

values within the Learning Areas were calculated and compared.  
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3.1.4.2 HNV forest connectivity  

The HNV coherence analysis presented in this section demonstrates how connectivity and trends can be 

measured at sampling cell scale using mapped and classified HNV Forest habitat data. The connectivity 

status of the HNV Forest network within sampling cells (see Fig. 3.6) was assessed using the Restoration 

Planner tool from Guidos Toolbox (Vogt and Riitters, 2017). Restoration Planner (RP)1 describes the 

connectivity status of a given network, termed ‘Coherence’ (COH) as a normalized index:  

› COH: the normalized index of network Coherence- the degree of network 

coherence/connectedness expressed as a %. 

Coherence is based on the most important network connectivity aspect, the Equivalent Connected Area. 

Equivalent Connected Area is the area of a fictive single object providing the same amount of reachable 

area as the given set of network objects. Maximum Equivalent Connected Area is achieved if all network 

objects were moved together into a single object. It does not consider the shape of the objects or the 

distance between individual network objects.  

A second index called the Reference Area Coverage (RAC) is also calculated by Restoration Planner by 

default: 

› RAC: the network area proportion with respect to sampling cell data area expressed as a %. 

Reference Area Coverage (RAC) determines the proportion of the HNV Forest network area with respect to 

the overall area of the sampling cell. This provides a context to the HNV Forest network area being assessed 

and how much it has increased or decreased over the reference years observed. For example, forest network 

coherence (COH) might be increasing for two sampling cells, however it is important to know that the forest 

coverage (RAC) increased slightly in one cell while it increased considerably in the other. This can provide a 

measure of the efficiency of targeted or successional connectivity restoration. 

Coherence (and associated indicators) was calculated in Guidos Toolbox using Restoration Planner Status 

Summary assessment of a two-byte (foreground- HNV Forest, background- non-HNV Forest) geotiff image 

(Fig. 3.6 (b)) of sample cells (Fig. 3.6 (a)). Images were prepared in GIS and exported at 1000 x 1000 pixels to 

retain a 1-meter resolution. RP Status Summary can be rapidly completed for large numbers of images using 

a Batch Processing option available in Guidos Toolbox. Results from the Status Summary assessment outputs 

of each cell under both reference year were extracted and compiled in a table.  

 

 
1 https://ies-ows.jrc.ec.europa.eu/gtb/GTB/psheets/GTB-RestorationPlanner.pdf  

Figure 3.6. HNV Forest habitats mapped within each sampling cell (a) were extracted as 2-byte images of 

forest and non-forest (b) and assessed for Coherence using Restoration Planner in Guidos Toolbox software 

(c). 
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3.1.4.3 Effects of specific land use pressures on habitat composition change  

The previous Sections 3.1.2 and 3.1.3 described methods to detect change in the area and spatial distribution 

of HNV Farmland and Forest. In this Section, we aim to improve understanding of the causes of change; we 

infer the land use pressures from the change in habitat types that reveal intensification, ecological, or 

conversion to a man-made structure; if gain or loss is occurring due to natural or anthropogenic causes, 

and if change is occurring within apparent stable trends (where habitat area lost is equal to area gained). 

The method of change detection presented demonstrates how change can be measured at sampling cell 

scale using spatial HNV Farmland and Forest habitat data (as above).  

Detected HNV farmland and forest habitat change (from Sections 3.1.4.1 and 3.1.4.2) was examined under a 

set of three categories, and aimed to identify whether changes observed (gain or loss) occurred from 

agricultural or forest intensification, ecological succession, or non-productive technogenic land uses. The 

three categories were determined as follows: 

Intensified: change detected between a HNV Farmland or Forest habitat and an intensified habitat class: 

e.g., Semi-natural grassland or Heath to Improved agricultural grassland or Conifer plantation (GS or HH to 

GA1 or WD4), HNV Forest to Recently felled woodland (WN/WD1 to WS5) etc., or the reverse 

(extensification). 

Ecological: successional change from a HNV Farmland or Forest habitat to another: e.g., change from Semi-

natural Grassland or Heath to Woodland scrub (GS or HH to WS1), Woodland scrub to forest (WS1 to 

WN/WD1), etc. 

Technogenic: change detected from a HNV Farmland or Forest habitat to a nonproductive, man-made and 

highly disturbed habitat class: e.g., Semi natural grassland or Heath to Buildings and artificial surfaces, Spoil 

and bare ground or Amenity grassland (GS or HH to BL3 or ED2 or GA2) etc., or the reverse (extensification).  

Mapped and classified sampling cells for each Learning Area, under the 2000 and 2013 reference years, 

were rasterised and analysed using Categorical Change under the Change Detection Wizard tool in ArcGIS 

Pro 2.9 (ESRI, 2021) (Fig 3.7). This process compares categorical raster imagery and identify areas that have 

changed from one class to another class over a given time. Output parameters include the detected class 

change (if any) (e.g., Semi natural grassland to Woodland scrub- GS to WS1) and the relative area of change. 

This was expressed as percentage (%) and areal (ha) change within the individual habitat classes under each 

category (Intensified, Ecological or Technogenic), relative to the 2000 reference year.  

 Figure 3.7. Mapped and classified sampling cell imagery under the 2000 and 2013 reference years were 

rasterised and analysed using Change Detection in ArcGIS Pro. 
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3.2 Results 

3.2.1 Mapping and classification results 

An overall accuracy of 93.87 % accuracy with a kappa coefficient estimation of 0.93 (reflecting the difference 

between class validation by chance and actual class validation (Stehman, 1996)) was observed. Table 3.3 

provides a breakdown of the HNV habitat mapping and classification. 

 

 

HNV Habitat Accuracy (%) Commission errors 

GS 89.69 GA (9.90%); HD1 (0.41%) 

PB4 94.47 HD1 (0.22); HH (5.31%) 

HH 94.86 HD1 (0.17%); WS5 (4.84%) 

PB1 100 --- 

PB2 86.96 HH (13.04%) 

WS1 88.64 GA (1.15%); HD1 (0.06%); HH (5.10%); WS5 (0.66%); GS (1.36%); WL (1%) 

WN/WD1* 97.77 GA (0.24%); WD4 (0.16%); WL (0.11%); WD2 (1.52%); WD5 (0.19%) 

*In the absence of HNV Forests definition and composition in an Irish context at the time of mapping and classification, seminatural 

and mixed broadleaved woodlands were grouped together under one class as HNV forests. 

Highest accuracy was observed in the mapping of Raised bog (PB1), with lowest accuracy in Upland blanket 

bog (PB2) followed by Woodland scrub (WS1) and semi-natural grasslands (GS). The following HNV 

farmland and forest habitats were not identified within the 15 sampling cells: Turloughs (FL6), Lowland 

blanket bog (PB3), Eroding blanket bog (PB5), Fens and flushes (PF1 &2), Transitioning mire and quaking 

bog (PF3). The following linear habitats associated with HNV farmland and forest were not readily 

identifiable and their mapping was not considered feasible: Drainage ditches (FW4), Stone walls (BL1), Earth 

banks (BL2). These linear habitats are small, low-lying, and generally unrecognisable from aerial imagery, 

often occurring in combination with each other or are overshadowed by linear woodlands (Carlier and 

Moran, 2019(c)). For HNV farmland and forest 

quality assessments, these features were 

identified in the field only (see Section 3.3).  

Preparation of individual cell baseline maps, 

including the enhancement of OSi PRIME 2 

data took an average of 2.5 hours per cell; the 

longest time spent mapping and classifying 

habitats was four hours in highly complex 

landscapes (e.g., Cell maps 3 & 8 in 

https://doi.org/10.17632/k9tywz3xrg.1 (Carlier 

and Moran, 2022)). However, once this 

baseline was established, cell revisions to 

reflect changes observed in time series 

imagery (simulated using OSi Ortho 2000 aerial 

imagery) were timed and took an average of 

30 minutes per cell. Figure 3.8 provides an 

example of the mapping detail. 

Figure 3.8. Mapping detail example of enhanced and 

reclassified PRIME 2 data. Networks of treelines and 

hedgerows are mapped as polygons following the 

National Land Cover Map. 

Table 3.3. Results from an accuracy assessment of the HNV farmland and forest habitat mapping and 

classification. Individual habitat accuracies are provided including the respective commission habitat(s).  

https://doi.org/10.17632/k9tywz3xrg.1
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3.2.2 Quality assessment  

Using a maximum selection of 10 samples for each habitat class present in each of the 15 sampling cells, a 

total of 411 habitat surveys were completed. Of the 411 habitat surveys, 73 were grassland; 49 were field 

margin; 66 were peatland, 104 were scrub and 119 were woodland habitats. Mean HNV farmland and forest 

scores (5.6 and 7.1 respectively) were highest in the County Leitrim Learning Area, and lowest in County 

Galway for HNV farmland and County Wicklow for HNV forest (4.6 and 5.0 respectively). Table 3.4 below 

provides a breakdown of the range of HNV farmland and forest habitat quality scores obtained from the 15 

sampling cells, and the distribution of survey effort (N). 

 

Learning 

Area 

Cell 

no. 

HNV habitat quality score Mean quality score 

Grassland Field mar. Peatland Scrub  Forest Farmland Forest 

County 

Leitrim 
(4 x 1km2) 

1 3.1 (±1.9) 5.3 (±1.8) --- 3.9 (±3.3) 7.3 (±1.2) 

5.6 (±2.8) 7.1 (±2.4) 

2 6.3 (±2.5) 5.4 (±1.6) --- 8.5 (±0.7) 7 (±2.9) 

3 3.6 (±1.8) 6 (±1.6) 8.5 (±1.4) 5.7 (±2.5) 7.4 (±3.2) 

4 --- --- 6.9 (±2.6) 3.9 (±2.9) 7.4 (±3.2) 

N 29 23 20 29 33 

Mean 4.3 (±2.5) 5.5 (±1.6) 7.7 (±2.2) 4.7 (±3.1) 7.1 (±2.4) 

County 

Galway 
(6 x 1km2) 

5 --- --- 1.8 (±0.4) 2.0 (±1.3) 5.5 (±2.7) 

4.6 (±2.5) 6.5 (±2.1) 

6 3.7 (±2.6) 5.6 (±1.5) 6.3 (±1.7) 4.7 (±2.7) 7.5 (±1.2) 

7 2.5 (±1.3) 3.8 (±3.7) 3.1 (±2.6) 0.4 (±1.1) 3.3 (±3.0) 

8 6.0 (±2.2) 6.0 (±0.0) 5.3 (±2.5) 6.6 (±1.3) 6.5 (±2.7) 

9 2.0 (±1.4) 7.1 (±0.2) 4.1 (±2.9) 6.4 (±1.8) 7.7 (±0.7) 

10 7.0 (±0) 4.0 (±0.0) 4.9 (±2.8) 4.0 (±2.1) 6.0 (±1.0) 

N 23 16 41 55 55 

Mean 4.1 (±2.5) 5.5 (±1.8) 4.6 (±2.8) 4.0 (±2.9) 6.5 (±2.1) 

County 

Wicklow 
(5 x 1km2) 

11 4.8 (±1.7) 3.3 (±1.1) 6 (±0) --- 6.5 (±2.3) 

4.9 (±1.8) 
5.0 

(±2.4) 

12 --- --- 6.5 (±1.5) 0.8 (±0.8) 4.8 (±1.3) 

13 4.5 (±2.1) 4.7 (±0.4) --- 3.7 (±3.1) 4.0 (±2.7) 

14 4.7 (±2.6) 5.3 (±1.3) --- 4.9 (±2.4) 3.1 (±2.7) 

15 6.2 (±0.4) --- --- 5.8 (±2.3) 5.2 (±2.4) 

N 21 10 5 20 31 

Mean 4.9 (±2.0) 4.4 (±1.1) 6.3 (±1.4) 3.9 (±2.8) 5.0 (±2.4) 
 

Highest HNV farmland and forest quality scores (5.6 and 7.1 respectively) were observed in the County 

Leitrim Learning Area, while the lowest HNV Farmland quality score (4.6) was observed in the County Galway 

Learning Area and the lowest Forest quality score (5.0) was observed in the County Wicklow Learning Area. 

Highest HNV habitat scores occurred within peatland and woodland, predominantly in the County Leitrim 

Learning Area, while lowest habitat scores occurred within scrub and grassland throughout the three 

Learning Areas.  

Factors contributing to low grassland habitat scores were predominantly scrub encroachment, as well as the 

presence of invasive species and negative species. Similarly, negative species cover, and the dominance of 

Gorse (Ulex spp.) generally influenced the lower scores attributed to scrub habitats. The lowest mean 

peatland habitat score of 4.6 in the County Galway Learning Area was predominantly due to turbary impacts 

such as active draining, extraction, etc. Although field margin habitat scores were similar in the County 

Leitrim and Galway Learning Areas, lower scores were observed in the Wicklow Learning Area 

predominantly due to extensive Bracken (Pteridium aquilinum) cover. Factors contributing to the lowest 

woodland scores in the County Wicklow Learning Area were bare soil and the cover of negative species.   

Table 3.4. HNV farmland and forest habitat and overall quality scores per sampling cell and Learning Area. 



 Developing and demonstrating monitoring methodologies 

 49 

3.2.3 Spatial assessment of change in HNV area and distribution 

3.2.3.1 HNV Quantity 

The results of HNV quantity assessments are listed in Table 3.5 below, with a breakdown of the proposed 

HNV area index for each farmland and forest category within each Learning Area and under each reference 

year.  

 

 

Learning 

Area 

Cell 

no. 

