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Abstract

Ensuring water, food and energy security for a growing world population represents a 21st century
catchment management challenge. Failure to recognise the complexity of interactions across socio-
ecological systems can risk the loss of key environmental and socio-economic benefits. In particular,
the ability of soil and water to meet human needs is undermined by uncertainties around climate
change effects, ecosystem service interactions and land use change. Competing stakeholder demands
and pressures on land and water resources further complicate catchment management and may lead
to land use conflict. Understanding ecosystem service provisioning and trade-offs within catchments,
as well as potential synergies and conflict among stakeholder groups, is therefore critical to underpin
sustainable use of natural resources. This thesis developed a series of novel engagement
methodologies to investigate stakeholder perspectives on opportunities and challenges associated

with land and water management in Scottish catchments.

The first objective was to assess trade-offs across catchment uses. Using the production possibility
frontier concept, stakeholder assessments of a trade-off between agricultural intensity and the
ecological health of freshwater systems were determined and revealed sources of conflict and a
diversity of views, especially between environmental regulators and farm advisors. The second
objective was to use catchment-scale participatory mapping to identify stakeholder perceptions of
land and water management conflicts. This provided spatial detail of the complex combination of
land use issues faced by catchment managers. The third objective was to analyse stakeholder
networks which identified differences in underlying land and water management issues among the
study catchments. The methodology elicited perceived core and periphery stakeholders and those
which were not mentioned at all. A final objective was to evaluate the perceived relative
effectiveness of agri-environment measures to reduce diffuse pollution on downstream water
courses, increase habitat quality to support biodiversity and attenuate flood waters. A best-worst
scaling survey of 68 land and water management expert stakeholders revealed “win-win”

opportunities for multiple ecosystem service provisioning in Scottish catchments.

The thesis highlights the importance of facilitating increased cooperation and understanding among

different stakeholders by quantifying otherwise implicitly held stakeholder views. The methodologies
identified potential sources of conflict and likely solutions for win-win opportunities and reinforce the
value of accessing and sharing a range of stakeholder perspectives, but also the need to capitalise on
this expert knowledge and integrate it into participatory decision-making processes to better

manage competing demands on catchment resources.
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1. Introduction

Major economic and technological advancements in the 20 century have lifted millions of people
out of poverty and provided water, energy and food to millions more (United Nations Development
Programme 2016). As demands of a growing and more affluent global population on natural
resources increase, aquatic and terrestrial ecosystems have been degraded beyond repair in many
regions, species are becoming extinct at alarmingly high rates, and vulnerability to shocks has
increased (Puma 2019; Vorosmarty et al. 2010). The new UN development goals continue to focus
on lifting people out of abject poverty, while also finding ways to preserve ecosystem functioning.
Today still 2.1 billion people are lacking access to safe drinking water and 4.2 billion lack safely
managed sanitation facilities (UNESCO 2019); nearly one billion people remain deprived of electricity
(IEA (International Energy Agency) 2018); and more than 820 million people have insufficient food
(Fears et al. 2019). One of the major challenges today is to provide basic human necessities of water,
energy and food to all, in an environmentally sustainable, economically viable and socially inclusive
manner that is capable to cope with shocks and disasters (Sachs et al. 2019). This is relevant for
wealthier countries, such as Scotland as well, where due to the interconnectedness of food, water
and energy, an increased demand on these resources perhaps may not lead to widespread scarcity,
but will present communities with an increasing number of trade-offs, potential conflicts and local

issues with resource management (Endo et al. 2017).

1.1. Integrated catchment management

The hydrological connectivity that characterises drainage networks at the landscape scale also
causes river catchments to integrate multiple stressors from across the landscape (Heathwaite
2010). Abstraction, hydrogeomorphological alterations, and diffuse and point sources of pollution
can impede the ability of catchments to supply food, energy and water as well as broader ecosystem
services that support human health and well-being. The food-water-energy nexus approach has

been developed to manage these three closely interrelated but commonly independently managed

12



resources (Sahle et al. 2019). Integrated catchment management approaches further recognise the
interconnectedness of catchments and aim to consider the wider conflicts and synergies between
management options and the objectives and responsibilities of stakeholder groups (Lerner & Zheng
2011). Recognising catchments as socio-ecological systems that accommodate multiple interests of
different stakeholders offers a holistic framework within which to account for the breadth of
ecosystem services that catchments host. Both social and ecological systems within a river
catchment are complexly intertwined and need to be considered both in research and management
and decision-making (Figure 1.1). Realising integrated catchment management is contingent on
interdisciplinary science that delivers novel, cutting-edge outputs, which allow the cooperation of
multiple fields of research, stakeholder groups and quantify trade-offs between management
options within the water-energy-food nexus, while considering wider ecosystem service
provisioning. There is a need, therefore, to quantify and optimise the range of multiple benefits that

catchments can deliver in response to shifts in their management and the wider environment.

1.2. Interdisciplinary participatory research

Conducting interdisciplinary participatory research with land and water management stakeholders
may not only help identify differing views between stakeholder typologies (Darvill & Lindo 2016), but
also facilitate effective knowledge exchange among stakeholders, while also capitalising on
important expertise and understanding which may be otherwise missed (Galafassi et al. 2017).
Participatory mapping techniques can aid understanding of the spatial distribution of conflicts and
social benefits, especially for cultural ecosystem services, which are difficult to estimate (Reilly et al.
2018; Brown et al. 2020). The use of participatory approaches are therefore vital for integrating the
social demands on land and water management, which are often neglected, and hence may avoid
potential conflict of natural resource use and management (Garcia-Nieto et al. 2015). Participatory
research approaches can also increase the inclusiveness and social acceptability of management
decisions, and ensure they are implemented more effectively (Etienne et al. 2011; Oliver et al. 2017).

To date, relatively few participatory mapping studies have used both quantitative and qualitative
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Figure 1.1: lllustration and conceptual model of the social and ecological system in a river catchment and the interactions between them.
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data to complement and validate their methodologies (Brown et al. 2017), and there is a dearth in
general of empirical studies on stakeholder engagement using quantitative methods (Kujala et al.
2022). Hence there is a need for interdisciplinary research outputs that are catchment-centric and
qguantify multiple stakeholder views and multiple ecosystem service benefits in land and water

management.

Throughout the following chapters we use the definition of stakeholders as those individuals,
groups, or organizations that influence or are affected by catchment management (Freeman 2015),
and define stakeholder engagement as actively soliciting the knowledge, experience, judgment and
values of individuals selected to represent a broad range of direct interests to particular issue
(Deverka et al. 2012). Stakeholder engagement from a catchment management perspective has the
benefits of capturing knowledge, increasing ownership of projects, reducing conflict, encouraging
innovation and facilitating partnerships; however, there is also an ethical dimension, where
meaningful stakeholder engagement may enhance inclusive decision making, promote equity,
enhance local decision making and build social capital (Mathur et al. 2008). Stakeholders incorporate
their knowledge into socio-ecological systems, but also their values and beliefs, and their
assumptions and biases (figure 1.1). Hence it is important acknowledge the political dimension of
stakeholder engagement and representation and be cautious of reinforcing inherent power

relationships both in research and in catchment management.

Here we focused on methodological development of stakeholder engagement tools and engaged
primarily with key land and water management stakeholders to aid proof of concept of the
methodologies. It may be noted that these key stakeholders, already have power in the planning and
decision-making process and future use of the methods developed here may be extended to help
empower more local actors such as local grassroots organisations and local citizens (Thaler & Levin-

Keitel 2016).
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1.3. Aims and objectives

The overarching aim of this project was to quantify stakeholder views on land and water
management in Scottish catchments and deliver strategies to promote stakeholder collaboration
and ameliorate conflict. This was achieved by developing novel, mixed method, stakeholder
engagement methodologies to elicit views from key land and water management experts. The

objectives were to:

(1) Assess the trade-offs and synergies between catchment uses and find ways to optimise
landscape scale ecosystem service provision in Scottish catchments.

(2) Quantify how stakeholder views differ among key groups of stakeholders and across
different catchments with diverse and contrasting geomorphologies, land cover types,
stakeholder communities, and land and water management pressures.

(3) Develop methods that can reduce stakeholder conflict by facilitating cooperation and
building shared mutual understanding.

(4) Determine the practical relevance of the participatory methodologies for land and water
management planning and decision-making.

1.4. Thesis structure

The thesis is organised as six chapters following this introduction. Chapter 2 is a critical review
outlining research priorities. Chapters 3-6 document the major scientific findings, and chapter 7
provides a synthesis of the research findings and identifies opportunities for future research. The
critical review and first data chapter are published in peer-reviewed journals, listed in Table 1.1,

and appear as they do in print but without their abstracts.

Table 1.1. Details of published chapters.

Chapter Details
Stosch, K. C., Quilliam, R. S., Bunnefeld, N., & Oliver, D. M. (2017). Managing
2 multiple catchment demands for sustainable water use and ecosystem service

provision. Water, 9(9), 677.
DOI: https://doi.org/10.1016/].scitotenv.2018.10.090

3 Stosch, K. C., Quilliam, R. S., Bunnefeld, N., & Oliver, D. M. (2019). Quantifying
stakeholder understanding of an ecosystem service trade-off. Science of the
Total Environment, 651, 2524-2534.
DOI: https://doi.org/10.1016/].scitotenv.2018.10.090
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Published in Water 2017
Manuscript details:
Stosch, K. C., Quilliam, R. S., Bunnefeld, N., & Oliver, D. M. (2017). Managing

multiple catchment demands for sustainable water use and ecosystem service
provision. Water, 9(9), 677.
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Author contributions:

K. C. Stosch conceived the rationale, carried out the literature review, and wrote the
manuscript. D. M. Oliver, R. S. Quilliam and N. Bunnefeld provided advice on the
literature review process and added critique and suggestions to improve the review
at each draft stage. Anonymous reviewers suggested improvements to the final
manuscript.

2.1. Introduction

Catchments have been widely altered through large-scale land cover and land use change,
including industrialisation, urbanisation, intensive agriculture and via hard-engineering, i.e., the
construction of infrastructure designed to divert water for drinking, irrigation or hydropower
schemes (Sterling et al. 2012). This has often benefitted economic productivity but has also
frequently led to unintended consequences, such as reduced water quality and ecosystem
functioning, and reduced resilience against other pressures such as invasive species and climate
change (Ormerod et al. 2010). Freshwater environments provide vital benefits to humans, and
scientists and policy-makers increasingly look to ecosystem service theory and assessments to
support sustainable catchment management. Ecosystem services are defined as the broad range of
goods and services that an ecosystem provides, which enhance human health and well-being

(Millennium Ecosystem Assessment (MEA) 2005). However, many of these services may be
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threatened where the upstream catchment system, within which a given waterbody is located, is
poorly or inappropriately managed (Green et al. 2015).

