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Abstract

:

Competing socioecological demands and pressures on land and water resources have the potential to increase land use conflict. Understanding ecosystem service provisioning and trade-offs, competing land uses, and conflict between stakeholder groups in catchments is therefore critical to inform catchment management and the sustainable use of natural resources. We developed a novel stakeholder engagement methodology that incorporates participatory conflict mapping in three catchments with a short questionnaire to identify the perceptions of 43 participants from four key land and water management stakeholder groups: environmental regulators, water industry practitioners, the farm advisor community, and academics. The participatory mapping exercise produced heat maps of perceived conflict and land use competition, providing spatial detail of the complex combination of land use issues faced by catchment managers. Distinct, localised hotspots were identified in areas under pressure from flooding, abstraction, and urbanisation; as well as more dispersed issues of relevance at the landscape scale, such as from farming, forestry, energy production, and tourism. Subsequent regression modelling linked perceived conflict to land cover maps and identified coastal, urban, and grassland areas as the most likely land cover types associated with conflict in the study catchments. Our approach to participatory conflict mapping provides a novel platform for catchment management and can facilitate increased cooperation among different catchment stakeholders. In turn, land and water management conflicts can be recognised and their underlying drivers and likely solutions identified in an effort to better manage competing demands on catchment resources.
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1. Introduction


Sustainable management of natural resources is under pressure from environmental and social drivers, such as climate change and global population growth [1,2]. If landscape-scale decisions are implemented in response to environmental and social drivers without full consideration of the socioecological complexity of catchments, then there is the potential for unintended consequences for both the environment and society, for example, a loss of biodiversity or heightened risk to human health and wellbeing [3,4]. Therefore, integrated catchment management is often described as a “wicked problem” because solutions can be difficult to identify and implement due to the uncertainty, complexity, and divergency of stakeholder interests [5,6]. The potential for increased land use conflict, arising when stakeholders have incompatible interests concerning land use and resource management [7], becomes more likely as demands and pressures on catchments and coastal waters grow or become more diverse [8,9]. Thus, identifying sustainable solutions to wicked problems requires adaptive and integrated decision-making in land and water management [10,11,12], and highlights the importance of stakeholder-focused approaches [13].



Land use conflict is frequently driven by rapid land use change [14], resource scarcity (particularly water scarcity) [15,16], or power imbalances [17] and can increase social tensions, political instability, and, in the most extreme cases, can lead to violent conflict [18,19]. In more stable, affluent societies, the causes of land use conflict are often due to changes in land management affecting broader, often difficult to measure, socioecological aspects, such as noise, odour, negative visual impacts, or risks to biodiversity conservation [20,21]. Trade-offs are often expressed downstream, in lower parts of the catchment [22,23], and can cause severe disadvantages to affected communities or even entire national economies [24]. Due to hydrological connectivity, river catchments often integrate multiple pressures, e.g., from point and diffuse source pollutants, abstraction, and physical alterations of the landscape [25,26]. This places riparian ecosystems and their critical natural resources at risk [27], and reinforces the concept of the “catchment” being the most appropriate scale to holistically manage land and water environments [28].



Ecosystem service mapping techniques can identify likely trade-offs between different land management decisions in catchments, i.e., refs. [29,30], or model estimates of land use conflict, i.e., using spatial indicators of the potential for soil erosion and the quality of agricultural land [31]; however, there are many factors that mapping efforts cannot take into consideration, especially sociocultural benefits and disbenefits [32]. Trade-offs between ecosystem services manifest themselves in complex interactions [33], and bundles of services respond to changes in a variety of social, environmental, economic, and political drivers across both space and time [34,35]. Accurately modelling and mapping ecosystem services in catchments is therefore challenging, due to the stochastic and often nonlinear, and even chaotic, nature of socioecological systems [36,37]. Furthermore, ecosystem service mapping studies often lack sufficient primary, scale-appropriate data, and frequently fail to validate their modelled results or assess uncertainty in their models [38,39].



These shortcomings suggest a role for including the knowledge and perspectives of experts, stakeholders, and local communities in assessing the potential for ecosystem service trade-offs and land use conflict in catchments. Widening participant involvement in research can identify differences in opinion and understanding across different stakeholder communities, capture valuable local expertise and understanding, and facilitate knowledge exchange between stakeholders [40,41]. Participatory research approaches can also ensure that management decisions are more inclusive and socially acceptable, and are implemented more effectively [42,43]. Participatory mapping, where spatial information is used or produced as part of a participatory process, is a useful methodology to support the integration of knowledge from multiple contributors and to elicit information which may be challenging to estimate using only empirical data. Participatory mapping studies are often used to understand how stakeholders value ecosystem services [44,45,46,47,48], or to map, understand, and mediate conflict [49,50,51]. Participatory mapping has also been used to inform mitigation measures by identifying spatial hotspots of ecosystem service benefits and areas at risk of competing demands [49,52,53]. To date, relatively few participatory mapping studies have used both quantitative and qualitative data to complement and validate their methodologies [54].