HNV area index values for each category 

HNV farmland Grazed HNV farmland HNV forest 

Year: 2013 Year: 2000 Year: 2013 Year: 2000 Year: 2013 Year: 2000 

County 

Leitrim 
(4 x 1km2) 

1 0.44 0.43 0.41 0.42 0.34 0.35 

2 0.52 0.59 0.51 0.59 0.24 0.21 

3 0.54 0.57 0.38 0.45 0.24 0.15 

4 0.32 0.33 0.23 0.30 0.02 0.02 

Mean 0.45 (±0.10) 0.48 (±0.12) 0.38 (±0.12) 0.44 (±0.10) 0.21 (±0.13) 0.19 (±0.14) 

Trend -0.03 -0.06 +0.02 

County 

Galway 
(6 x 1km2) 

5 0.04 0.05 0.01 0.03 0.24 0.24 

6 0.22 0.34 0.17 0.31 0.26 0.23 

7 0.27 0.44 0.05 0.18 0.18 0.11 

8 0.27 0.26 0.06 0.05 0.23 0.17 

9 0.54 0.52 0.19 0.18 0.14 0.11 

10 0.19 0.16 0.12 0.12 0.08 0.03 

Mean 0.26 (±0.16) 0.30 (±0.18) 0.10 (±0.07) 0.15 (±0.10) 0.19 (±0.07) 0.15 (±0.08) 

Trend -0.04 -0.05 +0.04 

County 

Wicklow 
(5 x 1km2 

11 0.40 0.42 0.04 0.08 0.29 0.285 

12 0.59 0.58 0.51 0.51 0.03 0.02 

13 0.36 0.34 0.33 0.31 0.05 0.05 

14 0.09 0.01 0.07 0.00 0.08 0.07 

15 0.09 0.07 0.07 0.02 0.43 0.39 

Mean 0.31 (±0.21) 0.28 (±0.24) 0.20 (±0.21) 0.18 (±0.22) 0.18 (±0.17) 0.16 (±0.16) 

Trend +0.03 +0.02 +0.02 

Combined Mean 0.33 (±0.18) 0.34 (±0.2) 0.21 (±0.18) 0.24 (±0.19)  0.19 (±0.12) 0.16 (±0.12) 

Trend -0.01 -0.03 +0.03 

 

The highest mean area index values for all HNV area categories were observed within the County Leitrim 

Learning Area during both reference years. A downward trend was observed for Grazed HNV farmland and 

HNV farmland in general within both County Leitrim and Galway Learning Areas; an upward trend was 

observed for County Wicklow. The HNV forest area index was observed as increasing across all Learning 

Areas. 

 

 

 

 

 

Table 3.5. HNV area index values for each farmland and forest category, including trends observed between 

the 2000 and 2013 reference years. 
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3.2.3.2 HNV forest connectivity  

Results from the Status Summary assessments of each cell under both reference year are presented in Table 

3.6. 

 

 

Learning Area Cell no.  

HNV Forest network 

COH (%) RAC (%) 

Year: 2000 Year: 2013 Year: 2000 Year: 2013 

County Leitrim 

1 70 67 18 17 

2 50 53 19 21 

3 23 42 14 22 

4 35 40 2 2 

Mean  44 (±20) 50 (±12) 13 (±8) 15 (±9) 

Trend +6 +2 

County Galway 

5 69 71 22 25 

6 88 54 23 23 

7 58 74 10 17 

8 46 39 15 21 

9 38 45 8 10 

10 55 83 2 8 

Mean  59 (±18) 61 (±18) 13 (±8) 17 (±7) 

Trend +2 +4 

County Wicklow 11 96 97 23 23 

12 73 69 2 3 

13 90 91 5 5 

14 68 70 7 8 

15 56 57 35 35 

Mean  77 (±17) 77 (±17) 14 (±14) 15 (±14) 

Trend 0 +1 

Combined Mean  61 (±21) 63 (±18) 14 (±10) 16 (±10) 

Trend +2 +2 

 

Overall, HNV Forest networks generally increased equally in area by 2% (RAC) and coherence by 2 % (COH) 

over the 13-year period. However, differences were observed between the three Learning Areas, with a 

higher increase of COH (6%) in proportion to RAC (2%) in the County Leitrim and a lower increase in COH 

(2%) in proportion to RAC (4%) in the County Galway Learning Areas. A minor increase in RAC (1%) resulted 

in no change in COH in County Wicklow. Lowest (44%) and highest (77%) levels of COH occurred in County 

Leitrim and County Wicklow respectively. 

 

 

 

Table 3.6. HNV forest Coherence (COH) and Reference Area Coverage (RAC) values for each 1 km2 cell and 

Learning Area under the 2000 and 2013 reference years. 
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3.2.3.3 Effects of specific land use pressures on habitat composition change 

Learning Area Changed habitat 
Categorical change: Loss to  Categorical change: Gain from 

Intensified Ecological Technogenic Intensified Ecological Technogenic 

County Leitrim 

Semi-natural grassland (GS) 20% (23.44 ha) 6% (6.32 ha) 1% (0.89 ha) 19% (21.5 ha) 1% (1.61 ha) --- 

Heath (HH) 5% (1.48 ha) 10% (2.70 ha) 1% (0.31 ha) --- 5% (1.31 ha) --- 

Cutover bog (PB4)* --- 32% (7.0 ha) --- --- --- --- 

Woodlands (WN/WD1) 2% (1.17 ha) 4% (2.25 ha) 1% (0.46 ha) 3% (1.5 ha) 13% (7.54 ha) --- 

Woodland scrub (WS1) 24% (0.89 ha) 17% (0.64 ha) --- 66% (2.45 ha) 113% (4.17 ha) --- 

County Galway 

Semi-natural grassland (GS) 50% (21.12 ha) 19% (7.82 ha) 2% (0.71 ha) 20% (8.5 ha) 2% (0.95 ha) --- 

Heath (HH) 7% (2.50 ha) 22% (7.4 ha) --- 3% (0.97 ha) 5% (1.94 ha) --- 

Cutover bog (PB4)* 1% (0.46 ha) 15% (5.14 ha) --- --- 15% (5.35 ha) --- 

Woodlands (WN/WD1) 10% (8.18 ha) 4% (3.33 ha) 1% (0.46 ha) 22% (17.99 ha) 22% (18.29 ha) --- 

Woodland scrub (WS1) 14% (2.51 ha) 49% (9.01 ha) --- 36% (6.72 ha) 53% (9.71 ha) 4% (0.66 ha) 

Raised bog (PB1) 19% (4.94 ha) 1% (0.2 ha) --- --- --- --- 

County Wicklow 

Semi-natural grassland (GS) 24% (8.14 ha) 5% (1.77 ha) --- 58% (20.18 ha) 8% (2.88 ha) --- 

Heath (HH) 22% (3.01 ha) 19% (2.61 ha) --- 41% (5.56 ha) 20% (2.66 ha) --- 

Woodlands (WN/WD1) 5% (3.73 ha) 1% (0.95ha) --- 2% (1.61 ha) 7% (4.84 ha) 1% (0.5 ha) 

Woodland scrub (WS1) 23% (1.54 ha) 51% (3.51 ha) --- 53% (3.62 ha) 36% (2.46 ha) 1% (0.09 ha) 

Blanket bog (PB2) 1% (0.29 ha) 5% (2.38 ha) --- --- --- --- 

*The interpretation of cutover bog loss and gain is not the same as for other habitats listed in change analysis; loss to ecological change is favourable (i.e., regenerating bog or scrub/woodland), while 

habitat area gain is unfavourable (i.e., continued peat extraction, bog degradation etc.). 

All HNV farmland and forest habitats within the Learning Areas underwent various levels of change over the 13-year period, with most habitats featured both loss and 

gain simultaneously and predominantly under intensified and ecological change categories. Taking the County Leitrim Learning Area as an example, a 27% (30.65 ha) 

loss and 20 % (23.11 ha) gain of semi-natural grassland occurred, resulting in a net change of 7% (7.54 ha), indicating that semi-natural grassland area in 2013 is the 

result of substantial change in habitat distribution in this Learning Area. Increases of woodland scrub habitat area occurred in all Learning Areas due to gains from 

intensified land use change and ecological successional change; substantial gain (+137%) was observed in the County Leitrim Learning Area while smaller gains occurred 

in County Galway (+30%) and County Wicklow (+16%) Learning Areas. Similarly, increases in woodland habitat area occurred throughout all Learning Areas, driven by 

gain predominantly from ecological change but also equally from intensified land use change in the County Galway Learning Area. Greatest losses of semi-natural 

grassland habitat occurred in the County Leitrim and Galway Learning Area driven by loss to intensified land use (e.g., Fig. 3.9), in contrast to the Wicklow Learning 

Area with significant gain (+58%) from intensified land use (e.g., Fig. 3.10). This change is consistent with and explains further the decreasing and increasing trends in 

Grazed HNV farmland area index for both the County Leitrim and Wicklow Learning Areas respectively (Section 3.2.3.1). Loss of heath habitat, predominantly due to 

Table 3.7. HNV habitat categorical change detected across all 1 km2 sampling cells within each of the three Learning Areas. Detected habitat categorical change is 

identified as loss or gain occurring to intensified, ecological or technogenic land uses.  
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ecological change, was observed in the County Leitrim and Galway Learning Areas, while greater gain from predominantly intensified land use change occurred in the 

County Wicklow Learning Area. Changes in cutover bog habitat occurred in County Leitrim and Galway Learning Areas only, with loss* (-32%) and gain* (+1%) to 

ecological change within each, respectively. Change in blanket bog habitat occurred solely within the County Wicklow Learning Area, with loss predominantly due to 

ecological change. 

 

Figure 3.9. Loss of Semi-natural grassland: example of mapped and classified sampling cell imagery under the 2000 (a) and 2013 (b) reference years, and categorical 

habitat change detection illustrating Semi-natural grassland (GS) loss (c) to intensification (Intensified grassland (GA1); Conifer plantation (WD4)) and ecological succession 

(Mixed broadleaf / Semi-natural woodland (WD1/WN)   

Figure 3.10. Gain of Semi-natural grassland: example of mapped and classified sampling cell imagery under the 2000 (a) and 2013 (b) reference years, and categorical 

habitat change detection illustrating Semi-natural grassland (GS) gain from intensified land use (Conifer plantation (WD4)) (c).   
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3.3 Discussion 

The demonstration of the monitoring methodologies proposed for the monitoring of HNV farmland and 

forest areas determined quality, quantity, connectivity, and change. The cell sampling approach provided 

observation windows to wider landscape regions within which the results could be considered on their own 

or in combination. In this Section, we discuss the sampling and assessment approaches, and conclude by 

highlighting how the expansion of this work to national scale could meet the monitoring needs of relevant 

Policies and support farming systems.   

3.3.1 Sampling, mapping, and classification   

3.3.1.1 Sampling representativity 

The sampling approach demonstrated the use of a sampling cell design that enabled a variety of landscape 

and field scale habitat quantity and quality assessments. Broad Learning Areas representative of various 

land cover and land use intensities in HNV areas were selected and sampling cells were randomly distributed 

within these. This provided a diverse range of biophysical contexts described in Irish HNV farmland and 

forest typologies under which the assessments were tested, and the results interpreted. Despite being 

broadly representative of HNV landscapes, limitations associated with the Learning Areas include the 

(expected) absence of certain HNV habitats (e.g., Turloughs (FL6), Machair (CD6)) which are restricted to 

specific geographical areas of the country i.e., lowland karst limestone and coastal areas respectively. The 

degree of statistically valid representation of the Learning Areas was also limited due to a low sampling rate 

(4 – 6 cells per Learning Area). The results are therefore presented and interpreted for demonstration 

purposes of the proposed monitoring and assessment approach and as an indication of expected outputs. 

3.3.1.2  Habitat mapping and classification 

Mapping and classification of the habitats relied on the active engagement with the PRIME 2 data layer and 

addition of extra layers in GIS (see Section 3.2.2) with an aim to develop maps closely resembling the 

National Land Cover Map (NCLM) sample imagery (EPA, 2020). High HNV farmland and forest habitat 

classification accuracies were observed from Google Street View and OSi orthophoto interpretation of 

PRIME 2 data, demonstrating the combined advantage of specialist habitat interpretation of existing 

digitised land parcels requiring minor enhancement. HNV farmland and forest habitats were validated and 

assessed for accuracy (using field quality assessment data); this method requires further testing in landscape 

types with HNV farmland and forest that are not represented by the Learning Areas (e.g., coastal, and 

unique settings such as the Burren landscapes). Additionally, it is anticipated that increased habitat mapping 

and classification accuracies would accrue from field map validations over subsequent monitoring cycles. 

3.3.1.3 Establishing baseline maps 

The initial generation of a temporal baseline of sampling cell maps requires significant resources and 

expertise (e.g., the acquisition, permission, and mapping of the cells); however, this can be considered a 

once-off exercise once the cell map geodatabase framework is established. Furthermore, the detailed spatial 

habitat data from the anticipated National Land Cover Map will further reduce the resources required. 

Minimal mapping and classification updates were required in the generation of the historical update used 

to demonstrate the trends and detect habitat change, cognisant of the 13-year time series used in the 

demonstration.  
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3.3.2 Quality assessment  

The results from the quality assessment of HNV farmland and forest habitats were broadly reflective of the 

Learning Area characterisations; higher quality scores were attributed to the more extensive, lowland County 

Leitrim Learning Area, while typically lower scores were observed within the County Galway (semi-intensified, 

lowland) and County Wicklow (semi-intensified, upland) Learning Areas.  