The recognition of catchments as a socio-ecological continuum that accommodates multiple
interests of different stakeholders therefore offers a holistic framework within which to account for
the breadth of ecosystem services that catchments host (Likens et al. 2009). By assessing stakeholder
interests across catchment functioning, from headwaters through to estuaries and bathing zones, we
can begin to account for negative (trade-off) and positive (synergistic) interactions between ecosystem
services that may arise from competing stakeholder interests (Bennett et al. 2009). Interactions and
interdependencies between ecosystem services present a principal challenge for catchment
management as it makes it difficult to predict the outcome of planning or mitigation options designed
to tackle a particular environmental issue. Understanding such interactions is further complicated due to
the spatial and temporal variability around natural processes, the occurrence of thresholds and ‘tipping-
points’ in environmental systems, non-linearity and the potential for irreversible collapse of services in
catchments (Spears et al. 2012; Tromp-Van Meerveld & McDonnell 2006).

The interconnectedness of catchment attributes has long been recognised, and underpins the
concept of integrated catchment management (ICM; Lerner & Zheng 2011). ICM, similarly to
integrated water resource management, is a holistic approach which considers the wider conflicts and
synergies between management options and the objectives and responsibilities of stakeholder groups
(Lerner et al. 2010). With unprecedented shifts in climate and land use change, and a rapidly changing
political climate, it is essential that ICM evolves to balance competing demands for different ecosystem
services across what has been coined the water-energy-food (WEF) nexus. WEF nexus thinking is an
approach for integrated natural resource use which considers the interconnectivity between human
resource use and the challenges of providing water, food and energy security for a growing global
population (Biggs et al. 2015). WEF science represents an opportunity for truly interdisciplinary
working and transformative research, which can benefit ICM and the ecosystem services approach to
environmental management given the fertile, conceptual space that overlaps the disciplines of

catchment science and ecological economics, ecological politics, remote sensing, and even computer
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game research. Arguably, the paradigm of ICM has become complacent with its acknowledgement of
the need for interdisciplinary science rather than being fully exploited to deliver novel, cutting-edge
interdisciplinary frameworks, i.e., practical outputs, to promote transformative catchment
management, which allows the cooperation of multiple fields of research, stakeholder groups and
quantifies trade-offs between management options within the WEF nexus, while considering wider
ecosystem service provisioning. Thus, a more serious interdisciplinary research ambition needs to
replace the superficial transdisciplinary rhetoric, such as at the economics and ecology interface (Spash
2012). There is a need, therefore, to quantify and optimise the range of multiple benefits that
catchments can deliver in response to shifts in their management and the wider environment.
Subsequently, the aims of this review are to: (i) define and critically review ecosystem trade-off
research from a catchment perspective (Section 2); (ii) critically evaluate the benefits and challenges of
utilising ecosystem service-based approaches for catchment management (Section 3); and (iii) propose
a roadmap of future research to account for ecosystem trade-offs and co-benefits in decision-making
and in turn promote more integrated catchment management (Section 4), supported by trans-
disciplinary science. An extensive range of source material was identified, analysed, synthesised and
evaluated for this review. The identification was conducted initially through a comprehensive web
search of the major relevant concepts and topics using Web of Science and Google Scholar. A
subsample of these contributions was selected based on the relevance of their titles initially, and their
abstracts subsequently. Further contributions were selected by using a snowballing approach, which
identified papers cited in reference lists but also determined subsequent publications that cited
existing sources. The exception to this is Figure 2 which is based on the first author’s data collection
from an engagement exercise which captured the perception of 18 stakeholders (academics,
environmental regulator staff, NGO staff and farmer’s union staff) on ecosystem service provisioning in

Scottish upland and lowland catchments at a research conference in Edinburgh in 2016.

2.2. Ecosystem Service Trade-Offs and Co-Benefits from a Catchment Perspective
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Patterns of hydrological connectivity that generate the characteristic drainage network at the
landscape scale are also responsible for the integration of water quality signatures from multiple
stressors (Heathwaite 2010), for example, abstraction, hydrogeomorphological alterations, and
diffuse and point sources of pollution (Elosegi & Sabater 2013). Climate change impacts, and
pressures to secure food, energy and water provision for nine billion people by 2050, combine to
elevate and accelerate the magnitude of effects from such stressors in catchment systems.
Understanding how different parts within the WEF nexus interact and how management decisions
may affect ecosystem functioning and service provisioning is vital to manage catchments
sustainably. This section defines and critically reviews ecosystem trade-off research from a

catchment management perspective.

2.2.1. The Ecosystem Service Concept and Catchment Management

The concept of ecosystem services is useful for catchment management because it provides a
framework within which different functions and services of catchment systems can be recognised as
part of a larger complex and interlinked landscape, and one where management options of one
service may impact, positively or negatively, upon other services. Using the ecosystem service
concept may hence aid cross-sectoral interaction and collaboration by highlighting the linkages
between catchment management and ecosystem service provisioning, and by providing a common
reference language to help facilitate cooperation among stakeholder groups and research disciplines
(Galler et al. 2016).

As part of the UN Millennium Ecosystem Assessment (Millennium Ecosystem Assessment (MEA)
2005), ecosystem services were classified into three broad categories: provisioning (producing
resources), regulatory (regulating processes in the natural environment), and culturally beneficial
services. Supporting services sustain these three categories, and may be more appropriately named
‘underlying ecosystem processes’, as they do not directly benefit humans. While the ecosystem
service concept has been criticised for being anthropocentric and capitalist (Gomez-Baggethun &

Ruiz-Perez 2011), there are clear benefits of quantifying the services that the natural environment
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can provide, which would otherwise be undervalued. As a result, recent research has begun to map
the spatial provision of ecosystem services across landscapes (de Araujo Barbosa et al. 2015;

Landuyt et al. 2014; Martinez-Harms & Balvanera 2012) and a number of approaches have taken the
ecosystem services concept further in an effort to improve conservation and restoration projects
and underpin other environmental decision-making (Fu et al. 2015; Trabucchi et al. 2012; von
Stackelberg 2013), assess possible synergies and trade-offs between services (Bennett et al. 2009;
Butler et al. 2013; Howe et al. 2014), or evaluate payment options for ecosystem services (Derissen
& Latacz-Lohmann 2013; Matthies et al. 2016). Multi-criteria modelling frameworks have also been
developed to further provide decision support on sustainable ecosystem service provision (Bohnet et
al. 2011; Wam et al. 2016). These can allow stakeholders to evaluate the outcomes of changes in

land management and how they may affect wider ecosystem services.

2.2.2. Trade-Offs between Ecosystem Services

How people manage ecosystems for certain services will impact on the type, magnitude and
relative composition of wider ecosystem service provision across catchment landscapes (Cordingley
et al. 2016; Rodriguez et al. 2006). The interdependency of services presents a principal challenge for
ecosystem and thus catchment management. Pair-wise interactions between ecosystem services can
be thought of as either ‘trade-off’ or ‘win-win’ scenarios (Table 2.1); however, most ecosystem
service interactions involve multiple provisioning, regulating and cultural ecosystem services.
Interactions are further complicated as they usually involve many ‘bundles’ of ecosystem services
which makes them highly difficult to predict. Bundles are groups of co-occurring, interacting
ecosystem services that are provided from a certain area in the landscape (Raudsepp-Hearne et al.
2010). A woodland, for instance, may provide timber and wild foods for foraging and hunting,
carbon sequestration, pollutant and flood buffering, and recreational benefits (Wam et al. 2016).
When the woodland is degraded or its area is reduced, the entire bundle of services would also be

reduced. The detailed illustrations and descriptions of ecosystem services in a European temperate
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grassland by Pilgrim et al. (2010) show how complex ecosystem service interactions can be, evenin a

relatively simple and well-studied ecosystem.

Table 2.1: Examples of pair-wise trade-offs (negative interaction) and win-win (positive interaction)
relationships between provisioning (P) and regulating (R) ecosystem services. Impacts may be
expressed either locally, downstream, or in the wider environment.

Driver Service A Service B Scenario Spatial Scale Reference
- crop production . (Ewing &
Fertiliser use P) water quality (R) trade-off downstream Runck 2015)
Forest harvestin timber runoff, water trade-off downstream (Costa et al.
J production (P) quality (R) 2003)

. carbon . (Engel et al.
Afforestation sequestration (R) water quantity (P) trade-off downstream 2005)
Crop irrigation crop p(r;))ductlon soil salinisation (R) trade-off local T;SIZT?:;);

soil, air & local,
Diffuse pollution . ! . downstream & (Stevens et al.
buffer areas water quality (R) groundwa:;ar quality trade-off wider 2009)
environment
Constructed . - . N local & (Semeraro et
wetland water quality (R) biodiversity (R) win-win downstream al. 2015)
re\s/\tlsgat?:n water quality (R) fisheries (P) win-win downstream (Buzttl)irsit al.
Habitat protection pollination (R) crop production (P) win-win local (Ka;gn(fg«)et al
. . A (Carvalho et al.
Lake restoration water quality (R) human health (R) win-win downstream 2013)
coffee production N (Karp et al.
Farmland forest pest control (R) P) win-win local 2013)

Trade-offs occur most often when an ecosystem is managed to increase or maintain a single service

which causes the reduction of other services, or if services react to a common driver, such as land use

change or climate change (Bennett et al. 2009). Humans have generally altered natural ecosystems

(Figure 2.1a) to provide greater provisioning services, such as food production (Figure 2.1b); however,

intensive management of catchments often significantly reduces regulating and cultural services which

are not directly valued, such as carbon sequestration, river biodiversity, lake amenity values and human

health (Raudsepp-Hearne et al. 2010).
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Figure 2.1: ‘Flower diagrams’ illustrating multiple ecosystem service provision under three
hypothetical land uses, which are (a) natural; (b) intensively farmed and (c) managed for multiple
ecosystem service provision. Ecosystem service provision is indicated along the axes, which are not
labelled or normalised for this qualitative illustration. Adapted with permission from Foley et al.
(2005).

There are also examples of trade-offs between two regulating services, such as due to pollution
swapping. Capturing diffuse pollutants in sedimentation ponds or buffer strips may reduce water
pollution, but can increase soil, groundwater and air pollution ((Stevens et al. 2009); Table 2.1).
Environmental externalities may compromise ecosystem functioning to such an extent that they
compromise the targeted provisioning service itself. For example, irrigation-induced soil salinisation in
the Murray-Darling Basin is estimated to cost Australia US$200 million annually in lost agricultural
production (Dehaan & Taylor 2002).

Trade-offs may be the result of an explicit management choice, but are often unintentional due
to a lack of knowledge about ecosystem service interactions and the technical expertise to make
decisions that benefit more than a single service. Even if a trade-off is intentional, there may be
unwanted effects at different scales to those considered, especially at larger spatial and temporal
scales (Rodriguez et al. 2006). Ecosystem service trade-offs may be classed along three axes

depending on spatial scale, temporal scale and how reversible they are (Rodriguez et al. 2006).
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Temporal short-sightedness may be either predetermined or inadvertent, for example, as part
of a political system, which works in short timescales of four to five years. An example of temporal
externalities is the extraction of groundwater beyond replenishment rate, which may not yet
significantly impact the current generation. Temporal trade-offs may also occur due to system lags
and delays caused by hydrological and biogeochemical processes, meaning rivers may take decades
to respond to reduced nutrient inputs to agricultural land (Hamilton 2012; Jarvie et al. 2013) and
continue to be affected by so-called ‘legacy’ concentrations of pollutants, such as phosphorus. In
some trade-offs, ecosystem function can be changed in such a way that it leads to regime shifts
which may not be reversible (Gordon et al. 2008), such as when a lake shifts to a eutrophic state,
altering its chemical and biological makeup.

