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Summary 

Silage effluent is a liquid by-product produced when grass and maize are stored as animal feed on 

cattle farms. It is one of the most polluting agricultural waste products – in some cases, more than 

200 times more harmful to streams than ordinary household sewage. Even very small amounts can 

deplete oxygen levels in a stream and kill insects, plants and fish. Despite this, silage effluent 

pollution from cattle farms receives relatively little systematic attention compared to other 

agricultural pollution sources such as liquid manure, and existing monitoring and inspection 

practice is not always well aligned with the timing and locations where silage effluent pollution 

typically occurs. 

This thesis investigates whether silage effluent runoff from cattle farms represents a broader 

environmental problem in Danish streams – one that goes beyond isolated local incidents and 

affects stream quality across a wider area. The study was motivated by a field investigation carried 

out during the author's internship at Hjørring Municipality in 2025, where 18 out of 22 of the largest 

cattle farms in the municipality showed signs of silage effluent pollution. This raised the question: if 

so many farms in just one municipality showed signs of pollution, what would a broader regional 

investigation reveal? 

To investigate this question, the study combines three analytical approaches. First, a spatial analysis 

using GIS software (QGIS) and a hydrological screening tool (SCALGO) was used to identify cattle 

farms where silage effluent could potentially reach a nearby stream. SCALGO makes it possible to 

trace where water and effluent from a farm area would flow across the landscape and whether it 

would connect to a monitored watercourse. Second, the ecological condition of the streams was 

assessed using DVFI – the Danish Stream Fauna Index – a biological indicator based on the types 

and numbers of small aquatic animals (macroinvertebrates) found in a stream. A DVFI value below 

5 indicates that the stream is in below-good ecological condition, with signs of organic pollution. 

Third, interviews were conducted with municipal environmental practitioners, stream ecology 

experts and representatives from SEGES Innovation and Danmarks Sportsfiskerforbund to 

understand why silage effluent pollution persists despite existing regulations. 

The spatial analysis covered 17 municipalities in northern and central Jutland and assessed 1,594 

cattle farms located within 2 kilometers of a DVFI monitoring station. After screening each farm 

individually in SCALGO to check whether a plausible runoff pathway existed between the farm's 

silage storage and the monitored stream, 125 farm-stream connections were retained as potential 

cases. Among these 125 connections, 58.4% were associated with below-good stream ecological 

conditions. In comparison, only 36.9% of all DVFI monitoring stations in the same 17 

municipalities showed below-good conditions. This difference of 21.5 percentage points suggests 

that streams connected to potential silage effluent runoff pathways are in poorer ecological 

condition than streams in the region as a whole, at nearly twice the rate of the regional average. 

The interviews revealed that this pattern is not surprising to practitioners working with agricultural 

water pollution. Municipal environmental workers, stream ecologists and representatives from the 
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fishing community all described silage effluent pollution as a recurring problem that is difficult to 

control effectively and prevent within existing systems. Several key challenges were identified: 

many farmers are not aware of how harmful silage effluent is compared to other agricultural waste; 

municipal inspections tend to be pre-announced and focused on paperwork rather than physical 

conditions on the ground; enforcement is inconsistent, with only around 10% of registered pollution 

cases resulting in formal consequences.   

Practitioners also identified practical steps that could improve prevention. These include better 

communication to farmers through trusted channels such as farmers' unions and agricultural 

advisory services, more targeted and seasonally timed inspections supported by tools like 

SCALGO, and more consistent enforcement when violations are found.  

The study concludes that silage effluent runoff from cattle farms is likely a broader environmental 

problem in Danish streams than existing monitoring and inspection practices currently reveal. The 

screening approach developed in this thesis provides a practical and relatively simple method for 

identifying potential spatial associations between silage effluent runoff risk and reduced stream 

quality at a regional scale, and for supporting more targeted prioritisation of field investigations and 

inspections. Addressing this problem more systematically could contribute to improving the 

ecological condition of Danish streams and to meeting Danish and European targets for good water 

quality. 
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1 Introduction 

Water quality degradation remains a significant environmental challenge in Denmark, where many 

streams and other water bodies still fail to achieve good ecological status. Agricultural activities are 

among the important pressures on freshwater systems, particularly through nutrient inputs, runoff, 

and drainage pathways. Within this broader field of agricultural water pollution, silage effluent 

represents a specific high-impact pollutant due to its high organic load and oxygen-depleting 

potential. Even relatively small discharges can affect aquatic ecosystems, especially in smaller 

streams with limited dilution capacity. 

My motivation for this thesis emerged from practical experience with this problem. For six years, I 

worked on a cattle farm in northern Jutland, where I was involved in silage production and farm 

management. I knew the process from the inside – the physical work of managing large silage 

storage facilities, the volumes of liquid that accumulate during fermentation, and the practical 

challenges of maintaining drainage systems on a working farm. What I did not fully understand at 

the time was how harmful that liquid could be if it reached a nearby stream. 

That understanding came during my internship at Hjørring Municipality in autumn 2025, where I 

carried out field investigations as part of my 9th semester project. Using SCALGO-based 
1hydrological screening and field observations, I assessed 22 of the largest cattle farms in the 

municipality for potential silage effluent pollution. The results were striking: 18 out of 22 farms 

showed signs of pollution or a high risk of pollution, including visible indicators such as sewage 

fungus, discoloured water, sedimentation, and runoff pathways from silage storage areas to nearby 

watercourses (Biletska, 2026). These observations, made in collaboration with municipal 

environmental staff, suggested that the problem may be far more widespread than isolated reported 

incidents indicate. 

The internship raised a broader question that I could not answer from a single municipality: if a 

high share of large cattle farms in just one municipality showed signs of pollution or pollution risk, 

what would a broader regional screening reveal? And if formal rules, monitoring systems, and 

inspection practices are already in place, what practical and institutional conditions allow silage 

effluent pollution risks to persist across different municipal contexts? These questions form the 

starting point for this thesis. 

To investigate the issue at a broader scale, I developed this thesis in collaboration with SEGES 

Innovation - a Danish agricultural knowledge and innovation centre - which provided access to 

cattle farm data and professional sparring on the methodological approach. The project builds on 

the idea of combining cattle farm data, DVF2I monitoring data, and SCALGO-based hydrological 

 
1 SCALGO is a web-based hydrological screening tool that uses terrain data to visualise surface water flow 
directions, depression-free flow pathways and potential runoff routes across the landscape. 
2 DVFI (Dansk Vandløbs Faunaindeks - Danish Stream Fauna Index) is a biological indicator of stream ecological 
condition based on macroinvertebrate communities. It is used in the Danish national monitoring programme 
NOVANA and ranges from 1 (heavily polluted) to 7 (pristine condition). 
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screening to assess whether potential runoff pathways from silage storage areas can be linked to 

ecological conditions in streams. This collaboration was essential because a broader regional 

investigation required access to relevant agricultural data, GIS 3knowledge, and expert input that 

would have been difficult to obtain independently within the timeframe of the thesis. 

The thesis, therefore, examines whether potential silage effluent runoff from cattle farms can be 

understood as a broader environmental problem in Danish streams. It combines GIS-based spatial 

analysis, SCALGO-based hydrological connectivity screening, existing DVFI ecological 

monitoring data, and key informant interviews. The spatial analysis investigates whether potential 

runoff pathways from cattle farms are associated with reduced ecological conditions in streams, 

while the interview material explores the practical and institutional conditions that may allow such 

risks to persist. 

The study is designed as a screening study rather than a farm-level attribution study. It does not seek 

to prove direct causality between individual cattle farms and specific DVFI values, but instead 

assesses whether existing spatial, hydrological, and ecological data can be combined to identify 

broader patterns of potential environmental risk. In this way, the thesis contributes to the discussion 

of how existing data and spatial tools may support more targeted environmental management of 

agricultural pollution pressures. 

The thesis is structured as follows. Chapter 2 presents the problem analysis and problem 

formulation. Chapter 3 introduces the theoretical and analytical frameworks, including the source-

pathway-receptor framework and Institutional Theory. Chapter 4 describes the methodology, 

including the spatial data, SCALGO screening approach and interview material. Chapter 5 presents 

the analysis, first focusing on spatial patterns between potential runoff pathways and DVFI 

conditions, and then on practitioner and expert perspectives on persistence and management 

challenges. Chapter 6 discusses the findings, methodological limitations and implications for 

monitoring and management. Chapter 7 presents the conclusion. 

 

2 Problem Analysis and Problem Formulation 

This chapter develops the problem analysis and problem formulation of the thesis. It begins by 

situating water quality degradation as a broader environmental challenge, with particular attention 

to agricultural pressures on freshwater systems. The chapter then narrows the focus to Denmark, 

where nutrient pollution, agricultural land use and continued failure to achieve good ecological 

status in many water bodies demonstrate the persistence of water-management challenges. 

Building on this context, the chapter introduces silage effluent as a specific high-impact agricultural 

pollutant. While agricultural pollution is often discussed in relation to diffuse nutrient losses, silage 

effluent represents a more concentrated and potentially severe pollution source due to its high 

 
3 QGIS is a free and open-source geographic information system used for spatial data processing, analysis and 
visualisation. 
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organic load and oxygen-depleting effects. The chapter, therefore, examines both the environmental 

characteristics of silage effluent and the evidence of recurring pollution incidents in Denmark. 

The final part of the chapter identifies the research gap that motivates the thesis. Although local 

incidents and municipal experiences show that silage effluent can cause serious pollution, less is 

known about whether potential runoff pathways from cattle farms are spatially associated with 

broader patterns of reduced ecological condition in streams. This leads to the problem formulation, 

research question, and sub-questions that guide the thesis. 

 2.1 Water Quality Challenges and the Role of Agriculture 

This section provides the empirical and contextual basis for the problem formulation. It first 

outlines global and European water quality pressures before turning to the Danish water-

management context. The section then examines the role of agriculture in water quality degradation 

and introduces silage effluent as a specific agricultural pollutant with high ecological impact. 

Finally, it presents evidence from Danish cases, municipal experience, and sector reporting to assess 

whether silage effluent pollution should be understood as an isolated local issue or as a recurring 

environmental management problem. 

2.1.1 Global and European Water Quality Pressures 

Water quality degradation is a major global environmental challenge, affecting freshwater 

ecosystems, biodiversity, and human health (Mateo-Sagasta et al., 2017; UNESCO, 2022). Across 

both developed and developing regions, water bodies such as rivers, lakes, and groundwater 

systems are increasingly exposed to pollution pressures resulting from human activities. Among 

these, agriculture has emerged as one of the most significant contributors due to its scale, intensity, 

and direct interaction with land and water systems (Mateo-Sagasta et al., 2017; UNESCO, 2022). 

Agriculture plays a central role in supporting global food production, but it also exerts considerable 

pressure on natural resources. It occupies a substantial proportion of the world's land surface, 

accounting for approximately 37% of global land use, and is the largest consumer of freshwater 

resources globally (Pericherla & Vara, 2023). At the same time, increasing food demand driven by 

population growth continues to intensify agricultural production systems, further amplifying 

environmental pressures, including impacts on water quality (FAO, 2018; UNESCO, 2022). 

Agricultural activities contribute to water pollution through a variety of pathways, including surface 

runoff, leaching, and drainage systems. These processes transport pollutants such as nutrients 

(nitrogen and phosphorus), sediments, organic matter, and chemical substances into surface and 

groundwater bodies (Wang et al., 2023). 

The consequences for freshwater biodiversity are severe. Agricultural pollution and habitat 

modification have contributed to an 81% decline in migratory fish populations since 1970, and 

approximately one quarter of all freshwater fauna is now threatened with extinction globally (WWF, 

2024; Sayer et al., 2025). Freshwater ecosystems are losing biodiversity at a rate far exceeding that 

of terrestrial or marine ecosystems, making the protection of stream and river systems one of the 

most urgent environmental challenges of our time. These challenges are directly reflected in the UN 
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Sustainable Development Goals – in particular SDG 6 (Clean Water and Sanitation), SDG 14 (Life 

Below Water) and SDG 15 (Life on Land) – which together call for the protection of freshwater 

ecosystems, the reduction of pollution and the conservation of biodiversity (United Nations, 2015). 

In a European context, this challenge is also evident, as approximately 38% of water bodies in the 

European Union are under significant pressure from agricultural pollution (FAO, 2018). According 

to the European Environment Agency, in 2021, only 37% of Europe's surface water bodies achieved 

good or high ecological status, as required under the EU Water Framework Directive (EEA, 2024). 

The Water Framework Directive is the main EU water policy, adopted in 2000, which aims to 

achieve good ecological and chemical status for all European water bodies through integrated river 

basin management (European Commission, n.d.). Despite the ambitious objective of achieving good 

ecological status for all waters, progress has been slower than anticipated, and Europe remains far 

from meeting the WFD targets by 2027 (EEA, 2024). 

2.1.2 Water Quality Status and Policy Challenges in Denmark 

In Denmark, similar challenges are evident despite a long history of water management under the 

EU Water Framework Directive. According to the European Commission’s assessment of 

Denmark’s implementation of the directive, eutrophication caused by nutrient pollution remains the 

primary factor behind the persistent failure to achieve good ecological status in water bodies 

(European Commission, 2025). This pressure is mainly associated with agricultural activities, 

particularly the use of manure and fertilizers, although contributions from wastewater treatment 

plants and aquaculture are also significant (European Commission, 2025).  

As a result, a large proportion of surface water bodies continue to fall below the required ecological 

standards. Only around 30% of surface water bodies have achieved good ecological status, while 

the majority remain below this threshold (European Commission, 2025).  

The ecological condition of Danish streams further reflects these pressures. Data from the 

NOVANA monitoring program (Det Nationale Overvågningsprogram for Vandmiljø og Natur), 

which constitutes Denmark’s national, long-term environmental monitoring framework for 

assessing the state of water bodies, nature, and air, are used for evaluation under the Water 

Framework Directive. The program is coordinated by Aarhus University through DCE - Danish 

Centre for Environment and Energy, in collaboration with national authorities, and is based on 

standardized monitoring of biological, chemical, and physical parameters across the country 

(Aarhus University, DCE, 2026). NOVANA thus provides systematic, nationwide and comparable 

data on the condition of aquatic and terrestrial ecosystems in Denmark. 

Assessments based on biological monitoring within NOVANA indicate that a substantial share of 

streams does not achieve good ecological status (DCE, 2021). According to the NOVANA stream 

assessment report for the period 2017-2019, based on data from approximately 2.400 condition 

stations (out of around 3.800 in total), the ecological status of Danish streams is generally low. Only 

57% of stations achieved at least “good” ecological status based on macroinvertebrates (Danish 

Stream Fauna Index, DVFI), while lower proportions were recorded for aquatic plants (29%, 



 
 

5 
 

Danish Stream Plant Index, DVPI), fish (44%, Danish Fish Index for Streams, DFFVa), and eel-

specific fish indicators (3%, Danish Fish Index for Streams - eel type, DFFVoe) (DCE, 2021). 

These findings indicate that, despite ongoing regulatory efforts, substantial environmental pressures 

on Denmark’s aquatic ecosystems persist. 