In this study, the perceptions of four distinct land and water management stakeholder groups were identified in three contrasting catchments by applying a novel, mixed-method stakeholder engagement methodology that incorporates participatory conflict mapping with a qualitative questionnaire. The objectives were to (1) identify and characterise spatial hotspots of perceived conflict in catchments of varying land use and environmental characteristics, (2) quantify how perceived conflicts differ between key groups of stakeholders within each catchment, (3) model whether land cover data and other variables can be used to predict conflict and land use competition in the study catchments, and (4) use supporting qualitative data to interrogate the potential drivers of any perceived land use conflicts and likely solutions to the issues.




2. Materials and Methods


This study developed a mixed method participatory mapping exercise coupled with a qualitative questionnaire as part of a novel stakeholder engagement methodology. Combining quantitative spatial data and qualitative responses allowed us to determine how participants from four key stakeholder groups perceived conflict and competing demands on water resources (herein termed conflict) within their local catchments, as well as the underlying drivers of conflict and any perceived likely future changes to such demands. Three contrasting catchments with diverse geomorphologies, land cover composition, stakeholder communities and land and water management pressures were selected from across Scotland, UK (Figure 1).



2.1. Study Catchments


The River Spey drains an area of just under 3000 km2 in the northeast of Scotland and lies within the northwestern part of the Cairngorms National Park. Land cover is dominated by moors and heathland (29%), sparsely vegetated highlands (23%), and coniferous forest (16%; Table 1). This catchment has a varied land use including rough grazing, commercial forestry, arable farming, and sporting estates. Whisky distilleries, tourism, and angling also represent important local industries, with 8% of Scotland’s total wild salmon catch originating from the River Spey. The river is a Special Area of Conservation (SAC) for Atlantic salmon, sea lamprey, freshwater pearl mussel, and otter, and forms part of the EU Natura 2000 network [55]. An estimated 20% of the mean annual water flow to Spey Bay is diverted to large hydropower schemes in nearby catchments. Competing demands on the remaining water resources in the catchment are local hydropower plants, a growing food and drink manufacturing industry, and increasing domestic water demands and irrigation needs [56].



In the east of Scotland, the South Esk catchment has an area of just over 600 km2, originating in Glen Clova, in the Cairngorms National Park and draining into Montrose Bay. The geomorphology and land cover are distinctly split between its upper catchment at higher altitudes, which is dominated by moors and heathland (33%) used for rough grazing, and its more gently sloping lower catchment, which is dominated by arable land (31%) and improved grazing (12%). The catchment has been designated as an SAC for Atlantic salmon, freshwater pearl mussel, and otter. It has also been identified as a nitrate vulnerable zone as both ground and surface waters are at risk of nitrate leaching from soils; therefore, farmers in the catchment must adhere to additional management restrictions to reduce nitrate leaching in the catchment. Point source pollution from wastewater effluent discharge, diffuse pollution from agriculture, and water abstraction for arable farming are the major pressures on this catchment system [57].



The River Ayr catchment drains an area of just under 600 km2 into the Firth of Clyde. Approximately 65% of the catchment area is pasture with lowland improved grassland used for intensive dairy farming and upland pastures supporting sheep and beef farming; diffuse pollution from agriculture represents a significant challenge for water quality and human health, the latter being especially important due to a number of designated public bathing water beaches on the Ayrshire coast. Livestock rearing, tourism, and wild salmon angling are important local economies, which impose contrasting demands on the catchment. The Scottish Environment Protection Agency (SEPA) has declared the catchment a “priority catchment for diffuse pollution” and has worked with local farmers to avoid breaches of local regulation, which have primarily been caused by riverbank erosion by livestock and their direct access to watercourses.




2.2. Sample Selection and Engagement Design


In each of the three study catchments, three to five individuals from four key stakeholder groups took part in the exercise: environmental regulator staff (n = 12; all from SEPA), water industry staff (n = 9; all from Scottish Water, Scotland’s public water and wastewater company), catchment scientists (n = 11; from Universities and research institutes across Scotland) and farm advisors (n = 11; from the National Farmers Union Scotland as well as independent farm consultants). A total of 43 stakeholders carried out the survey in 2017, 15 of whom had local expert knowledge on the River Spey catchment, 13 on the South Esk catchment, and 15 on the Ayr catchment. The four stakeholder groups were selected through a preliminary desk-based exercise that ranked the importance of the stakeholder groups for land and water management, and their influence on management decisions. Criteria for selection of participants were (i) evidence of experience in their respective catchment, e.g., an individual was required to have worked for at least a year in the catchment, or written a publication or report linked to the catchment; and (ii) expertise on land and water management issues. Participants were initially identified through a desktop study with additional stakeholders identified through recommendations from the initial cohort.