3.3.2.1 Selection of habitats for survey 

Although lower grassland scores were influenced by scrub encroachment and invasive species, the pre-

selection of grassland field parcels classified as Semi-natural grasslands based on orthoimagery 

interpretation is likely to include “semi-improved” grasslands (included as Semi-natural grassland in Fossitt, 

2000). These are grasslands that have been subject to some intensification, transitioning between improved 

agricultural and Semi-natural grassland (Sullivan et al., 2010). As observed in the mapping and classification 

accuracy assessment, a 10% over-interpretation of improved agricultural grassland as Semi-natural 

grassland habitat accounted for most misclassifications. This level of error is to be expected, considering the 

observed flux between intensification and extensification of seminatural grasslands in habitat change 

detection. Similarly, a limited degree of selection error occurred for Woodland Scrub habitats (a highly 

dynamic habitat, as observed in habitat change detection), most frequently due to recent clearing, burning 

or succession to woodland. Similar pre-selection difficulties have occurred in the sampling of grasslands 

(e.g., Perrin et al., 2013) and hedgerows (Carlier and Moran, 2019 (b,c)). The application of the most recent 

orthoimagery in the proposed methodology would provide greater classification and sub-selection 

accuracy.  

3.3.2.2 Field survey using Rapid Evaluation Cards 

Field survey data informed the quality assessment of a range of HNV farmland and forest habitats. Data 

gathered from the field surveys using the Rapid Evaluation Cards (RECs) correspond not only to indicators 

of habitat quality, but also to the provision of bundles of other ecosystem services such as water quality, 

storage, carbon sequestration etc. (e.g., Byrne et al., 2018). The assessment also considers resilience and 

stability factors supporting ecosystem services (Roche and Campagne, 2017), such as habitat connectivity 

within the landscape. The field survey targeted a wide range of HNV farmland and forest habitats mapped 

and classified within the sampling cells but despite this, further development of the RECs is recommended 

to incorporate infrequent HNV farmland and forest habitats not encountered e.g., expansion of the 

Grasslands REC to include indicator species for Turloughs (FL6) and Machair grasslands (CD6). Woodland 

survey and quality assessment may require testing in more unique sub-classifications such as Atlantic 

hazelwoods, etc.  

It is important to note that in the eventual implementation of a national monitoring programme, it will be 

advantageous to re-deploy the same field surveyors for each monitoring cycle since they will be familiar 

with the programme methodologies and field plots from previous survey cycles. With changing surveyors, 

new errors can be introduced because of different proficiency, bias, subjectivity, and error, which, amongst 

other variables, have been found to influence survey results (e.g., Kennedy and Addison, 1987; Wheater et 

al., 2011).  
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3.3.3 Spatial assessment of change in HNV area and distribution 

The spatial assessment enabled a landscape-scale analysis and quantified trends of HNV farmland and forest 

habitat quantity, connectivity, and change, using the two reference years (2000 and 2013) of cell habitat 

mapping and classification data.  

3.3.3.1 HNV quantity 

HNV farmland area index values observed appear to reflect a farm polarisation of habitats across different 

landscapes (i.e., high productive land vs. semi-natural landscape elements) in County Galway and Wicklow, 

while semi-natural vegetation is still an integral part of productive landscapes in the County Leitrim Learning 

Area (also observed in Rotchés-Ribalta et al., 2021, Sullivan et al. 2017). An overall increase in the HNV 

farmland index was observed in the County Wicklow Learning Area, however decreases were observed in 

the County Leitrim and Galway Learning Areas, likely due to undervaluation of HNV farmland habitats 

(Rotchés-Ribalta et al., 2021) within regions undergoing intensification. A mean HNV farmland area index 

decrease from 0.15 to 0.10 across the Galway Learning Area demonstrates how low the share of HNV 

farmland within the productive landscape can become, and the rate at which it can decline. 

In contrast to HNV farmland, mean forest area index values increased across all three Learning Areas, and 

while gain from ecological change was predominantly driven by woodland scrub succession, gain from 

intensified change was predominantly driven by areas of broadleaf in coniferous plantations. The drivers of 

this increase in broadleaf woodland within coniferous plantations include succeeding scrub-encroached 

forestry access routes and fire breaks (as observed during field surveys), and the application of measures 

such as the minimum planting of broadleaves, Areas of Biodiversity Enhancement (ABE) etc. under the 

Afforestation Schemes (DAFM, 2021 (d)). Management of afforested areas set aside under such measures 

should ensure they are not negatively impacted by invasive commercial plantation species that can 

effectively reduce their quantity over time. 

3.3.3.2 HNV forest connectivity 

A key aim of the New EU Forest Strategy for 2030 (European Commission, 2021(b)) is ensuring forest 

resilience, which can be assessed through spatial connectivity as an indicator of ecosystem resilience and 

stability (Roche and Campagne, 2017). In our approach, HNV forest Coherence analysis provided a measure 

of the connectivity status of the HNV forest network; the monitoring of Coherence over time can provide 

an indication of ongoing degradation of existing networks or if efforts to consolidate and restore it are 

successful. For example, the three-fold increase in Coherence relative to the low gain in woodland cover 

within the County Leitrim Learning Area suggests that woodland habitat gain occurred within areas optimal 

for network connectivity. In contrast, the County Galway Learning Area demonstrated a two-fold increase 

in woodland habitat area relative to Coherence index values, suggesting that increases to the HNV forest 

network area had minimal positive impact on connectivity. No measured change in connectivity or 

woodland cover was observed in the County Wicklow Learning Area over the demonstrated monitoring 

period; this Learning Area demonstrated the greatest HNV forest cover and Coherence index values, 

suggesting HNV forest networks there are stable, and remain well interconnected (high resilience).     

Our observations demonstrate how small but strategic planting interventions or ecological succession in the 

right place can have significant positive impacts on HNV forest network connectivity. Changes in land use 

(e.g., re-establishing farmlands with removal of scrub and recently formed woodland) can lead to a negative 

impact on current or future increases to HNV Forest connectivity. Furthermore, Coherence assessment can 

examine the importance of emerging woodlands to increase network connectivity and resilience: it could 
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be used in land use planning to strategically target relevant farmland agri-environment climate measures 

and afforestation scheme measures to maintain or re-establish connectivity.  

3.3.3.3 Effects of specific land use pressures on habitat composition change 

Habitat change detection determined HNV farmland and forest habitat gain or loss under a range of 

categorical land use pressures and provides context to the interpretation of changes observed in the HNV 

area index. Furthermore, we demonstrated the importance of monitoring change occurring within apparent 

stable trends, where habitat area lost was equal to area gained and resulted in a negligible difference in 

HNV area index over the demonstrated monitoring period. 

The significant gains of Woodland scrub (WS1) habitat across the County Leitrim Learning Area, 

predominantly from ecological succession of grazed habitats such as semi-natural grasslands and heath 

(scrub encroachment) but also from former intensified land uses, suggests farmland abandonment. 

Woodland scrub was also observed to exhibit greatest habitat flux, with dynamic changes of loss and gain 

occurring across all three Learning Areas. 

The greatest change loss of Semi-natural grassland occurred in the County Galway, predominantly due to 

intensification. However, change gain from intensified land use to semi-natural grassland habitat occurred 

across all three Learning Areas and most significantly in the County Wicklow Learning Area. Reasons for this 

change may be because of change in farm practice or natural succession due to abandonment; further 

change monitoring cycles could identify the temporal dynamic of these observed semi-natural grassland 

gains- either: stable (maintained management), temporary and reverting (re-intensification) or naturally 

succeeding (abandonment).  

Change of Cutover bog habitat was limited to loss to ecological succession in the County Leitrim Learning 

Area; while this is a desirable change, continued cutover bog habitat gain (from Raised bog habitat) and 

greater Raised bog loss to intensification occurred in the County Galway Learning Area. 

 

3.3.4 Conclusion: monitoring HNV forest and farmland to meet Policy needs and 

supporting HNV farmland and forest systems 

3.3.4.1 Meeting Policy monitoring needs 

The expansion to national scale HNV farmland and forest habitat quality, quantity, change detection and 

connectivity assessments would enable Ireland to address the current lack of monitoring of the impacts of 

agri-environment schemes, a significant weakness and need that is not only highlighted nationally (DAFM, 

2021 (a, b), EPA, 2020), but also at European level (ECA, 2015, 2020).  

The broad inclusion of semi-natural farmland habitats provides a wide monitoring framework that can be 

applied to support monitoring under the new, broader EU Common Monitoring and Evaluation Framework 

(CMEF) Specific Objective “Contribute to the protection of biodiversity, enhance ecosystem services and 

preserve habitats and landscapes”. The suite of habitat quantity and quality assessments demonstrated at 

field and cell - scale correspond suitably to the monitoring needs of the Common Monitoring and Evaluation 

Framework- specifically the HNV farmland and forest Impact indicator 5, the new Enhanced provision of 

ecosystem services Impact indicator 20 and Protecting forest ecosystems Result indicator 26.  

The assessment methods also correspond to the monitoring requirements of the New European Forest 

Strategy 2030; specifically, the need to monitor biotic and abiotic changes and damage to forest ecosystems. 
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Similarly, national-scale habitat quality and quantity data can inform the anticipated needs of the monitoring 

and review mechanism of ecosystem services, health and restoration under the strengthened European 

Biodiversity Governance Framework planned in the European Biodiversity Strategy 2030. 

3.3.4.2 Monitoring recommendations  

A summary overview and recommendations were developed reflecting field and cell-level observations and 

trends detected over the 13-year period. This provides an example of how the results from can be 

interpreted within a regional landscape context and determine priority actions for HNV farmland and forest 

areas.  

The County Leitrim Learning Area is defined as an extensive landscape region requiring support to maintain 

current HNV farmland and forest quality, quantity, and connectivity: 

› Maintain High HNV farmland and forest Quality and Quantity, 

› Maintain increasing HNV forest network coherence, 

› Examine the threat of farmland abandonment indicated by ecological succession to scrub habitat,  

› Maintain peatland regeneration: the ability to measure peatland habitat change is of particular 

interest to monitor conservation and restoration efforts and maintain their function as carbon sinks 

(Bullock et al., 2012). 

The County Galway Learning Area is defined a landscape region intensifying in land use, with HNV farmland 

and forest areas requiring immediate actions to protect remaining habitat areas, a long-term objective to 

increase habitat quantity and the strategic restoration of woodland gaps to increase HNV forest network 

coherence: 

› Protect and restore HNV farmlands through urgent protection of remaining habitats, 

› Strategic HNV forest connectivity enhancement through strategic woodland habitat planting 

measures to increase coherence (currently underperforming in proportion to gain), 

› Protect and restore peatlands quality by ceasing on-going raised bog peat extraction. 

The County Wicklow Learning Area is defined as a landscape region that has historically experienced 

intensified land use but is undergoing some extensification during the monitoring period, requiring support 

to maintain current trends and measures to improve HNV farmland and forest habitat quality:  

› Support seminatural grassland and heath habitats gained from former intensified land use, 

› Maintain the current high HNV forest connectivity, 

› Increase the current low HNV forest quality, 

› Target the management of Blanket bog habitat to prevent further loss of habitat.   

 

 



 A national stratified sampling approach 

 58 

4 A national stratified sampling approach 

 

In this section, we examine upscaling the use of cell sampling to national scale for the application of various 

quantity, quality, connectivity and change assessment methods developed and demonstrated in Section 

Three. In Section 2.3, we explored the sampling approach, including the benefits and need for a national 

landscape classification to develop a representative and efficient stratified sampling system, under a 

common national monitoring framework (e.g., Bunce et al., 1996 (c)). To build on this identified knowledge 

gap, we developed a national landscape classification to support a countryside stratified random sampling 

design. This included the development, interpretation, and the sample size allocated to each landscape 

class. These criteria provide transparency and robustness of the sampling design (Stehman and Foody, 

2019).  
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4.1 Landscape classification 

The primary objective of a landscape classification is to describe the relationships between different elements 

of the landscape, and then to partition the variation within the land surface into classes which, although 

arbitrary, are “relatively” homogeneous (Bunce et al., 1995). A suitable landscape classification can be applied 

to stratify land cover sampling, providing more representative and efficient sampling frameworks (Cochran 

1977). Accounting for homogenous regions of land cover and land use types also offers comparability of 

observed trends and changes within those regions (Howard et al., 1998), and such trends and changes can 

be efficiently responded to if required with targeted measures adapted to the regional context. The contents 

of this section are extracted from the published research article Carlier et al. (2021). 

4.1.1 Introduction 

The efficiency of stratified sampling depends on the stratification on which it is based. Since the requirements 

of monitoring HNV farmland and forests relates to habitat quality and quantity assessments, an objective 

and statistically robust landscape classification representing the environmental and land cover heterogeneity 

of the island should be considered and provide the basis for a spatial framework for all-island monitoring. 