In addition to the documented ecological challenges, concerns have been raised regarding the 

implementation of water policy measures in Denmark. A coalition of environmental and civil 

society organizations, including the Danish Society for Nature Conservation, Greenpeace Denmark, 

the Danish Sportsfishing Association, and Green Transition Denmark, has formally addressed the 

European Commission, expressing concern that the Danish government is planning to delay the full 

implementation of measures required under the Water Framework Directive beyond the 2027 

deadline, in some cases until 2033. According to these stakeholders, such a delay may conflict with 

the directive’s requirement that good ecological and chemical status should be achieved within the 

specified timeframe, unless justified by natural conditions (Rådet for Grøn Omstilling, 2025). 

These concerns are further reinforced at the European level. The European Commission has 

initiated infringement procedures against Denmark for failing to correctly implement the Water 

Framework Directive, indicating potential non-compliance with EU water policy obligations 

(European Commission, 2026). Together, these developments highlight not only the ecological 

challenges facing Danish water bodies but also governance and implementation gaps, which may 

contribute to the continued failure to achieve good ecological status. 

 2.1.3 Agricultural Pressure and Silage Effluent as a High-Impact Pollutant 

As outlined above, nutrient pollution is widely recognized as a key driver of water quality 

degradation globally (Mateo-Sagasta et al., 2017; Pericherla & Vara, 2023), and this pattern is also 

evident in Denmark, where it remains a primary factor behind the poor ecological status of water 

bodies (European Commission, 2025). This issue is closely linked to the scale and intensity of 

Danish agriculture. Agricultural land covers approximately 60% of the national territory, while only 

14.9% is designated as protected nature (European Commission, 2025; Danmarks Statistik, 2025).  

While agricultural pollution is often addressed in terms of diffuse nutrient inputs, specific high-

impact pollution sources within agricultural systems receive less attention. One such source is silage 

effluent, which is recognized as one of the most polluting agricultural waste products due to its 

extremely high organic load and nutrient content (Arnold et al., 2000; Gebrehanna et al., 2014) 

Silage effluent is a liquid by-product generated during the storage and fermentation of silage, 

particularly when crops with high moisture content are ensiled (Gebrehanna et al., 2014). It 

typically contains high concentrations of soluble organic compounds, organic acids, and nutrients, 

and is characterized by a low pH, making it highly acidic (Gebrehanna et al., 2014; Stephens et al., 

1996). Due to these characteristics, silage effluent exhibits extremely high biochemical oxygen 

demand (BOD), which may be up to 200 times greater than that of domestic sewage (Stephens et 

al., 1996). Biochemical oxygen demand (BOD) refers to the amount of dissolved oxygen required 

by microorganisms to decompose organic matter in water over a given period, and is commonly 
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used as an indicator of organic pollution (Hach, 2020). Consequently, discharges of silage effluent 

can rapidly deplete oxygen levels in receiving water bodies, leading to hypoxic conditions and 

severe impacts on aquatic organisms. 

In comparison with other agricultural and organic waste streams, silage effluent represents one of 

the highest pollution loads. As shown in Figure 1, its BOD₅ can reach up to 90.000 mg O₂/L, 

significantly exceeding values reported for other agricultural wastes and domestic wastewater 

(Stephens et al., 1996). Moreover, a single silage clamp of approximately 200 tonnes has been 

estimated to produce a pollution load equivalent to that generated daily by a town of around 75.000 

people (Stephens et al., 1996). 

 

 

Pollutant 
 

BOD₅ (mg O₂/L) 

Silage effluent 90,000 

Pig slurry 35,000 

Cow urine 19,000 

Cow slurry 5,000 

Milk 140,000 

Dilute dairy yard washings 1,000–2,000 

Domestic sewage 500 

Figure 1:Biochemical Oxygen Demand (BOD₅) of Selected Pollutants (Stephens et al., 1996) 

 

Silage effluent decomposes significantly faster than domestic sewage, which can make it up to 1000 

times more polluting (Arnold et al., 2000). Even very small volumes can have severe impacts; for 

example, a single litre of silage effluent has the potential to reduce dissolved oxygen levels in up to 

10,000 litres of water below thresholds necessary for fish survival (Barmaki et al., 2017). When 

released into water bodies, even small quantities of silage effluent can therefore lead to rapid 

oxygen depletion and severe ecological damage, including fish mortality and degradation of aquatic 

ecosystems, making it a particularly hazardous pollutant compared to many other agricultural waste 

streams (Arnold et al., 2000; Gebrehanna et al., 2014). 

Recent practical guidance developed within the INTERREG Central Baltic Programme confirms 

that silage effluent represents both a nutrient loss and an environmental hazard when not managed 



 
 

7 
 

properly, and that effluent production can be minimised through wilting, appropriate crop selection 

and proper use of silage additives (Rinne et al., 2025).  

2.1.4 Evidence of Silage Effluent Pollution in Denmark 

 Documented incidents and empirical evidence 

In the Danish context, the risks associated with silage effluent are not only theoretical but are also 

reflected in documented pollution incidents and practical guidance issued by authorities and sector 

actors. Danish fisheries and water-management sources describe silage effluent as a highly oxygen-

consuming pollutant that can cause severe ecological damage even in small quantities, including 

oxygen depletion, fish mortality, and the formation of “lammehaler” in streams (Dehli & Sivebæk 

Jensen, 2026; Danmarks Sportsfiskerforbund, n.d.). The term “lammehaler” refers to visible, 

filamentous microbial growths that develop under conditions of high organic pollution, where 

bacteria and fungi proliferate as they decompose organic matter. In the scientific literature, this 

phenomenon is commonly described as “sewage fungus,” which forms in response to elevated 

organic loading and low oxygen conditions in watercourses (Exton et al., 2024). The presence of 

such biofilms is therefore widely recognized as an indicator of severe organic pollution and 

degraded ecological status in freshwater systems (Exton et al., 2024). An example of this type of 

visible pollution indicator is shown in Figure 2. The photo illustrates “lammehaler” (sewage fungus) 

observed during field investigation in Hjørring Municipality and provides a visual example of the 

organic pollution conditions described above. 
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Figure 2: Visible “lammehaler” (sewage fungus) in a watercourse near cattle farm activity, observed during field investigation 
in Hjørring Municipality, autumn 2025. Such microbial growth is commonly associated with severe organic pollution. Source: 
author’s own photo. 

These pathways are consistent with municipal observations. For example, Hjørring Municipality 

reported several watercourse pollution incidents related to overflow and handling of silage effluent 

and noted that such pollution may lead to oxygen depletion and fish kills (TV2 Nord, 2023).  

In addition, empirical evidence from a field investigation conducted during an internship at Hjørring 

Municipality in autumn 2025 further supports these observations. As part of this work, a structured 

assessment of 22 of the largest cattle farms in the municipality was carried out, combining 

hydrological screening (using Scalgo) with on-site inspections of nearby watercourses. The 

investigation was conducted directly by the author in collaboration with municipal environmental 

staff and was based on established indicators of organic pollution, including the presence of sewage 

fungus (“lammehaler”), water discoloration, sedimentation, odor, and absence of aquatic life 

(Biletska, 2026). 

The results showed that 18 out of 22 farms (approximately 82%) were associated with observable 

signs of pollution or high pollution risk, primarily linked to silage storage mismanagement, 

drainage issues, and runoff pathways from storage areas to nearby streams. These findings provide 

concrete, site-level evidence of the widespread nature of the problem and highlight the gap between 

regulatory requirements and actual on-ground practices (Biletska, 2026). 
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Recent reporting from Ringkøbing-Skjern Municipality indicates repeated discharges of silage 

effluent to Herborg Bæk, with observed impacts extending several kilometers downstream, 

ultimately leading to police reports against the farmer involved (Linddahl, 2025). Similar concerns 

have also been raised in relation to municipal inspections elsewhere. According to broader policy 

reporting, Thisted Municipality identified errors in drainage or discharge conditions at all eight 

inspected fixed storage areas on cattle farms, while Kolding Municipality documented problems 

with silage effluent pollution in watercourses at 11 out of 18 inspected cattle farms (Frandsen, 

2025). Together, these examples point to silage effluent pollution as a recurring management 

challenge across different municipal contexts. Systematic data further supports this picture – a 

recent analysis based on freedom of information requests to 23 Danish municipalities identified 291 

recorded cases of watercourse pollution over a 3.5-year period, of which 140 cases (48%) were 

attributed to silage effluent, making it the single largest recorded source of watercourse pollution, 

followed by manure (32%) and other or unknown sources (20%) (Danmarks Sportsfiskerforbund, 

2026). These findings underline the significance of silage effluent as a recurring source of pollution 

in Danish watercourses. 

In addition to the frequency of incidents, the study also points to substantial governance challenges. 

Approximately 90% of recorded cases were resolved without formal sanctions, indicating limited 

enforcement and a lack of preventive effect (Danmarks Sportsfiskerforbund, 2026). 

The recurrence of silage effluent pollution in Danish streams is placed in historical perspective by 

Peter Wiberg-Larsen, PhD and emeritus researcher at Aarhus University's Department of 

Ecoscience, who has worked with stream monitoring and pollution assessment since the late 1970s. 

Wiberg-Larsen notes that silage effluent pollution has been a documented environmental problem in 

Danish streams since at least the 1950s, and that the challenges associated with managing 

agricultural discharges to watercourses have been recognised by practitioners and authorities for 

decades (Wiberg-Larsen, personal communication, 2026).  

 This suggests that pollution persists not only due to environmental factors but also due to 

institutional weaknesses in monitoring and enforcement. These concerns are echoed in broader 

policy discussions, where experts highlight ongoing illegal discharges and environmental damage to 

Danish nature, emphasizing that current regulatory practices are insufficient to prevent repeated 

pollution events (Frandsen, 2025). 

The evidence presented above indicates that silage effluent pollution is not only a theoretical risk 

but a documented and recurring pollution issue in Danish watercourses. However, reported 

incidents and inspection data mainly show cases where the problem has already become visible 

through inspections, complaints or documented pollution events. Practitioner perspectives are 

therefore included as additional contextual evidence, helping to show that the issue is also 

recognised by municipal professionals working with agricultural water pollution in practice. 

Practitioner perspectives from previous interviews 

Municipal practitioners from Hjørring, Rebild, Kolding and Mariagerfjord municipalities, 

interviewed during the author's previous semester project in 2025, consistently described silage 
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effluent pollution as a recurring problem that has re-emerged in recent years, connected to larger 

farm sizes, drainage and maintenance challenges, and the practical difficulty of detecting pollution 

during ordinary inspections (Træholt, Andersen, Frandsen & Hansen, personal interviews, 2025). 

These perspectives support the broader evidence presented above and are examined in detail in 

Chapter 5 in relation to Institutional Theory. 

2.1.5 State of the Art, State of the Practice, and Research Gap 

State of the Art 

Existing research provides a well-established understanding of water quality degradation and the 

significant role of agriculture as a pressure on freshwater ecosystems. Agricultural activities are 

widely associated with nutrient enrichment, organic pollution, sediment input and ecological 

degradation in rivers and streams. Within this broader field, silage effluent has been identified as a 

particularly hazardous agricultural pollutant due to its high organic load, low pH and extremely 

high biochemical oxygen demand. These characteristics mean that even relatively small discharges 

can rapidly reduce dissolved oxygen levels and cause severe ecological impacts in aquatic systems, 

including oxygen depletion, fish mortality and biological degradation (Arnold et al., 2000; 

Gebrehanna et al., 2014; Exton et al., 2024). 

Previous studies have mainly focused on the chemical characteristics of silage effluent, its pollutant 

composition, its oxygen-depleting effects and farm-level management practices intended to prevent 

leakage or runoff. This has created a strong knowledge base regarding why silage effluent is 

environmentally harmful and how it can affect watercourses at the local scale. However, the 

existing literature gives less attention to the broader spatial extent of silage effluent pollution and to 

whether potential runoff pathways from cattle farms are associated with ecological conditions in 

streams across larger areas. 

State of the Practice  

In practice, water quality management in Denmark is supported by well-established monitoring and 

regulatory frameworks, including the NOVANA monitoring programme and implementation of the 

EU Water Framework Directive. These systems provide structured data on ecological conditions in 

water bodies and establish formal objectives for achieving good ecological status. In relation to 

streams, biological indicators such as DVFI are used to assess ecological condition and support 

national water-management reporting. 
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However, despite the existence of these monitoring and regulatory systems, a substantial proportion 

of Danish water bodies still fail to achieve good ecological status, and pollution incidents linked to 

agricultural activities continue to occur. A recent analysis based on data from 23 Danish 

municipalities identified 291 recorded cases of watercourse pollution over a 3.5-year period, of 

which 140 cases (48%) were attributed to silage effluent — making it the single largest recorded 

source of watercourse pollution, ahead of manure (32%) and other or unknown sources (20%) 

(Danmarks Sportsfiskerforbund, 2026). Despite this, enforcement remains limited, with most cases 

resolved without formal sanctions. This suggests a practical gap between formal monitoring and 

regulatory systems on the one hand, and the ability to proactively identify and manage recurring 

silage effluent pollution risks on the other. Existing practice appears to make the problem visible 

mainly through local inspections, reported incidents and municipal experience, rather than through 

systematic spatial screening of potential risk patterns. 

Research gap and relevance 

Despite a well-established understanding of the high pollution potential of silage effluent and the 

persistent poor ecological status of many water bodies, there remains limited knowledge about 

whether silage effluent should be understood mainly as isolated local pollution incidents or as part 

of a broader spatial environmental problem. Existing research, municipal cases and sector reports 

have documented severe local impacts, but the wider relationship between potential pollution 

sources, runoff pathways and ecological conditions in watercourses remains insufficiently explored. 

Current approaches rarely integrate spatial analysis, hydrological connectivity screening and 

ecological monitoring data – such as DVFI – in a way that allows potential connections between 

pollution sources, transport pathways and ecological receptors to be assessed across larger areas. 

The source–pathway–receptor framework, which is used in this thesis to structure the spatial 

analysis, provides a useful conceptual basis for this kind of assessment by requiring that a plausible 

hydrological connection exists between a potential source and a downstream receptor before a risk 

linkage is considered relevant. Without this kind of integrated approach, it is difficult to determine 

whether silage effluent runoff from cattle farms is systematically connected to reduced stream 

quality at a regional scale. 

This represents both a methodological and a practical gap in the Danish context. Municipalities 

often have limited capacity to conduct systematic inspections and hydrological assessments across 

large areas, while existing monitoring programmes already contain valuable ecological data that 

could potentially be used more actively in spatial risk screening. As a result, it remains unclear 

whether the spatial distribution of potential silage effluent runoff pathways corresponds to patterns 

of below-good ecological condition in Danish streams. 

The relevance of this research, therefore, lies in the need to move beyond isolated pollution cases 

and towards a broader understanding of where silage effluent runoff may represent a recurring 

environmental risk. By combining GIS-based spatial analysis, SCALGO-based hydrological 

connectivity screening, existing DVFI monitoring data and practitioner insights, this thesis aims to 

assess whether potential silage effluent runoff pathways are associated with reduced ecological 

conditions in streams. This makes the issue important not only as a local pollution problem, but also 
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as a question of how existing data and spatial tools can support more targeted environmental 

management of agricultural pressures on stream ecosystems. 

2.2 Problem Formulation 

The previous section identified a gap between existing knowledge about the pollution potential of 

silage effluent and the limited understanding of its broader spatial relationship with ecological 

conditions in Danish streams. Based on this gap, the thesis is formulated around the need to 

investigate whether potential silage effluent runoff from cattle farms can be assessed as a broader 

environmental risk using existing spatial, hydrological and ecological data. 