Participatory mapping was conducted face-to-face to ensure that the tasks and their context were understood and to avoid any miscommunication or misinterpretation between the interviewer and participant. All surveys were conducted by the same interviewer to ensure consistency in approach, and the results anonymised so that the stakeholder group of each respondent was known, but not their identity. The interviews were carried out on a one-to-one basis to allow stakeholders to express their perspectives frankly, even if their views deviated from the majority-held opinions within their stakeholder group. The interviews were developed to elicit responses to 12 questions, prompting participants to consider their views about the major themes of ecosystem service provisioning and trade-offs, competing land use, and conflict between stakeholder groups in their catchments. Of central importance was a mapping exercise whereby participants were asked to spatially identify areas on a catchment map where they perceived there to be conflict among stakeholder groups. As there are no “severe” water or land use conflicts in Scotland, a number of participants in pilot interviews thought the word “conflict” was too strong, so the definition in the survey was broadened to include areas of competition between land uses as a proxy of a driver of conflict [58]. Participants were asked to delineate the areas of conflict/competition that they identified on a map of their catchment, and they were also told that they could select the entire area of a particular land cover type. Hardcopy maps were used for this exercise, as opposed to digital mapping, as this proved more accessible to participants during pilot interviews, with both formats shown to produce equivalent mapped outputs [59]. Following the mapping exercise, the remaining questions of the interview focused on collecting qualitative evidence to support why particular areas had been selected and to identify the possible drivers behind land use competition and how they may be resolved or may change in the future (full questionnaire available in supplementary information).




2.3. Analysis


Responses from the participatory mapping exercise were digitised from the scanned paper maps to polygons in ArcMap 10.4.1 [60]. The polygons were overlaid in ArcMap to generate heat maps of conflict for each catchment, where higher numbers of overlap in stakeholder perception equate to increased “heat” of conflicts and land use competition. To quantify where each of the polygons from different participants overlapped, the polygons were first converted to raster files and resampled to 10,000 m2 resolution as well as “snapped to raster” in their processing extent to make sure all the files were aligned. To identify the overlapping raster cells between different respondents, the polygons were reclassified using numbers as place holders for each participant. Numbers which were powers of two were used, or 2n (i.e., 1, 2, 4, 8, 16...), as they could then be overlapped and summed in ArcMap prior to extraction as an Excel file while retaining the identifying information of each stakeholder.



To compare the amount of overlap among different stakeholder groups, the number of overlapping raster cells per stakeholder group (z) was normalised by subtracting the mean number of raster cells per participant (µ) from their stakeholder group’s mean number of raster cells (x) and dividing by the standard deviation (σ), which accounted for the variation in raster cell selection among the stakeholder groups and the differing scales of the catchment, as represented by:


  z =   x − µ  σ   











The differences in overlap of participant’s highlighted area of conflict between the stakeholder groups and between catchments were compared using a Kruskal–Wallis statistic using SPSS version 23 statistical software, with differences reported at a significance level of 0.05 (95% confidence interval) [61].



Regression analysis was used to model whether land cover data and other variables such as stakeholder group or catchment type could be used to predict conflict and land use competition in the study catchments. The raster data from all of the heat maps were combined with 2015 CEH landcover data in ArcMap and extracted to R using the “tiff” [62], “raster” [63], “sp” [64], and “rgdal” packages [65]. The “brick” function was used to extract the raster information from ArcMap into R and combine data from the three catchments into one file. For the regression analysis, general linear models were used to determine how perceived conflict may be explained in part by land cover type, catchment, or stakeholder group identity, with significance tested at α = 0.05. The final model was selected as all factors were highly statistically significant (p < 0.001), and its Akaike information criterion was lower than other more and less complex models.



The responses from the questionnaire were grouped into themes according to content. The themes were types of ecosystem services, types of conflict, and types of drivers. This categorisation allowed comparison between groups and catchments. The responses to Question 9 (“What are the major drivers for conflict between land use, ecosystem service provision, and stakeholders in your catchment?”) were initially grouped into 16 categories, with the nine smallest categories being grouped together as “Other”, resulting in eight groups: “Policy”, “Subsidies”, “Climate change”, “Financial pressures”, “Competing interests”, “Urban population growth and increased tourism”, “Lack of communication and integrated management”, and “Other”.





3. Results


Participants identified a total of 97 areas of conflict within the participatory conflict mapping exercise. The most polygons were mapped in the Spey catchment (41), followed by the Ayr (34) and the Esk (22). Catchment scientists were the stakeholder group that identified most polygons (33), followed by environmental regulator staff (27), farm advisors (24), and water industry staff (13).