Several national-scale landscape divisions have been developed in Ireland (Fig. 4.1). These include the Soil 

Physiographic Divisions (Gardiner and Radford, 1980), which includes five divisional units: 1) Mountain and 

Hill; 2) Hill; 3) Rolling Lowland; 4) Drumlin; 5) Flat to Undulating Lowland. This map is based on topography 

and soil associations. The Land Use Capability map (Aalen et al., 2011) generally illustrates five varying 

strengths of the limitations on farming imposed by varying combinations of physical factors, ranging from 

wide to extremely limited land use capacity. The more recently published Physiographic Units (PU) Map of 

Ireland (Geological Survey of Ireland, 2018) applies a three-tier classification scheme representing several 

hierarchical landscape divisions with increasing levels of complexity 

A limitation of the current landscape division maps is that land cover heterogeneity is not represented, and 

they therefor remain unsuitable for the stratified sampling of HNV farmland and forest areas. In response 

to this knowledge gap, and to support a cost efficient and representative sampling framework for the 

Figure 4.1. Various national landscape division maps have potential to be applied as stratification of the 

Irish countryside including: a) Land use capability (Aalen et al., 2011)- illustrating the varying strength of the 

limitations on farming imposed by combined physical land factors; b) Main physiographic divisions 

influencing soil formation (Gardiner and Radford, 1980); c) the Physiographic Unit Map of Ireland (level one) 

with units representing elevation, sediment and geomorphology (Geological Survey of Ireland, 2018).  
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monitoring of HNV farmland and forest areas, a new, suitable Irish landscape classification was developed 

using the most recent landscape division Physiographic Units (PU) Map of Ireland (Geological Survey of 

Ireland, 2018). The PU map uses a three-tier classification scheme representing several hierarchical 

landscape divisions in increasing levels of complexity. The expert-driven classifications differentiate various 

landscapes morphologies and landforms based on elevation, bedrock geology, sediment, and 

geomorphology and orthophotography datasets. The resulting dataset comprises 944 polygon features 

with a minimum mapping unit of 5 km2, classified under 29 Physiographic Units at its highest complexity- 

Level 3.  

Using this dataset, a national landscape classification map was developed and published using objective, 

multivariate reclassification of the highest PU complexity (level 3), guided by additional spatial datasets. 

Specifically, the PU classes were analysed and grouped based on land cover composition to generate broad 

landscape classes. The resulting landscape classes were subsequently interpreted in the context of a range 

of additional, landscape variables. The published map and interpretation present a broad-scale classification 

of the Irish landscape into classes which can be considered when designing a stratified, multi-scale sampling 

approach for the monitoring of HNV farmland and forest areas.  

4.1.2 Methodology 

Physiographic Unit features from the Physiography Level 3 shapefile were overlaid onto the CORINE Land 

Cover (CLC) 2018 level 3 classification scale shapefile features (CLC 2018) using the ‘Clip’ geoprocessing tool 

in ArcGIS. This enabled the extraction of the respective CLC % cover composition for each PU, resulting in 

a main matrix, with PU’s as rows and respective CLC % cover composition as columns (Fig. 4.2) for 

subsequent Cluster Analysis. The PU ‘Water’ was not included for analysis since its composition was solely 

of water bodies and could be re-introduced as a unique class when finalising the landscape classification 

map. To achieve a non-technogenic, rural landscape classification, non-agricultural man-made CLC classes 

were omitted; thus, 21 out of 33 CLC classes occurring in Ireland were retained for analysis. 

A polythetic hierarchal agglomerative Cluster Analysis (with Euclidean distance measure and Wards linkage 

method) was used to objectively seek clusters of physiographic units (PUs) using the main matrix (of PU and 

CLC cover). Data from the main matrix was modified to reduce skewness and influential outliers were 

removed under a series of Cluster Analysis iterations until a meaningful and statistically significant clustering 

was achieved. A multi-response permutation procedure (MRPP) was used to test the effect size of within-

group homogeneity of each iteration and evaluate optimal clustering. An MRPP A-value of >0.4 indicates a 

‘large’ effect size of within-group agreement other than expected by chance (Peck, 2016). Mean CLC % 

cover composition was examined to determine unique, dominant, or absent land covers, and mean Richness 

S and Simpson’s D’ (Simpson, 1949) provided an indication of land cover diversity for each cluster. 

Figure 4.2. Example illustration of the ‘Bedrock plain’ PU class (a) analysed using an overlay of CORINE 

Land Cover composition (b) to generate a main matrix of both physiography and land cover data (c).  
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To aid further interpretation, additional exploratory data (elevation, High Nature Value farmland (HNVf) 

score, and soil type) within each cluster were collated and extracted, following the same procedure as that 

for generating the main matrix.  Elevation was included to aid interpretation of potential separate Mountain 

PU clusters. Mean elevation for each PU was obtained using European Digital Elevation Model (EU-DEM), 

version 1.1 dataset (Copernicus, 2016). High Nature Value farmland score is a mapped likelihood measure 

of farmland that has high biodiversity and potential presence of species of conservation concern and was 

included as a composite indicator to measure variation of farmland use intensity. Mean HNVf score was 

calculated for each PU using the HNVf farmland distribution map of the Republic of Ireland dataset obtained 

from Matin et al. (2020). Finally, since physiographic divisions are interrelated with soil formation (Gardiner 

& Radford, 1980), % soil type composition for each PU was obtained using the National Soils and Subsoils 

Map (Fealy et al., 2009) and used to determine dominant soil types within the clusters. The final clustering 

from Cluster Analysis was used to re-classify the PU level 3 map dataset and generate a landscape 

classification map in GIS. The PU ‘Water’ was included directly from the original Physiography Level 3 

shapefile.  

4.1.3 Results 

A series of five cluster analysis iterations were performed until a meaningful and statistically significant 

clustering was achieved. Following the first iteration, CLC class ‘Pastures’ was determined to have a 

significant effect as an outlier (3.69 standard deviations above the mean) and was log transformed. This did 

not significantly improve the results in the second iteration and the entire matrix was log transformed. This 

resulted in some meaningful and statistically significant clusters in the third iteration, and a clustering with 

CLC class ‘Pastures’ removed from the matrix was subsequently examined. This resulted in several 

meaningful and statistically significant clusters in an improved fourth iteration. A final fifth iteration was 

achieved by cutting the cluster dendrogram at a higher level to examine a separation of two mountain 

clusters. This final clustering of 9 clusters was achieved by cutting the cluster dendrogram (Fig. 4.3) with 

8.18% chaining. A Multi Response Permutation Procedure (MRPP) test result of A= 0.50 indicated a ‘large’ 

effect size, i.e., indicating strong within-group agreement other than expected by chance (Peck, 2016). 

Figure 4.3 highlights that the data rapidly separated into two clusters broadly representing uplands and 

lowlands. Further separation of the two clusters separated mountain and bog cluster from the Moraine 

cluster and the Bedrock plain PU, and the Hummocky to undulating aeolian sands PU from the remaining 

lowland landscape clusters. Finally, the Bedrock plain PU was separated from the Moraine cluster, the Bog 

cluster was separated from two Mountain clusters, and Coastal plains and Flat alluvial lacustrine plains were 

separated from the two remaining lowland clusters. A full breakdown of all nine clusters is provided in Table 

4.1, including mean CLC composition, richness, and diversity. Results from the subsequent extraction of 

additional exploratory data (mean HNVf score, elevation, and dominant soil type) are also included.

 

 

Figure 4.3. Cluster analysis dendrogram cut vertically (red dashed line) to illustrate the grouping 

membership and distance among nine groups of PU’s. 
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  Clusters 

CORINE Land Cover 2018 1 (1 PU) 2 (2 PUs) 3 (2 PUs) 4 (3 PUs) 5 (5 PUs) 6 (7 PUs) 7 (2 PUs) 8 (5 PUs) 9 (1 PU) 

(332) Bare rocks 3.39 0.00 (±0.00) 0.01 (±0.01) 0.38 (±0.34) 0.64 (±1.11) 0.03 (±0.06) 0.00 (±0.00) 0.01 (±0.01) 0.00 

(331) Beaches, dunes, sands 0.66 0.09 (±0.11) 0.05 (±0.07) 0.02 (±0.02) 0.08 (±0.13) 0.04 (±0.05) 1.75 (±2.48) 0.28 (±0.39) 30.21 

(311) Broad-leaved forest 3.86 0.53 (±0.15) 0.49 (±0.69) 1.51 (±1.65) 0.81 (±0.31) 0.69 (±0.32) 0.35 (±1.06) 0.85 (±0.33) 0.00 

(521) Coastal lagoons 0.00 0.00 (±0.00) 0.00 (±0.00) 0.00 (±0.00) 0.00 (±0.00) 0.00 (±0.00) 0.57 (±0.80) 0.00 (±0.00) 0.00 

(242) Complex cultivation patterns 2.12 0.03 (±0.01) 0.17 (±0.21) 0.05 (±0.04) 0.38 (±0.17) 1.50 (±0.56) 2.41 (±0.65) 2.15 (±1.91) 0.03 

(312) Coniferous forest 0.28 2.71 (±2.21) 5.57 (±1.16) 7.23 (±1.39) 10.76 (±2.45) 1.17 (±0.69) 1.59 (±0.17) 2.15 (±0.89) 0.12 

(522) Estuaries 0.03 0.01 (±0.01) 0.01 (±0.02) 0.08 (±0.14) 0.00 (±0.00) 0.05 (±0.08) 0.80 (±0.69) 0.04 (±0.04) 0.00 

(411) Inland marshes 1.74 0.32 (±0.46) 0.64 (±0.79) 0.20 (±0.32) 0.02 (±0.01) 0.24 (±0.16) 4.87 (±2.38) 0.21 (±0.25) 2.23 

(423) Intertidal flats 0.08 0.04 (±0.02) 0.02 (±0.03) 0.00 (±0.00) 0.01 (±0.01) 0.07 (±0.07) 0.59 (±0.83) 0.08 (±0.04) 2.66 

(243) Land…agri…with…natural veg. 19.09 17.25 (±8.42) 5.97 (±1.91) 14.22 (±6.17) 7.34 (±3.09) 3.88 (±2.07) 6.95 (±3.04) 6.93 (±2.80) 7.13 

(313) Mixed forest 1.34 1.07 (±0.39) 1.52 (±2.15) 1.00 (±0.13) 1.21 (±0.50) 0.81 (±0.47) 0.84 (±0.73) 1.11 (±0.76) 0.04 

(322) Moors and heathland 1.06 0.05 (±0.03) 0.00 (±0.00) 5.52 (±4.31) 3.26 (±2.37) 0.68 (±1.20) 0.06 (±0.09) 1.10 (±2.08) 0.05 

(321) Natural grasslands 0.81 0.06 (±0.09) 0.00 (±0.00) 4.48 (±3.72) 0.65 (±0.65) 0.30 (±0.48) 0.13 (±0.18) 0.27 (±0.42) 8.60 

(211) Non-irrigated arable land 0.72 0.07 (±0.10) 0.23 (±0.33) 0.03 (±0.05) 1.77 (±2.50) 13.66 (±7.31) 6.19 (±1.52) 6.28 (±2.74) 0.39 

(231) Pastures 46.98 70.26 (±13.05) 21.16 (±19.52) 9.50 (±6.04) 47.55 (±9.95) 72.89 (±7.81) 59.51 (±4.89) 63.94 (±13.54) 36.74 

(412) Peat bogs 10.46 3.81 (±0.05) 55.59 (±16.80) 44.24 (±5.50) 17.99 (±8.61) 2.92 (±1.96) 6.01 (±1.56) 12.31 (±7.55) 1.82 

(421) Salt marshes 0.15 0.00 (±0.00) 0.00 (±0.00) 0.03 (±0.06) 0.00 (±0.00) 0.04 (±0.07) 1.48 (±1.99) 0.04 (±0.03) 3.71 

(333) Sparsely vegetated areas 4.66 0.00 (±0.00) 0.13 (±0.13) 2.21 (±3.30) 0.73 (±0.57) 0.08 (±0.16) 0.00 (±0.00) 0.11 (±0.15) 2.45 

(324) Transitional woodland-shrub 0.89 2.50 (±0.27 6.31 (±1.61) 7.59 (±2.77) 6.60 (±1.27) 0.63 (±0.34) 1.01 (±0.59) 1.35 (±0.49) 0.00 

(512) Water bodies 1.67 1.18 (±1.09) 2.12 (±2.22) 0.08 (±0.14) 0.21 (±0.21) 0.12 (±0.11) 2.65 (±3.29) 0.56 (±0.25) 3.81 

(511) Water courses 0.00 0.00 (±0.00) 0.02 (±0.02) 1.65 (±2.85) 0.01 (±0.01) 0.20 (±0.41) 2.06 (±2.02) 0.23 (±0.34) 0.00 

Richness (S) 20.0 16.0 13.5 16.3 18.8 17.1 17.5 19.6 16.0 

Diversity (D’) 0.73 0.46 0.60 0.75 0.70 0.44 0.62 0.54 0.76 

Extracted exploratory data           

Mean HNVf score  3.82 (±0.30) 3.85 (±0.32) 3.65 (±0.36) 4.22 (±0.34) 3.53 (±0.44) 3.12 (±0.37) 3.16 (±0.35) 3.45 (±0.51) 3.94 (±0.37) 

Mean elevation (m ASL) 25.70 (±16.60) 84.49 (±40.48) 61.60 (±26.87) 245.04 (±153.64) 170.98 (±83.09) 68.30 (±34.54) 4.80 (±4.17) 72.78 (±41.12) 7.12 (±6.92) 

Dominant soil type 

Deep well 

drained mineral 

(Mainly basic) 

Mineral poorly 

drained (Mainly 

acidic) 

Blanket peat / 

Cutaway peat 
Blanket peat 

Deep well drained 

mineral (Mainly 

acidic) 

Deep well drained 

mineral (Mainly 

basic) 

Mineral alluvium 

Deep well 

drained mineral 

(Mainly acidic) 

Aeolian (un-

differentiated) 

Area          

 km2 983.50 4940.80 4005.09 7461.42 14624.95 16744.75 924.09 19352.05 92.57  

% of total coverage 1.42 7.15 5.79 10.79 21.16 24.22 1.34 27.99 0.13 

Table 4.1. Summary breakdown of mean CORINE landcover % (± Standard Error) and mean richness and diversity within each cluster (first five most dominant CORINE 

Land Cover classes in each cluster are highlighted in bold). Additional exploratory data is also listed, including mean HNVf score, elevation, dominant soil type and area. 
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A national landscape classification map of Ireland was generated by reclassifying the PU Level 3 map using 

the nine new clusters (with the PU ‘water’ included as an additional class) and a legend was generated using 

the descriptive titles from Table 2. The integration of CORINE Land Cover (with a working scale of 1:100,000) 

with the PU dataset as a new composite map results in the final scale of 1:250,000 and minimum mapping 

unit of 5 km2 of the PU dataset being retained. The map illustrates the spatial distribution and extent of nine 

landscape classes (Fig. 4.4).  