2.2.1 Aim of the Thesis 

The purpose of this thesis is not to prove direct causality between individual cattle farms and 

specific DVFI conditions. Instead, the study examines whether a combined spatial and qualitative 

approach can help identify whether potential silage effluent runoff represents a wider environmental 

problem that is currently only partly visible through local cases, municipal inspections and 

enforcement practice. 

The thesis combines GIS-based spatial analysis, SCALGO-based hydrological connectivity 

screening, existing DVFI monitoring data and key informant insights. Through the first analysis, it 

aims to identify whether potential silage effluent runoff pathways from cattle farms are spatially 

associated with reduced ecological conditions in Danish streams. Through the second analysis, it 

aims to understand the practical and institutional conditions that allow such risks to persist, and 

what practical and institutional changes would support more effective prevention and management. 

The qualitative component additionally provides a forward-looking perspective on how identified 

risks could be better addressed. 

The combination of methods reflects the nature of the research problem – no single approach is 

sufficient to address both dimensions simultaneously. 

2.2.2 Research Question and Sub-questions 

This leads to the following research question: 

Research Question 

How can GIS-based spatial analysis, existing DVFI monitoring data, and key informant insights be 

combined to assess whether potential silage effluent runoff from cattle farms represents a broader 

environmental problem in Danish streams? 

To answer this research question, the thesis addresses two sub-questions: 

SQ1: What spatial patterns can be identified between potential silage effluent runoff pathways from 

cattle farms and DVFI conditions in Danish streams? 
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SQ2: How do practitioner and expert insights help explain the persistence and management 

challenges of silage effluent pollution in practice, and what practical and institutional changes do 

practitioners identify as necessary for more effective prevention and management? 

3. Theoretical and Analytical Framework 
This chapter presents the theoretical and analytical perspectives that guide the study of potential 

silage effluent runoff from cattle farms and its relationship to ecological conditions in Danish 

streams. The aim is to establish a framework that can help understand the problem both as an 

environmental process and as a practical management challenge. 

The chapter combines a process-based environmental perspective with a governance-oriented 

theoretical perspective. First, the research design is presented to show how the research question 

and sub-questions are connected to the chosen data sources and methods. Second, the source-

pathway-receptor framework is introduced as the main analytical structure for understanding how 

silage effluent may move from farm-level sources through runoff pathways and into watercourses. 

Third, hydrological connectivity and DVFI are discussed as key concepts for assessing potential 

relationships between runoff pathways and ecological conditions in streams. Finally, Institutional 

Theory is used to support the interpretation of why silage effluent pollution risks may persist 

despite existing regulation, monitoring and municipal management efforts. 

Together, these perspectives provide the basis for analysing whether potential silage effluent runoff 

should be understood mainly as isolated local incidents or as part of a broader environmental 

problem. 

3.1 Research Design 
The research design structures how the thesis answers the main research question and the two sub-

questions. The study combines spatial analysis, ecological monitoring data and key informant 

insights in order to assess potential silage effluent runoff as both an environmental and 

management-related issue. 

The first part of the research design addresses the spatial and ecological dimension of the problem 

through GIS-based analysis of cattle farms and DVFI monitoring stations, SCALGO-based 

screening of potential runoff pathways, and comparison with existing DVFI monitoring data. This 

part primarily answers SQ1 by identifying whether potential runoff pathways are spatially 

associated with DVFI conditions in streams. 

The second part addresses the practical and institutional dimension of the problem through key 

informant insights from municipal environmental professionals, stream ecology specialists and 

other experts with knowledge of agricultural water pollution. These insights are used to understand 

how silage effluent pollution is experienced, managed and explained in practice. This part primarily 

answers SQ2 by examining how practitioner and expert knowledge help explain the persistence and 

management challenges of silage effluent pollution. 
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By combining these two analytical tracks, the research design makes it possible to assess both 

whether broader spatial patterns can be identified and how such risks are understood and managed 

in practice, supporting the overall research question by linking environmental screening with 

institutional and practical analysis. 

Figure 3 presents the overall research design of the thesis. Literature review supports both the 

problem analysis – by establishing the empirical context and research gap – and the theoretical 

framework – by grounding the choice of analytical perspectives. 

 

Figure 3: Research design of the thesis. Own creation. 
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 The study begins with the problem analysis, which identifies silage effluent as a high-impact 

agricultural pollutant and highlights the lack of broader spatial knowledge about its relationship to 

ecological conditions in streams. This leads to the problem formulation, where the research question 

and sub-questions are defined as presented in section 2.2.2. 

The theoretical and analytical framework provides the conceptual basis for the study. The source-

pathway-receptor framework provides a conceptual structure for spatial analysis, connecting 

potential pollution sources at cattle farms to ecological receptors through hydrological pathways. 

DVFI is used as an ecological indicator of stream condition, while Institutional Theory supports the 

interpretation of management and implementation challenges. 

The spatial analysis uses QGIS and SCALGO to identify and screen potential runoff pathways, with 

DVFI data used to assess associated ecological conditions. The qualitative analysis draws on key 

informant interviews to understand how silage effluent pollution is experienced and managed in 

practice. Together, the spatial analysis and practitioner insights are combined in the final 

interpretation to assess whether silage effluent runoff represents a broader environmental problem. 

The results provide the basis for the discussion, where methodological limitations, uncertainty and 

management implications are considered. The conclusion summarises the main findings and 

answers the research question. 

3.2 Source-pathway-receptor Framework 
The source-pathway-receptor framework is commonly used in environmental risk assessment to 

conceptualize how pollution risk occurs. Within this framework, risk depends on the existence of a 

pollution source, a receptor that may be harmed, and a pathway through which the pollutant can be 

transported or exposure can occur. A pollution source alone is therefore not sufficient to establish 

environmental risk; the source must be connected to a receptor through a plausible pathway 

(Environment Agency, 2019).  

The framework has also been applied in surface-water pollution studies. For example, Belle et al. 

(2023) developed a surface-water pollution risk assessment framework based on the source-

pathway-receptor model to assess risks from potentially toxic elements to aquatic organisms and 

human health. This demonstrates the relevance of the framework for connecting pollution sources, 

transport processes and affected aquatic receptors in water-quality research.  

Within the source-pathway-receptor framework, the source is defined as visible permanent silage 

storage facilities at cattle farms. Silage effluent is generated during the ensiling and fermentation 

process, particularly from high-moisture crops. It becomes environmentally relevant when 

inadequate storage, drainage, maintenance or handling conditions allow the effluent to leave the 

storage area and enter runoff pathways. The receptor is the stream ecosystem, represented 

empirically through DVFI monitoring stations and their ecological condition. 

This framework is useful because it prevents the analysis from treating all cattle farms near streams 

as equally relevant. A farm may represent a potential pollution source, but it becomes 
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environmentally relevant only if a plausible pathway connects it to a watercourse and to a receptor. 

In this thesis, QGIS and SCALGO are therefore used to screen potential source-pathway-receptor 

linkages rather than to prove actual pollution events. 

3.3 Institutional Theory 
Institutional Theory is applied in this thesis as a supporting theoretical framework to understand 

why silage effluent pollution risks may persist despite the existence of formal regulation, 

monitoring systems and environmental policy objectives. It complements the source-pathway-

receptor framework used in the spatial analysis. 

Institutional Theory focuses on how institutions shape behaviour, decision-making and policy 

outcomes. Institutions can be understood as established rules, norms, practices and meanings that 

structure social and organisational life (Peters, 2011; Bevir, 2009). In planning and environmental 

governance, institutions are important because they influence what actors are expected to do, what 

they are able to do, and what is considered legitimate or normal within a specific policy field. This 

makes the theory relevant for analysing environmental problems where formal regulations exist, but 

where actual outcomes depend on implementation, monitoring, enforcement and everyday 

practices. 

A central distinction in Institutional Theory is between formal and informal institutions. Formal 

institutions include laws, regulations, permits, inspection systems and official policy objectives. 

Informal institutions include routines, professional norms, local practices, habits and shared 

understandings (Peters, 2011; Bevir, 2009). This distinction is important in the case of silage 

effluent pollution. Formal rules may require proper storage, drainage and handling of silage 

effluent, but pollution risks may still occur if these rules are not followed, if infrastructure is 

insufficient, if maintenance routines fail, or if monitoring and enforcement are limited in practice. 

A further way to operationalise Institutional Theory is through Scott's three institutional pillars: the 

regulative, normative and cultural-cognitive pillars (Scott, 2014). The regulative pillar refers to 

formal rules, monitoring, enforcement and sanctions. The normative pillar refers to professional 

norms, expectations and ideas about appropriate practice. The cultural-cognitive pillar refers to 

shared understandings and taken-for-granted assumptions about how a problem is perceived and 

interpreted. 

In this thesis, these pillars are used as a simple analytical lens for interpreting key informant 

insights. The regulative pillar helps examine how formal regulation, inspection systems and 

sanctions shape the management of silage effluent pollution. The normative pillar helps examine 

how municipal routines, farm-level maintenance practices and professional expectations influence 

implementation. The cultural-cognitive pillar helps examine how actors understand the problem - 

for example whether silage effluent pollution is seen as isolated accidents, technical failures or a 

broader recurring environmental risk. 

The thesis also draws on the idea that institutions can be analysed through rules, practices and 

narratives. Rules refer to the formal and informal expectations that guide action. Practices refer to 
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what actors actually do in everyday implementation, inspection and farm management. Narratives 

refer to how actors understand and explain the problem. These concepts help analyse not only what 

regulations exist, but also how silage effluent pollution is understood, handled and prioritised in 

practice. 

The policy arrangement approach further supports this perspective by understanding policy domains 

as relatively stabilised arrangements of actors, rules, resources and discourses (Arts et al., 2006; van 

Tatenhove & Leroy, 2000). This is relevant because the management of silage effluent pollution 

involves several actors - farmers, municipalities, environmental inspectors, sector organisations and 

regulatory authorities - whose actions are shaped both by formal rules and by practical conditions 

such as inspection capacity, available resources, local knowledge and established routines. 

Institutional Theory is therefore not used to measure pollution directly. Instead, it supports the 

qualitative part of the analysis by helping to interpret the gap between formal regulation and 

practical outcomes. The source-pathway-receptor framework identifies potential environmental risk 

linkages, while Institutional Theory helps explain why such risks may not be fully prevented, 

detected or managed within existing regulatory and organisational arrangements. 

To clarify how Institutional Theory is applied in the empirical analysis, Figure 4 operationalises the 

key institutional concepts used in this thesis. The table links the theoretical concepts to their 

meaning in the context of silage effluent pollution and shows how they are used to interpret key 

informant insights. 

 

 

Institutional 

concept 
Meaning in this thesis Empirical focus 

Formal 

institutions 
Official rules and systems 

Environmental regulation, permits, 

inspection requirements, monitoring, and 

sanctions 

Informal 

institutions 

Routines, norms and local 

practices 

Farm-level handling, maintenance routines, 

and inspection culture 

Regulative pillar 
Formal rules, monitoring and 

enforcement 

Regulation, inspection systems, permit 

conditions, sanctions 

Normative pillar 
Expectations about appropriate 

practice 

Professional norms, farm maintenance, 

prevention culture, municipal routines 

Cultural-

cognitive pillar 

Shared understandings of the 

problem 

Awareness, problem framing, pollution seen 

as isolated or systemic 
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Institutional 

concept 
Meaning in this thesis Empirical focus 

Rules 
Formal and informal expectations 

guiding behaviour 

Requirements for storage, drainage and 

pollution prevention 

Practices What actors actually do 
Maintenance, inspections, response to 

pollution cases 

Narratives 
How the problem is understood 

and explained 

Isolated incidents, technical failures, farm 

expansion, weak enforcement 

Institutional gap 
Difference between formal 

objectives and practical outcomes 
Regulation exists, but pollution risks persist 

Figure 4: Operationalisation of Institutional Theory in this thesis. Own creation. 

4. Method 

4.1 Overall Methodological Approach 
This chapter presents the methodological approach used to investigate whether potential silage 

effluent runoff from cattle farms represents a broader environmental problem in Danish streams. 

The study applies a mixed-methods design, combining GIS-based spatial analysis, SCALGO-based 

hydrological connectivity screening, existing DVFI monitoring data, and practitioner insights. The 

idea of combining SCALGO-based hydrological screening with existing DVFI monitoring data was 

proposed by Flemming Gertz, chief consultant in geology and water, environment, and climate 

adaptation at SEGES Innovation, drawing on his expertise in spatial data analysis and watercourse 

systems (Gertz, personal communication, 2026). 

The quantitative and spatial part of the method is used to identify potential source-pathway-receptor 

linkages between cattle farms, runoff pathways, and DVFI monitoring stations. QGIS is used to 

process and combine spatial datasets, including cattle farm locations, DVFI stations, watercourse 

data, and regional DVFI values. SCALGO is used to manually screen potential runoff pathways 

from visible silage storage areas to open water and to register possible runoff entry points. 

The qualitative part of the method is based on practitioner and expert insights from key informants, 

including municipal environmental professionals and specialists with knowledge of DVFI and 

stream ecology. These insights are used to understand how silage effluent pollution is experienced, 

managed, and explained in practice, as well as how ecological monitoring data can be interpreted in 

relation to potential pollution pressures. This part of the method supports the institutional analysis 

by focusing on regulation, enforcement, monitoring capacity, farm practices, ecological assessment 

and management challenges. 
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Together, these methods allow the thesis to address both the spatial-environmental dimension and 

the practical management dimension of silage effluent pollution. The following sections describe 

the study area, data sources, spatial processing steps, SCALGO screening procedure, interview 

method and methodological limitations. 

Because the spatial analysis involved several data preparation and screening steps in QGIS and 

SCALGO, this chapter focuses on the methodological logic of the workflow rather than on every 

individual software operation. The aim is to describe the data sources, screening criteria, key 

parameters and analytical outputs that are necessary to understand and assess the method. The 

QGIS workflow was developed iteratively, with support from the supervisor and SEGES 

Innovation, and included several technical adjustments during data preparation and quality 

checking. These technical steps are not described in full detail, as the purpose of the method chapter 

is to explain the analytical approach rather than provide a software manual. 

4.2 Study Area and Scope 
The spatial analysis in this thesis is designed as an exploratory regional screening rather than a full 

national assessment. The original research interest concerns whether potential silage effluent runoff 

from cattle farms may represent a broader environmental problem in Danish streams. However, due 

to the time-intensive nature of manual SCALGO screening and the limited timeframe of the thesis, 

it is not possible to conduct a systematic analysis of all Danish municipalities. 

The GIS and SCALGO analysis is therefore limited to selected municipalities in northern and 

central Jutland. These municipalities are chosen as the practical study area because they allow the 

thesis to test whether a broader spatial pattern can be identified within a manageable regional scope. 

The analysed municipalities include: Frederikshavn, Hjørring, Brønderslev, Aalborg, Jammerbugt, 

Rebild, Vesthimmerland, Morsø, Holstebro, Viborg, Mariagerfjord, Skive, Silkeborg, Thisted, 

Struer, Randers, and Lemvig. 