3.1. Hotspots of Conflict


The heat maps of perceived conflict, combining all the stakeholder’s responses, showed that perception of conflict in all three catchments was often congruent among participants, with up to ten stakeholders identifying the same localised hotspots in their catchment. Participants also identified more dispersed issues across the catchments, which were manifest at a landscape scale (Figure 2). In the River Spey and South Esk catchments, the most commonly identified conflict areas were more localised. Stakeholders in the Ayr catchment identified areas of conflict more widely across the catchment, and the mean proportion of perceived conflict across the catchment was larger, with 22.44% ± 0.04, followed by the Spey (18.71% ± 0.02) and the South Esk (17.17% ± 0.04). Results from the questionnaire data also suggested that there were more diverse issues in the Ayr catchment compared to the other two catchments.



3.1.1. The Spey Catchment—Land Use Strongly Influenced by Tourism


In the Spey catchment, two clear hotspots emerged from the participatory mapping. The more northerly hotspot (which is further downstream) is situated around a town popular with tourists, where stakeholders asserted that this holiday destination has experienced an increase in urban development and tourism influx in recent years. The hotspot, with an area of around 9 km2, was identified by ten out of the fifteen Spey stakeholders. Development in and around the town was thought to cause significant socioecological pressures, such as increasing house prices and demands on the local water resources for potable use, in addition to increasing abstraction pressures on the Spey. Further upstream, the second hotspot (of about 13 km2 and identified by nine participants) was perceived to be where a significant proportion of the river’s water was being diverted to a neighbouring catchment to power a hydroelectric dam. The upstream abstraction of water to generate energy in a neighbouring catchment was widely mentioned by participants in their questionnaire responses as causing compromised downstream flows, and concern for aquatic biodiversity (especially for conservationists, anglers, and river trusts). The third most commonly identified area (7 out of 15 stakeholders) of conflict in the Spey was due to increases in tourism and recreation in the uplands around the local town, which is perceived to cause conflict with anglers, sporting estates, and biodiversity conservation efforts. Five participants mentioned that an increased use of the area was causing conflict with biodiversity conservation; however, four stakeholders also mentioned that conflict situations were arising among different groups of recreational users, such as between anglers and wild water rafters or between shooting estates and hill walkers.




3.1.2. The South Esk Catchment—Mixed Land Use


In the South Esk catchment, the most intense perceived conflict around a lowland town was identified by ten out of the thirteen stakeholders. The complementary questionnaire determined that a recently installed large flood control scheme had caused extreme flooding and erosion of farmland downstream of the town. Out of the ten stakeholders that identified conflict within this 8 km2 area, seven specifically identified the town as an area of conflict. Throughout the rest of the catchment, overlaps were much less common although more extensive in area, with a maximum of six overlaps near the urban and coastal areas. Seven stakeholders from the South Esk and the two other catchments also voiced concerns over the Scottish Government’s target to plant a minimum of 10,000 ha of forestry per year to offset greenhouse gas emissions. They were concerned about this encroaching on the availability of upland grazing spaces, as trees would not be planted on high-quality agricultural land nor on peatlands which would probably emit greenhouse gases when forested. Other trade-offs mentioned were the impacts of future tree felling on downstream water quality, and how wet woodland planting may impact wading bird conservation as it would provide cover for predators such as birds of prey.




3.1.3. The Ayr Catchment—Land Use Mainly Characterised by Agriculture (Esp. Dairy)


Responses of up to eight stakeholders overlapped in the Ayr catchment; however, in contrast to the other two catchments, these did not form spatially distinct or acute hotspots. Although conflict was commonly identified around distinct locations in the Spey and South Esk, stakeholders from the Ayr catchment perceived conflict more widely across the catchment, with larger areas showing overlaps of five or more stakeholders (18% of total area). The areas of conflict identified by five or more stakeholders in the Spey catchment were only 5%, and only 3% in the South Esk catchment. The greatest number of overlaps in the Ayr catchment were situated around the urban and coastal areas of Ayr, which is the main town in the catchment (eight out of 15 stakeholders), in the upland areas of the catchment (seven stakeholders), and within improved grassland areas immediately surrounding the River Ayr and its tributaries (six stakeholders). The qualitative data from the questionnaire showed that although the numbers of conflict and drivers raised by stakeholders in the Ayr were comparable to those in the other two catchments, they revealed a more diverse array of issues. In terms of the area of conflict identified around the town of Ayr, seven out of fifteen stakeholders mentioned concerns around bathing water quality being impacted by farming and particularly poaching of riverbanks by cattle. Five stakeholders perceived urban development to cause a loss of prime agricultural land and flooding, and seven catchment stakeholders voiced concern that increases in forestry were leading to farmers becoming frustrated by rising land prices for rough grazing, exacerbated by the Scottish Government’s 10,000 ha tree planting targets. Four stakeholders also mentioned that mining areas that have been historically poorly managed are now left unused and unrestored, and three of the fifteen Ayr stakeholders thought there was conflict due to visual impacts of increasing windfarm development in the uplands.