Ecosystem service trade-offs may be expressed at a local to a catchment or even global scale
and ecosystem services are valued differently by stakeholders depending on the scale of interest
(Hein et al. 2006). An individual farmer’s land is most profitable if it is entirely cultivated, however,
riparian buffer strips may have a greater non-monetary ecosystem service provision on a catchment
scale, which is why governments pay farm subsidies to allow some land to be taken out of
production. Spatial trade-offs in catchments are often expressed downstream which means
upstream users are less likely to experience negative effects, which then drives the potential for
conflict between upstream and downstream users (Asquith et al. 2008). For example, there is a clear
trade-off between the benefit of abstracting water upstream for a particular human use against the
dis-benefits of reduced flows downstream, which may cause conflict between different communities
or entire nations (Munia et al. 2016). Some effects may be attenuated downstream due to pollutant
and flood water buffering, however, if nutrient export and drainage are increased in the upper
catchment, in-stream pollution and flooding are likely to increase for stakeholders in the lower
catchment. Generally, upland catchments provide many key regulating ecosystem services, as
lowland catchments are often more suited for agricultural production and human settlements

(Figure 2.2).
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Figure 2.2: ‘Flower diagrams’ illustrating perceived multiple ecosystem service provision in an upper
and lower catchment. Ecosystem service provision was indicated by stakeholders (academics (n=9),
environmental regulator staff (n=5), NGO staff (n=3) and farmer’s union staff (n=2)) to estimate how
they perceive provisioning in a generic Scottish upland and lowland catchment. The stakeholders were
engaged during a conference on sustainable management of Scottish farms in spring 2016, and asked
to draw the petals of the flower diagram with a white board marker on a laminated A3 print of two
unfilled petal diagrams. The drawings were then digitalised to allow counting of rasters in each petal.
Mean (+ SE) perceived ecosystem service provisioning (as a percentage of the total provisioning of
the services in both parts of the catchment (total = 200%) for the upper (U) and lower (L) catchment
were: Food production: U =6.8 £ 0.9, L = 28.1 + 3.0; Renewable energy production: U=12.6 £ 1.7, L
=6.3 £ 1.3; Timber production: U=19.5+1.9, L = 7.0 £ 1.4; Carbon sequestration: U=24.8+3.0,L=
5.7 £ 0.8; Habitat & biodiversity provision: U =22.8 + 1.9, L = 10.1 + 1.9; Flood water buffering: U =
17.8+1.9,L=8.0+ 1.3; Pollutant buffering: U=8.7 £ 1.8, L=7.2 + 1.2; Landscape aesthetics: U = 28.8
+2.0,L=10.8%1.6.

2.2.3. Win-Win Scenarios and Managing Catchments for Multiple Ecosystem Service
Provision

In contrast to trade-offs, ‘win-win’ situations occur when positively correlated services are
enhanced concurrently through explicit management interventions. Land-based management
options that limit nutrient loss from agricultural land, for instance, may save money for the farmer
while also improving in-stream water quality, which in turn may benefit aquatic ecosystems and
public health. Other management techniques, such as agricultural diversification and
environmentally focused land management plans may benefit aquatic biodiversity without
compromising farm incomes (Stoeckl et al. 2015). Trade-offs in ecosystem service are, however,

more common than these synergistic relationships due to competing social, economic or ecological
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goals (Howe et al. 2014). Accounting for these competing factors may, however, allow interventions
to be targeted at increasing the likelihood of win-win situations and the meeting of multiple
demands.

Managing catchments for multiple ecosystem service provision may reduce the output of
provisioning services significantly, but increase ecosystem functioning and human health and well-
being overall (Figure 1c; (Foley et al. 2005)). Confronting the WEF challenges of the future, while
preserving regulating and cultural ecosystem services, will require integrated management of those
trade-offs driven by catchment governance, and a strategic move towards improved ecosystem

service provision will be essential in order to underpin sustainable catchment management.

2.2.4. Multiple Stakeholder Preferences within a Trade-Off

Trade-offs may occur due to biophysical constraints within an ecosystem, but conflicts may also
arise due to diverging preferences held by stakeholders (Martin-Lopez et al. 2012). The ecosystem
service concept is socio-ecological and therefore not only depends upon the biogeophysical
constraints of an ecosystem, but also on how people value the benefits and services that an
ecosystem provides. When aiming to quantify and optimise ecosystem service provisioning in
catchments one needs to be aware that different management scenarios may be not acceptable for
people in certain parts of a catchment, or for certain stakeholder groups. Cavender-Bares et al. (
2015) developed an approach to integrate the biophysical and social trade-off between two services
by balancing the preferences of stakeholders (illustrated in Figure 2.3). The production possibility
frontier (PPF), shown as the black line in Figure 2.3, represents the balance between agricultural yield
and downstream water quality in this example (Figure 2.3a). The shape of the PPF depends on the
biogeophysical constraints of an ecosystem and can be changed through management practices and
technology, for example, a catchment with very deep soils may be able to buffer excessive nutrient
input, and therefore retain high water quality, in turn increasing crop yields. The curve may be
moved upwards via the implementation of management options that increase both water quality

and yield, e.g., through efficient fertiliser use, buffer zones or intercropping (Ewing & Runck 2015).
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Isoclines of stakeholder utility values may also be plotted over the graph to model the preferences of
stakeholder groups, with darker lines representing greater utility (Figure 2.3b). The point at which these
meet the PPF represents the maximum sustainable utility value that a stakeholder may attain under
these certain biophysical constraints of the PPF. Using these functions, the trade-off preferences of
multiple stakeholders may be plotted, which shows the potential conflict between their positions
(Figure 2.3c). This approach can thus reveal potential stakeholder conflict as each trajectory
concomitantly increases utility for one stakeholder group, whilst decreasing it for the other. This
subsequently provides insight into how valuable services are to different stakeholder groups, but
more importantly also revealing potential sources of conflict and synergies among stakeholder
groups. Using PPF and utility functions may reveal opportunities for win-win outcomes or identify
whether stakeholders could be offered compensatory payments for utility losses (King et al. 2015).
This concept could also be used in catchment modelling to find minimum or optimum levels for
certain ecosystem service provisioning or may simply be used as part of a participatory approach to
engage stakeholders, allow discussion on barriers and conflicting preferences, and build shared

mutual understanding to facilitate future cooperation.
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Figure 2.3: lllustrating the trade-off between water quality and agricultural yield using a production
possibility frontier (PPF; black line, (a)), and the utility functions of two stakeholders with differing
values (shades of green or blue dotted lines (b)). The blue star illustrates the ideal balance of the
trade-off for upstream farmers, whereas the green star shows the preferences of downstream
stakeholders, who are impacted by lowered water quality, such as people who use or manage
downstream bathing waters (c). Reproduced from King et al. (2015).
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2.3. Using the Ecosystem Service Concept for Catchment Management

In the 20th century, water managers relied on hard engineering solutions such as dams and
centralised water treatment plants to meet human demands for water. As it became more apparent
that past management of freshwater had degraded ecosystem functioning, there was increased
realisation of alternative soft-path solutions (Gleick 2003; Vérésmarty et al. 2010). Policy-makers
and water companies increasingly recognised that catchment-based solutions, such as wetland
restoration, may not only deliver multiple benefits for water quality improvements, flood buffering,
carbon storage and habitat provision, but may be more cost-effective than engineering structures
(Costanza et al. 2014; Ervin et al. 2012; Smith & Porter 2010). The following will critically review the
benefits and challenges of utilising ecosystem service-based approaches for catchment

management.

2.3.1. Ecosystem Service-Based Approaches and Integrated Catchment Management

ICM recognises that to manage natural resources sustainably we need to understand how the
different socio-ecological components of catchment ecosystems function and interact. The
underpinning philosophy of the ICM process is to identify potential synergies and conflicts of
different management options within an entire catchment and assess how they could remediate
existing problems or those that may arise in the future. Integrated ecosystem-based management,
has so far been more widely utilised in marine ecosystem management (Levin et al. 2013; Pendleton
et al. 2015; Vasslides & Jensen 2016), but has potential for catchment management due to the
strong interactions between ecosystem services and the involvement of multiple stakeholders.
These so-called ecosystem service-based management approaches should assess the delivery of
ecosystem services and disservices, and aim to better understand ecosystem functioning and
interdependencies while acknowledging uncertainties (Martin-Ortega et al. 2015). To achieve this,
natural and social sciences need to be integrated to co-produce stakeholder-driven decision-making

tools, which are both socio-ecologically sound and valuable to decision-makers, and align with
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emerging agendas in WEF nexus science. Stakeholder mapping tools can help identify the groups
which may influence decision-making and those who may be impacted by it (Sova et al. 2016). This
approach allows water managers and decision-makers to consider how an entire socio-ecological
system can function (including intangible services and less influential stakeholder groups), which can
facilitate integrated catchment management, and in the long-term can help improve catchment
functioning and service provision. However, while the value of adopting ICM and ecosystem service-
based approaches is clear, their implementation can be challenging; they require significant
resources to allow robust ecosystem service assessment and necessitate integration of stakeholder
groups into the decision-making process along with representation of, and respect for, both natural

and social perspectives.

2.3.2. Ecosystem Service Valuation Methods

The ecological value of aquatic systems may be measured by indicators of its health state, such
as biodiversity, water quality or combined indicators such as the EU Water Framework Directive’s
(WFD) ecological status (Martinez-Haro et al. 2015). Socio-economic values can be categorised as
either ‘use values’ from consumptive goods, such as crops or timber, or non-consumptive ‘non-use
values’, which can either be direct, such as landscape aesthetics or recreation, or indirect, such as
nutrient cycling, erosion control or floodwater buffering (de Groot et al. 2010). Economists may
estimate non-market values based on the cost of alternatives, such as installing a water treatment
plant to replace natural water-purification services, or the cost of flooding to properties if a wetland
has been removed (Keeler et al. 2015; Liquete et al. 2012; Liu et al. 2010; Martin-Lopez et al. 2012).
For many ecosystem services, however, these revealed preference methods are not possible and
valuation has to rely on stated preference from surveys, which makes it inherently difficult to
accurately estimate non-market values, and there remain key gaps in knowledge around the value of
ecosystem services. This is particularly true for cultural services, provisional services from genetic
and medicinal resources, and regulating services such as seed dispersal and resistance to pests,

pathogens and invasive species (Harrison et al. 2010). Furthermore, ecosystem service function may
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supply whole bundles of services that are often overlooked due to difficulties in their valuation. To
value water quality related ecosystem services, for instance, a range of services need to be
considered, such as drinking water treatment costs, human health benefits, and recreational
opportunities (Keeler et al. 2012). There are also limitations to how accurately ecosystem services
can be assessed, i.e., due to natural variability of services through time and space, and our lack of
understanding of how ecosystem functioning supports ecosystem service provision (Hou et al. 2013).
Yet, exact valuations may not always be necessary, for example, if determining a management
option with the greatest benefits for multiple ecosystem service provision (Gilvear et al. 2013).