Within this spatial scope, the analysis focuses on potential source-pathway-receptor linkages 

between cattle farms, runoff pathways, and DVFI monitoring stations. Cattle farms are treated as 

potential sources only where visible or permanent silage storage can be identified. Potential 

pathways are assessed through SCALGO-based runoff screening and QGIS analysis, while DVFI 

stations are used as ecological receptors. Entry-point coordinates are registered only in cases where 

runoff from silage storage appears to reach open water and to be connected to the same watercourse 

system as the relevant DVFI station. 

The qualitative part of the thesis has a broader empirical scope than the spatial analysis. Key 

informant interviews include municipal practitioners and experts with relevant knowledge of silage 

effluent pollution, stream ecology, DVFI interpretation and environmental management. Some 

interviewees therefore represent municipalities or professional contexts outside the spatial 

SCALGO study area, such as Kolding Municipality. These interviews are not used to extend the 

spatial findings geographically. Instead, they are used to support the institutional and practical 
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interpretation of why silage effluent pollution risks may persist despite existing regulation and 

monitoring. 

This distinction is important for the interpretation of the results. The spatial findings should be 

understood as applying to the selected municipalities included in the GIS and SCALGO analysis, 

not to Denmark as a whole. The interview material, by contrast, provides broader contextual and 

professional insight into the management challenges associated with silage effluent pollution. 

Together, these two forms of empirical material allow the thesis to examine both whether potential 

spatial patterns can be identified within the study area and how such risks are understood and 

managed in practice. 

The scope of the thesis is therefore limited in several ways. First, the analysis does not include all 

Danish municipalities. Second, it focuses on visible or permanent silage storage facilities and does 

not include hidden, temporary or non-visible management practices. Third, the DVFI data used in 

the analysis cover the period from 1 January 2023 to 1 January 2026, meaning that the ecological 

conditions represented in the dataset reflect this specific monitoring period rather than long-term 

stream conditions. This also means that the DVFI values may not correspond temporally to specific 

pollution events or runoff situations. Fourth, the identification of a potential runoff pathway does 

not prove that silage effluent pollution has occurred. Finally, DVFI conditions may be influenced by 

several pressures other than silage effluent, including hydromorphology, sediment input, 

wastewater, drainage and general agricultural land use. The analysis should therefore be interpreted 

as a screening of potential environmental risk patterns rather than a causal assessment of individual 

pollution impacts. 

4.3 Data Sources 
This section presents the main data sources used in the thesis. The study combines spatial datasets, 

ecological monitoring data, hydrological screening tools, and key informant interviews. Together, 

these data sources support the identification of potential source-pathway-receptor linkages between 

cattle farms, runoff pathways, and DVFI monitoring stations, as well as the interpretation of 

management challenges related to silage effluent pollution. 

The spatial and ecological analysis is based on cattle farm data, DVFI monitoring data, watercourse 

network data, orthophotos, and SCALGO-based terrain and hydrological connectivity information. 

The qualitative part of the thesis is based on key informant interviews with practitioners and 

experts. Figure 5 provides an overview of all data sources, their role in the analysis and the key 

variables used. 
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Data source Role in the thesis Key variables / information Use in analysis 

Cattle farm 

data 

Potential pollution 

sources 

CHR_nummer, coordinates, 

municipality, animal 

categories, annual animals 

Used to identify cattle farms 

and create farm-DVFI 

connections 

DVFI 

monitoring 

data 

Ecological 

receptor / stream 

condition 

StedID, coordinates, date, 

DVFI index 

Used to represent ecological 

condition at stream 

monitoring stations 

Watercourse 

data 

Hydrological 

pathway 

Vandløbsmidte / stream 

network 

Used to assess watercourse 

connection and distance 

along streams 

SCALGO Live 

Runoff and 

hydrological 

screening 

Flow direction, depressions, 

runoff routes, orthophoto 

interpretation 

Used to identify potential 

runoff pathways and entry 

points to open water 

Orthophotos 

Identification of 

visible silage 

storage 

Visible/permanent silage 

storage, farm layout, drainage 

context 

Used to manually assess 

whether farms had relevant 

silage storage areas 

Key informant 

interviews 

Practical and 

institutional 

context 

Practitioner and expert 

knowledge 

Used to understand 

persistence, monitoring, 

enforcement and 

management challenges 

Figure 5: Provides an overview of the data sources and their role in the analysis. Own creation. 

 

4.3.1 Cattle Farm Data 

The cattle farm dataset is obtained through collaboration with SEGES Innovation, which is named 

as the data provider for this thesis. Kristina Rasmussen, chief consultant in nature, environment, and 

land use at SEGES Innovation, contributed insight into farm-level practices and the agricultural 

management context, which helped shape the analytical approach (Rasmussen, personal 

communication, 2026). 

According to clarification from SEGES Innovation, the dataset represents 2024 cattle/CHR data 

(Rasmussen, personal communication, 2026). The dataset contains CHR-registered cattle holdings 

with spatial coordinates and farm-related attributes, including municipality, animal categories, and 

annual animal units. The original dataset also includes CHR_number; however, SEGES Innovation 

has clarified that CHR numbers must be treated as confidential because they can be directly traced 
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back to individual farmers. For this reason, CHR numbers are not shown in tables, maps, or 

appendices in this thesis.  

Since the original dataset contains several sub-records for the same CHR number, for example, due 

to different animal sub-categories, the farm data are aggregated to one point per farm before the 

spatial analysis. This is necessary to avoid counting the same farm multiple times in the proximity 

and runoff screening. During aggregation, annual animal units are summed for each farm, while 

relevant descriptive attributes such as municipality and animal categories are retained where 

possible. 

The aggregated farm layer is used as the basis for identifying cattle farms located near DVFI 

monitoring stations. In the source-pathway-receptor framework, these farms represent potential 

pollution sources. However, the registered farm coordinates do not necessarily represent the exact 

position of silage storage facilities. Therefore, after the initial preparation and aggregation in QGIS, 

the farm layer is imported into SCALGO together with the DVFI station layer for further visual and 

hydrological screening. The farm data are supplemented with orthophoto interpretation and 

SCALGO-based runoff screening to identify visible or permanent silage storage areas and assess 

whether plausible runoff pathways existed from these areas to open water. 

4.3.2 DVFI Monitoring Data 

DVFI monitoring data are used to represent ecological conditions in Danish streams. In this thesis, 

DVFI functions as the ecological receptor component in the source-pathway-receptor framework. 

The DVFI index is based on stream macroinvertebrate communities and is used as an indicator of 

biological stream quality. 

DVFI data are part of the Danish stream monitoring system under NOVANA. In the NOVANA 

stream programme, biological quality elements are used to assess ecological conditions in 

watercourses, and macroinvertebrates are one of the biological components included in this 

monitoring (Miljøstyrelsen, 2023). The technical guideline for macroinvertebrates in streams 

describes DVFI as a fauna class calculated from the macroinvertebrate community found at a 

sampling station. The method is based on the registration of taxa and individual counts, which are 

reported in the public environmental data system, after which the DVFI fauna class can be 

calculated automatically (Wiberg-Larsen, 2025). 

The DVFI data are downloaded from Kemidata, a public data platform under Danmarks 

Miljøportal. The data are accessed as a CSV file through the Miljødataundersøgelser interface by 

selecting Dansk Vandløbs Faunaindeks as the investigation type and filtering the period from 1 

January 2023 to 1 January 2026. 

This period is selected to represent recent stream ecological conditions and to align as closely as 

possible with the cattle farm dataset, which covers 2024. The dataset includes station identifiers, 

coordinates, dates, and DVFI index values. After downloading, the CSV file is imported into QGIS 

and converted into a spatial layer using the coordinate fields. The processed DVFI station layer is 

used in three ways. First, it is used in QGIS to create spatial connections between DVFI stations and 
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nearby cattle farms. Second, it is imported into SCALGO as a reference layer during the manual 

runoff screening, making it possible to visually identify the location of DVFI stations in relation to 

farms, silage storage areas, runoff pathways, and watercourses. Third, it is used to compare the 

DVFI distribution of stations associated with potential runoff pathways against the regional DVFI 

distribution in the same municipalities. Where several DVFI records exist for the same monitoring 

station within the selected period, an average DVFI value is calculated for each StedID (station 

location identifier in the Danish environmental monitoring system). In this thesis, StedID is treated 

as the unique identifier for a DVFI monitoring station. 

The use of averaged DVFI values is a methodological simplification. DVFI conditions may vary 

over time and may not correspond directly to a specific pollution event or runoff situation. In 

addition, DVFI reflects the overall biological condition of the stream and may be influenced by 

several pressures other than silage effluent. This limitation is addressed further in the 

methodological limitations and discussion sections.  

4.4 Spatial Data Integration and GIS/SCALGO Processing 
  The spatial part of the analysis is carried out using QGIS and SCALGO. QGIS is used to prepare, 

clean and combine the spatial datasets, while SCALGO is used for manual hydrological 

connectivity screening and visual interpretation of potential runoff pathways. The purpose of this 

workflow is to identify potential source-pathway-receptor linkages between cattle farms, possible 

silage effluent runoff pathways and DVFI monitoring stations. 

All spatial datasets are handled in the coordinate reference system EPSG:25832, which allows 

coordinates, distances and spatial overlays to be used consistently across QGIS and SCALGO. The 

prepared cattle farm layer represents potential pollution sources, while the processed DVFI station 

layer represents ecological receptors. 

In QGIS, the aggregated cattle farm layer and the processed DVFI station layer are used to identify 

cattle farms located within a 2 km screening distance of at least one DVFI monitoring station. This 

proximity-based screening produces a working farm-DVFI connection table, where each row 

represents a potential spatial relationship between one cattle farm and one DVFI station. The table 

contains the main attributes needed for the subsequent screening and analysis, including farm CHR 

number, municipality, farm coordinates, annual animal units, DVFI station identifier (StedID), 

DVFI station coordinates and DVFI index value. The original CHR number is used only during 

internal data preparation and is not shown in the thesis due to confidentiality requirements. 

The working farm-DVFI connection table is used as the documentation structure for the manual 

SCALGO screening. For the visual screening itself, the farm layer and the DVFI station layer are 

imported into SCALGO as separate point layers. This makes it possible to assess where each farm 

is located, where nearby DVFI stations are situated, and how possible runoff pathways from silage 

storage areas relate to open water and the surrounding stream network. 

The manual SCALGO screening is carried out in two main steps. First, each farm is visually 

checked to determine whether visible or permanent silage storage is present. Orthophotos are used 
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for this part of the assessment, as they make it possible to identify silage storage facilities, farm 

layout and possible runoff directions. Where visible or permanent silage storage is identified, a 

runoff assessment is carried out from the storage area to evaluate whether surface flow appears to 

reach open water. 

Second, where runoff appears to reach open water, it is assessed whether this open water is 

connected to the same downstream watercourse system as a nearby DVFI monitoring station. This 

assessment is supported by SCALGO hydrological screening tools and mapped watercourse layers. 

The SCALGO Watershed Tool, especially the Depression-Free Flow analysis, is used to indicate 

likely flow directions across the terrain from the silage storage area toward lower-lying receiving 

areas. The SCALGO Streams Network layer is used to identify mapped flow lines and stream 

connections. To improve the visual interpretation of open watercourses, the GeoDanmark hydro 

layers Vandløbsmidte and Vandløbskant are also activated. Municipality boundary layers are used to 

verify that the identified farm-DVFI connections are assigned to the correct municipality within the 

study area. 

If a potential runoff pathway from a silage storage area appears to connect to the same downstream 

watercourse system as a DVFI station, the corresponding farm-DVFI row in the working table is 

identified. The coordinates of the point where runoff appears to enter open water are then registered 

in that row as the potential runoff entry point. These coordinates represent potential entry points 

into open water for selected hydrologically plausible farm-DVFI connections. They should not be 

interpreted as confirmed discharge points. 

The 2 km distance is used as an initial screening distance rather than as evidence of direct 

hydrological impact. The threshold is selected as a pragmatic and expert-informed distance based 

on key informant interviews, where larger distances are considered less relevant for identifying 

potential direct silage effluent impacts on DVFI stations (Frandsen, personal interview, 2026). 

Beyond this distance, runoff pathways become more uncertain, and other environmental pressures 

are more likely to influence stream condition. The 2 km buffer is therefore used to identify 

candidate farm-DVFI relationships for further manual SCALGO screening, not to define confirmed 

impact. 

The processed dataset is then used to compare the DVFI distribution of stations associated with 

potential runoff pathways against the regional DVFI distribution in the same municipalities. This 

comparison assesses whether the retained potential runoff cases are more frequently associated with 

below-good ecological conditions than the regional background distribution. The comparison is 

descriptive and does not establish causality. 

The choice to use SCALGO is informed by previous internship experience at Hjørring Municipality, 

where SCALGO-based runoff screening was used to select field investigation locations around 

cattle farms. In that context, field inspections later identified signs of pollution or high pollution risk 

at a large share of the assessed farms. This supports the relevance of SCALGO as a practical tool 

for preliminary hydrological screening. However, in this thesis, the method is used without 
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systematic field verification, and the results are therefore interpreted as potential source-pathway-

receptor linkages rather than confirmed pollution cases. 

The general spatial workflow is developed with support from Lars Bodum, supervisor at Aalborg 

University, who contributed to the preliminary QGIS processing logic, dataset aggregation 

procedure and proximity-based screening approach. Technical support with map production and 

spatial data handling is also provided by Ditte Olsen, consultant in water, environment and climate 

adaptation at SEGES Innovation, who assists with GIS layer preparation and map visualisation. 

Figure 6 provides an overview of the spatial distribution of the resulting farm-DVFI connections 

across the study area, showing DVFI stations colour-coded by index value and cattle farms within 

the 2 km screening distance. Points are colour-coded by DVFI index value (1–7), with red 

indicating below-good ecological condition and green indicating good or better condition. The layer 

forms the basis for the subsequent manual SCALGO screening.  

 

Figure 6: QGIS overview of DVFI monitoring stations and cattle farms within the 2 km screening distance across the study area 
in northern and central Jutland. Screenshot from QGIS. 

 

4.5 Interview Material and Expert Input 
Key informant interviews form the qualitative and institutional part of the thesis. While the GIS and 

SCALGO analysis identifies potential spatial patterns between cattle farms, runoff pathways, and 

DVFI conditions, the interviews provide insight into how silage effluent pollution is understood, 

monitored, and managed in practice. The material is used primarily to answer SQ2: How do 

practitioner and expert insights help explain the persistence and management challenges of silage 
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effluent pollution in practice, and what practical and institutional changes do practitioners identify 

as necessary for more effective prevention and management? 

The interview material combines two sources. The first consists of interviews collected during the 

author's previous semester project on silage effluent pollution, including municipal environmental 

practitioners from Hjørring, Rebild, Kolding and Mariagerfjord municipalities, and written input 

from Hjørring Municipality. These interviews are included because they address the same empirical 

problem as the present thesis - the persistence of silage effluent pollution, municipal management 

challenges, farm-level practices, and enforcement limitations - and remain directly relevant to the 

current research question.  

The second source consists of material collected specifically for this thesis: a follow-up interview 

with Sten Bøgild Frandsen (Kolding Municipality) focusing on SCALGO-based runoff screening 

and inspection practice; an interview with Morten Lauge Fejerskov, chief consultant and stream 

specialist at NIRAS, who contributed expert knowledge on DVFI methodology, stream ecology, and 

the relevance and limitations of using DVFI data in relation to organic pollution pressures; an 

interview with Torben Hansen, nature and environment consultant at Danmarks 

Sportsfiskerforbund, who contributed insights on pollution detection practice and the role of citizen 

observation in identifying silage effluent cases; and email correspondence with Marianne Hansen, 

environmental worker at Mariagerfjord Municipality, who provided updated information on 

municipal inspection practice and regulatory developments related to silage effluent management. 