  

Figure 4.4. Landscape classification map based on nine clusters of PU land cover 

composition. 
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Landscape classes were interpreted by examining the breakdown of land cover composition, richness, and 

diversity of the PU groupings. The additional exploratory variables of HNVf likelihood (a conversion of HNVf 

scores to HNVf categories was also included to ease interpretation- see Matin et al., 2020), elevation, and 

predominant soil types are also summarised and compared. Each class presents distinct environmental 

variations that can be considered when designing a stratified sampling approach within a national land use 

monitoring programme. Descriptive titles, summary interpretations and representative Google Street View 

imagery located within each new class are provided in Table 4.2. 

New landscape class summary interpretation  

1. Extensive Bedrock Plains  

 

This landscape is composed solely of the PU 

‘Bedrock plain’. It comprises the highest cover of 

CLC classes ‘Bare rocks’ (3.4%), ‘Broad-leaved 

forest’ (3.9%), ‘Land principally occupied by 

agriculture with significant areas of natural 

vegetation’ (19.1%) and ‘Sparsely vegetated areas’ 

(4.7%). It has a HNVf likelihood score of 3.82 (high), 

is of very low elevation and supports the highest 

landcover richness (S=20) The predominant soil 

type is deep well drained mineral (mainly basic).  
2.  Extensive Lowlands  

 

This landscape is composed of PU’s ‘Drumlinised 

ribbed moraine’ and ‘Ribbed Moraine’. It comprises 

the second-highest cover of CLC classes ‘Pastures’ 

(70.3%) and ‘Land principally occupied by 

agriculture, with significant areas of natural 

vegetation’ (17.3%). It has a HNVf likelihood score 

of 3.85 (high), is of moderate elevation and the 

predominant soil type is mineral poorly drained 

(mainly acidic). 

 
3. Peatlands  

 

This landscape is composed of PU’s ‘Bog atlantic’ 

and ‘Bog raised’. It comprises the highest cover of 

CLC classes ‘Peat bogs’ (55.6%) and ‘Mixed forest’ 

(1.5%)’. It has a HNVf likelihood score of 3.65 

(moderate), is of low elevation and supports the 

lowest landcover richness (S=13.5). The equally 

predominant soil types are blanket and 

cutover/cutaway peat.  

Table 4.2. Descriptive title; summary of land cover composition, richness and diversity; HNVf likelihood; 

elevation; predominant soil types, and example class imagery extracted from Google Street View.  
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4. Extensive Mountainous  

 

This landscape is composed of PU’s ‘Mountain ice-

sculpted ridge’, ‘Mountain ice-sculpted U-shaped 

valley’ and ’Mountain plateau’. It comprises the 

highest cover of CLC classes ‘Moors and heathland’ 

(5.5%) and ‘Transitional woodland-shrub’ (7.6%), 

the second highest cover of ‘Natural grasslands’ 

(4.5%) and ‘Peat bogs’ (44.2%), and the lowest 

cover of ‘Non-irrigated arable land’ (0.0%), 

‘Pastures’ (9.5%) and Water bodies’ (0.1%). It has a 

HNVf likelihood score of 4.22 (high) and has the 

highest elevation of all landscapes. The 

predominant soil type is blanket peat.  
5. Semi-intensified Elevated  

 

This landscape is composed of PU’s ‘Mountain 

ridge’, ‘Mountain rounded’, ‘Mountain streamlined 

plateau’, ‘Mountain streamlined ridge’, ‘Mountain 

streamlined rounded’. It comprises the highest 

cover of CLC class ‘Coniferous forest’ (10.8%), and 

the second highest cover of ‘Moors and heathland’ 

(3.3%). This landscape is distinguishable from the 

Extensive Highlands Landscape in terms of a lower 

proportion of ‘Peat bogs’ (18%) and higher 

proportion of ‘Pastures’ (47.6%). It has a HNVf 

likelihood score of 3.53 (moderate) and has the 

second-highest elevation of all landscapes. The 

predominant soil type is of deep, well drained 

mineral (mainly acidic).  
6. Intensified Lowlands  

 

This landscape is composed of PU’s ‘Bedrock 

streamlined’, ‘Flat alluvial-glaciofluvial plain’, ‘Flat to 

gently undulating glacial sediments’, ‘Hill to rolling 

rounded bedrock’, ‘Hummocky eskers’ ‘Hummocky 

moraines’ and ‘Megascale lineations’. It comprises 

the highest cover of CLC classes ‘Non-irrigated 

arable land’ (13.7%) and ‘Pastures’ (72.9%), the 

second-lowest cover of ‘Peat bogs’ (2.9%) and 

lowest cover of ‘Land principally occupied by 

agriculture, with significant areas of natural 

vegetation’ (3.9%). This Landscape supports the 

lowest landcover diversity (D’=0.44). It has a HNVf 

likelihood score of 3.12 (low), is the lowest in 

elevation of the Lowlands Landscapes and the 

predominant soil type is of deep, well drained 

mineral (mainly basic).  
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7. Marshland – Estuarine  

 

This landscape is composed of PU’s ‘Coastal plain’ 

and ‘Flat alluvial-lacustrine plain’. It comprises the 

highest cover of CLC classes ‘Inland marshes’ 

(4.9%), ‘Complex cultivation patterns’ (2.4%), 

‘Estuaries’ (0.8%) and ‘Water courses’ (2.1%) and is 

the only landscape to have the presence of ‘Coastal 

lagoons’ (0.57%). It has a HNVf likelihood score of 

3.16 (low) and has the lowest elevation of all 

landscapes. The predominant soil type is mineral 

alluvium.  
8. Semi-intensified Lowlands  

 

This landscape is composed of PU’s ‘Drumlins’, ‘Hill 

to rolling lowland rounded streamlined bedrock’, 

‘Hill to rolling lowland bedrock ridge’, ‘Hill to rolling 

lowland bedrock streamlined ridge’ and ‘Rolling to 

gently undulating glacial sediments’. It comprises 

the second-highest cover of CLC classes ‘Complex 

cultivation patterns’ (2.2%) and ‘Non-irrigated 

arable land’ (6.3%) and has a high proportion of 

‘Pastures’ (63.9%). This Landscape supports the 

second highest landcover richness (R= 19.6). It has 

a HNVf likelihood score of 3.45 (moderate), is of 

lower elevation to the Extensive Lowlands 

Landscape and the predominant soil type is of 

deep, well drained mineral (mainly acidic). This class 

is the most dominant area (27.99%) within the 

classification.  
9. Sandy Coastlands  

 

This landscape is composed solely of the PU 

‘Hummocky to undulating aeolian sands’. It 

comprises the highest cover of CLC classes 

‘Beaches, dunes, sands’ (30.2%), ‘Natural 

grasslands’ (8.6%), ‘Salt marshes’ (3.7%), and the 

lowest cover of ‘Broad-leaved forest’ (0.0%), 

‘Coniferous forest’ (0.1%), ‘Mixed forest’ (0.0%), 

‘Peat bogs’ (1.8%) and ‘Transitional woodland-

shrub’ (0.0%). This Landscape supports the highest 

landcover diversity (D’=0.76). It has a HNVf 

likelihood score of 3.94 (high) and has the second-

lowest elevation of all landscapes. The predominant 

soil type is of aeolian (undifferentiated). This class is 

the least dominant (0.13%) area within the 

classification.  
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4.2 Stratified random sampling 
 

The national landscape classification (Section 4.1) represents broad land cover which can be used for 

stratified sampling to efficiently collect ecological or land use data. The result from this multivariate 

classification reduces the wide variation of the Irish landscape and describes it based on average values of 

its environmental characteristics. The application of the landscape classification to inform stratification makes 

it possible to extrapolate the results from the stratified sample sites into land class or strata means (regional 

representation), which can also be combined to describe the entire population (national representation). 

The discrete strata can be applied to stratify sampling cells from which national-scale HNV farmland and 

forest quality, and HNV area index assessments can be conducted (demonstrated in Section Three). 

4.2.1 Indicative sampling effort  

An indicative national scale representative sampling number (N) was determined a-priori based on power 

analysis of the effect size expected over a range of monitoring frequencies. The effect size was determined 

using mean and standard deviation values from the i) HNV farmland and forest habitat quality score from 

quality assessment and ii) HNV area index categories obtained from Section Three. Since the Learning Areas 

were selected to represent delimited landscapes of a range of biophysical contexts in Ireland, results from 

all sampling cells across each Learning Area were combined to produce overall indicative baseline mean 

and standard deviation values. Adjustments to the mean values were made to simulate the expected 

changes affecting the effect size to be detected over a time series of three-, five-, and seven-years, 

representing a range of monitoring frequencies: 

HNV habitat quality assessment since no historical data were available to reflect expected changes in habitat 

quality assessment scores, a range of assumed default annual changes of 0.125, 0.25 and 0.5 in mean HNV 

habitat quality scores were applied. The change in HNV habitat quality score departed from the baseline 

value gathered during field-scale HNV habitat quality assessments in Section Three.  

HNV area index assessment: changes in HNV area index observed over the 2000 - 2013 monitoring period 

(Section Three) were used to simulate future expected changes in area index values under each category: 

1) HNV farmland, 2) Grazed HNV farmland, and 3) HNV forest. Changes in mean Area index values observed 

within each cell over the 13 years were proportionally adjusted to represent a three-, five-, and seven- year 

time series in a stepwise approach.  

Effect sizes were calculated via the assumed annual change in the quality mean score (0.125, 0.25, 0.5) and 

the time series frequency of three-, five- and seven years (representing a range of potential monitoring 

frequencies). The range of effect sizes were input into power analysis (G*Power 3.1.9.7 (Faul et al., 2007)) to 

determine indicative sample size (N) calculations using a two-tailed test, error probability of 0.05, and 

ensuring a power of >0.9 (Table 4.3). No sample size calculations were made for one- or two-year 

monitoring frequencies since changes in HNV area quantity were negligible in this timeframe.   
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Table 4.3. Table examining the assessment of change in quality and Area index values over a time series of three, five, and seven years. Baseline mean and standard deviation 

values are provided under each habitat or HNV category assessed, and predicted mean changes are provided under the time series. Keeping the standard deviation as 

constant, and using the baseline mean and predicted mean, resulting effect size was determined for each time series. Using power analysis, A-priori required sample sizes 

(N) were calculated using a p value of 0.05, a power level >0.9 and the effect size systematically varied by the annual change in mean values and the frequency of sampling. 

 

 

Assessment of change in 
HNV habitat or 

category 

Baseline mean 

(std dev) 
Predicted mean Resulting effect size 

Monitoring frequency 

indicative sample (N) 

Mean (std dev) Δ 3 years Δ 5 years Δ 7 years Δ 3 years Δ 5 years Δ 7 years 3- year  5- year 7- year 

Quality: 

Assumed annual score 

change of 0.125 
(thus, three years = 0.375, etc.) 

Grassland 4.53 (± 1.61) 4.91 5.16 5.41 0.24 0.39 0.55 236 87 46 

Field margins 5.14 (±1.11) 5.52 5.77 6.02 0.34 0.57 0.79 113 43 23 

Peatland 5.34 (±1.96) 5.72 5.97 6.22 0.19 0.32 0.45 348 128 67 

Scrub 4.38 (±2.24) 4.76 5.01 5.26 0.17 0.28 0.39 454 167 87 

Forests 5.95 (±1.56) 6.33 6.58 6.83 0.24 0.40 0.56 221 82 43 

Maximum required number of sampling cells: 454 167 87 

Quality: 

Assumed annual score 

change of 0.25 
(thus, three years = 0.75, etc.) 

Grassland 4.53 (± 1.61) 5.28 5.78 6.28 0.47 0.78 1.09 62 24 14 

Field margins 5.14 (±1.11) 5.89 6.39 6.89 0.68 1.13 1.58 31 13 8 

Peatland 5.34 (±1.96) 6.09 6.59 7.09 0.38 0.64 0.89 91 34 19 

Scrub 4.38 (±2.24) 5.13 5.63 6.13 0.33 0.56 0.78 118 44 24 

Forests 5.95 (±1.56) 6.70 7.20 7.70 0.48 0.80 1.12 59 23 13 

Maximum required number of sampling cells: 118 44 24 

Quality: 

Assumed annual score 

change of 0.5 
(thus, three years = 1.5, etc.) 