The anthropocentric nature of the ecosystem service concept has led to a critique of ecosystem
service valuation with suggestions that it may promote the ‘commodification’ of nature and lead to
the degradation of parts of ecosystems which are not valued within ecosystem service assessments
(Kosoy & Corbera 2010). To counter that critique it is important to highlight that a number of natural
resources are already valued via economic markets and so by valuing multiple ecosystem services it
becomes possible to extend valuation beyond a few tangible services to those catchment resources
that provide wider ecosystem functioning and human health benefits. Expressing the value of
ecosystem services in monetary terms does help to raise awareness of the importance of
ecosystems and biodiversity amongst the public and politicians, and enables more cost-efficient
targeting of limited funds for protection and restoration (de Groot et al. 2012). It is necessary,
however, to remain aware of the limitations of ecosystem service valuation if they are being used as
part of ICM due to the difficulty of accurately valuing services. Even services which can be expressed
in monetary terms may not be directly compared to other services and may be valued differently by
particular stakeholders. If there is a disparity between service valuation of upstream and

downstream catchment users payment systems may be set up to balance ecosystem service utility.

2.3.3. Payment for Ecosystem Services (PES)

The majority of ecosystem services from catchments, e.g. soil quality, may be classed as societal

and cannot be paid for by the end-user. Many EU governments therefore intervene to stop the
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erosion of these services by investing in their protection, such as through agri-environment schemes
(Honey-Rosés et al. 2013). A critique of current EU payment schemes is that they are not particularly
well targeted to improve soil and water quality in catchments, but focus mainly on biodiversity and
carbon sequestration (Pe’er et al. 2014). Utilising user-financed ‘payment for ecosystem services’
(PES) schemes, where possible, can improve cost-effectiveness of catchment-scale management and
can be locally targeted and monitored combining water quality and biodiversity (Ortega-Pacheco et
al. 2009; Wunder et al. 2008). Although PES is not a panacea that can address all environmental
issues, it provides a useful tool that can be tailored to avoid the erosion of non-market ecosystem
services and services with challenging spatial and temporal scales, and balance competing demands
of upstream and downstream catchment users (Engel et al. 2008). PES have potential to benefit ICM
by incentivising management options that benefit the common good and improving downstream
ecosystem services such as by buffering pollutants or flood water and helping decision-makers to
recognise the value of the loss of wider ecosystem services catchments provide (Bellver-Domingo, A.
Hernandez-Sancho, F. Molinos-Senante 2016; Hack 2015). Another option for making PES schemes
more effective is the development of spatially targeted decision support tools that take into account
ecological, financial and social constraints of different management options and how they may

impact on multiple ecosystem service provision (Uthes & Matzdorf 2013).
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2.3.4. Ecosystem Service Assessment, Modelling and Mapping

Over the past decade, research on ecosystem service assessment and mapping has increased
substantially (Nelson & Daily 2010; Seppelt et al. 2012). Due to their size and the spatial and
temporal heterogeneity of ecosystems, tools such as geographic information systems (GIS) are
regularly used for visualising and analysing landscape ecosystem service provision (Nemec &
Raudsepp-Hearne 2013). The scale and rationale for ecosystem service mapping studies varies
greatly from large-scale global and continental studies, to catchment-scale investigations, identifying
broader patterns of spatial ecosystem service distribution or researching more in-depth trade-off
analyses, changes in ecosystem services, or the prioritisation of areas for planning and management
(Egoh et al. 2009; Harrison et al. 2010; Raudsepp-Hearne et al. 2010).

There are a growing number of approaches for ecosystem service mapping, e.g., spatial
mapping can be informed via modelled outputs such as modelled nutrient runoff, or from direct
measurements and observations, such as water quality (Maes et al. 2012; Nemec & Raudsepp-
Hearne 2013). Process-based models can offer a more dynamic (rather than static) assessment of
ecosystem services under changing ecosystem variables and therefore can provide valuable decision
support (Nemec & Raudsepp-Hearne 2013). Value transfer methodologies, which assign a total
economic value to certain land cover types using GIS are also widely used for assessing ecosystem
service provision (i.e. (Costanza et al. 1997)). Different modelling tools may be applied for ecosystem
service assessments in ICM, such as InVEST (Integrated Valuation of Ecosystem Service and
Tradeoffs) mapping to estimate water yield and consumption for croplands in California (Matios &
Burney 2017), or the SWAT (Soil and Water Assessment Tool) to estimate stream flow, sediment
yield, or surface runoff in catchments (Francesconi et al. 2016). Ecosystem service mapping can be a
powerful tool for ICM as it illustrates spatial trade-offs within a catchment and may help highlight

potential synergies or conflicts of different management options.
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2.3.4.1. Challenges and Limitations of Ecosystem Service Assessments

To make well-informed decisions about trade-offs between different management options, it is
necessary to assess multiple ecosystem services at multiple scales, and to improve our knowledge of
ecosystem service provision and valuation (de Groot et al. 2010). Most ecosystem service studies,
however, focus on a small selection of services, and the more difficult to estimate cultural services
are frequently omitted (Martinez-Harms & Balvanera 2012). A large proportion of mapping studies
lack sufficient scale-appropriate data, use secondary data more frequently than raw data and do not
validate their modelled results (Martinez-Harms & Balvanera 2012). Seppelt et al. ?°*¥ concluded
that less than a third of reviewed ecosystem service studies provided conclusions that were soundly
based on science; and found that many studies lacked primary data, validation or quantitative
assessment of uncertainties. Less than 40% of the reviewed ecosystem service studies make
conclusions based on primary measurements or observations, most likely due to the expense and
difficulty of collecting primary data (Seppelt et al. 2011). Furthermore, most ecosystem service
models fail to account for basic ecological concepts such as species interactions or Island
Biogeography Theory (Maes et al. 2012). Ecosystem services not only correspond to the ecological
functioning of landscapes, but also to stakeholders’ socio-economic and cultural value systems
(Martin-Lopez et al. 2012). Due to these limitations of ecosystem service assessments to holistically
capture the benefits that catchments provide, they may not be used to solely inform sustainable
decision-making without the input of experts and local stakeholders.

Both environmental and socio-economic systems are complex and variable in space and time,
which makes it inherently difficult to accurately model and map ecosystem services in catchments.
There are uncertainties that arise from the inherent variability of the stochastic and often chaotic
nature of natural phenomena, such as extreme weather events, and also from societal variability
due to socio-economic and cultural dynamics, which can include chaotic and unpredictable drivers,
e.g., wars and technological developments (Walker et al. 2003). In addition, structural uncertainty in

model design can arise due to a lack of understanding of the true biophysical processes that govern
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some complex environmental systems. When assessing the provision of ecosystem services, it is
particularly important to be explicit about the uncertainties linked to our limited understanding of
how ecosystem services are generated and how they may interact, particularly as many ecological
quality indicators respond non-linearly to underlying pressures, and may display multiple stable
states, thresholds, time lags, feedback loops or perhaps even irreversibility (Spears et al. 2012).
Efforts to restore rivers to WFD good status have shown that a trajectory towards reference states
of water bodies may be impossible to achieve due to the dynamic nature of river systems (Bouleau &
Pont 2015). Again, this limits the effectiveness of using static ecosystem mapping to inform
catchment management. ICM requires outputs which reflect the range of outcomes that

management options may have on ecosystem service delivery.

2.3.5. Using Scenario Analysis

Scenario analysis is such a tool that has great potential for ICM as it can illustrate varying model
states of a catchment. This may include accounting for possible temporal changes to policy and
environmental drivers, and understanding how harder-to-predict, highly stochastic factors (e.g.
world food market prices) can potentially affect future ecosystem service provision. There are a
number of studies which combine trade-off analysis with scenario-based analyses such as
determining the effects of changing policies, land cover or climate change (Bateman et al. 2013;
Kirchner et al. 2015; Lawler et al. 2014; Nelson et al. 2008). Developing a number of land use
scenarios using ecosystem service mapping tools may help inform policy-makers of potential trade-
offs between different options for land use planning to improve catchment management (Zheng et
al. 2016).

Scenario analysis may also help account for the large variations among stakeholder groups’
views and preferences on catchment management and ecosystem service provisioning. Effective
ICM requires input from local stakeholder groups to allow appropriate management that is based on
local data, pressures and priorities, with further inputs from catchment scientists critical for ensuring

that current understanding of catchment functioning is utilised.
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2.3.6. Participatory Approaches

Participatory approaches to management of common resource pools are not a new concept
(Ostrom 1990). However, in today’s highly institutionalised top-down controlled social systems there
is a need to relearn and reinvent bottom-up involvement to achieve more effective management of
common resources and services, as conflicts may escalate when certain stakeholders are
marginalised or ignored (Robbins 2004). Priorities of stakeholder groups vary depending on local
values and pressures (Kaye-Zwiebel & King 2014), therefore policy-makers face the challenge of
developing stakeholder-led, catchment-based approaches (McGonigle et al. 2012), which in turn can
enable stakeholder groups to understand the pressures on their catchment system, assess their
differing objectives and responsibilities, and help them consider possible synergies and conflicts of
different management options. Involving stakeholders in decision-making throughout the planning
process can make management options more inclusive, socially acceptable and maximise the
likelihood of successful implementation of measures and strategies (Etienne et al. 2011; Knight et al.
2006; Oliver et al. 2017). Participatory approaches can also enable the inclusion of services such as
aesthetics or cultural values within ecosystem service assessments, which may not be quantified
using spatial mapping. Finally, such approaches can help build social capacities of catchments to
make communities more responsive, resilient and capable (Kuhlicke et al. 2011).

Some participatory approaches use mapping to enable stakeholder-driven weighted ratings of
spatial ecosystem service provision, in turn highlighting important areas of special social and
ecological importance which conventional service mapping cannot detect (Bryan et al. 2011,
Mahboubi et al. 2015). However, participatory approaches need to be underpinned by appropriate
resources including sufficient time to explain methods, protocols and to build up stakeholder
relationships, but when applied sensitively they can facilitate community-based catchment
management by legitimising, analysing and representing local knowledge (McCall & Dunn 2012).
More influential stakeholders and institutions may not commit to this concept of full cooperation,

and party politics and lobbying pressures may further impede bottom-up decision-making. A further
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challenge for stakeholder participation is that it takes time and money to build meaningful
relationships with stakeholders, which is often limited by a three year research funding cycle
(Nancarrow 2005). Trust building of an effective stakeholder group can take years to develop, and
trust can also erode over time (Menzel & Buchecker 2013). Although participatory approaches
require significant time, resources and trust, they are a vital part of ICM and research can play a

great role in developing engagement techniques which aid sustainable management of catchments.