All interviews are conducted as semi-structured key informant interviews. The conversations are 

guided by central themes, but the order and formulation of questions are adapted to allow 

informants to elaborate on their professional experience. This approach is appropriate because the 

aim is not to produce statistically representative data, but to gather practical and expert knowledge 

from people with direct experience of agricultural water pollution, stream ecology, or municipal 

environmental work.  

The interview summaries and correspondence are used to identify recurring themes and practitioner 

explanations. The material is interpreted through the Institutional Theory framework from Chapter 

3, with attention to formal rules, informal practices, professional narratives, and perceived 

implementation gaps. Interview summaries and documentation are provided in Appendix A. 

It should be noted that some informants work in municipalities outside the spatial GIS and 

SCALGO study area. Their perspectives are not used to extend the spatial findings geographically, 

but to support the broader institutional interpretation of why silage effluent pollution risks may be 

difficult to prevent, detect, and manage within existing regulatory and organisational arrangements. 

Figure 7 provides an overview of all key informants, their professional background, the form of 

contact and their relevance to the thesis. 
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Informant Date/Type Position/expertise Affiliation Relevance to this thesis 

Sten Bøgild 

Frandsen 

Interview Online via 

Teams:15.10.25;30.03.26; 

19.05.26 

Email correspondence: 2026  

Environmental 

Technician 

Kolding 

Municipality 

SCALGO screening; 

inspection practice; 

enforcement culture; 

practitioner assessment of 

methodological relevance 

and limitations; 

prevention strategies 

Poul Træholt 

Interview In-person: 

1.12.2025 

 

Nature Worker 
Hjørring 

Municipality 

Local knowledge of 

stream pollution; 

prevention strategies 

Marianne 

Hansen 

Interview In-person: 9.12.25 

 

Email correspondence: 2026  

Environmental 

Worker 

Mariagerfjord 

Municipality 

Experience with 

agricultural water 

pollution and silage 

effluent across 

municipalities 

Ane Juul 

Dane 

Interview In-

person:1.12.2025 
Environmental 

Worker 

Hjørring 

Municipality 

Inspection practice; 

farmer awareness gaps; 

SCALGO use; municipal 

resources and detection 

limitations 

Torben 

Hansen  

Interview Online via Teams: 

27.04.2026 
Nature and 

Environment 

Consultant  

Danmarks 

Sportsfiskerforbund 

Pollution detection 

practice; fishermen as 

primary observers; 

recurring winter 

pollution; monitoring 

gaps 

Peter Munk 

Andersen 

Interview In-person: 

9.12.2025 Environmental 

Worker, Water and 

Nature 

Rebild 

Municipality 

Farm expansion and 

management capacity; 

inspection culture; runoff 

detection; enforcement 

and consequences 

Morten 

Lauge 

Fejerskov 

Interview In-person: 1.05.26 Chief Consultant 

and stream 

specialist 

NIRAS 
Expert knowledge on 

DVFI, stream ecology 

and interpretation of 
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Informant Date/Type Position/expertise Affiliation Relevance to this thesis 

ecological monitoring 

data 

Flemming 

Gertz, Anja 

Juul 

Freudendal 

& Kristina 

Rasmussen 

Interview Online via Teams: 

22.05.2 026  

 

Email correspondence: 2026  

Flemming Gertz: 

Chief Consultant, 

Geology and 

Water; Anja Juul 

Freudendal: Chief 

Consultant, Cattle 

Health and 

Welfare; Kristina 

Rasmussen: Chief 

Consultant, 

Nature, 

Environment and 

Land Use 

SEGES Innovation 

Methodological input; 

expert assessment of 

spatial findings; interest 

in continuing analysis; 

farm-level and 

watercourse expertise, 

data provider (cattle farm 

dataset) | 

Jeremy Nash 

  

 Interview Online via Teams: 

20.11.25 

 

 Silage Consultant 

Private 

Commercial 

Company “The 

Silage Consultant” 

Technical knowledge on 

silage effluent production, 

dry matter management 

and additive use; 

Peter 

Wiberg-

Larsen 

Email correspondence: June 

2026 

PhD, Emeritus, 

Stream Ecologist 

Aarhus University, 

Department of 

Ecoscience 

Historical perspective on 

silage effluent pollution 

in Danish streams since 

1955; enforcement 

experience; assessment of 

current institutional 

challenges | 

Figure 7: Provides an overview of all key informants, their professional background, and their relevance to the thesis. Own 
creation. 

 

4.6 Use of AI Tools 
AI tools are used as supportive writing tools during the thesis process. Their use is limited to 

language-related and editorial support, including grammar correction, academic rephrasing, 

clarification of sentence structure, and improvement of wording in selected paragraphs. AI is also 

used as a sparring tool when reflecting on the clarity of the thesis structure and argumentation. 
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AI is not used to collect empirical data, conduct the GIS or SCALGO screening, carry out 

interviews, select sources, or make final analytical conclusions. All empirical material, spatial 

screening decisions, interpretation of results, and final academic arguments are developed and 

assessed by the author. AI-generated suggestions are reviewed, edited, and accepted only where 

they support the clarity and readability of the thesis. 

5. Analysis 
This chapter presents the empirical analysis of the thesis and is structured according to the two sub-

questions. The first part addresses SQ1 by examining spatial patterns between potential silage 

effluent runoff pathways from cattle farms and DVFI conditions in Danish streams. The analysis is 

structured through the source-pathway-receptor framework introduced in Chapter 3, and is based on 

the GIS and SCALGO screening, the working farm-DVFI dataset, and the comparison with the 

regional DVFI distribution. 

The second part addresses SQ2 by examining practitioner and expert perspectives on the persistence 

and management challenges of silage effluent pollution, and what practical and institutional 

changes practitioners identify as necessary for more effective prevention and management. This part 

draws on key informant interviews and is interpreted through the Institutional Theory framework. 

Finally, the two analytical parts are brought together in a combined interpretation to assess whether 

potential silage effluent runoff from cattle farms can be understood as a broader environmental 

problem. 

5.1 Spatial Patterns Between Potential Runoff Pathways and DVFI 
Conditions 
This section addresses the first sub-question: 

What spatial patterns can be identified between potential silage effluent runoff pathways from 

cattle farms and DVFI conditions in Danish streams? 

The spatial analysis is structured through the source-pathway-receptor framework introduced in 

Chapter 3. Cattle farms with visible or permanent silage storage represent potential sources, runoff 

routes identified through SCALGO represent potential pathways, and DVFI monitoring stations 

represent ecological receptors. The analysis, therefore, focuses on identifying where these three 

elements appear to form potential linkages and how the associated DVFI conditions are distributed. 

5.1.1 Identification of Potential Source-pathway-receptor Linkages 

The spatial analysis applies the source-pathway-receptor framework described in Chapter 4, using 

SCALGO-based manual screening to identify hydrologically plausible connections between cattle 

farms with visible silage storage and downstream DVFI monitoring stations. 

In the initial QGIS screening, 1,594 cattle farms are identified within the 2 km screening distance of 

at least one DVFI monitoring station across the 17 selected municipalities, as shown in Figure 6 in 
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section 4.4. These farms form the pool for the manual SCALGO screening. Each farm is inspected 

visually in SCALGO to determine whether visible or permanent silage storage can be identified 

through orthophoto interpretation. Figure 8 shows an example of how silage storage is identified 

and how a potential runoff pathway is traced toward a downstream DVFI station. The red circle 

marks a visible permanent silage storage facility at a cattle farm. The red line shows the potential 

runoff pathway identified using the Depression-Free Flow tool, indicating the likely route by which 

silage effluent could reach open water and connect to the downstream watercourse system toward 

the relevant DVFI monitoring station. 

 

 

Figure 8: Example of silage storage identification in SCALGO. Screenshot from SCALGO Live.  

Where silage storage is identified, the runoff direction from the storage area is assessed using 

SCALGO's terrain and flow tools. For cases where runoff appears to reach open water, the analysis 

then assesses whether this open water is connected to the same watercourse system as a nearby 

DVFI monitoring station. In cases where more than one DVFI station is located within the 2 km 

screening distance, the hydrological relevance of the farm is assessed in relation to the station that 

appears downstream or otherwise connected through the mapped stream system. 

Where a plausible pathway is identified, the point where runoff appears to enter open water is 

registered in the analytical dataset as entry_x and entry_y. These coordinates mark the potential 

transition from farm-level runoff to the aquatic environment. Farms without visible silage storage, 

without a clear runoff route, or without connection to the same watercourse system as a DVFI 

station are not retained as complete potential linkages. Figure 9 shows an example of a complete 

source-pathway-receptor linkage as identified through the screening. The blue point marks a cattle 

farm with identified silage storage and the red point marks the downstream DVFI monitoring 

station. The red line shows the potential runoff pathway traced with the Depression-Free Flow tool, 

indicating the likely route by which silage effluent could reach open water and connect to the 

downstream stream system. 
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Figure 9: Example of SCALGO-based screening of a potential source-pathway-receptor linkage. Screenshot from SCALGO Live.  

 

This screening process allows the analysis to move from a broad pool of 1,594 farms located near 

DVFI stations to a smaller set of hydrologically plausible farm-DVFI linkages. These retained 

linkages form the basis for the following analysis of DVFI conditions in section 5.1.2. 

5.1.2 DVFI Conditions and Regional Comparison 

Building on the source-pathway-receptor screening described in the previous section, this section 

examines the ecological conditions associated with the retained hydrologically plausible cases. 

After the SCALGO screening, 125 farm-DVFI connections are included in the analytical dataset. 

These connections represent cases where a cattle farm with visible or permanent silage storage has a 

plausible runoff pathway to open water connected to the same watercourse system as a DVFI 

monitoring station. The full analytical dataset is provided in Appendix B. Figure 10 shows an 

extract of the dataset, illustrating the structure of the analytical table including municipality, animal 

category, DVFI station identifier (StedID) and coordinates (MEAN_X and MEAN_Y) , average 

DVFI value (mean), annual animal units, runoff entry-point coordinates (entry_x and entry_y), and 

distance to the DVFI station. Although the distance from the runoff entry point to the DVFI station 

was calculated for all retained connections, it was not included in the analysis due to time 

limitations and is identified as a priority for future refinement. Farm identifiers (CHR numbers) are 

not displayed in accordance with the confidentiality agreement with SEGES Innovation. 
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Figure 10: Extract of the analytical dataset showing the structure of the farm-DVFI connections retained after SCALGO 
screening. Own creation. 

Each row in the analytical dataset represents one farm-DVFI connection, not one unique farm or 

one unique DVFI station. This distinction is important because one farm may be located within 2 

km of more than one DVFI station, and one DVFI station may also be potentially connected to more 

than one farm. The analysis, therefore, focuses on the ecological condition associated with these 

retained connections, rather than on the number of unique farms or unique monitoring stations.  

The purpose of this section is to assess whether the DVFI conditions associated with the retained 

potential runoff linkages differ from the broader regional DVFI distribution in the same 17 

municipalities. This comparison makes it possible to evaluate whether the screened potential runoff 

cases are more frequently associated with below-good ecological conditions than the regional 

background. 

DVFI values below 5 are interpreted as below-good ecological condition, while DVFI values of 5 or 

higher are interpreted as good or better ecological condition. This threshold follows the Danish 

ecological status interpretation of DVFI, where faunaklasse 5 or better fulfils the objective of good 

ecological condition for macroinvertebrates (Danmarks Miljøtilstand, 2024). This interpretation is 

also supported by expert input from Morten Lauge Fejerskov, chief consultant and stream specialist 

at NIRAS, who describes DVFI 5 as acceptable under the Water Framework Directive and DVFI 4 

as a moderate condition with clearer signs of pollution (Fejerskov, personal interview, 2026). 

Some DVFI values in the dataset are decimal values, such as 3.5, 4.3, 4.5 and 4.6. This is because 

the analysis uses average DVFI values for each StedID (station) where more than one DVFI record 

existed within the selected monitoring period. These averaged values are included in the same 

ecological grouping, meaning that all values below 5 are classified as below-good, while values of 5 

or higher are classified as good or better. 

Distribution of DVFI conditions in the screened dataset 

The screening reveals a clear pattern in ecological conditions. In the analysed dataset, 73 out of 125 

farm-DVFI connections have DVFI values below 5, corresponding to 58.4%. By contrast, 52 

connections have DVFI values of 5 or higher, corresponding to 41.6%. This shows that more than 

half of the potential source-pathway-receptor linkages identified through the spatial screening are 

associated with below-good ecological conditions. Figure 11 presents the full distribution of DVFI 

values in the analysed farm-DVFI connections. 
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Figure 11: Bar chart showing the distribution of DVFI values among the 125 analysed farm-DVFI connections. Own creation. 

The graph shows that the largest single group is DVFI 4, which accounts for 59 out of 125 

connections, or 47.2% of the analysed dataset. When the decimal values between 4 and 5 are also 

included, the DVFI 4-4.9 group represents 64 connections, corresponding to 51.2% of the dataset. 

This indicates that the analysed potential runoff cases are especially concentrated around moderate 

or below-good ecological conditions, rather than being evenly distributed across all DVFI classes. 

At the same time, only 9 connections, or 7.2%, are associated with DVFI 7, which represents the 

highest ecological condition. This suggests that the screened potential runoff linkages are less 

frequently associated with streams in the best biological condition. 

Regional comparison 

To assess whether this pattern differs from the broader ecological condition in the same area, the 

analysed connections are compared with the regional DVFI distribution across the same 17 

municipalities. The regional comparison dataset contains 2948 DVFI records (rows), of which 

36.9% show below-good ecological condition (DVFI below 5) and 63.1% show good or better 

condition. 

The contrast with the screened farm-DVFI connections is substantial. Among the 125 retained 

potential runoff linkages, 58.4% are associated with below-good DVFI conditions – compared with 

36.9% in the regional background. This represents an overrepresentation of 21.5 percentage points. 

In other words, streams connected to potential silage effluent runoff pathways show below-good 

ecological condition at nearly twice the rate of the regional average. Figure 12 illustrates this 

difference. 
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DVFI group Analysed farm-DVFI connections Share Regional DVFI dataset Share 

< 4 9 7.2% 131 4.4% 

4–4.9 64 51.2% 957 32.5% 

5–5.9 29 23.2% 977 33.1% 

6–6.9 14 11.2% 425 14.4% 

7 9 7.2% 458 15.5% 

Total 125 100% 2948 100% 

Figure 12: Detailed DVFI grouping in analysed connections and regional background. Own creation. 

The grouped comparison reveals where the difference is most pronounced. The DVFI 4–4.9 group 

represents 51.2% of the analysed farm-DVFI connections, compared with 32.5% in the regional 

dataset, indicating that potential runoff cases are especially concentrated around moderate or below-

good ecological condition rather than only in the most severely degraded classes. 

At the same time, the proportion of high-status DVFI values is lower in the analysed cases than in 

the regional background. DVFI 7 represents 7.2% of the analysed farm-DVFI connections, 

compared with 15.5% in the regional dataset. This indicates that the screened potential runoff cases 

are less frequently associated with the highest ecological condition than the regional DVFI records 

as a whole. 