Grassland 4.53 (± 1.61) 6.03 7.03 8.03 0.93 1.55 2.17 18 8 6 

Field margins 5.14 (±1.11) 6.64 7.64 8.64 1.35 2.25 3.15 10 5 4 

Peatland 5.34 (±1.96) 6.84 7.84 8.84 0.77 1.28 1.79 25 11 7 

Scrub 4.38 (±2.24) 5.88 6.88 7.88 0.67 1.12 1.56 31 13 8 

Forests 5.95 (±1.56) 7.45 8.45 9.45 0.96 1.60 2.24 17 8 5 

Maximum required number of sampling cells: 31 13 8 

Area index: 

Observed change from 

2000 - 2013 results 

(proportionately adjusted)  

HNV Farmland 0.39 (±0.13) 0.40 0.40 0.41 0.08 0.08 0.15 1778 1778 446 

Grazed HNV Farm. 0.18 (±0.13) 0.19 0.19 0.20 0.08 0.08 0.15 1778 1778 446 

HNV Forest 0.16 (±0.09) 0.17 0.17 0.18 0.11 0.11 0.22 854 854 215 

Maximum required number of sampling cells: 1778 1778 446 
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Overall, a three-year monitoring frequency resulted in the highest sampling requirements for habitat quality 

assessment, however the sampling requirement for all three HNV area index categories remained 

unchanged for both the three- and five- year frequencies. A seven-year monitoring frequency resulted in 

the least sampling requirements for all quality and quantity assessments; however, a seven-year monitoring 

lag would result in very infrequent feedback on the performance of policy.  Rather, a seven-year monitoring 

cycle could support the function of informing ex-ante or post hoc analyses, limited to informing policy 

beyond that of current or imminent cycles. A three- or five-year monitoring frequency could be considered 

optimal to detect quantity change in all HNV categories, although a three-year frequency could provide 

earlier detection of changes and thus ensure more timely measure or policy response as required. These 

monitoring frequencies could correspond favourably to inform multiple monitoring requirements and policy 

cycles to inform the assessment and demonstration of policy effectiveness and facilitate the improvement 

of future iterations (O’Rourke and Finn, 2020). This includes the Rural Development Programme cycle; 

allowing timely policy preparation (including mid-term review) of the effects of, for example, locally adapted 

agri-environment climate measures (AECMs). Furthermore, the indicative sampling effort for HNV habitat 

quality and quantity using a three- year monitoring frequency is comparable to other similar established 

biodiversity and habitat quality monitoring programmes (see Table 4.4). 

Table 4.4. Example land cover and habitat quality monitoring programmes with comparable sampling 

structures, including the number of cell samples and monitoring frequencies. 

Monitoring 

programme 

Relevant indicators 

monitored 

N 1 km2 sampling 

cells 

Monitoring 

frequency 

Sampling structure 

Swiss Biodiversity 

Monitoring 
Species diversity 520 3-5 years 

Systematic sampling 

(grid) 

Germany HNV 

farmland monitoring 

HNV farmland 

quantity and quality 

2357*  

(reduced to 1278) 
4 years 

Stratified across six 

major landscape classes 

UK Countryside 

Survey 
Habitat quality 

591  

(sample N increased 

with every cycle)  

5 years 
Stratified across 32 

landscape classes 

*An initial scoping study proposed 2,357 sampling cells and was subsequently reduced to 1278 cells following statistical analysis in 

subsequent monitoring cycles. 

A maximum number of cell sample required for HNV habitat quality assessment was determined by the 

Woodland scrub habitat class, which had the widest variability of all habitats surveyed for quality assessment 

and required the greatest cell sampling effort for the predicted mean changes examined. This habitat is 

classified as a ‘broad category’ (Fossitt, 2000) and was more dynamic in terms of habitat area change and 

succession than other surveyed habitats (Section 3.4). Larger differences in habitat quality score (effect size) 

resulted in strong decreases in the required number of sampling cells. This presents a trade-off between 

the lowest detectable change in habitat quality score (sensitivity to mean values from the sampling cell 

survey) and the most representative number of sampling cells. The predicted change of 0.25 (0.75 and 1.25 

over three and five years, respectively) was determined as the most robust, measurable predicted change 

while presenting the least amount of sampling requirement. This determined an indicative 118 or 44 

sampling cells for the three- or five- year monitoring frequencies respectively.  

Small differences in mean HNV Area index values were determined because of limited change observed 

over the 13-year monitoring period (demonstrated in Section 3). This resulted in a HNV farmland and Grazed 

HNV farmland Area index mean change of -0.01 under the three- and five-year monitoring frequencies and 

-0.02 under the seven-year monitoring frequency. An Area index change of +0.01 was determined for the 
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three-year and five-year monitoring frequencies and +0.02 for the seven-year monitoring frequency. Due 

to the low expected change rate and variation, a larger indicative sampling effort is required for the HNV 

Area index assessment: an indicative maximum of 1778 sampling cells are required for three- and five-year 

monitoring frequencies, and 446 sampling cells are required for the seven-year frequency. The maximum 

indicative number of 1778 sampling cells required for the three- and five-year monitoring frequencies 

corresponds to a 2.53% sample representation of the total area of the Republic of Ireland.  

It is important to highlight that the sampling design proposed under the developed landscape classification 

provides an indication of the sampling effort and an initial structure to implement a monitoring baseline 

survey. After establishment of a baseline monitoring cycle, statistical analyses of data will inform a revised 

sampling structure, optimal monitoring frequency, and adjustments of the sampling effort.  

4.2.2 Allocation of samples to strata 

Stratified sampling designs typically allocate a proportionate number of sampling sites with respect to the 

area of individual stratum, providing advantages of simplicity of analysis (Stehman and Foody, 2019). 

Sampling cells were allocated to each of the landscape classes (derived in Section 4) as strata and 

representing national scale terrestrial land use cover. A complete sampling representation within each class 

was considered necessary to capture the heterogenous distribution of HNV forests (Ruas et al., 2022) and 

for the national scale assessment and representation of the HNV Area index.  A minimum of eight sampling 

cells per stratum were allocated to ensure a representation of all strata (Bunce et al., 1996(a), Wood et al., 

2017). The maximum required number of sample cells were allocated to each stratum proportionate to the 

respective percentage area cover (Table 4.5).  

Table 4.5.  Number of sampling cells required for HNV farmland and forest category quantity assessment 

under a three- and five- year monitoring frequency allocated to each landscape class as strata. 

Landscape classes (strata) 1 2 3 4 5 6 7 8 9 Total 

Area (km2) 984 4941 4005 7461 14625 16745 924 19352 93 69129 

% of total coverage 1.42 7.15 5.79 10.79 21.16 24.22 1.34 27.99 0.13 100 

Quality assessment allocation of 

N to strata: 3-year frequency 
8  8  8 13 25 29 8 33 8 140 

Quality assessment allocation of 

N to strata: 5-year frequency 
8 8 8 8 9 11 8 12 8 80 

Quantity assessment allocation 

of N to strata: 3 or 5-year 

frequency 

25 127 103 192 376 431 24 498 8 1784 

 

4.2.3 Additional considerations 

The stratification of samples using the landscape classification provides a transparent and robust sampling 

design framework for the monitoring of HNV farmland and forest within the Irish countryside. The national 

stratified sampling design can be established and applied both for targeting HNV farmland and forest 

habitat quality and quantity assessments, however it presents other cost benefits that can arise from a 

national scale representative sampling framework. This includes supporting a wider range of environmental 

monitoring variables and modelling policy impacts to environmental change (Bunce et al., 1996(c)). For 

example, sampling cell data of the UK Countryside Survey are used to model Woodland Productivity, Land 

Allocation and Ecosystem Services provision etc., in the ERAMMP Integrated Modelling Platform (ERAMMP, 

2021). Use of the sampling design also provides a platform to investigate climate change and its application 

in predicting ecological and environmental responses to different climate change scenarios.  
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Spatial correlation should be considered during the development of a sampling design for land cover 

assessment. The main effect of spatial correlation is that it may affect the precision of the sampling estimates 

(Stehman and Foody, 2019). Independence of the sample cells should be analysed (e.g., using Global 

Moran’s Index (Moran, 1950)) during the finalisation of the sampling structure to ensure spatial 

autocorrelation does not occur. 

The establishment of permanent sampling cells assume that land cover and land use remain representative 

of the surrounding landscape matrix. The location of sampling cells should remain undisclosed so that no 

interference or consequent change of land use management occurs. This assumption should not be 

neglected, and it may be necessary to check at a later point in time whether this should be verified by a 

comparative investigation. A turnover of programme locations could be considered to counter this, 

however, a change in sampling locations will result in the loss of long-term establishment benefits such as 

ease of land access, landowner familiarity, etc. This would also create a recurring need for full engagement 

with datasets to develop new sampling map extents, rather than more cost-effective monitoring updates of 

maps developed in previous monitoring cycles.
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5 Implementation  

 

This section examines the indicative costs associated with the implementation of the monitoring and 

stratified sampling approach proposed in Sections 3 and 4. Integration within existing environmental 

monitoring programmes are also examined.   

 

5.1 Indicative monitoring programme costs  
 

The monitoring programme will require resources associated with the establishment of a baseline field and 

sample cell-scale assessment. This will include the relevant processing of data to finalise the sampling 

structure and effort with respect to the chosen monitoring cycle frequency. Subsequent monitoring cycle 

resources required include the full coordination, assessment, data processing and quality control costs. 

Long-term resources allocated for the determined sampling effort will need to be ensured over future 

monitoring cycles to secure consistent data for the analyses and comparability of changes in HNV farmland 

and forest quality and area.  

Resources required for field surveying will differ greatly depending on the location and complexity of the 

sampling cell; for example, cell sample surveying for HNV farmland monitoring in Germany during the 

monitoring period of 2009-20013 ranged from less than €200 to over €800 per 1 km2 cell, with average 

surveying cost in the range of €400 to €500 per cell.  

Sampling cell allocation to each stratum (see Table 4.5, Section 4.2.2) identified the number of samples 

required to detect changes in HNV farmland and forest habitat quality and quantity for various monitoring 

cycles. For habitat quality assessment, a sampling N of 140 and 80 sampling cells were required (assuming 

an annual score change of 0.5) for a three- and five-year monitoring frequency respectively. For quantity 

assessment, a sampling N of 1784 sampling cells were required for both monitoring frequencies, based on 

observed changes in Section Three. Monitoring programme costs were examined for sampling cell 

assessment and associated coordination. 

5.1.1 Habitat quality assessment 

Using the proposed monitoring approach (Section 2.3) demonstrated in Section 3, HNV farmland and forest 

habitat quality was assessed using rapid evaluation field cards and a scoring matrix in a database. The 

surveying effort within each sampling cell was limited to a maximum of 10 farmland parcels or forest areas 

chosen at random under each HNV habitat category (grasslands, field margins, peatlands, scrub, and forest). 

Travelling distance, time taken to negotiate access and surveying, and data processing and scoring of each 

cell was recorded. Using this information, resources required to survey sampling cells were estimated: 
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› Travel distance: average return travel distance to sampling cells: 156 km, 

› Survey time: average (single surveyor) sampling cell survey time: 11.2 hours field survey (see 

Appendix 7.3), 1 hour data processing: 12.2 hours, 

› Overheads cost: 15%. 

 

The average unit cost to survey each full sampling cell was determined as follows: 

[(Hourly rate (x) x Survey time (12.2)) + (travel cost per km (x) x 156)] x 1.15 (Overhead cost). 

Using the above costing formula with an hourly survey rate of €45.00 and the average Civil Service €0.3986 

travel cost per km, an indicative average cost of €702.86 per cell was calculated.  

To determine the full survey cost required to assess HNV habitat quality for a three- and five- year 

monitoring frequency, the total survey and travel time required was calculated for the total number of 

sampling cells (N) allocated to national scale HNV farmland and forest area monitoring for each monitoring 

frequency (Table 5.1). Travel costs rate was calculated using the Civil Service cumulative motoring rates and 

mid-size engine capacity, while survey cost was calculated at €45.00 per hour. 

Table 5.1.  Indicative cost associated with habitat quality assessment survey for national scale HNV farmland 

and forest area monitoring. 

Habitat Quality 

Assessment 

Monitoring 

frequency 

N 1 km2 

sample cells 

Travel and 

cost 

Survey time 

and cost 

Total indicative survey cost 

National scale 

monitoring 

3-year 140 
21,840 km; 

€8269.80 

1708 hours; 

€76,860 

€85,129.80 + 15% overhead: 

€97,899.27 

5-year 80 
12,480 km; 

€5552.59 

976 hours; 

€43,920 

€49,472.59 + 15% overhead: 

€56,893.48 

 

Habitat quality survey indicative costs of €97,899.27 and €56,893.48 were calculated for a three- and five- 

year monitoring frequency respectively.  

5.1.2 Habitat quantity assessment 

The advent of the NLCM in 2022 will provide the necessary spatial habitat data to carry out the quantity 

assessments at national scale using the indicative 1784 N sampling cell strata allocation (Section 4.2.2). Data 

preparation and analysis of HNV farmland and forest habitat quantity at national scale can be efficiently 

achieved by extracting NLCM spatial data from sampling cells within each stratum in GIS. The HNV area 

index can subsequently be calculated in attributes using the calculate field function. Imagery outputs 

required for other assessments proposed in Section 2.3 and demonstrated in Section 3.4, i.e., Coherence 

Analysis and Habitat Change Detection, can be automatically extracted using arcpy.mapping script to export 

Data Driven Pages (sampling cell imagery) to required raster / geotiff formats. Furthermore, Coherence 

analysis can also be automated using the batch-processing function in the hosting Guidos Toolbox software. 

The resources required for this data preparation and analysis are therefore minimal and could be 

incorporated as part of the programme staff responsibilities. Efficiency should be maximized by dedicating 

powerful computer or server processing to this spatial monitoring assessment (for example using the Joint 

Research Centre Guidos Workbench scripts for automated mass-processing). Verification and validation of 

the imagery data will also require specialist supervision; this could be subsumed as part of the programme 

coordinator quality control and this associated cost could be further reduced through collaboration with the 

NLCM validation programme.  
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5.1.3 Programme staff and overall cost 

The coordination of the monitoring would involve the implementation of the proposed (developed) 

programme, which can be accomplished by a team of three, full-time roles. Specific roles identified and 

respective indicative costs are provided in Table 5.2. 