3.2. Stakeholder Groups and Conflict


In the Ayr catchment, water industry staff selected fewer, and smaller, areas of land use competition in the participatory mapping exercise, and responses within this stakeholder group only overlapped in the very west of the catchment around the town of Ayr (Figure 3). The other stakeholder groups’ responses cover larger areas of the catchment and overlap up to a maximum of three times for environmental regulator staff and catchment scientists and up to four times for farm advisors. Water industry staff identified only five polygons of perceived conflict in the Ayr catchment, with a total of 89.9 km2, whereas environmental regulator staff identified 11 polygons with a total area of 873.9 km2, catchment scientists identified seven polygons at 396.4 km2 and farm advisors selected 11 polygons and the largest area with 1008.2 km2. This trend was similar in the other two catchments, where water industry staff also identified fewer, and smaller, areas of potential conflict compared to the other three stakeholder groups.




3.3. Overlap Analysis


Overlap analysis revealed that although there was a lower number of normalised overlaps in the South Esk catchment, there was no significant difference in the amount of overlap between the catchments (H = 0.37, p > 0.05), although there was a significant difference between stakeholder groups (H = 11.6, p < 0.01). The responses of catchment scientists were very similar to the mean overlap of responses (Figure 4). Responses from farm advisors and environmental regulators were, on average, more similar within their group; however, this was not statistically significant due to the large variation in overlap among stakeholders. Farm advisors in the Ayr catchment and all water industry staff showed significantly less overlap within their stakeholder group.




3.4. Land Cover and Conflict


The proportion of stakeholders perceiving conflict could be explained in part by land cover, catchment, and stakeholder group identity (full model outputs in Table 2). The land cover types that were the best predictors of areas with greater perceived conflict in the model were improved grassland and urban areas (Figure 5). Coastal areas had an even larger effect; however, they had much greater variability associated with them compared to all other land cover types, probably due to their smaller size.



With respect to individual catchments, Ayr was associated with greater perceived conflict than the Spey and the South Esk catchments. The modelled proportion of perceived conflict was greatest in the Ayr, followed by the Spey.



Results of the modelling for the four stakeholder groupings showed that farm advisors were most likely to identify conflict in areas where there was a large proportion of stakeholders that perceived conflict, followed by water industry staff (Figure 6). Catchment scientists and environmental regulator staff were the least likely to identify conflict in areas where there was a large proportion of stakeholders that perceived conflict.




3.5. Drivers of Conflict


When stakeholders were asked to comment on the drivers behind conflicts in their catchment, legislation was most commonly mentioned (by 21 of the total 43 stakeholders), followed by financial pressures (13 stakeholders), competing stakeholder interests (11 stakeholders), and urban population growth and increases in tourism (7 stakeholders). These drivers were mentioned by all four stakeholder groups. Other drivers mentioned by multiple stakeholders were subsidy payments (6 out of 43 stakeholders), climate change (4 stakeholders), and a lack of integrated management and stakeholder understanding (3 stakeholders).




3.6. Future Change to Conflict


A majority (27) of stakeholders stated that, by 2030, there would be changes to the major drivers for conflict between land use, ecosystem service provision, and stakeholders in their catchment. When listing likely changes, seven stakeholders identified negative changes due to climate change, such as increased flooding, drought, and diffuse pollution, as well as threats to biodiversity, particularly Atlantic salmon and alpine bird species such as dotterel and ptarmigan. Other negative likely changes mentioned were increased competition due to the Scottish Government’s forestry planting targets and increased financial pressures on farmers and local residents. Eleven participants also mentioned likely positive changes, such as improvements to agricultural and forestry practices (through increased agricultural outputs, reduced pollution from farmland, and sustainable forestry), improved payments for ecosystem services, restoration of rivers, woodlands, and mining sites, more holistic catchment management, and increased communication and cooperation among stakeholder groups.



Ten stakeholders perceived the likely impact of the UK leaving the European Union (Brexit) to be negative in terms of land use, ecosystem service provisioning, and stakeholder conflict in their catchment. A commonly held concern was that new UK Government environmental legislation would be less stringent than EU legislation, although eleven stakeholders thought that most environmental legislation would be carried over after Brexit. Five stakeholders stated that they particularly hoped that the EU Water Framework Directive and Bathing Water Directive would not become less stringent after Brexit. Seven stakeholders believed that at a minimum, environmental protection from EU farm payments would be matched after Brexit; however, six others voiced concerns that this was unlikely and would force farmers to make “hard choices” and make it particularly difficult for those farmers who were on the breadline. Eight stakeholders viewed Brexit as an opportunity for land and water managers to have greater involvement in decision-making and saw opportunities for more targeted farm payments that improve food security and broader ecosystem service provisioning than the current Common Agricultural Policy payments.