Overall, the comparison suggests a potential spatial association between identified runoff pathways 

and reduced ecological condition. However, the result remains descriptive. It does not prove that 

silage effluent caused the observed DVFI values, since DVFI can be influenced by several other 

pressures, including hydromorphology, sediment, wastewater, drainage, manure runoff and general 

agricultural land use. Therefore, the result should be interpreted as a screening-level indication that 

potential silage effluent runoff pathways are more frequently found in connection with below-good 

DVFI conditions than would be expected from the regional background distribution alone. 

5.1.3 Interpretation of SQ1 

The first sub-question asked what spatial patterns can be identified between potential silage effluent 

runoff pathways from cattle farms and DVFI conditions in Danish streams. 

The analysis demonstrates that a meaningful screening-level spatial pattern exists. Potential source-

pathway-receptor linkages identified through the combined QGIS and SCALGO screening are 

substantially more often associated with below-good ecological conditions than the regional DVFI 

background - 58.4% compared with 36.9%, a difference of 21.5 percentage points. Figure 13 

illustrates this difference.  
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Figure 13:Share of below-good DVFI conditions (DVFI < 5) among screened farm-DVFI connections compared with the 
regional DVFI background across 17 municipalities. Own creation. 

The pattern is most pronounced in the DVFI 4–4.9 range, suggesting that silage effluent runoff risk 

is particularly associated with moderate ecological degradation rather than only the most severely 

polluted streams. At the same time, high-status streams, especially those with DVFI 7, are 

underrepresented among the screened cases. 

This pattern supports the core argument of the thesis: that silage effluent runoff from cattle farms 

should not be understood only as a series of isolated local incidents, but as a broader spatial 

environmental problem that is currently underdetected by existing monitoring and inspection 

practice. The source-pathway-receptor framework proves useful here – by requiring that a plausible 

hydrological connection exists between a potential source and a downstream receptor, the screening 

moves beyond simple proximity and identifies cases where runoff risk and reduced stream quality 

appear to coincide spatially. 

This interpretation is supported by expert input from two sources. Morten Lauge Fejerskov, stream 

specialist at NIRAS, confirms that DVFI is well-suited as an indicator for detecting the kind of 

recurring organic pollution associated with silage effluent. He explains that while a single isolated 

pollution event may not always be captured in a spring DVFI sample, consistent and repeated 

pollution events – such as silage effluent entering a stream each time it rains – will over time affect 

the macroinvertebrate community and be reflected in the fauna index value: "If it's each and every 

time it rains, you have silage effluent entering the stream, you will have a pollution event that will 

probably over time affect the community - and hence will be reflected. So you have the right 

indicator" (Fejerskov, personal interview, 2026). This expert validation directly supports the below-

good threshold applied in section 5.1.2. 
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This methodological validation is reinforced by practitioner and expert responses to the spatial 

results. Sten Bøgild Frandsen, environmental technician at Kolding Municipality, notes that the data 

indicate a general problem rather than isolated local cases, and that practitioners in other 

municipalities recognise the same pattern from their own experience (Frandsen, personal interview, 

2026). Similarly, SEGES Innovation specialists Flemming Gertz, chief consultant in geology and 

water, environment and climate adaptation, Anja Juul Freudendal, chief consultant in cattle health 

and welfare, and Kristina Rasmussen, chief consultant in nature, environment and land use, confirm 

that the results indicate a potential correlation between identified runoff pathways and reduced 

stream ecological condition, and have expressed interest in continuing the analysis after submission 

- including distance-based statistical refinement and stream typology - to further strengthen the 

evidence base (Gertz, Freudendal & Rasmussen, personal communication, 2026). Together, these 

perspectives suggest that the pattern identified through the screening reflects a broader reality 

already recognized by those working directly with agricultural water pollution, and that the 

approach developed in this thesis has potential for further development as a practical tool for 

prioritizing farm inspections at both municipal and national scales. 

The result does not establish direct causality, and DVFI conditions reflect multiple pressures 

including hydromorphology, sediment, wastewater and general agricultural land use. However, the 

screening-level association is sufficiently consistent to justify more targeted field verification at the 

identified locations, and to support the case that spatial data tools can play a stronger role in 

proactive environmental management of silage effluent risks. 

5.2 Practitioner and Expert Perspectives on Persistence and Management 
Challenges 
This section addresses the second sub-question: 

How do practitioners and expert insights help explain the persistence and management 

challenges of silage effluent pollution in practice, and what practical and institutional changes 

do practitioners identify as necessary for more effective prevention and management? 

While the previous section examined spatial patterns between potential runoff pathways and DVFI 

conditions, this section focuses on how silage effluent pollution is understood and managed by 

practitioners and experts. The purpose is to explore why pollution risks may persist despite the 

existence of regulation, monitoring systems and municipal inspection practices. 

The analysis is based on key informant interviews with municipal environmental practitioners, 

SEGES Innovation experts, a nature and environment consultant from Danmarks 

Sportsfiskerforbund, and a stream ecology and DVFI expert (see table on p. 27). These perspectives 

provide practical insight into farm-level management problems, inspection challenges, enforcement 

limitations, and the role and limitations of DVFI as ecological monitoring data. The interview 

material is used as contextual and interpretive evidence rather than as a statistically representative 

dataset. 
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Institutional Theory is used to structure both the preparation and interpretation of the interview 

material. In preparing the interviews and follow-up questions, the theory helped frame attention 

toward the relationship between formal rules and informal practices in the management of silage 

effluent pollution. This included questions about how regulation, inspection systems and official 

responsibilities are applied in practice, as well as how farm-level routines, maintenance practices, 

local norms and practical constraints influence pollution risks. In the analysis, Institutional Theory 

is therefore used as an interpretive lens rather than as a formal coding framework. 

The analysis therefore focuses on the relationship between formal rules, informal practices and 

professional narratives. Formal rules refer to regulation, inspection systems and official 

responsibilities. Informal practices refer to everyday farm routines, maintenance of silage storage 

and drainage systems, and practical municipal inspection work. Narratives refer to how practitioners 

and experts explain the persistence of the problem, for example through farm expansion, 

insufficient storage capacity, blocked drainage systems, limited municipal resources, lack of 

awareness, weak enforcement, or increased rainfall. 

This section builds on the spatial findings by examining the practical and institutional conditions 

behind silage effluent pollution risks. While SQ1 focused on identifying spatial associations 

between potential runoff pathways and DVFI conditions, SQ2 explores how practitioners and 

experts explain the persistence of these risks in practice. The analysis focuses on why silage effluent 

pollution may remain difficult to detect, prevent, and manage despite existing regulations, 

inspection systems, and ecological monitoring. 

5.2.1 Formal Rules and the Gap Between Regulation and Practice 

Danish legislation formally prohibits silage effluent from reaching watercourses as confirmed by 

Sten Frandsen. The primary legal basis for this are Miljøbeskyttelsesloven § 27, which prohibits 

discharge of polluting substances to watercourses, lakes and the sea, and 

Husdyrgødningsbekendtgørelsen, which provides more specific national regulation of livestock 

manure and silage effluent handling – both binding for all municipalities (Frandsen, personal 

interview, 2026). 

However, practitioners describe a situation where specific operational guidance remains insufficient 

in key areas. Ane Juul Dane, environmental worker at Hjørring Municipality, notes that rules around 

field application systems for silage effluent; spray irrigation systems used to spread diluted silage 

effluent and “restvand” (residual water – a mixture of diluted silage effluent and rainwater spread 

on agricultural fields) on agricultural fields; drainage construction and management of large 

volumes of rainwater; and effluent from paved areas around silage facilities are not specific enough 

to guide consistent practice. As she puts it: "We could have some rules about where you could place 

the sprinkler, and you could have some more rules about what should contain the water on the 

silage places" (Dane, personal interview, 2025). This gap is particularly visible in recent regulatory 

developments. As Dane describes: "Miljøstyrelsen made a new law that says you can give a higher 

fine if you pollute with gylle (manure) on frozen soil. But they didn't take anything about the 
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“sprinklers” and effluent into consideration. There's nothing about that in this whole new law. And 

we're going to correct them and say, well, that's just wrong" (Dane, personal interview, 2025).  

Some municipalities have developed their own practical guidance on silage storage and drainage to 

address this - both Aabenraa and Varde municipalities have produced information folders (Aabenraa 

Kommune, 2018), though according to practitioners and experts, national operational guidance, 

specifically targeting silage effluent management, remains limited (Dane, personal interview, 2025; 

Frandsen, personal communication, 2026). 

Marianne Hansen, environmental worker at Mariagerfjord Municipality, adds an important 

institutional dimension to this picture. Silage effluent management sits across several different 

legislative frameworks, including construction standards, livestock manure regulation, and fertilizer 

application rules but municipal environmental officers can only enforce within their own legal 

mandate. As she notes, this creates a situation where relevant requirements exist in different parts of 

the regulatory system but cannot always be enforced by the same authority (Hansen, personal 

communication, 2026). She specifically highlights that existing rules around silage storage 

construction and drainage need to be clearer and more precise – particularly for farmers who find 

current formulations difficult to interpret and apply in practice. 

Beyond the knowledge gap, practitioners consistently describe a wider enforcement gap. As noted 

in the problem analysis, data from Sportsfiskerforbundet across 23 municipalities indicates that only 

around 10% of registered pollution cases result in formal consequences (Danmarks 

Sportsfiskerforbund, 2026). The remaining cases are typically closed with an instruction to stop 

without further follow-up or sanction. This pattern reflects what Lasse Baaner, lecturer at 

Copenhagen University and researcher in environmental law, describes as a fundamental weakness 

in environmental enforcement: “My impression of municipal practice today is that if someone does 

something illegal, they are usually just told to stop. Therefore, it has no effect that the government 

increases the penalty, because we rarely reach the point where the penalty comes into play.” 

(Boesgaard, 2025). Frandsen recognises the same dynamic, specifically in relation to silage effluent, 

noting that municipal culture tends to avoid formal complaints against farmers, but when 

enforcement is consistently applied – as in the case of manure on frozen soil – behavior does 

change rapidly (Frandsen, personal interview, 2026). 

Together, these accounts suggest that the persistence of silage effluent pollution cannot be explained 

by the absence of formal rules alone. Rather, it reflects a gap between what rules require on paper 

and what is consistently demanded and enforced in practice – a pattern that institutional theory 

would describe as a disconnect between the regulative pillar and the normative and cognitive 

conditions that shape everyday municipal and farm-level behavior. 

5.2.2 Knowledge Gaps, Structural Constraints, and the Persistence of Pollution 

Across professional contexts, practitioners and experts consistently recognize silage effluent 

pollution as a recurring and underdetected problem. Torben Hansen, nature and environment 

consultant at Danmarks Sportsfiskerforbund, confirms that silage effluent pollution is observed 

every single winter, and that within their organization, pollution is typically discovered by members 
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who happen to pass a watercourse (Hansen, T., personal interview, 2026). This observation aligns 

with what municipal practitioners describe from their own experience – most pollution cases are not 

found through proactive inspection but reported by citizens, anglers or nature workers who 

encounter visible signs in the field (Dane, personal interview, 2025). As Ane Juul Dane puts it: 

"Most of the pollutions we see, they don't come [become registered] because we see them. They 

come because there's a fisherman who sees them" (Dane, personal interview, 2025). 

This dependence on incidental discovery points to a fundamental knowledge and awareness gap 

operating at multiple levels. At the farm level, practitioners report that many farmers and farm 

employees are not aware of how harmful silage effluent is to aquatic life, how it travels through the 

landscape, or what management obligations apply. As Ane Juul Dane describes: "The main problem 

is that they don't see the silage effluent as a way of polluting the surrounding area, because they 

think that silage effluent isn't as strong as gylle - and all the tests show that it's stronger" (Dane, 

personal interview, 2025). This lack of awareness is compounded by the structural transformation of 

Danish cattle farming. Poul Træholt, nature worker at Hjørring Municipality with 37 years of 

experience, connects both problems directly: "20 years ago, the farmers had 100-150 cows. But 

today it's 1,000 and 2,000 cows – huge factories. They can't control it, they can't manage it, it's so 

big that they can't have focus on this. And the people working on these big farms are not enough 

educated in environmental problems" (Træholt, personal interview, 2025). Peter Munk Andersen at 

Rebild Municipality describes the same dynamic, adding that rapid expansion has outpaced 

investment in drainage and runoff infrastructure (Andersen, personal interview, 2025). On large 

automated farms, basic environmental oversight has effectively disappeared – as Ane Juul Dane 

observes: "They don't walk around on their farms anymore, everything is robotic or something, they 

don't need to go out and see what happened with the water. Everybody's shorthanded and nobody 

has time to do it properly" (Dane, personal interview, 2025). 

A further and largely invisible knowledge gap concerns the physical infrastructure of silage storage 

facilities. Marianne Hansen notes that farmers sometimes carry out underground drainage work 

themselves to save money, rather than using an authorized drainage contractor as required. This 

leads to faulty connections and installations that do not meet regulatory standards – and crucially, 

these problems are not visible during ordinary environmental inspections (Hansen, personal 

communication, 2026). This represents a structural blind spot in the current inspection system: the 

very infrastructure most likely to cause silage effluent runoff may be the least likely to be detected. 

Farm advisors – who might be expected to bridge this knowledge gap – are described by Træholt as 

too narrowly focused on economic considerations, with insufficient attention to environmental 

obligations: "The advisors think too much about economy and only farmers, they don't think enough 

about the environment" (Træholt, personal interview, 2025). 

At the municipal level, a parallel knowledge gap exists around both inspection practice and the use 

of available screening tools. Peter Munk Andersen describes a widespread inspection culture where 

visits focus on the farm itself rather than on where runoff actually travels: "You have been visiting 

the farms, but you have not been walking around the farms and visiting all the possible runoff 

areas. A lot of the inspections, it is known that we are coming and then they have cleaned up" 
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(Andersen, personal interview, 2025). He argues that more effective visits are not technically 

complicated: "It's not rocket science, it's very easy. Just walk around and see where it ends up" 

(Andersen, personal interview, 2025).  

These knowledge barriers are compounded by structural constraints that limit what municipalities 

can do in practice. Resource limitations are a recurring theme across interviews. As Poul Træholt 

observes, there are always more tasks than resources to address them, and hiring more staff is not a 

realistic option given current municipal budgets: "You don't get more money. So you have to do it in 

another way" (Træholt, personal interview, 2025). This resource constraint is particularly acute in 

smaller rural municipalities, which have large agricultural land areas but limited tax revenues and 

shrinking populations (Dane, personal interview, 2025). 

Taken together, this knowledge and structural barriers help explain why silage effluent pollution 

persists despite formal rules prohibiting it. The problem is not located in any single failure, but in a 

combination of limited farm-level awareness, resource-constrained municipal inspection capacity, 

rapid farm growth outpacing environmental management, and a monitoring system that is poorly 

positioned to detect the specific pollution pathway examined in this thesis. From an institutional 

theory perspective, these barriers operate primarily at the cognitive and normative level – shaped 

not by missing rules but by shared assumptions about how inspections are conducted, what farmers 

can be expected to know, and what municipalities can realistically enforce within existing resource 

constraints. 