2.4. Recommendations for Future Research

Addressing the significant global challenge of sustainable water and energy management while
at the same time delivering food security for nine billion people by 2050 represents an exciting new
frontier in catchment science (Foley 2011; Smith 2013). This will not be achieved by using a
fragmented, piecemeal approach to catchment management. Instead, the lens of investigation
needs to be focused to capture the entire catchment continuum and the complexity of
environmental, ecological and social connectivity across the landscape. This requires the deployment
of advanced environmental and social science tools grounded in fundamental and theoretical
research to bridge traditional disciplinary boundaries, which can deliver strong applied and societal
impact by maximising ecosystem service provision. This is driven, in part, by a policy and research
landscape which increasingly recognises that water courses absorb pressures from their entire
catchment area and must therefore be managed more holistically to increase benefits from
catchment ecosystem services without compromising catchment functioning. Progress in this area
has been evaluated in Sections 2—4, with significant developments in ICM and ecosystem service
assessment noted. However, these concepts are still developing and have either not yet been put
into practice, or matured sufficiently, to significantly improve sustainable management of
catchments and their associated resources. A series of recommendations for future research are
therefore proposed to help to promote effective ecosystem service provision via more integrated
catchment management. The recommendations have been organised into a research agenda of

short-term (0-5 years) and long-term (>5-10 years) opportunities.
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2.4.1. Short-Term Research Priorities (0-5 Years)

Growing interest in WEF nexus science has led to a parallel increase in research to explore
challenges and opportunities of managing trade-offs associated with decision-making within this
critical nexus. Identifying the most pressing research questions needed to underpin WEF nexus
science is therefore a clear priority, with co-designed research agendas beginning to emerge that
combine viewpoints from researchers and business leaders in an effort to help companies manage
their WEF nexus impacts (Green et al. 2015). Most research attention thus far has focussed on small-
scale nexus interactions, such as N pollution from biofuel crops (Donner & Kucharik 2008), rather
than exploring more efficient ways of sustaining water, energy and food security. The WEF nexus
agenda also provides a strong rationale for energy and climate change policies to learn from the
multiple and cumulative benefits that ‘nexus-thinking’ may deliver, particularly with respect to
preserving freshwater ecosystems, such as wetland and floodplain restoration for carbon
sequestration and water quality and biodiversity improvements, or energy generation from sewage

(Pittock 2011).

2.4.1.1. Transdisciplinary Research and Stakeholder Engagement

The promotion of knowledge exchange mechanisms to foster more effective communication
between scientists and decision-makers is becoming increasingly common in helping to tackle
complex environmental challenges (Karpouzoglou et al. 2016). Catchment management has
benefitted from recognition that such approaches help to build consensus and share wider
perspectives to inform the decision-making process, but a more comprehensive understanding of
the variability of viewpoints associated with decision-makers and beneficiaries of catchment
management is needed, and across multiple spatial and temporal scales (Austin et al. 2016).
Innovation in stakeholder engagement methodologies will help to underpin this need for improved
understanding as participatory research continues to evolve to take advantage of more engaging
and mutually beneficial approaches such as participatory modelling and the co-production of

knowledge (Mahboubi et al. 2015; Whitman et al. 2015). More in-depth analysis of the
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characteristics of successful participatory modelling and research are clearly needed to help
overcome the cultural, economic and technical constraints that can hinder effective engagement
and participatory research. Participatory research should therefore focus on novel ways to exploit
the benefits of social learning (Matthies et al. 2016). Wider deployment of structured engagement
approaches should also be encouraged. For example, the Citizens’ Jury technique is a useful
approach to facilitate the combination of stakeholder and expert knowledge, which has already
been successfully used in the context of catchment planning and risk management of microbial
water pollution (Huitema et al. 2010; Fish et al. 2013). This technique has also been used to debate
other contentious environmental issues, where it can provide a platform to facilitate social learning

(Kenyon et al. 2003; Petts et al. 2001).

2.4.1.2. Ecosystem Service Assessment and Decision-Making Frameworks

To encourage the integration of stakeholders with catchment management decisions, existing
ecosystem service assessment models and their outputs must be made more widely accessible. A
particularly novel and interdisciplinary proposal is the ‘gamification” of models and decision-support
tools, made possible by the design of gaming interfaces as a user-friendly front-end to such tools,
i.e., a graphic user interface. This would allow a large number of participants to ‘play’ and explore
the underpinning science associated with the complexity of multiple impacts of decision-making
which could, for example, allow a comparison of stakeholder accumulated trade-off preferences
(Turner et al. 2016).

Exploiting ecosystem assessment studies to map wider arrays of ecosystem service provision in
catchments is also a clear priority for the short-term future. These should aim to reflect the broad
services that catchments provide, estimating multiple provisions in the WEF nexus as well as
regulating services such as habitat and biodiversity provision, pollution and flood water buffering,
and assess multiple improvements that management interventions may have on these. There is also
a gap in researching the cultural services catchments provide to enhance people’s well-being such as

through landscape value, cultural heritage and recreational benefits. In doing so, a more
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comprehensive understanding of the likely interactions across ecosystem service provision should
emerge, which in turn will help guide catchment management options that offer multiple benefits to
wider society. Another important avenue of research is to understand how trade-offs and co-
benefits spatially manifest themselves across terrestrial, freshwater and marine realms to assess
potential synergies or conflict and inform sustainable management decisions (Adams et al. 2014).

Encouraging research to be more ‘outcome driven’ would offer advantages for the delivery of
cost-effective environmental measures, which are likely to be implemented as part of integrated
landscape management approaches, and capable of producing measurable benefits. Decision-
making frameworks which incorporate ‘outcome-oriented objective settings’ can incorporate
objectives such as maximising multiple ecosystem service provision or improving EU WFD ecological
status as well as include socio-economic constraints, such as time, political context, governance and
cost-effectiveness to select effective management options (Tulloch et al. 2015). Such frameworks
are likely to improve over time with more innovative integration of primary data, ecosystem service
mapping, and expert elicitation to select management options for their greatest return on
investment or to predict the outcomes of different options on service provision (Joseph et al. 2009;
Withey et al. 2012). This would certainly help to guide future research designed to consider the
potential outcomes of a portfolio of different catchment management actions, whether it focuses on
improving a single ecosystem service or aims to maximise multiple ecosystem service provision.

Of the large number of decision-making tools developed for environmental management, few
are actually used to inform policy (Borowski & Hare 2007; van Delden et al. 2011). This can be due to
lack of confidence in the product, lack of ease of use, and due to the length of time it can take to
embed a tool within an organisation that may ultimately use it. To prevent this ‘implementation gap’
there should hence be active engagement between providers and users throughout the
development of any tool to maximise its utility, acceptability and speed of uptake (Oliver et al.
2012). Involving stakeholders in the design of a decision support tool for visualizing E. coli risk on
agricultural land, for instance, has helped to promote enthusiasm and understanding of the tool, and

has enhanced its applicability (Oliver et al. 2017).
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More in-depth reporting of model methodology from ecosystem service assessment studies is
essential, as clear information on specific modelling parameters and indicators is often unreliable or
missing (Seppelt et al. 2011). Furthermore, there have been calls for more defined methods and
indicators for ecosystem service assessment to be made available to allow the reporting of
consistent and comparable results (Lamarque et al. 2011). Promoting a more coordinated strategy
would enable the potential reuse of research outputs by improving the comparability of studies,
perhaps with more effective outcomes with respect to real-world improvements in catchments. This
may be a significant challenge for the research community however, as most researchers are likely
to favour their own approaches and methodologies. More generally, reporting practices and
standards need to be introduced for measuring ecological, socio-cultural and economic values to
increase comparability and transferability (de Groot et al. 2010).

Due to the lack of independent validation (inconsistencies among mapping approaches and
little recognition of associated errors), land cover based proxy-maps can only ever be a crude
estimation of spatial ecosystem service provision (Egoh et al. 2007; Schulp et al. 2014; Seppelt et al.
2011). Eigenbrod et al. ( 2010) first quantified the margin of error in land use based maps in the UK
and showed that even good proxies could only show broad trends for ecosystem service provision,
and were unsuitable to accurately show areas of multiple service provision or ecosystem service
hotspots. Mapping must also communicate modelling uncertainty, as failing to incorporate this into
mapping and decision-making may increase costs together with the likelihood of selecting
unsuccessful management options (Tulloch et al. 2015). Acknowledging and estimating uncertainty
in ecosystem service prediction maps should be highly encouraged at the research funding stage to
increase the quality of ecosystem assessment studies.

Uncertainty estimation should also be integrated into other ICM tools. Certainty weightings can
be incorporated into expert elicitation methodologies (Page et al. 2012), and setting upper and
lower bounds on parameters can highlight best- and worst-case scenarios, rather than a single
outcome. Bayesian Network models can present prediction uncertainties as probability distributions

and such approaches have previously been used for ICM decision-support tools (Holzkamper et al.
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2012). However, running uncertainty analyses for all subcomponents of an integrated model is
extremely time-consuming (Lerner et al. 2011). Bayesian Networks can also be used to develop
scenario-based analysis methods, which incorporate the likelihood of scenarios occurring, and reveal
effects of continuous scenarios as opposed to a handful of discrete options (Dong et al. 2012).
Computational power is growing at a rapid rate, increasing the feasibility of uncertainty analysis in
the future, which will allow models to explore spatial and temporal synergies and trade-offs and
assess how ecosystem service provision vary in space and time. Models will, however, still be limited

due to the uncertainties around our understanding of ecosystem services and how they interact.

2.4.2. Long-Term Research Priorities (>5—10 Years)

Institutional and structural barriers, such as a lack of commitment to ICM by decision-makers,
limited time and resources, ineffective communication at the science-policy interface and poor
internal collaboration need to be tackled to allow successful ICM. Research should aim for greater
integration across political and scientific scales, such as integrating catchment and marine objectives
(Alvarez-Romero et al. 2015), but also across national borders to facilitate the best possible
outcomes (Levin et al. 2013). There is also scope for more studies to integrate local stakeholders into
the research process, from design to implementation, by co-producing ICM strategies. It will be a
significant challenge to integrate land management policy at national scales, despite a recognition of
the need for policies that deliver on a range of ecosystem services (McGonigle et al. 2012). Indeed,
in most countries, many of the management decisions around the WEF nexus and across terrestrial,
freshwater and marine realms are highly fragmented and do not consider potential trade-offs or
multiple benefits between services and realms.