 

Identified roles 
Indicative annual costs per monitoring cycle 

Salary 30% PRSI 15% overhead Total 

Programme Manager €70,000 €21,000 €10,500 €101,500 

Data Technician/Analyst €62,000 €18600 €9300 €89,900 

Programme Ecologist (Senior Ecologist) €62,000 €18600 €9300 €89,900 

Total annual indicative cost €281,300 

 

The role-out of a monitoring cycle would include establishing and executing field surveys and spatial data 

gathering on year one, and habitat quality and spatial data analysis and reporting on year two. An indicative 

staff cost of €562,600 was determined per monitoring cycle accomplished over a two-year timeframe 

(€281,300 per year).  

Including costs associated with habitat quality assessment survey, total indicative costs of €660,499.27 and 

€619,493.48 were determined for a three or five-year monitoring programme frequency, respectively.  

The implementation and coordination of the proposed monitoring programme should be hosted by an 

organisation with responsibility and experience for other similar monitoring programmes. This would result 

in the benefit of reduced operational costs and use of existing infrastructure and expertise. 

  

Table 5.2. List of identified roles and respective indicative costs. 
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5.2 Incorporation with existing national monitoring programmes 
 

The implementation and coordination of the proposed HNV farmland and forest monitoring programme 

could potentially benefit from integration within a number of existing national monitoring programmes. In 

this section, the needs of a national-scale representative biodiversity monitoring programme that includes 

HNV farmland and forest are considered. These are contrasted with several examples of existing national 

monitoring programmes, including the ability to achieve a national-scale representation, for the purpose of 

evaluating any potential benefits.  

 

5.2.1 Monitoring aims to improve delivery  

The need and purpose of environmental monitoring programmes can be varied. Some monitoring 

programmes simply record over space and/or time. A more directed approach is more typical, which 

involves recording of the state of the environment with the intention of comparing against objectives and 

quantitative targets. Information from monitoring is essential to assist effective evaluation that can identify 

effective interventions, as well as suggest how to improve failing interventions. 

As a practical example, monitoring can help assess the effectiveness of specific policy interventions that 

include, for example CAP Green Architecture interventions such as Pillar 1 Eco Schemes; AECM general 

schemes and AECM Co-operation projects in Pillar 2 etc. Monitoring should test the effectiveness of these 

and inform modifications where required e.g., improvements to targeting etc. Additionally, there is a need 

to understand the net effect or impact of these (and the many other) policy interventions and general 

practices on the environment. Consequent trends in biodiversity should improve if environmental policy 

interventions and measures are proving successful; trends would disimprove if the interventions are 

ineffective, or one set of positive interventions are outweighed by other policy interventions that are 

detrimental for biodiversity.  

5.2.2 A national programme is needed to monitor biodiversity in the wider 

countryside 
 

In Ireland, little is currently known about national trends in biodiversity outside of Natura 2000 areas and 

Article 17 reporting. This is because of the absence of a relevant monitoring programme that is at a national 

scale, regularly repeated and conducts representative sampling. A national monitoring programme to 

include broader land cover and biodiversity representation is especially relevant for policy interventions such 

as the AECM measures that aims to deliver positive landscape-scale results for ecosystems services and 

biodiversity. These monitoring needs have become increasingly important as increased resources are spent 

on measures to halt biodiversity loss but with inadequate positive impacts generally (ECA, 2015, 2021) and/or 

insufficient evidence with which to judge the environmental performance of these policies in Ireland (Finn 

and Ó hUallacháin, 2012, O’Rourke and Finn, 2020). Thus, a dedicated monitoring effort is needed to sample 

and measure national scale, representative trends in biodiversity (including HNV farmlands and forest).  

 

5.2.3 Can a national biodiversity monitoring programme be achieved by other 

existing programmes for agri-environmental monitoring? 

Currently, there are a number of environment, agriculture and forest monitoring programmes that operate 

within Ireland. These include, for example, Article 17 reporting on Natura 2000, the National Forest Inventory, 

the Countryside Bird Survey, and the National Farm Survey. Incorporation of the monitoring of HNV 
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farmlands and forests into existing national monitoring programmes (for other purposes) could be 

considered. To do so, the existing programmes would need to be sufficiently regular, be nationally 

representative of landscape classes that include those associated with farmland biodiversity, be capable of 

modification of the sampling strategy to improve representation (if needed), and be capable of deploying 

the relevant sampling, fieldwork, and data analysis.  

Although these sampling frameworks may be adequately representative for their respective intended 

monitoring purposes, they are not necessarily appropriate for national-scale monitoring of land cover and 

biodiversity (see below). A range of sampling designs have been applied, for example, some national 

monitoring systems have applied systematic sampling systems such as grid overlays (e.g., National Forest 

Inventory (Forest Service, 2018); Countryside Bird Survey (Lewis et al., 2019); Butterfly Atlas 2021 (National 

Biodiversity Data Centre, 2020)). Systematic sampling methods (such as regular grids) can under-sample 

less common classes and over-sample more common classes (Goedickemeier et al., 1997), and can result in 

a sub-optimal or biased sampling representation. This is an important consideration, especially if a national-

scale representation of land cover and biodiversity is required.  

5.2.3.1 Countryside Bird Survey and National Forest Inventory 

Under- and over-sampling of landscape areas of extreme spatial extent can be observed in Table 5.3 for 

both the Countryside Bird Survey and the National Forest Inventory, where a greater sampling effort 

coincides with dominant landscape classes (and lower effort coincides with unique landscapes of limited 

extent) (Carlier et al., 2021). A sampling bias towards Intensified and Semi-Intensified Lowlands can be 

observed for the Countryside Bird Survey, while the sampling number required for habitat quality 

assessment is under-represented in both Peatlands and Sandy Coastlands classes. Sampling numbers 

required for habitat quantity assessment are also under-represented in all landscape classes under this 

programme. A greater bias towards Semi-Intensified Elevated (the landscape class representing greatest 

coniferous forest land cover) is evident for the National Forest Inventory. A similar sampling under-

representation of sampling numbers required for habitat quality assessment is observed for both Sandy 

Coastlands and Marshland-Estuarine classes, while only Extensive Mountainous, Peatlands and Semi-

intensified Elevated classes are sufficiently represented for habitat quantity assessment. Thus, integration 

within these programmes would require a certain degree of adjustment of the sampling distribution and 

effort.  

5.2.3.2 The Teagasc National Farm and Small Farm Surveys.  

Integration within existing farm monitoring programmes could provide distinct benefits such as the 

availability of existing and historic farm sustainability indicators from the National Farm Survey (NFS) (Buckley 

and Donnellan, 2021). Since the NFS is representative of agriculture systems with a Standard Output that 

exceeds €8,000 (Dillon et al., 2017), it will not adequately represent farmland dominated by smaller scale 

farms (common to other EU farm surveys in the EU FADN according to Kelly et al., (2018)). This could 

potentially perpetuate a lack of representation of extensive farmland regions that are most likely to be 

associated with smaller HNV farming systems and provision of high levels of other environmental public 

goods. However, biodiversity metrics are intended to be included in future NFS iterations (Buckley and 

Donnellan, 2021), and could provide relevant or complementary monitoring data for HNV farmland within 

agriculture production settings (but not necessarily HNV Forests). 

In 2015 an additional survey called the Small Farms Survey (SFS) was carried out to complement the NFS 

(Dillon et al., 2017). This survey addresses the inadequate representation of smaller farms whose output is 

€8,000 or less. The average land area of the sample farms is 14 hectares and are typically 30% less productive 
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on a per hectare basis than larger farms, which may be explained by natural constraints on production 

related to climate, topography, soils, and vegetation composition. The geographic spread of the samples is 

concentrated along the Border, Midland and West (BMW) region. In their SFS report, Dillon et al., (2017) 

conclude that collecting farm biodiversity data remained notoriously difficult and labour intensive, and that 

it was not possible to collect data to measure the impact of Small Farms on biodiversity.  

The NFS is based on a nationally representative stratified random sample which is selected annually, and it 

is assumed the SFS will follow a similar sampling approach in future iterations. This annual sampling 

approach results in a degree of turnover of sample farms, which, over a three or five-year monitoring 

frequency, will lead to cumulative changes of sample areas. This could result in a loss of advantages 

associated with fixed sampling locations, such as monitoring land use change, surveyor familiarity with 

sampling cell locations, established land access negotiations, minimal engagement with spatial data updates 

post baseline mapping (see Section 4.2.3).  

5.2.3.3 The Teagasc Signpost Programme.  

Another farm monitoring-based programme is the Teagasc Signpost Programme, which includes over 100 

fixed farms aiming to demonstrate reductions in gaseous emissions, improvements to water quality and 

biodiversity and a transition to sustainable farming systems. While this programme potentially provides 

useful monitoring data, spatial coincidence observations from Figure 5.1 highlight the farm sample is biased 

towards intensive farmed landscape, a trend that is also evident in Table 5.3. Other than lowland classes, all 

landscape classes require increases in sampling numbers for habitat quality assessment, including a major 

increase in sampling numbers for all classes for habitat quantity assessment. Similar to the NFS, the Signpost 

Farm Programme data is not likely to be suitable for monitoring HNV forest habitat. 

 

 

 

 

 

Landscape Classes 

from Carlier et al. 

(2021) 

Signpost Farm Programme Countryside Bird Survey National Forest Inventory 

Sample 

N 
Qlty N  Qty N 

Sample 

N 
Qlty N  Qty N 

Sample 

N 
Qlty N  Qty N 

Extensive Bedrock Plains 0 0.0% 0.0% 9 112.5% 36.0% 18 225.0% 72.0% 

Extensive Lowlands 8 100.0% 6.3% 33 412.5% 26.0% 122 1525.0% 96.1% 

Extensive Mountainous 5 38.5% 2.65 41 315.4% 21.4% 273 2100.0% 142.2% 

Intensified Lowlands 33 113.8% 7.7% 117 403.4% 27.1% 243 837.9% 56.4% 

Marshland-Esturarine 0 0.0% 0.0% 6 75.0% 25.0% 7 87.5% 29.2% 

Peatlands 1 12.5% 1.0% 17 212.5% 16.5% 143 1787.5% 138.8% 

Sandy Coastlands 0 0.0% 0.0% 1 12.5% 12.5% 0 0.0% 0.0% 

Semi-intensified Elevated 22 88.0% 5.9% 75 300.0% 19.9% 732 2928.0% 194.7% 

Semi-Intensified Lowlands 39 118.2% 7.8% 103 312.1% 20.7% 363 1100.0% 72.9% 

Table 5.3. List of landscape classes and respective intersecting sampling points from example national 

monitoring programmes (Sample N). The Sample N is also represented as a percentage of the sampling 

effort required within each landscape class for both habitat quality (Qlty N) and quantity (Qty N) 

assessments under a three-year monitoring frequency (Section 4.2.2).  
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Figure 5.1. Spatial coincidence of the Signpost Programme farm sites and High Nature Value likelihood 

tetrads (Matin et al., 2020). 
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5.2.4 Can existing monitoring programmes be sufficiently modified? 

Current monitoring programmes provide important functions and are appropriately designed for these 

functions. However, it is uncertain to what extent these programmes could expand their remit to incorporate 

additional sampling, new field and spatial assessments and reporting of HNV farmlands and forests. 

Sampling representation could be met through post-stratification of sampling plots to enable the integration 

of HNV farmland and forest monitoring, while addressing potential inadequate landcover representation. 

Under-represented landscape classes could be supplemented with additional sampling and existing 

sampling points could be expanded to sampling cell units. However, these requirements constitute 

significant modifications; they are likely to be beyond the brief of the programme parent organisation and 

are unlikely to be accomplished within a short timescale. To swiftly establish national-scale biodiversity 

monitoring that is appropriate to its objectives, including monitoring HNV farmland and forests, the 

development of new programme is required. 

   

5.3 Summary conclusion and outlook 

 

The national-scale sampling framework proposed in Section Four has important advantage over the other 

existing monitoring programmes mentioned above. The framework proposed in this report integrates 

commonly established land cover and land use monitoring methodologies observed in the Northern Ireland 

Countryside Survey (McCann et al., 2007); the Swiss Biodiversity Monitoring BDM programme (BDM 

Coordination Office, 2014); the UK Countryside Survey (Bunce et al., 1995 (c)); the German HNV monitoring 

programme (Benzler & Huenig, 2017)). These programmes apply robust representation of the variation in 

the landscape within their sampling frameworks that enable the detection of national-scale representative 

trends in land cover, land use and biodiversity. This can support change detection in all ecosystem types, 

accounting for all land uses including HNV farmland and forest, and extending land cover and biodiversity 

monitoring data evenly- from intensive to extensive or semi-natural habitat classes.  