5.2.3 Towards Prevention: What Practitioners Suggest 

Despite the barriers described in the preceding sections, practitioners and experts point to a range of 

practical measures that could significantly improve the prevention and detection of silage effluent 

pollution. Across interviews, communication and awareness emerge as the most fundamental 

starting point – before inspection practice or enforcement can be effective, farmers need to 

understand the problem itself. 

At the communication and awareness level, practitioners emphasize that many pollution cases could 

be prevented if farmers better understood the environmental consequences of silage effluent. Ane 

Juul Dane argues that informing farmers clearly that silage effluent is at least as harmful as manure 

– and in some cases stronger – would make a significant difference, since many farmers currently 

underestimate its impact (Dane, personal interview, 2025). Sten Bøgild Frandsen strongly 

emphasizes that communication must come through trusted channels rather than directly from 

municipal authorities: "Information is very important, but it should not be me. They don't trust me 

because I'm a biologist sitting behind my desk. The farmers' union people, they have much better 

relations. So I think it should be a cooperation between the municipalities, and also maybe SEGES 

should go into this project of information" (Frandsen, personal interview, 2026). He adds that 

documentation is essential to making this communication credible – farmers need to see clear 

evidence that silage effluent is a source of pollution before they will take the problem seriously 

(Frandsen, personal interview, 2026). Peter Munk Andersen points to municipal press campaigns as 

an additional channel – several municipalities have already published warnings in local media 
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asking farmers to check their facilities before the winter season (Andersen, personal interview, 

2025). Poul Træholt emphasizes that lasting improvement requires better cooperation between 

municipalities, farmers and their advisors, with farm advisors taking greater responsibility for 

environmental guidance alongside economic advice: "Together we can do it much better. The 

farmers know a lot, we know a lot, and the advisors know a lot" (Træholt, personal interview, 2025). 

At the inspection level, practitioners point to a shift from reactive, pre-announced farm visits toward 

more targeted and proactive field work. Peter Munk Andersen argues that more effective inspections 

do not require additional resources – simply walking around farms and following potential runoff 

routes to open water would reveal problems that current inspection practice misses (Andersen, 

personal interview, 2025). Some municipalities are already moving in this direction – Marianne 

Hansen notes that Mariagerfjord Municipality's 2026 inspection campaign is specifically targeting 

silage storage construction and drainage as a proactive prevention measure (Hansen, personal 

communication, 2026). Hansen also points to several practical tools that could make inspections 

more effective and consistent across municipalities. These include standardized tracer kits: dye-

based tools that allow inspectors to trace where water and effluent actually flow from storage areas, 

which would improve both the quality and comparability of municipal inspections. She further 

emphasizes the importance of requiring documented drainage plans verified by authorized 

contractors as a condition of environmental permits, so that storage facility infrastructure can be 

checked against a known standard rather than assessed visually alone (Hansen, personal 

communication, 2026). 

Dane suggests that bringing colleagues from the municipal nature team – specialists in stream 

ecology and biodiversity assessment – along on inspection visits would allow stream conditions to 

be assessed simultaneously with farm inspection, combining two types of expertise in a single visit 

(Dane, personal interview, 2025). Both practitioners point to SCALGO as a tool that could make 

inspections significantly more targeted, identifying where runoff from silage storage areas is likely 

to reach open water before the visit takes place, so inspectors know exactly where to look. Although 

SCALGO was available to Hjørring Municipality, it was not in active use in environmental 

inspection work until it was introduced during the author's internship the previous semester. As 

Dane acknowledges: "I didn't know SCALGO existed until you came along" (Dane, personal 

interview, 2025). Experience from that internship showed that using SCALGO before a field visit 

made it possible to identify exactly where runoff from a silage storage area was likely to reach open 

water, significantly improving the precision and efficiency of inspections. A similar approach was 

used by Kolding Municipality, where SCALGO-based screening of 18 cattle farms was followed by 

field inspections that identified signs of pollution or high pollution risk at 11 of the farms, 

confirming the practical value of hydrological pre-screening as a targeting tool (Frandsen, personal 

interview, 2025). And timing is equally important. Frandsen emphasizes that wintertime inspections 

are essential since silage effluent pollution occurs primarily in autumn and winter (Frandsen, 

personal interview, 2026). 

At the enforcement level, Frandsen points to a clear lesson from recent experience: when 

consequences are consistently applied, behavior changes rapidly. The crackdown on spreading 
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manure on frozen soil, where the previous minister sharply increased penalties and enforcement, led 

to a near-complete disappearance of the practice within one winter season (Frandsen, personal 

interview, 2026). The same principle, practitioners suggest, could apply to silage effluent if 

municipalities were more willing to pursue formal consequences rather than closing cases with a 

warning. Frandsen also highlights water sampling as an important documentation tool – providing 

chemical evidence of pollution makes it significantly easier to engage farmers constructively and, 

where necessary, pursue formal action (Frandsen, personal interview, 2026). 

From a technical perspective, reducing effluent production at source – by increasing dry matter 

content during the ensiling process so that less liquid is produced – represents the most fundamental 

prevention measure, as it eliminates the pollution risk before it arises rather than managing it after 

the fact (Nash, personal interview, 2025). Nash also cautions against the indiscriminate use of silage 

additives, particularly enzymes, which can actually increase and prolong effluent production rather 

than reduce it if applied unnecessarily – noting that any effluent produced represents a direct loss of 

nutritional value from the silage, meaning that reducing effluent through proper dry matter 

management is not only environmentally beneficial but also economically rational for farmers 

(Nash, personal interview, 2025). 

Beyond inspection and enforcement, Frandsen also raises the possibility of financial support 

mechanisms to help farmers upgrade silage storage infrastructure. While acknowledging the 

political complexity of subsidizing compliance with existing law, he suggests that targeted pilot 

projects – focused on developing new storage standards or testing best practice solutions – could be 

a legitimate context for state or EU funding: "If you're willing to do some pilot projects and make a 

new standard, this could be a good idea to support with some finance from the state or EU. Not in 

general, because the rules are the rules – but for pilot projects, yes" (Frandsen, personal interview, 

2026). This perspective points toward a more structural approach to prevention, where financial 

incentives complement regulatory requirements rather than replacing them. 

Seen through an institutional theory lens, these suggestions map onto all three institutional pillars: 

communication and awareness initiatives target the cognitive pillar changing what farmers and 

inspectors know and assume; more consistent enforcement targets the regulative pillar making 

formal rules function as intended in practice; and improved cooperation between municipalities, 

farmers and advisors targets the normative pillar shifting the professional norms and expectations 

that currently allow pollution risks to persist unaddressed. What is notable across all interviews is 

that practitioners do not describe the problem as unsolvable – the tools, knowledge and regulatory 

basis largely exist. What is needed is greater consistency in how they are applied, and shifts in the 

normative and cognitive conditions that shape everyday practice, so that the formal prohibition on 

water pollution is consistently translated into the inspection routines, farm management practices 

and enforcement decisions that would make prevention possible in reality. The spatial screening 

approach developed in this thesis represents one practical contribution to this effort, providing a 

method for identifying where targeted field verification is most warranted before problems become 

visible in the stream. 
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5.2.4 Interpretation of SQ2 

The second sub-question asked how practitioner and expert insights help explain the persistence and 

management challenges of silage effluent pollution in practice, and what practical and institutional 

changes practitioners identify as necessary for more effective prevention and management. 

The analysis shows that the persistence of silage effluent pollution cannot be explained by a single 

factor. Rather, it reflects the interaction of three interconnected institutional conditions, each 

corresponding to one of the pillars of institutional theory. 

At the regulative level, formal rules prohibiting water pollution exist and are nationally binding. 

However, the analysis reveals that these rules are insufficiently specific in key areas – particularly 

regarding silage storage construction, drainage requirements and field application systems – and are 

inconsistently enforced in practice. With only around 10% of registered pollution cases resulting in 

formal consequences, the regulative pillar functions more as a symbolic framework than as an 

effective deterrent. As Lasse Baaner's analysis confirms, tougher penalties have a limited effect 

when violations rarely reach the point where sanctions are applied. 

At the normative level, a municipal culture that prioritises dialogue and cooperation with farmers 

shapes how inspection and enforcement are carried out in practice. While this cooperative approach 

has value in building trust and long-term relationships with the agricultural sector, the analysis 

suggests that formal consequences are applied too rarely for the regulatory framework to function as 

an effective deterrent. Inspections are often pre-announced and focused on administrative 

compliance rather than physical conditions on the ground. Farm advisors, who could play a bridging 

role between regulatory requirements and farm-level practice, are described by practitioners as not 

always having sufficient environmental focus alongside their economic advisory role. These 

informal norms – of cooperation, dialogue and resource prioritisation – are not in themselves 

problematic, but when they consistently replace rather than complement formal enforcement, they 

contribute to a situation where pollution risks persist unaddressed. 

At the cognitive level, awareness gaps at both farm and municipal level mean that the problem is 

frequently neither recognised nor acted upon. Many farmers are unaware that silage effluent is as 

harmful as liquid manure, often describing it as harmless residual water. This extends to basic silage 

management practices, such as the importance of high dry matter content to reduce effluent 

production, and the risks of unnecessary enzyme additives that can prolong effluent flow, which 

may not always be widely understood at the farm level despite being technically straightforward 

and economically beneficial. Municipal practitioners do not always make use of all available 

screening tools. SCALGO, for example, was shown during the author's internship to significantly 

improve the ability to identify potential runoff pathways before field visits, yet the tool was not in 

active use despite being available. Together, these awareness gaps mean that even where the formal 

rules and practical tools exist, they are not always translated into effective action on the ground. 

Together, these three conditions create a self-reinforcing situation in which silage effluent pollution 

risks may persist largely undetected and unaddressed. The problem is not that rules are absent, but 



 
 

44 
 

that the normative and cognitive conditions necessary for those rules to function effectively in 

practice are insufficiently developed. 

Practitioners and experts consistently point toward changes at all three levels as necessary for 

improvement. At the cognitive level, better communication through trusted channels – farmers' 

unions and farm advisors – is identified as the essential first step. At the normative level, a shift in 

inspection culture toward more proactive, physically oriented and seasonally targeted visits is 

needed, supported by tools like SCALGO that make runoff pathways visible before inspectors 

arrive. At the regulative level, more consistent enforcement – combined with clearer national 

guidance on silage effluent management – would reinforce the credibility of the formal rules that 

already exist. Financial support for pilot projects and infrastructure upgrades could complement 

these regulatory efforts by reducing the practical barriers to compliance at farm level. 

The spatial screening approach developed in this thesis contributes to this prevention model at the 

cognitive and normative levels: by making potential runoff pathways visible, it supports more 

informed inspection decisions and provides the kind of documented spatial evidence that 

practitioners identify as essential for shifting both farmer awareness and municipal prioritization 

toward silage effluent as a manageable environmental risk. 

6. Discussion 
This chapter discusses the findings of the thesis in relation to the research question, existing 

literature, and the methodological approach. The first section brings together the two sub-questions 

to answer the main research question. The second section situates the findings within the broader 

literature on silage effluent as an environmental risk. The third section reflects on the 

methodological contribution and limitations of the combined analytical approach. 

6.1 Answering the Research Question 
The research question asked how GIS-based spatial analysis, existing DVFI monitoring data, and 

key informant insights can be combined to assess whether potential silage effluent runoff from 

cattle farms represents a broader environmental problem in Danish streams. 

The two sub-questions together provide a coherent answer. SQ1 demonstrated that a screening-level 

spatial pattern exists: potential source-pathway-receptor linkages identified through the combined 

QGIS and SCALGO screening are substantially more often associated with below-good ecological 

conditions than the regional DVFI background: 58.4% compared with 36.9%, a difference of 21.5 

percentage points. This pattern is consistent across 17 municipalities in northern and central Jutland 

and is concentrated in the DVFI 4-4.9 range, indicating that potential silage effluent runoff risk is 

particularly associated with moderate ecological degradation rather than only the most severely 

polluted streams. Taken alone, this spatial finding cannot establish causality. DVFI conditions 

reflect multiple pressures, and the screening method identifies potential rather than confirmed 

linkages. 
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SQ2 provides the institutional and practical context that makes the spatial finding meaningful. 

Practitioners and experts consistently describe silage effluent pollution as a recurring, underdetected 

and inadequately managed problem – not because formal rules are absent, but because the 

normative and cognitive conditions necessary for those rules to function effectively are 

insufficiently developed. Municipal enforcement is inconsistently applied, farm-level awareness of 

silage effluent as a pollutant remains limited, inspection practice tends to be reactive rather than 

proactive and it is not always well aligned with the timing and location of silage effluent pollution 

events. Together, these conditions explain why a spatial association between potential runoff 

pathways and reduced stream quality would be expected to persist over time – and why it is visible 

in the DVFI data despite the limitations of the screening method. 

The combination of the two analytical approaches, therefore, produces an answer that neither could 

provide alone. The spatial analysis shows that the pattern exists at a regional scale and is not 

random. The qualitative analysis explains why it persists and what institutional conditions would 

need to change for it to be effectively addressed. Together, they support the conclusion that silage 

effluent runoff from cattle farms may represent a broader environmental problem in Danish streams 

that is currently only partly visible through local cases, municipal inspections, and enforcement 

practice, which was precisely the gap this thesis set out to investigate. 

6.2 Silage Effluent as an Underdetected Environmental Risk 
The spatial pattern identified in this thesis is consistent with the broader scientific understanding of 

silage effluent as a high-impact agricultural pollutant. As established in the problem analysis, silage 

effluent is among the most polluting agricultural waste products due to its extremely high organic 

load and oxygen-depleting potential – characteristics that mean that even very small discharges can 

cause severe ecological damage in receiving watercourses (Stephens et al., 1996; Arnold et al., 

2000; Gebrehanna et al., 2014; Barmaki et al., 2017). Given these characteristics, the finding that 

streams associated with potential silage effluent runoff pathways show below-good ecological 

conditions at nearly twice the regional rate is consistent with what the literature would predict: 

repeated organic pollution events of this magnitude would be expected to affect macroinvertebrate 

communities over time and hence be reflected in DVFI values, as confirmed by Morten Lauge 

Fejerskov's expert assessment (Fejerskov, personal interview, 2026). 

What the literature also makes clear is that the technical means to prevent silage effluent from 

reaching watercourses are available and well documented. Recent practical guidance from the 

INTERREG Central Baltic Programme confirms that effluent production can be minimised through 

wilting, crop selection and careful use of silage additives as some additives can increase rather than 

reduce effluent production if not selected appropriately, and that properly constructed drainage and 

collection infrastructure can effectively eliminate runoff risk (Rinne et al., 2025). The persistence of 

pollution incidents, therefore, points not toward a lack of technical solutions but toward the 

implementation, awareness, and management gaps identified in the qualitative analysis – a pattern 

consistent with what Poul Træholt and Peter Munk Andersen describe as rapid farm consolidation 
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outpacing environmental management capacity (Træholt, personal interview, 2025; Andersen, 

personal interview, 2025). 

This gap between available solutions and actual practice is not unique to Denmark. Agricultural 

pollution from point and diffuse sources remains a key driver of water quality degradation globally, 

and the challenge of translating regulatory requirements into consistent farm-level practice is widely 

recognised (Mateo-Sagasta et al., 2017; Wang et al., 2023). What makes silage effluent particularly 

problematic in this context is that it occupies a regulatory and cognitive grey area – less visible than 

liquid manure spills, misidentified as harmless “restvand” (residual water), and not subject to the 

same level of specific national guidance. As the qualitative analysis shows, this combination of low 

visibility, limited farmer awareness and insufficient regulatory specificity creates conditions in 

which pollution can persist largely undetected and unaddressed, even where the formal prohibition 

on water pollution is clear. 