The existing evidence-base of published ecosystem assessment studies has a particular focus on
the more developed nations of the world, with particular paucity of published research coming from
Africa (de Araujo Barbosa et al. 2015). ICM linked to an ecosystem services framework would
represent a significant research opportunity in less developed nations, especially as this would

reduce their reliance on expensive engineering structures (Green et al. 2015). There is, however, a
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wealth of studies around PES schemes in developing countries (especially from Latin America), and
there are exciting opportunities for the two-way exchange of results and research approaches from
developing and developed countries (Schomers & Matzdorf 2013). Both Costa Rica and Mexico are,
for example, developing additional financing sources from ecosystem service beneficiaries and are
aiming for more targeted and differentiated payment schemes (Wunder et al. 2008). Adapting such
approaches for EU agri-environment schemes may make these schemes more effective at improving
ecosystem service provision, and be more cost-efficient. However, it is vitally important to
incorporate the cultural and institutional differences into such method development, particularly
when transferring PES approaches from countries with strongly developed legal frameworks to
countries with a weak legal and institutional environment (Schomers & Matzdorf 2013). ES
modelling and stakeholder engagement tools usually assume a stable government, infrastructure,
available data and a willing and educated stakeholder pool. To successfully develop ICM in places
with the greatest need will require a completely new approach, with the development of novel and
innovative tools that work with local environmental, socio-economic and cultural constraints.
Finally, the longitudinal analysis of stakeholder perceptions, and how views might change,
offers a particularly novel angle to the social science dimensions of catchment management. For
example, the medical and health sciences often use cohort studies to track how different lifestyle
choices can impact on health and well-being of the public, and in some cases such cohort studies can
track results for extended periods, possibly decades. Transferring this concept to track temporal
shifts in stakeholder and/or catchment citizen perceptions over time would be an interesting
prospect. Participants of such a cohort study would presumably be exposed to and experience
different ‘catchment lives’, which may impact on their perceptions and values of ecosystem service
provision. The funding of such longitudinal study would clearly be challenging, especially given that
longer timescales of tens of years would be of particular interest to monitor how shifts in cohort
perceptions vary during their exposure to wider catchment understanding. Nonetheless, such a
study would certainly represent frontier interdisciplinary research to better our understanding of the

socio-ecological complexity of catchment systems.
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2.5. Conclusion

Integrating complex stakeholder relationships and ecosystem service interactions into the
process of ICM represents a significant challenge but also an exciting opportunity. The ecosystem
service concept is useful to raise awareness among catchment managers and policy-makers of the
need to maximise multiple ecosystem service provision, as opposed to selecting management
options primarily to increase production of a few selected tangible services. Multidisciplinary and
multi-stakeholder ecosystem service assessment can reveal hidden costs of managing an ecosystem
simply for provisioning services, and help select management options for multiple ecosystem service
provision to secure water, food and energy security while protecting the environment and human
health and well-being. The practice of sustainable catchment management is now at a pivotal
juncture where it faces the challenge of meeting an increasing amount of often competing demands
on the services provided by catchment systems, but is also presented with a number of innovative
and emerging research tools for deployment to begin to address that challenge. With careful
assessment and continued efforts to deliver quality, cutting-edge research, the opportunities will

outweigh the challenge.
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3.1. Introduction

Sustainable management of natural resources is challenged by social and environmental drivers such
as rapid population growth and changing climatic regimes. In turn, ecosystem service provision is
under pressure in many regions where there are competing demands on environmental resources,
leading to interactions and trade-offs within socio-ecological systems (Cumming et al. 2014). Thus,
ecosystem services are spatially heterogeneous and temporally dynamic, responding to human and
environmental pressures but also shifts in other ecosystem services. The ecosystem service concept
has therefore gained recognition as an approach for addressing interactions within socio-ecological
systems, both by research and policy-practitioner communities and those with a responsibility for

land-based decision-making (Costanza et al. 2017; Ma et al. 2016).

Interdependency between ecosystem services presents a principal challenge for sustainable

landscape management (Cordingley et al. 2016). Interactions between provisioning and other
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ecosystem services are generally dominated by negative correlations or trade-offs, e.g. a decrease in
runoff water quality with increased livestock grazing densities (Austrheim et al. 2016), while
synergies are often found between regulating and cultural services (Lee & Lautenbach 2016; Lin et
al. 2018), such as the increase in biodiversity, pollination and biological pest control from flower
strip planting (Westphal et al. 2015). Changes in land management to enhance a single service may
often cause calculated but also inadvertent trade-offs, especially at larger spatial and temporal
scales beyond those of the immediate management concern (Rodriguez et al. 2006). Agricultural
intensification can, for example, negatively impact on pollinator diversity, which in turn can affect
the yield of pollinator-dependent crops (Deguines et al. 2014). Trade-offs in river catchments are
often expressed downstream of management decisions, and can lead to conflict between upstream
and downstream users (Asquith et al. 2008). Downstream trade-offs maybe so severe that they
become irreversible (Bennett et al. 2009), such as degraded aquatic ecosystems, which can, despite
extensive restoration efforts, fail to recover to their original reference state (Bernhardt & Palmer
2011). Therefore, investments in conservation, restoration and sustainable natural resource use are
increasingly seen as ‘win-win’ opportunities, generating substantial ecological, social and economic

benefits(de Groot et al. 2010).

Multiple services, or bundles of ecosystem services, are often mapped to establish whether trade-
offs exist based on co-occurrence (Raudsepp-Hearne et al. 2010; Turner et al. 2014). This has led to
an increased interest in the understanding and optimisation of ecosystem services for environmental
management, with the aim of improving the delivery of regulating and cultural services without
compromising provisioning services (Austin et al. 2016; O’Sullivan et al. 2017; Weijerman et al.
2018). Catchments are, however, socio-ecological systems, and therefore a trade-off does not only
arise due to relationships between ecosystem services, but also due to diverging stakeholder
perceptions on ecosystem service provisioning (Martin-Lopez et al. 2012). Different stakeholder
typologies may express varying preferences for ecosystem services, depending on their knowledge,

values and connections to the landscape (Lamarque et al. 2011; Garcia-Nieto et al. 2015).
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Stakeholders involved in agriculture in water-limited areas, for instance, are more aware of the
ecosystem service benefits of maintaining water flows (Castro et al. 2014). Social contexts such as
livelihoods, interests and traditions influence stakeholder perception of ecosystem services, which
may lead to conflict among opposing stakeholder groups, i.e. between farmers and conservationists

(Cebrian-Piqueras et al. 2017).

Combining trade-off analysis with stakeholder engagement offers potential to facilitate effective
knowledge exchange between decision-makers, while also capitalising on important expertise and
understanding that would be otherwise missed from trade-off analysis alone (Galafassi et al. 2017),
as well as highlighting stakeholder typology differences in ecosystem service perception (Darvill &
Lindo 2016). Including surveys as part of ecosystem service analysis, for instance, can help to capture
the complexity of socio-ecological systems by incorporating stakeholder values and identifying
drivers of change (Andersson et al. 2015; Garcia-Llorente et al. 2015). Participatory mapping
techniques can aid understanding of the spatial distribution of social benefits, especially for cultural
services, which are difficult to estimate (Canedoli et al. 2017; Reilly et al. 2018). The use of
participatory approaches is therefore vital for including the social demand of ecosystem service
trade-offs, which is often neglected, and hence may avoid potential conflict of natural resource use

and management (Garcia-Nieto et al. 2013).

Another technique that integrates the supply and demand side of ecosystem service trade-offs is
the production possibility frontier (PPF) concept. The PPF delineates the biophysical relationship
between two ecosystem services and represents the maximum values they may attain within that
trade-off (Cavender-Bares et al. 2015; see section 3.2.1 for a more detailed description). The utility
function indicates the point along the PPF where the utility of the two ecosystem services is
maximised for a stakeholder. It is difficult to estimate PPFs and particularly utility functions of an
ecosystem (Lester et al. 2013), but there are studies that approximate the PPFs of services between
two (Lang & Song 2018) or multiple ecosystem services (Lautenbach et al. 2013). There is, however,

considerable scope for including utility functions in trade-off analysis to characterise the social
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demand of ecosystem service interactions (Cord et al. 2017). The use of participatory research to
assess perceptions of the PPF of a trade-off and associated utility functions can reveal differences in

stakeholder priorities concerning more complex ecosystem service interactions.

To our knowledge, there are no previous studies that assess stakeholder views on the shape of a
PPF, or their perceptions on stakeholder utility functions within a trade-off. In response, we
developed a novel stakeholder engagement methodology which elicits the perception of four key
stakeholder groups working in land and water management. We quantified their assessment of both
the shape and the uncertainty around the PPF in a trade-off between agricultural intensity and
freshwater ecological health. We further quantified how participants perceived the utility functions
of different stakeholder groups within that trade-off. Our objectives were to investigate stakeholder
views to: (1) define the nature of, and the uncertainty associated with, a specific water and land
management trade-off; (2) estimate stakeholder prioritisation of the trade-off; (3) quantify how
views varied in different catchments and across different stakeholder groups; and (4) assess the
practical relevance of this participatory methodology for land and water management planning and

decision-making.

3.2. Materials and methods

3.2.1. The ‘production possibility frontier’ (PPF) concept

Depending on the biogeophysical constraints on a pair of ecosystem services, together with how
they are managed, the PPF may take a number of different forms which are often non-linear in
nature (Fig. 3.1; Koch et al. 2009). In an exponential decline PPF, the ecosystem service on the x-axis
correlates with a sharp decrease even at small increases of the other ecosystem service (Fig. 3.1c). In
contrast, the response is initially more resilient on the threshold (Fig. 3.1e) and logistic decay (Fig.
3.1f) function with a rapid decline once a threshold is passed. With the intermediate disturbance
function PPF, moderate increases in one ecosystem service have a synergistic effect on the other,

but larger increases are detrimental to it (Fig. 3.1d).
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Fig. 3.1: lllustrating the possible forms the trade-off between two ecosystem services may take: (a)
independent, (b) linear, (c) exponential decay, (d) intermediate disturbance function, (e) threshold
relationship, and (f) logistic decay (Koch et al. 2009).

Isoclines of stakeholder utility values are plotted over the PPF function (Fig. 3.2a and b), which
represent the utility value that a stakeholder places on the ecosystem services in a specific trade-off.
The utility function of a given stakeholder is the point where the isoclines meet the PPF, and
represents where the trade-off should be balanced to maximise utility for the stakeholder. When
plotting multiple trade-off preferences, the distance between the utility functions can highlight
potential conflict between stakeholders’ positions on how a trade-off should be managed to balance
the preferences of multiple stakeholders. Taking the example of the trade-off between agricultural
yield and downstream water quality: although the PPF represents the maximum output within a
trade-off scenario (Fig. 3.2a), the area under the PPF curve may be increased by implementing
management that does not negatively impact on yield while preserving water quality, such as
through efficient fertiliser use (Fig. 3.2c; Ewing & Runck 2015). In turn, this then allows the utility

values of both stakeholders with competing demands to be improved.
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Fig. 3.2:(a) The ‘production possibility frontier’ (PPF; black line) of a trade-off between two
ecosystem services delimits its biophysical constraints. (b) Stakeholder preferences within
the trade-off, called ‘utility functions’ (green and blue star) are constrained by the PPF and
by the utility value of the stakeholders indicated by the isoclines (green and blue dotted
lines). (c) The PPF may be altered by changing the management of the ecosystem, which
may benefit both stakeholders. Adapted from King et al. (2015).