3.7. Conflict Mitigation


Four stakeholders commented that stakeholders already generally work well together, with two stakeholders mentioning their catchment management plan as being pivotal in that respect. When asked to suggest how conflict may be further mitigated, they most commonly (6) replied that improved stakeholder communication and cooperation would help reduce conflict in their catchments. This was followed by improving farm payments (4), such as making them less difficult to apply for and increasing effective management of water margins, and by catchment restoration (4), i.e., improving ecological connectivity and installing natural flood management across the catchments. Other ways to alleviate conflict put forward by multiple stakeholders were research into ecosystem service provisioning and conflict in catchments (2), increasing climate change resilience (2), identifying win–win solutions to issues in the catchments (2), and engaging the local community to become more involved in, and benefit from, how the catchment is managed (2).





4. Discussion


Our proposed methodology provides an innovative and engaging tool for unpacking stakeholder perceptions of conflict and land use competition at the catchment scale. This novel application of participatory mapping captured spatial data across multiple catchments with varying land use and environmental characteristics by stakeholders from four key land and water management stakeholder groups. The heat maps of perceived conflict illustrated the complex combination of local and landscape-scale issues present in the catchments and identified the three main aspects of land use conflict—trade-offs between ecological, agricultural, and construction interests [66]. We were able to quantify how perceived conflicts differed between catchments and groups of stakeholders and used modelling of land cover types to predict conflict in the study catchments. The mixed method approach allowed for robust mapping results, which were complemented with rich insight into the complex issues from the short questionnaire [67]. This also provided opportunity for validation as well as clarification and elaboration of the mapping results [54]. The methodology was effective at identifying and characterising spatial hotspots of perceived conflict in catchments of varying land use, environmental characteristics, and stakeholder cohorts, which demonstrates the potential transferability of this approach to the rest of the UK, and beyond, as well as to broader groups of stakeholders, such as nongovernmental organisations (NGOs) and the public. Consulting with and engaging the public allows for the elicitation of local knowledge, which can further inform land and water management decision-making while empowering communities and developing social capital [68]. Mapping approaches, such as the one presented here, can also help to bridge the communication gap between lay and expert knowledge [69].



4.1. Differences in Perceived Conflict among Stakeholder Groups


Although each of the catchments had distinct local issues and sources of conflict raised by stakeholders, several themes were raised by all four stakeholder groups and in all study catchments. Most of the broader themes emerging from the mapping exercise (forestry, energy provisioning, agricultural diffuse pollution, urban development, and flooding) were also identified by all the four stakeholder groups, whereas pressures on farmland management were only identified by farm advisors and catchment scientists, and pressures from tourism and recreation were only identified by environmental regulator staff and catchment scientists. Hence, catchment scientists were the only stakeholder group to identify the entirety of the categories of conflict, which may be a reflection of their role as unbiased outside observers of land and water management issues [70].



Different stakeholder groups did not, however, overlap more within their groups than across all the responses, which was also reflected by congruent reporting of types of conflict by the stakeholder groups. This may indicate that membership to a particular stakeholder group did not impact on stakeholders’ ability to identify a range of land and water management conflicts, and not just those within their main domain of interest. It is still vital, however, to include various actors in any such participatory engagement exercise, as they will have different perspectives on issues and likely solutions to those [71], despite this not being statistically quantifiable in the overlap analysis. The significantly lower overlap between water industry staff was probably due to them selecting a smaller number of more specific and local issues, such as flooding or abstraction, which are more relevant in their day-to-day work, as opposed to wider, landscape-scale conflicts in which the other three stakeholder groups may be much more engaged with. Across all three catchments, water industry staff identified fewer and smaller areas of potential conflict compared to the other three stakeholder groups, whereas farm advisors identified comparable numbers of raster cells. The comparability among farm advisors may point to their central role as brokers between the farming community and other stakeholder groups, and their familiarity with local land management issues [72].



The four main drivers of conflict were also identified by all stakeholder groups and in all catchments. This indicates that, although we were only able to incorporate the views from a limited number of stakeholders, we were able to effectively elicit the general views of the stakeholders in the three catchments.




4.2. Land Cover Data


Results from the regression modelling linking perceived conflict to coastal, urban, and grassland land use correspond well to what has been found in other participatory conflict mapping studies: coastal areas are used by a number of different stakeholder groups and are under multiple and cumulative environmental and sociocultural pressures [73,74]. In this study, the main underlying issues surrounding coastal areas were bathing water quality, flooding, and urbanisation. Urban development may cause rural–urban conflict when resources such as water or valuable farmland are partitioned away from rural areas to secure the needs of a growing urban population [75,76]. Although Scotland is not water-scarce, several stakeholders were concerned about aquatic ecological quality being impacted by urban development that already had significant abstractions for hydro power, agriculture, and local industries. A common trade-off of renewable hydroenergy is its impact on the ecological needs of the river [77,78]. The spatially constrained nature of urban and coastal areas also probably contributes to the finding that conflict in those areas was highly acute.