The spatial screening approach developed in this thesis offers one practical way to make this hidden 

problem more visible and to raise awareness at both municipal and national level. By combining 

GIS-based proximity screening with SCALGO hydrological connectivity analysis and DVFI 

ecological monitoring data, the method moves beyond individual reported incidents and identifies 

where potential runoff risk and reduced stream quality appear to coincide at a regional scale. This 

represents a methodological contribution to the broader challenge of detecting and managing diffuse 

and semi-point agricultural pollution sources that are currently underrepresented in both monitoring 

systems and enforcement practice. 

In a broader context, the findings of this thesis are directly relevant to global efforts to protect 

freshwater biodiversity and achieve the UN Sustainable Development Goals. Freshwater 

ecosystems are among the most threatened on the planet, with freshwater wildlife populations 

having declined 81% since 1970 and approximately one quarter of freshwater fauna is now 

threatened with extinction (WWF, 2024; Sayer et al., 2025). Addressing underdetected pollution 

sources such as silage effluent is therefore not only a local management challenge but a concrete 

contribution to SDG 6 (Clean Water and Sanitation), SDG 14 (Life Below Water) and SDG 15 (Life 

on Land) - goals that call for the protection and restoration of freshwater ecosystems as part of a 

broader sustainability agenda (United Nations, 2015). 

6.3 Methodological Contribution and Limitations 

6.3.1 Methodological Contribution 

The methodological approach developed in this thesis combines three existing data sources and 

tools – GIS-based spatial analysis, SCALGO hydrological connectivity screening, and DVFI 

ecological monitoring data – in a way that has not previously been applied systematically to silage 

effluent pollution assessment in Denmark. Each component contributes something that the others 

cannot provide alone. 

The source-pathway-receptor framework provides the conceptual structure that makes this 

combination meaningful. As established in the theoretical framework, a pollution source alone is 
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not sufficient to establish environmental risk – the source must be connected to a receptor through a 

plausible pathway (Environment Agency, 2019). The screening, therefore, requires that all three 

elements are spatially and hydrologically linked before a farm-DVFI connection is retained. This 

moves the analysis beyond simple proximity – a farm may be close to a DVFI station but still be 

downstream, disconnected from the relevant watercourse, or lacking a visible runoff pathway from 

silage storage to open water. By requiring a plausible hydrological connection, the approach reduces 

the risk of retaining connections that are spatially close but environmentally irrelevant. 

SCALGO proves particularly valuable within this framework. Its Depression-Free Flow analysis 

makes it possible to trace likely surface runoff pathways across terrain from identified silage storage 

areas toward open water – a level of hydrological detail that QGIS proximity screening alone 

cannot provide. The manual screening approach, while time-intensive, allows each farm-DVFI 

connection to be assessed individually against orthophotos, mapped watercourses and terrain flow 

tools, producing a dataset of potential linkages that is grounded in visible landscape conditions 

rather than statistical assumptions. Experience from the author's internship at Hjørring Municipality, 

where SCALGO-based screening was used to select field investigation locations, supports the 

practical relevance of this approach: field inspections subsequently identified signs of pollution or 

high pollution risk at a large share of the assessed farms (Biletska, 2026). 

The use of DVFI as the receptor indicator is supported both methodologically and by expert input. 

DVFI is an officially recognised biological quality element under the Water Framework Directive 

and the Danish NOVANA monitoring programme, making it a credible and publicly available 

indicator of ecological stream condition. As Fejerskov confirms, macroinvertebrate communities are 

sensitive to repeated organic pollution events – if silage effluent enters a stream consistently over 

time, the impact would be expected to accumulate in the fauna index value even if individual events 

are not captured in spring sampling (Fejerskov, personal interview, 2026). This makes DVFI a 

particularly appropriate indicator for detecting the kind of chronic, recurring pollution pattern 

associated with silage effluent runoff from permanent storage facilities. 

The combination of spatial analysis with key informant interviews further strengthens the overall 

approach. The spatial findings provide a documented, evidence-based foundation for the qualitative 

analysis, while the interview material provides the institutional and practical context needed to 

interpret what the spatial pattern means and why it persists. This mixed-methods design is 

consistent with the problem-based learning approach of the thesis and reflects the recommendation 

of SEGES Innovation experts, who identified the combination of SCALGO screening and DVFI 

data as a promising basis for regional-scale silage effluent risk assessment (Gertz, Freudendal & 

Rasmussen, personal communication, 2026). 

Finally, the approach has practical value beyond this thesis. Frandsen suggests that the method 

could be used to prioritise farm inspections at municipal level, identifying where targeted field 

verification is most warranted before problems become visible in the stream (Frandsen, personal 

interview, 2026). He further emphasises that communicating findings of this kind – supported by 

spatial documentation and expert validation – is important for raising broader awareness of silage 

effluent as an environmental problem, and has expressed willingness to support communication of 
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the results through relevant professional channels (Frandsen, personal interview, 2026). SEGES 

Innovation has similarly expressed interest in continuing the analysis after submission, including 

distance-based statistical refinement and stream typology analysis, with the aim of developing the 

screening approach into a more robust tool for environmental management and targeted 

communication at the national scale (Gertz, Freudendal & Rasmussen, personal communication, 

2026). Together, these perspectives suggest that the spatial screening approach developed in this 

thesis has potential not only as an analytical tool but as a practical resource for municipalities, 

advisory services and policymakers working to address silage effluent pollution more 

systematically. 

6.3.2 Limitations 

Several methodological limitations should be considered when interpreting the findings of this 

thesis, along with directions for future development. The limitations concern the spatial screening 

method, the DVFI data, the comparison methodology, and the overall scope of the analysis. 

Spatial screening limitations 

The most fundamental limitation is that the analysis identifies potential source-pathway-receptor 

linkages rather than confirmed pollution cases. No field verification was carried out as part of this 

thesis, meaning that the retained farm-DVFI connections represent plausible hydrological 

associations rather than documented pollution events. The results should therefore be interpreted as 

a screening-level indication of where pollution risk and reduced ecological condition appear to 

coincide, not as evidence of direct causal impact. 

Silage storage facilities are identified through orthophoto interpretation, which has inherent 

limitations. Identification depends on what is visible from above at the time the photo was taken, 

and not all storage types or temporary facilities are clearly distinguishable. Some identified facilities 

may have been misclassified or may no longer be in active use. Farm coordinates represent the 

registered location of the holding rather than the exact position of silage storage, which means that 

runoff pathway assessments are based on approximate rather than confirmed source locations. 

Farm size and animal units are not taken into account in the screening. A large farm with 2000 

animal units may represent a substantially different pollution risk than a smaller operation, but both 

are treated equally in the analysis. Future work could incorporate farm size as a variable to assess 

whether larger operations are disproportionately associated with below-good DVFI conditions. 

Stream distance from runoff entry point to DVFI station was calculated during the analysis, but 

could not be further examined due to time limitations. This variable could potentially strengthen the 

analysis by assessing whether shorter distances between entry points and monitoring stations are 

associated with stronger DVFI effects, and is identified as a priority for future refinement – an 

interest also expressed by SEGES Innovation (Gertz, Freudendal & Rasmussen, personal 

communication, 2026). 
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DVFI data limitations 

The use of DVFI as the ecological receptor indicator introduces several limitations. DVFI sampling 

in the Danish NOVANA programme is concentrated in spring, which means that pollution events 

occurring primarily in autumn and winter – as silage effluent pollution typically does – may not 

always be captured in the monitoring data. As Morten Lauge Fejerskov notes, consistent and 

repeated pollution events would be expected to accumulate in the fauna index over time, but 

isolated or minor events may not be reflected (Fejerskov, personal interview, 2026). This means the 

analysis may underestimate the true extent of silage effluent impacts on stream ecology. 

DVFI conditions reflect multiple environmental pressures, including hydromorphology, sediment 

input, wastewater, drainage and general agricultural land use. The analysis cannot isolate the 

contribution of silage effluent from these other pressures, and the spatial association identified in 

this thesis should not be interpreted as causal. Where several DVFI records existed for the same 

monitoring station within the selected period, an average value was calculated – a simplification 

that may obscure temporal variation in ecological condition. 

The number of retained connections – 125 out of the initial 1594 farms screened – is partly a 

function of DVFI station placement and distribution. Many potential farm-DVFI linkages could not 

be assessed because monitoring stations are sparse and often positioned for practical access reasons 

rather than at ecologically strategic locations downstream of agricultural pressure areas, as noted by 

Torben Hansen (Hansen, T., personal interview, 2026). This means the dataset of 125 connections 

likely underrepresents the true number of farms with plausible runoff pathways to monitored 

streams. 

Comparison methodology limitations 

The regional background comparison – comparing the DVFI distribution of screened connections 

against all DVFI records in the same 17 municipalities – is a pragmatic but imprecise approach. As 

noted by SEGES Innovation experts, a more robust comparison would involve upstream and 

downstream stations within the same stream, controlling for stream-specific characteristics (Gertz, 

Freudendal & Rasmussen, personal communication, 2026). The regional comparison cannot 

account for differences in stream character, catchment land use or baseline ecological condition 

between the screened connections and the regional background. 

Stream size and flow are not counted in the analysis. A small stream receiving silage effluent will be 

affected very differently from a large watercourse, and the DVFI response may vary accordingly. 

Incorporating watercourse typology into future analysis – as suggested by SEGES Innovation – 

could significantly improve the precision of the comparison. 

The 2 km screening buffer is a pragmatic, expert-informed threshold rather than an ecologically 

proven distance. While the threshold was validated through key informant input (Frandsen, personal 

interview, 2026), it remains a simplification, and some relevant farm-DVFI connections beyond this 

distance may have been excluded. 
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Scope limitations 

The spatial analysis covers 17 municipalities in northern and central Jutland and cannot be 

generalised to Denmark as a whole. The selected municipalities have a high density of cattle 

farming, which may mean that the pattern identified here is more pronounced than would be found 

in other regions. Only visible and permanent silage storage facilities identifiable through orthophoto 

interpretation are included. Hidden, underground or temporary storage arrangements are not 

captured by the screening method. 

The qualitative interview material is not statistically representative and reflects the perspectives of a 

limited number of practitioners and experts. Some informants work in municipalities outside the 

spatial study area, and their insights are used to support institutional interpretation rather than to 

extend the spatial findings geographically. 

Future Development 

Despite these limitations, the screening approach developed in this thesis provides a foundation for 

further methodological refinement. Priority areas for future development include incorporating farm 

size and animal units as variables, controlling for stream typology, comparing upstream and 

downstream DVFI stations within the same stream system, and extending the analysis to all Danish 

municipalities. Field investigations and water sampling at identified entry points could be integrated 

into the workflow as a confirmation step – providing chemical and biological documentation of 

actual pollution at locations identified through the spatial screening, and significantly strengthening 

the evidence base for both regulatory action and farmer engagement. SEGES Innovation has 

expressed interest in continuing this work after submission, including distance-based statistical 

refinement, with the aim of developing the method into a more robust tool for practical application 

in environmental management (Gertz, Freudendal & Rasmussen, personal communication, 2026). 

The approach also has potential as a communication tool, providing spatial documentation that 

could support both municipal inspection prioritisation and broader policy attention toward silage 

effluent as a manageable environmental risk. 

7. Conclusion 
This thesis set out to investigate whether potential silage effluent runoff from cattle farms represents 

a broader environmental problem in Danish streams, and whether a combined spatial and qualitative 

approach can make this problem more visible. The research question asked how GIS-based spatial 

analysis, existing DVFI monitoring data, and key informant insights can be combined to assess this 

question. The findings demonstrate that such a combination is both methodologically feasible and 

practically relevant. 

Spatial patterns between potential runoff pathways and DVFI conditions 

The first sub-question asked what spatial patterns can be identified between potential silage effluent 

runoff pathways from cattle farms and DVFI conditions in Danish streams. The analysis shows that 

a meaningful screening-level spatial pattern exists. Through the combined QGIS proximity 
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screening and manual SCALGO hydrological connectivity analysis, 125 potential source-pathway-

receptor linkages are identified across 17 municipalities in northern and central Jutland. Among 

these, 58.4% are associated with below-good ecological conditions compared with 36.9% in the 

regional DVFI background for the same municipalities. This difference of 21.5 percentage points is 

concentrated in the DVFI 4-4.9 range, indicating that potential silage effluent runoff risk is 

particularly associated with moderate ecological degradation. The pattern is supported by expert 

validation from both a stream ecology specialist and municipal practitioners, and is consistent with 

the scientific understanding of silage effluent as a high-impact organic pollutant capable of affecting 

macroinvertebrate communities over time. While the result does not establish direct causality, it 

provides a screening-level indication that silage effluent runoff from cattle farms is not an isolated 

local problem but a broader spatial environmental risk that is currently underdetected by existing 

monitoring and inspection practice. 

Practitioner and expert insights on persistence and management challenges 

The second sub-question asked how practitioner and expert insights help explain the persistence and 

management challenges of silage effluent pollution in practice, and what practical and institutional 

changes practitioners identify as necessary for more effective prevention and management. The 

qualitative analysis, structured through institutional theory, reveals that the persistence of silage 

effluent pollution reflects a gap between formal rules and the normative and cognitive conditions 

that shape everyday practice. Formal rules prohibiting water pollution exist and are nationally 

binding, but are insufficiently specific in key areas and inconsistently enforced with only around 

10% of registered pollution cases resulting in formal consequences. Knowledge gaps at both farm 

and municipal level mean that the problem is frequently neither recognised nor acted upon, and 

structural constraints – including resource limitations, rapid farm consolidation and seasonal 

misalignment in the monitoring system – compound these barriers. Practitioners consistently 

identify communication through trusted channels, more targeted and seasonally timed inspections 

supported by tools like SCALGO, and more consistent enforcement as the most important 

conditions for improvement. Seen through an institutional theory lens, lasting change requires shifts 

at all three institutional levels – cognitive, normative and regulative – rather than adjustments to any 

single factor alone. 

Overall contribution and answer to the research question 

Together, the two sub-questions provide a coherent answer to the main research question. The 

combination of GIS-based spatial analysis, DVFI monitoring data and key informant insights makes 

it possible to assess silage effluent runoff as a broader environmental problem in a way that no 

single approach could achieve alone. The spatial analysis demonstrates that a regional pattern exists 

and is not random. The qualitative analysis explains why it persists and what institutional conditions 

would need to change for it to be effectively addressed. Together they support the conclusion that 

silage effluent runoff from cattle farms may represent a broader environmental problem in Danish 

streams – one that is currently only partly visible through local cases, municipal inspections and 

enforcement practice, but can be made more visible through the kind of combined spatial and 

institutional analysis developed in this thesis. 
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The screening approach developed here has practical value beyond this thesis. It provides 

municipalities with a method for identifying where targeted field verification is most warranted, and 

offers a foundation for further development, including field investigations, water sampling, stream 

typology analysis and national-scale screening that could significantly strengthen the evidence base 

for both environmental management and policy attention toward silage effluent as a persistent and 

underdetected environmental risk in Danish streams. 
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