3.2.2. Study catchments and stakeholder sample

Three catchments from across Scotland were selected on account of their diverse geomorphologies,
land cover types, stakeholder communities and land and water management pressures. The River
Spey in the north-east, the South Esk in the east and the River Ayr catchment in the south-west of
Scotland (Fig. 3.3). The catchments vary in size from ~ 600 km? (South Esk and Ayr) to just under
3000 km?(Spey). Moors and heathland is the most dominant land cover type in the Spey (29%; Table
3.1) and the Esk catchment (33%), followed by sparsely vegetated land in the mountainous areas of
the Spey (23%) and arable land in the Esk catchment (31%). Dairy production is a key local industry in

the Ayr catchment with pasture accounting for 39% of the land cover.
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Fig. 3.3:The three study catchment areas: The River Spey in the north-east, the South Esk in the east
and the River Ayr catchment in the south-west of Scotland.

In general, the uplands of the three catchments are dominated by rough grazing, commercial
forestry, and sporting estates, while the lowlands accommodate arable land and improved grazing.
Tourism and angling represent important local industries, with whisky production also being
significant, particularly in the Spey. There are competing pressures on water resources in all three
catchments via diffuse pollution from farming practices and point source inputs from sewage
discharge, in addition to abstraction for potable water, large hydropower schemes, food and drink

manufacture and irrigation.

Table 3.1: Land cover types in the three study catchments as a percentage of overall area covered (rounded to
the nearest whole number).

Land cover type Spey catchment Esk catchment Ayr catchment

Moors & heathland 29% 33% 11%
Coniferous forest 16% 8% 9%
Pastures 9% 12% 39%
Sparsely vegetated areas 23% 0% 0%
Natural grasslands 9% 10% 14%
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Arable land 2% 31% 7%

Peat bogs 7% 1% 10%
Transitional woodland-shrub 3% 1% 2%
Broad-leaved forest 2% 1% 1%
Urban areas 1% 1% 2%

A total of 43 stakeholders participated in the study, completing an engagement exercise on PPF
characterisation for a specific trade-off within their respective catchments. Three to five individuals
from four key stakeholder groups were interviewed in each of the three study catchments. 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. Participants belonged to one of four key stakeholder groups: Environmental
Regulators (n=12; all staff from the Scottish Environment Protection Agency), 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). Criteria for
selection of participants was: (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 search with additional stakeholders identified

via recommendations from initial stakeholders.

We investigated the trade-off between agricultural intensity and a measure of aquatic health,
because diffuse pollution from agriculture continues to challenge the ecological status of many
waterbodies in Scotland and the UK, as regulated under the EU Water Framework Directive (WFD).
Ecological status, as defined by the WFD, is a robust measure of aquatic ecosystem health,
integrating a number of physical, chemical and biological indicators. Ecological status was therefore
used as a measure in our study because it is a well understood term amongst the four stakeholder

groups, and has direct policy implications. Implicit within this measure are the delivery of a number
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of ecosystem services, as improved ecological status will lead to increased provisioning services,
such as water supply and fish stocks, as well cultural services, such as tourism and recreation.
Agricultural intensity was selected, in preference to the ecosystem service of a particular agricultural
yield, as this measure includes other land management practices such as livestock farming, slurry
spreading and silage production and is therefore much more applicable to a variety of river

catchments.

3.2.3. Method design and data collection

The interviews were conducted one-to-one using a tablet computer as part of a mixed method
survey, integrating qualitative and quantitative data and approaches from environmental science
and social science research. Participants were presented with a Windows PowerPoint document on
the tablet computer, showing a blank trade-off graph with agricultural intensity on the x-axis
(ranging from 0 to 1) and ecological status on the y-axis (on a scale between 0 and 1). The WFD
measure of ecological status ranges from high ecological status, to good, moderate, poor and bad as

the ecological quality of a waterbody deteriorates.

The interviewer explained the axes to the participant and asked what they perceived the shape of
the trade-off between those two factors to look like in their river catchment, under the current land
management practices in their respective catchment and disregarding other management that may
impact on ecological status, such as urban developments. The interviewer would then present the
participants with the next PowerPoint slide depicting four possible shapes (Fig. 1b, c, e or f), and
were asked to select the one that they considered best represented the true PPF in their catchment.
The independent and intermediate disturbance shapes were not given as an option, as there is
evidence that increased agricultural intensity negatively impacts the ecological status of aquatic
ecosystems (Stoate et al. 2009). The interviewer would then skip to a PowerPoint slide that had that
shape selected on the trade-off graph. After identifying a shape to associate with the trade-off,
participants were then asked to select one of three pre-drawn 95% confidence intervals around the

PPF, which could either be of small, intermediate or large uncertainty. The interviewer would flick
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between the three options for their chosen shape to aid their decision-making. This provided a
measure of how confident they were that their chosen PPF corresponded to the true underlying PPF

in their catchment, and of the underlying variability in the catchment system.

After choosing the PPF and the confidence intervals, participants were asked to consider how they
perceive utility functions to vary across different stakeholder typologies. Here participants were
presented with coloured circles on the tablet (which corresponded to each of the four stakeholder
groups), to place on the PPF at the point where they perceived maximum utility for each group. The
size of the utility functions could be enlarged by the participants, allowing a range of maximum
utility to be selected for each stakeholder group instead of selecting one point along the PPF. The
interviewer explained that enlarging utility functions could hence include an estimate of the
uncertainty in identifying the true mean of the stakeholder group’s utility function, but also to
account for within stakeholder group variation of utility functions. Finally, participants were given

the opportunity to review the figure and ensure their response accurately represented their views.

After completing the first exercise, stakeholders were asked to complete the exercise a second time,
however this time the shape of the trade-off was pre-determined and all participants were asked to
place utility functions for the four stakeholder groups on the same PPF (Fig. 1e). The threshold PPF
was selected here, due to findings from Ewing and Runck (2015) that this shape represented the
relationship between agricultural yield and a measure of water quality (nitrate concentrations), in
their study on corn production in the mid-western United States. Therefore, each participant
completed two figures as outputs, (a) one PPF of their choice including confidence intervals and four
utility functions and (b) one threshold PPF with four utility functions. This allowed better comparison
of utility functions between participants as responses would be more comparable when recorded on
the same PPF. Furthermore, responses from participants that selected the threshold PPF in the first
exercise could then be used as a control response to assess the accuracy of the placement of the

utility functions when repeated.
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3.2.4. Analysis

The responses from all participants were converted to numerical values by measuring the distance
to the start of the utility functions on the x-axis and the diameter of their utility function to the
nearest millimetre after ensuring the plots were standardised in terms of their scale on the tablet
computer. Both the measurements of utility function starting position and diameter were scaled to
values from 0 to 1 by dividing values by the total length of the x-axis after which basic descriptive
statistics were obtained and statistical analysis undertaken using SPSS version 23 (IBM 2012). To
compare responses among the different catchments and stakeholder groups a non-parametric
statistical test (Kruskall Wallis) was used, as variances were often significantly different per Levene’s
homogeneity of variances test. As 16 participants chose the threshold PPF in the first exercise, which
was also the PPF that all stakeholders responded to in the second exercise, their responses for the
utility functions could be used as a control. For those responses, pair-wise comparisons were made
between the utility functions from the first and second exercise using a Wilcoxon Signed Rank Test.
The same test was used to compare within and between stakeholder group responses. Pearson’s
Chi-Squared Test of Association was used to analyse the association between the PPF and
confidence intervals that were selected and which stakeholder typology the respondents belonged
to. The ‘exponential decay’ and ‘linear’ functions were chosen infrequently by participants and those
typologies were therefore categorised as ‘others’ for the purposes of statistical comparison of their
count data with the ‘logistic decay’ and ‘threshold curve’ responses. Similarly, only the results for
‘intermediate’ and ‘large’ uncertainty intervals were compared, as counts for ‘small’ confidence
intervals were insufficient for statistical analysis. Rstudio software version was used to produce the

bar plot charts (RStudio 2016).
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3.3. Results

3.3.1. Selection of the PPF and confidence intervals

Most stakeholders selected either the logistic decay (40%) or the threshold function (37%) to
describe the shape of the PPF in their catchment. Four participants from the Farm Advisor
stakeholder group, however, did not agree with any of the four shapes, as two of them thought the
PPF would follow more of an intermediate disturbance curve. Two other Farm Advisors agreed it was
a threshold relationship, but that it would never reach bad ecological status even at the highest
agricultural intensities. There was no significant association between the PPF function selected and
the stakeholder group or the catchment that the participant was associated with (see Table 3.2 for a
summary of all the statistical outputs). However, most Environmental Regulators (67%) selected the
logistic decay, while most Farm Advisors (88%) selected either the threshold curve or did not agree
with any of the shapes offered. The confidence intervals chosen by stakeholders were mostly the
intermediate (49%) or large (44%) confidence intervals and there was no significant association
between the uncertainty selected and the stakeholder group the participant belonged to. However,
Catchment Scientists predominantly chose large confidence intervals (73%) while Environmental
Regulators were more likely to select intermediate uncertainty around the PPF (69%). The other two
stakeholder groups selected both intermediate and large confidence intervals at equal proportions
with 45% of Farm Advisors and 44% of Water Industry Staff choosing intermediate uncertainty and

45% of Farm Advisors and 44% of Water Industry Staff selecting large uncertainty.

Although the surveys were carried out across three diverse river catchments, no statistically
significant differences were found between the catchments in any of the measures. Hence, data

were aggregated and only differences among stakeholder typologies are presented.
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Table 3.2: Summary of all the statistical testing undertaken in the study.

Variables compared Statistical test Test statistic Value DF P-value

PPF shapes and confidence intervals selected by stakeholder group and catchment

PPF selected & Chi-squared Test Pearson 9.162 6 >0.05
Stakeholder typology of

PPF selected & association Pearson 3.237 4 >0.05
Catchment

Uncertainty selected & Pearson 6.644 3 >0.05
Stakeholder typology

Uncertainty selected & Catchment Pearson 0.957 2 >0.05

First and control response of utility function placement for each stakeholder group (Fig. 3a)

Environmental Regulators Wilcoxon Wilcoxon statistic 45.0 15 >0.05
Catchment Scientists Signed Rank Wilcoxon statistic 42.5 15 >0.05
Farm Advisors Test Wilcoxon statistic 93.0 15 >0.05
Water Industry Staff Wilcoxon statistic 62.0 15 >0.05

First and control response of utility function diameter for each stakeholder group (Fig. 3b)

Environmental Regulators Wilcoxon Wilcoxon statistic 99.5 14 <0.05
Catchment Scientists Signed Rank Wilcoxon statistic 84.0 13 <0.01
Farm Advisors Test Wilcoxon statistic 66.0 12 <0.05
Water Industry Staff Wilcoxon statistic 84.5 14 <0.05

Position of utility function of own group compared to response of other groups (Fig. 6a &b)

On PPF chosen by stakeholder

Environmental Regulators Wilcoxon Wilcoxon statistic 12.0 10 >0.05
Catchment Scientists Signed Rank Wilcoxon statistic 41.5 9 >0.05
Farm Advisors Test Wilcoxon statistic 25.0 9 >0.05
Water Industry Staff Wilcoxon statistic 33.0 6 <0.05
On threshold PPF

Environmental Regulators Wilcoxon statistic 45.0 10 <0.01
Catchment Scientists Wilcoxon statistic 21.0 9 >0.05
Farm Advisors Wilcoxon statistic 62.0 9 <0.01
Water Industry Staff Wilcoxon statistic 36.0 6 <0.05