Agricultural diffuse pollution has overtaken urban and industrial contamination as the major source of pollutants to water bodies in a number of high-income countries [79]. It is a key contributor to impacts on ecological status and bathing water quality in Scotland, which is probably why improved grasslands were shown to be more likely areas of conflict for the stakeholders of this study [80]. Arable land was not seen to be as significant, which may be due to the dominance of intensive dairy pastures in the study catchment with the greatest agricultural land use; however, the mapping of land use conflicts will reflect the catchment context. In other catchments of Scotland, the UK, or, indeed, the world, where improved grassland is less common, the agricultural drivers of conflict may instead focus more heavily on farming practices related to, e.g., soil erosion or pesticide leaching, and hence result in different types of conflict.




4.3. Temporal Aspects of Conflict


The major hotspot of conflict identified in the mixed land use catchment (surrounding the flood mitigation scheme which caused extensive flooding and loss of agricultural soil downstream) demonstrates how a relatively localised issue can be highly relevant for stakeholders across the catchment. It also illustrates how a short and sudden event can have broader temporal impacts on conflict identified by stakeholders [81], and indicates the significance of a recent extreme flood event to stakeholders, which in turn may help develop resilience to future flooding in the catchment [82]. As well as capturing a snapshot of current conflict via the participatory mapping, the methodology also highlighted emerging and prospective temporal variability in land use conflicts by asking stakeholders to consider current issues and likely changes after Brexit and by 2030. Stakeholders identified a number of likely future opportunities and risks for their catchments, for example, how a possible departure from the Common Agricultural Policy incentive scheme may allow for more targeted payments for ecosystem services that aim for greatest socioecological benefits [83]. Participatory mapping approaches such as this could be applied longitudinally to provide insight into how the areas of land use conflict may change over time and in response to different policy drivers or catchment “events” and determine which conflicts were more dynamic or transient. However, longer-term application of such an approach would have greater time and resource demands. Alternatively, the methodology could be adapted as part of a participatory scenario planning exercise to help foster common understanding and engage stakeholders with future planning of social–ecological systems [84].




4.4. Drivers of Conflict


Legislation was the most commonly mentioned driver behind conflict in all of the catchments and by all participants, which highlights that although supra-catchment policies such as the EU Water Framework Directive encourage bottom-up management and participatory approaches, there is a need to adapt national and EU-wide policy and governance to allow more flexibility and self-determination at the local level to incorporate multiple knowledges and perspectives [85]. The Scottish Government target of expanding forestry in Scotland by 10,000 ha per year was highlighted as a policy that may exacerbate conflicts and land use competition in all the study catchments, although it has been implemented with a goal of improving overall ecosystem service benefits. When investigating stakeholder views on woodland expansion in Scotland, Burton et al. [83] similarly found that stakeholders voiced reservations about possible trade-offs from tree planting, although they generally thought it to be an overall positive initiative.



Increases in urban development and tourism were also considered a major driver of conflict, particularly in the Spey catchment. A hotspot was identified by stakeholders in the uplands near the local tourism town, where increases in tourism and recreation are impacting on those “wild” spaces which originally attract people there [86], demonstrating that tourism development has the potential to be a key driver of conflict [87]. Other studies have also found that an increase in the recreational use of an area can cause conflict with biodiversity conservation [88,89], or among different recreational users [90]. As such areas are seen to be too often frequented, more people will likely disperse further into the uplands, which may exacerbate impacts on biodiversity in a wider area of the catchment. Given the varied attitudes towards tourism development [91], improved understanding of the nuanced perceptions of space-specific conflict in such areas is important. In turn, this can help to underpin future management of, e.g., environmentally sensitive areas or national parks, to reduce conflict driven by growing tourism and recreation.




4.5. Using Participatory Conflict Mapping to Inform Land Use Decision-Making


Our methodology has revealed several hotspots of perceived conflict in the study catchments, suggesting that these areas require attention in future policy and management proposals. When looking at relatively explicit and localised conflict, expert judgements informed by our methodology may be sufficient in helping to find solutions to land and water management issues, for example, if adapted to be used as part of a group exercise [92]. Many conflicts in catchments are, however, inherently complex, and the main benefit of participatory mapping of land use conflicts is likely as a tool to quantify and spatially identify areas where more focused problem-solving efforts are needed. This could be achieved through the use of frameworks for managing conflicts, such as was developed for conservation agencies by Young et al. [93], or ecosystem service-based tools to critically evaluate trade-offs and create a range of solutions to sustainably manage landscapes while considering multiple socioecological benefits [94]. Our methodology may also be applied at a national scale to identify “complex conflict priority catchments”, where catchments that are experiencing multiple and exacerbating conflicts (such as the agricultural study catchment with intensive dairy farming) could benefit from a more holistic management of landscapes. Funding mechanisms could then be used to support such catchments in setting up ecosystem service-based catchment management initiatives and facilitating greater communication among stakeholders in the catchment. Many of the participants in our study stated that often conflicts arise due to a clear trade-off between two reasonable interests which are conflicting, hence making a “win–win” solution unlikely. However, involvement of relevant stakeholders increases the likelihood of measures being implemented, and the knowledge of local conditions can aid identification of efficient solutions at lower cost [95].