Need for a strategic organisational remit 

Establishing the monitoring of HNV farmland and forest within a wider land cover and biodiversity 

monitoring framework has the potential to provide advantages and benefits of economies of scale, as HNV 

habitats could be monitored as part of a wider national common monitoring framework. The 

implementation and coordination of HNV habitat monitoring (embedded within a wider land cover and 

biodiversity monitoring programme) should be hosted by a suitable organisation with responsibility and 

experience of monitoring and providing authoritative robust scientific advice at its core. This remit could fall 

within the Science and Biodiversity Unit as the reconstituted monitoring, surveying and research directorate 

of the NPWS recently recommended (Kearney, 2022; DHLGH, 2022). Similarly, this monitoring programme 

could be hosted within the National Biodiversity Data Centre, with a long-term commitment to staffing and 

programme operation. Benefits accrued from these proposed host organisations would include reduced 

operational costs and use of existing infrastructure and expertise. Full-time equivalent staff identified for the 

implementation of HNV farmland and forest monitoring (Section 5.1.3) could be seconded from current 

existing monitoring roles, or newly appointed members could be applied to cross-monitoring elements on 

a wider land cover and biodiversity monitoring framework. This would enable permanent staffing and 

retention of specialists with an accumulated knowledge on the long-term monitoring trends, sampling units, 

and increased familiarity with landowners and other programme stakeholders, etc.  
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Future applications beyond monitoring: modelling of land use scenarios and evolving policies  

Future outputs from the proposed sampling framework can include i) land use and land cover modelling 

and ii) scenario-testing. For example, sampling cell data collected from the UK Countryside Survey (UK CS) 

has been used extensively to predict and model consequences of different policy interventions on land use, 

ecosystem services and biodiversity (e.g., Howard et al., 1995; Bacon et al., 2002; Petit and Firbank, 2006; 

Firbank et al., 2008; Petit, 2009; Norton et al., 2012, 2018; Bunce et al., 2019). Building on the UK CS 

framework, a new programme is being developed under the ERAMMP Integrated Modelling Platform 

(ERAMMP, 2021) to monitor and model change across the Welsh Landscape. Similarly, a key deliverable of 

the FarmForBio Project (hnvfarmforbio.ie) includes the modelling of the effects of integrated agri-

environmental climate measures (AECM) and Forestry Schemes on ecosystem services, helping understand 

the effects of combinations or bundles of measures on HNV farmland and forest areas. These examples 

demonstrate the integrated application of spatial and field data within sampling cell units to monitor the 

effectiveness and inform the evolution of land use policy across the landscape.  
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7 Appendices 

 

7.1 HNV farmland and forest composition 

 

Habitat type Summary of Fossitt description with some additional clarifications 

Semi-natural 

grassland (GS1, 

GS2, GS3, GS4) 

Including 

grassland/ 

limestone 

mosaics 

Semi-natural grasslands receive no chemical fertiliser input and have not been 

reseeded in at least the last 30 years. They have a relatively high proportion of forbs 

to grasses and are unimproved from a production perspective. The key distinction 

being made is between grasslands that are improved, which are relatively species-

poor and intensively managed, and those that are unimproved or semi-improved. 

‘Semi-improved’ grasslands may receive some inputs of fertiliser (organic or artificial), 

but they are not intensively managed and have not recently been reseeded. Low levels 

of improvement and high levels of grazing can influence sward composition.  

Machair 

grasslands (CD6) 

These are specific semi-natural grasslands that occur on coastal grassy plains that are 

formed of wind-blown calcareous sands. Machair develops in places with a cool, moist 

and windy climate and, in Ireland, can be found along the west coast from Galway Bay 

to Malin Head, in Donegal, where gales and high winds are frequent. It is characterised 

by herbaceous vegetation that is often species-rich and features elements of sand 

dune communities and calcareous grassland. 

Heathland and 

peatland mosaics 

(HH1, HH2, HH3, 

HH4, PB2 and 

PB3) 

Heathland includes areas where the vegetation is open and there is at least 25% cover 

of dwarf shrubs, or where mosses dominate in the case of some montane areas. If the 

underlying soil is peat, peat depths of less than 0.5 m are usually, but not always, 

indicative of heath with wet heath occurring on peat of almost 1m in depth. Trees and 

larger shrubs may be present but should not be abundant; low-growing Western 

Gorse (Ulex gallii) and Juniper (Juniperus communis) are exceptions as 

they may be components of heath. Note all heathland 

in coastal areas are included here. Upland Heathland and peatland often occur 

together with acid grassland extending over large landscapes complexes used for 

extensive livestock grazing.  

Peatland (Bogs 

and Fens - PB,PF) 

Peatlands are subdivided into two main types, bogs and fens. Bogs are ombrotrophic 

(rain-fed) peatlands where almost all inputs of water to the system are derived from 

precipitation and where acid, oligotrophic peat deposits accumulate. Fens are 

minerotrophic peatlands that, in addition to precipitation, are fed by groundwater or 

moving surface waters. They have a higher nutrient status than bogs and can be either 

acid or base-rich.  

Woodlands 

(WD1, WN1, WN2, 

WN3, WN4, 

WN5, WN6) 

 Natural or ‘ancient’ woodland vegetation is now very rare in Ireland and most stands 

of trees have been modified and managed to some extent by humans over centuries. 

Because of this, the term ‘semi-natural’ is generally used for stands that resemble the 

potential natural woodland cover. To be considered as semi-natural, woodland should 

Table 7.1: Fossitt (2000) habitat classes considered as HNV habitats for monitoring. 
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be dominated by native trees, the understorey should be reasonably well-developed, 

and there should be no systematic removal of timber, dead wood or fallen trees. 

Stands that originate from planting in the past may be included if they are now 

regenerating naturally, together with stands that were formerly coppiced 

Scrub/ 

Transitional 

Woodland (WS1 

and WS2) 

This broad category includes areas that are dominated by at least 50% cover of shrubs, 

stunted trees or brambles. The canopy height is generally less than 5 m, or 4 m in the 

case of wetland areas. Scrub frequently develops as a precursor to woodland and is 

often found in inaccessible locations, or on extensively managed farmland. In the 

absence of grazing and mowing, scrub can expand to replace grassland or heath 

vegetation. Trees are included as components of scrub if their growth is stunted as a 

result of exposure, poor soils or waterlogging.  

Aquatic marginal 

wetlands with 

emergent 

vegetation, N.B. 

not open water 

area: Turloughs -  

(FL6), Tall reeds 

and swamp (FS) 

FL6 - Turloughs are ephemeral lakes that occupy basins or depressions in limestone 

areas, and where water levels fluctuate markedly during the year. Turloughs support 

a range of different plant communities that comprise a mixture of aquatic, amphibious 

and terrestrial species. Plant communities typically form a concentric pattern around 

the basin. 

 

FS - Swamps are stands of emergent herbaceous vegetation that generally occupy a 

zone at the transition from open water to terrestrial habitats. Water levels may 

fluctuate but swamps typically remain wet with the water table above ground level for 

most of the year. They can be associated with freshwater or brackish systems, and the 

water may be stagnant, slow-moving or tidal. Swamps occur along the margins of 

rivers, lakes, canals, lagoons and estuaries, but may also occupy more extensive 

flooded areas or infilling basins. Some swamps occur as floating mats of vegetation. 

Fresh water 

marsh (GM1) 

Marsh is found on level ground near river banks, lakeshores, and in other places where 

mineral or shallow peaty soils are waterlogged, and where the water table is close to 

ground level for most of the year. Unlike swamps, standing water is not a characteristic 

feature except, perhaps, during very wet periods or in winter months. Marsh is 

comparatively species-rich and supports ahigh proportion of wetland species. 

Hedgerows/Treel

ines (WL) 

Linear strips of shrubs, often with occasional trees, that typically form field or property 

boundaries. Most hedgerows originate from planting and many occur on raised banks 

of earth that are derived from the excavation of associated drainage ditches. 

Dimensions of hedgerows vary considerably, depending largely on management and 

composition, and are taken here as being mainly less than 5 m high and 4 m wide. 

When wider or taller 

than this, or dominated by trees, the habitat should be considered as a narrow strip 

of scrub or woodland, or as a treeline - WL2. 

Drainage ditches 

(FW4) 

This category includes linear water bodies or wet channels that are entirely artificial in 

origin, and some sections of natural watercourses that have been excavated or 

modified to enhance drainage and control the flow of water. To be included here, 

drainage ditches should either contain water (flowing or stagnant) or be wet enough 

to support wetland vegetation. 

Dry stone walls 

and earth banks 

Dry stone walls are built structures occurring on field boundaries, they may be stand-

alone structures or be a retaining wall as part of an earth bank.   

 

Earth banks are field boundaries constructed of local material such as peat, soil, gravel 

or stone or a mix of these forming narrow linear ridges often in association with a 

drainage ditch. When woody material has colonised or planted on these they are 

considered hedgerows.  
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7.2 HNVFF Rapid Evaluation Cards 

7.2.1 Grasslands REC 
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7.2.2 Field Margins REC 
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7.2.3 Peatlands REC 
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7.2.4 Woodlands and Scrub REC 
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7.3 Cell sampling survey times 

 

Cell no.  Number of 

surveys 

Hrs 

1  40 12 

2  32 9 

3  41 16 

4  24 8 

5  21 9 

6  49 19 

7  32 8 

8  32 12 

9  28 12 

10  26 14 

11  15 8 

12  13 9 

13  22 12 

14  19 10 

15  17 10 

total  411 168 

average  27.4 11.2 

stddev  10.34 3.19 

 

  

Table 7.2: Total field surveying time (including land access negotiation) for each sampling cell.  
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7.4 List of National monitoring programmes and organisations with 

potential for collaboration 

 

Monitoring programme or Organisation description and potential for collaboration or synergies. 

National Biodiversity Data Centre (NBDC) 

 

The National Biodiversity Data Centre (NBDC) is a national organisation which collects and manages data 

on Ireland’s biodiversity. One of the primary strategic objectives of the centre is to track change in the 

wider countryside, complementing the work of National Parks and Wildlife Service (NPWS) on tracking 

change in Ireland’s protected species. The centre is responsible for several national terrestrial and aquatic 

biodiversity data recording schemes, including citizen science driven monitoring programmes. There are 

opportunities for collaboration between HNV farmland and forest monitoring and NBDC-coordinated 

monitoring programmes, including, for example, the National Pollinator Monitoring Scheme that is 

currently being established. 

 

The National Parks and Wildlife Service (NPWS) 

 

The National Parks and Wildlife Service (NPWS) has responsibility for the protection and conservation of 

Ireland’s natural heritage and biodiversity at national government level. The responsibilities of the NPWS 

include research and compiling monitoring data, to assist in the provision of specialist advice in relation 

to public policy, designations, and the protection and management of wildlife habitats and species. Like 

the NBDC, there are opportunities for collaboration between HNV farmland and forest monitoring and 

NPWS-coordinated monitoring and management of protected habitats. The monitoring of HNV farmland 

and forest habitat could help inform management prescriptions for farmland and forest habitats within 

Nature Conservations sites. Furthermore, monitoring data could complement the reporting of the 

conservation status of these habitats such as under Article 17 of the EU Habitats Directive. 

 

Ordinance Survey Ireland (OSi) 

 

Ordinance Survey Ireland (OSi) is the host organization of national terrain aerial imagery products, spatial 

data expertise and developing partners of the delivery of the National Land Cover Map. The validation 

process of the NLCM could be organized to harmonise with the national sampling cell framework 

proposed for national scale HNV farmland and forest monitoring, resulting in a parallel quality control 

assessment of sampling cell spatial data. Furthermore, the development of NLCM updates should 

consider the need for regular and timely output to meet the demands of optimal monitoring cycles. 

 

Environmental Protection Agency (EPA) 

 

The Environmental Protection Agency are partners of the delivery of the National Land Cover Map and 

provider of timely information and knowledge to the public, policymakers and key economic sectors in 

support of actions to protect and manage the HNV farmland and forest areas. In its most recent state of 

the environment report (EPA, 2020), the EPA recommend the development (by relevant organisations) 

of detailed mapping, monitoring, and reporting to support an integrated land cover strategy and ensure 

that farmland and forestry (among other land uses) align with national-level environmental policy 

commitments. The proposed national scale HNV farmland and forest monitoring approach would directly 

support this recommendation. 

 

Central Statistics Office (CSO) 

Table 7.3: List of existing relevant national monitoring programmes and organisations with potential for 

collaboration and synergies.  
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The Central Statistics Office ecosystems accounting presents data on a range or ecosystems’ spatial extent 

and aspects of condition. More detailed ecosystem accounts will be compiled in future, pending data 

availability and methodological developments. Synergies could be developed from HNV farmland and 

forest ecosystem quantity and quality monitoring data to further inform a range of ecosystem extent and 

condition. 

 

Teagasc 

 

Teagasc is the state agency providing research, advisory and education in agriculture, horticulture, food 

and rural development in Ireland. This includes research in farmland and forest habitats and species, and 

the sensitive management of farmlands and forests. The Teagasc Signpost Farm Programme utilises the 

data collection and analysis methodology of the National Farm Survey to examine, among other aspects, 

individual and overall performance of climate actions in grassland and hedgerows. Supplementary 

farmland data obtained from HNV farmland and forest monitoring within extensive and more marginal 

landscape classes could enable a more representative examination and valuation of agricultural climate 

actions.  

 

The Countryside Bird Survey 

 

The Countryside Bird Survey (CBS) is coordinated by BirdWatch Ireland and funded by the National Parks 

and Wildlife Service. The CBS has served to show that national populations of common and widespread 

birds are continually changing. Changes are detected and quantified each year across 400 one km2 

randomly selected sample cells, and the data supports a range of assessment reports, including the 

Farmland Bird Index and Article 12 reporting under the EU Birds Directive (Lewis et al., 2019). The CBS is 

identified here as farmland bird data could be applied to monitor Type 3 HNV, a rarer HNV farmland 

type in Ireland (Sullivan, et al., 2017; Matin et al., 2020). This would require further investigation to 

determine suitable indicator species.  

 

National Forest Inventory 

 

The National Forest Inventory (NFI) routinely monitors and assesses the extent and nature of Ireland’s 

public and private forests. Information on species composition, growing stock volume, biodiversity, health, 

and carbon content is recorded. Depending on the HNV farmland and forest monitoring frequency 

adopted, relevant data gathered during the NFI monitoring cycles (every five to six years) could be used 

to evaluate HNV forest quality.  

 

 