5. Conclusions


Increasing demands on catchments to supply food, deliver water and energy security, and provide wider ecosystem services require an integrated and sustainable approach to catchment management, which can be challenging. Participatory approaches such as the methodology reported here are crucial to aid the understanding and management of socioecological systems and help to reduce conflict among land and water management stakeholder groups. Engaging key stakeholder groups in our study catchments allowed quantification of local and landscape-scale issues as well as insight into stakeholders’ perceptions on the current land and water management issues in their catchments of interest. Extension of the approach to other catchments clearly requires engagement from relevant communities, but where there are perceived conflicts in land and water management, there is likely to be an appetite for catchment stakeholders to share their views. There is an opportunity for innovative and engaging participatory approaches to play a key role in assessing conflict and land use competition and identifying catchments and areas with a particular need for more holistic land and water management, as well as playing a vital part in initiating discourse between stakeholder groups to foster mutual understanding and decision-making.
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Figure 1. Location of the three study catchments in Scotland, UK. 
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Figure 2. Heat maps of perceived conflict in the River Spey (1), River South Esk (2), and River Ayr catchment (3). 
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Figure 3. Heat maps of perceived conflict by environmental regulator staff (A), water industry staff (B), catchment scientists (C), and farm advisors (D) in the River Ayr catchment. 
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Figure 4. Difference in the overlap of the raster cells of perceived conflict among stakeholder groups across all three catchments, normalised by the mean overlap and standard deviation (±standard error), with 0 representing the mean overlap. 
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Figure 5. Difference between the binomial GLM coefficients, modelling how different land cover types may explain perceived conflict in the South Esk catchment (logit scale, ± standard error). The greater the coefficient (closer to 0), the better a land cover type predicts areas with greater perceived conflict in the model. 
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Figure 6. General linear model predictions of the relationship between the number of stakeholders from each group and the proportion of stakeholders perceiving conflict across the catchment (modelling for the South Esk catchment and the broadleaf forest land cover type as they were the first factors, and catchment type and land cover were not considered in this model). Data points are displayed using a logarithmic bubble graph to portray the large number of 10,000 m² rasters used for the analysis. 
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Table 1. Land cover types in the three study catchments as a percentage of overall area covered.
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	Land Cover Type
	Spey
	(% Land Cover)

Esk
	Ayr





	Moors and heathland
	29.07
	32.91
	11.47



	Coniferous forest
	15.89
	8.45
	9.38



	Pastures
	9.18
	12.09
	39.46



	Sparsely vegetated areas
	22.61
	0.03
	0.00



	Natural grasslands
	8.54
	9.81
	14.39



	Arable land
	2.01
	31.20
	7.04



	Peat bogs
	6.57
	0.86
	10.11



	Transitional woodland-shrub
	2.71
	1.34
	2.02



	Broad-leaved forest
	1.95
	1.41
	1.15



	Urban areas
	0.52
	1.03
	2.10










[image: Table] 





Table 2. GLM binomial modelling outputs of how the proportion of perceived conflict may be explained by land cover type, catchment, or stakeholder group.
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	Estimate
	Std. Error
	z Value
	p-Value





	Intercept (Broadleaf forest and the South Esk catchment)
	−2.68086
	0.004817
	−556.571
	<0.001



	Coniferous forest
	−0.02543
	0.003976
	−6.397
	<0.001



	Arable farmland
	0.004865
	0.004663
	1.043
	0.297



	Improved grazing
	0.091555
	0.004476
	20.456
	<0.001



	Rough grazing
	0.004407
	0.004119
	1.07
	0.285



	Upland (moorland and heather)
	−0.10336
	0.00378
	−27.346
	<0.001



	Coastal areas
	0.183985
	0.053147
	3.462
	<0.001



	Freshwater areas
	−0.07906
	0.006352
	−12.446
	<0.001



	Urban areas
	0.091751
	0.005148
	17.823
	<0.001



	Ayr catchment
	0.104696
	0.00472
	22.183
	<0.001



	Spey catchment
	0.030372
	0.00424
	7.162
	<0.001



	Catchment Scientists
	0.350055
	0.001388
	252.188
	<0.001



	Environmental Regulator Staff
	0.335782
	0.001497
	224.377
	<0.001



	Farm Advisors
	0.413825
	0.001446
	286.089
	<0.001



	Water Industry Staff
	0.375958
	0.002527
	148.752
	<0.001
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