Difference in utility function placement between typologies: Kruskall-Wallis Test (Fig. 7)

On PPF chosen by stakeholder H-value Adjusted for ties 17596 9 <0.001

Utility function positioning for the four stakeholder typologies: Kruskall-Wallis Test (Fig. 4)

On PPF chosen by stakeholder H-value Adjusted for ties 59.83 3 <0.001
On threshold PPF H-value Adjusted for ties 36.50 3 <0.001

Utility function positioning by respondent's stakeholder group: Kruskall-Wallis Test (Fig.5)

On PPF chosen by stakeholder

Environmental Regulators H-value Adjusted for ties 2.08 3 >0.05
Catchment Scientists H-value Adjusted for ties 1.20 3 >0.05
Farm Advisors H-value Adjusted for ties 1.87 3 >0.05
Water Industry Staff H-value Adjusted for ties 6.24 3 >0.05
On threshold PPF

Environmental Regulators H-value Adjusted for ties 15.91 3 <0.001
Catchment Scientists H-value Adjusted for ties 5.87 3 >0.05
Farm Advisors H-value Adjusted for ties 13.98 3 <0.01
Water Industry Staff H-value Adjusted for ties 16.98 3 <0.001
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3.3.2. Utility function responses

When comparing the two responses of those participants who selected the threshold PPF in the first
exercise (n=16), there was no significant difference in the position that the participants placed the
utility functions on the threshold curve for the repeated PPF exercise (Fig. 3.4a), although their

diameter was significantly smaller (Fig. 3.4b).
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Fig. 3.4:Differences between (a) the position, and (b) the size of the utility functions from those
participants (n=16) that used the threshold function both for their first (black) and second (white)
response. Significantly different pairs are given at p<0.05* and p<0.01**. Error bars indicate + 1
standard error.

When collating all responses from stakeholders, the combined PPF from the first exercise (Fig. 3.5a)
represented an intermediate shape between the two dominant responses (logistic decay and
threshold curve) and its confidence intervals fell between intermediate and large, as those were the

two most prevalent replies.

In both the first (Fig. 3.5a) and the second exercise (Fig. 3.5b), the utility functions of the four
stakeholder groups were identified as being significantly different from one another (p<0.001,

H=59.83 and 36.50 respectively). In exercise 1 (Fig. 3.5a) the utility functions for Water Industry
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Staff, Environmental Regulators and Catchment Scientists (in that order) were all located in close
proximity to one another at around 0.85 for ecological status and 0.45 for agricultural intensity,
while utility functions for the farm advisory group were positioned towards greater agricultural

intensity (~ 0.6).

Utility functions on the pre-defined threshold PPF in the second exercise (Fig. 3.5b) delivered
consistent rank ordering of the four stakeholder groups with the first exercise. The utility functions
were, however, shifted towards greater agricultural intensity while remaining at a similar ecological
status, with the Farm Advisors now located at an agricultural intensity ~0.75 to 0.8. In both exercises
the utility function for the Farm Advisors were placed on the area of the PPF curve where its slope

started decreasing, but before the rapid decline of ecological status.
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Fig. 3.5:Mean stakeholder responses of the four stakeholder groups’ utility functions. The
solid circles indicate where the four stakeholder groups were perceived to prioritise the
trade-off (halos indicate + the standard error). The participants responded on a PPF curve
(a) chosen by themselves, and (b) on the threshold PPF curve.
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3.3.3. Comparing responses depending on stakeholder typology

When stakeholders had to consider how they expected other stakeholder groups would perceive
PPF functions, utility functions were placed differently depending on which stakeholder group the
participant belonged to. This was the case on the threshold PPF in the second exercise (Fig. 3.6),
however not when comparing responses from the first exercise where PPFs differed. Neither did
utility functions differ significantly between the three study catchments in either exercise 1 or 2. In
the second exercise, responses by Catchment Scientists were most similar to the mean (Fig. 3.6b),
while Water Industry Staff placed their own utility function at higher ecological status (Fig. 3.6d).
Compared to the mean, Environmental Regulators estimated the utility functions to be at higher
agricultural intensity (Fig. 3.6a) while the Farm Advisors reported utility functions towards lower

agricultural intensity (Fig. 3.6c).

Only the utility functions of Catchment Scientists were not perceived differently by the four
stakeholder typologies. The utility functions of Farming Advisors were placed at significantly higher
agricultural intensities by Environmental Regulators and significantly lower by Farm Advisors
(p<0.05, H=13.98). Utility functions for Environmental Regulators and Water Industry Staff were also
perceived differently depending on the group affiliation of the respondents (p<0.001, H=15.91 and

16.98 respectively).
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Fig. 3.6:Mean responses on the threshold PPF curve, by each stakeholder group: (a) Environmental
Regulators, (b) Catchment Scientists, (c) Farm Advisors, and (d) Water Industry Staff. The
solid circles indicate the perceived trade-off prioritisation of the four stakeholder groups
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When comparing how participants viewed the utility functions of their own stakeholder group, as
opposed to how the other three groups estimated them, a number of significant differences were
identified (Fig. 3.7). Water Industry Staff scored their own utility functions at significantly higher
ecological status compared to other groups’ perceptions, both when they chose their own PPF
(p<0.05, W=33.0), and particularly, on the threshold PPF (p<0.05, W=36.0). On the threshold PPF,
Farm Advisors also scored their own utility functions at significantly lower agricultural intensity
compared to others (p<0.01, W=62.0), while Environmental Regulators placed their own utility
functions at significantly higher agricultural intensity compared to others (p<0.05, W=45.0). When
comparing the mean differences of all utility function placements between stakeholder groups, the
largest difference was between Environmental Regulators and Farm Advisors, while the responses of
Catchment Scientists were most similar within their own group (Fig. 3.8; p<0.001, H=175.96). Utility

function placement by Environmental Regulators was also more similar within their group while
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Farm Advisors and Water Industry Staff differences within their own group were more similar to the

mean difference in utility function scoring.
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Fig. 3.7:Differences between the position of the utility functions on the x-axis of the trade-off graph,
depending on whether they estimated their own group (black) vs. when others identified their
stakeholder group (white), on both their first response using the graph chosen (a) by themselves,
and (b) on the threshold curve. Significantly different pairs are given at p<0.05* and p<0.01**. Error
bars indicate £ 1 standard error.
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Fig. 3.8:Mean differences between utility function placements by individuals within their own
stakeholder group, and between the other stakeholder groups. Error bars indicate + 1 standard
error.

3.4. Discussion

Using a novel mixed-method approach we have identified differences in trade-off prioritisations
across the stakeholder groups surveyed, highlighting the importance of including participatory
approaches in ecosystem service trade-off analysis. Expert judgement is vital for implementing the
ecosystem service concept in practice and making use of existing knowledge and expertise may at
times be preferable to collating large amounts of data through ecosystem service assessments
(Jacobs et al. 2015). Our trade-off analysis was able to elicit robust responses as shown by the
consistent rank ordering of the four stakeholder groups in both the self-determined PPF and the
threshold PPF, as well as through the consistency in placement of the utility functions by the control

group of participants who made a repeat response on the threshold function.
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Our methodology provided a rapid and engaging method for assessing stakeholder perceptions,
knowledge and preferences of an ecosystem service trade-off relationship while incorporating
perceived social demand of the ecosystem service interaction by key stakeholder groups. The results
highlighted differences in how stakeholder typologies view PPFs and utility functions in their
catchment, indicating potential for conflict between stakeholders and possible barriers to integrated

decision-making.

The finding that a number of Farm Advisors did not agree in either of the proposed PPFs is of
particular practical relevance for land and water management decision-making and further
highlights the lack of a common underpinning understanding among some stakeholder groups and a
need for ‘engagement as mediation’ (Reed et al. 2018). While farmers are aware of some of the
effects of agriculture on aquatic health, their understanding may be more relevant for their day-to-
day activities (Lamarque et al. 2011), and may benefit from strengthening their knowledge on how
agricultural management affects ecological status of water bodies. Arguably, the agricultural
advisors surveyed in our study have a greater understanding of the effects of agricultural
intensification on the environment than regular farmers, but still show significantly differing views to
other stakeholder groups. Farm advisors with in-depth knowledge of the effects of agricultural
management on ecological status could act as intermediaries between environmental regulators and
farmers and other farm advisors, since communicators with a shared worldview are more likely to

resonate with that particular audience (Kahan et al. 2012).

If stakeholders do not agree on the underlying biophysical limits within a trade-off, they are unlikely
to reach agreement when it comes to determining how the trade-off should be managed as
divergent stakeholder perceptions act as a major barrier to collaboration (Porras et al. 2018).
Estimating PPFs for contentious trade-offs could therefore provide a mechanism to improve
stakeholder understanding of ecosystem functioning. Researchers could play a leading role here as
actors to promote stakeholder cooperation and knowledge sharing, aid implementation of

innovative land management practice, and advise the farming community on the environmental and
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socio-economic consequences from unsustainable agricultural practices (Schroter et al. 2015). This is
supported by our findings that the Catchment Scientists responded not only most similarly within
their group but their responses also corresponded closely to the mean from all stakeholders, which
may indicate more precise and balanced insights into the socio-ecological system, reflecting their
role as outside observers, seeking unbiased, objective descriptions of reality (Rose & Parsons 2015).
Catchment Scientists were also the only group not to differ in where their utility function was placed

by the other three stakeholder groups, which again perhaps reflects on their impartiality.

At a more theoretical level, the variability observed for the other stakeholder group responses may
reflect the challenge of making cross-disciplinary trade-off assessments and the disciplinary nature
of expertise partly informing the principle of expert judgements (Fish et al. 2009). Catchment
Scientists also tended to select large confidence intervals while Environmental Regulators were more
likely to select intermediate uncertainty around the mean of the PPF. Arguably, regulators and
policy makers are less comfortable with acknowledging higher levels of uncertainty relative to those
working in academic fields where communication of uncertainty is considered an important
component of reporting results (Morss et al. 2005). Ecosystem service trade-off relationships are,
however, complex and vary depending on heterogeneous and stochastic biogeophysical processes,
but also due to spatial and temporal differences in land use, which introduces uncertainty into trade-
off analysis and may have influenced the variability in the confidence intervals reported by our

participants (Lu et al. 2014).

In our study participants had to estimate the potential impacts of increased agricultural intensity on
WEFD ecological status for their entire catchments. This contributed a large amount of uncertainty to
their judgement, which is likely why we did not see any differences between catchments. This may
be addressed in future studies, however, by estimating PPFs within a study catchment using spatially
explicit models such as InVEST (Integrate Valuation of Ecosystem Services and Trade-offs) or SWAT
(Soil and Water Assessment Tool; Cord et al. 2017). Given that measures we used in our application

of the methodology were relatively broad and incorporated a number of ecosystem services,
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differences in stakeholder perception of these may have influenced the results as well. When
interpreting the results it is important to remember that the stakeholder responses incorporated
their cultural values, as well as their perception of the socio-economics of the trade-off and their
views on the institutional specificities of their own and the other stakeholder groups. Incorporating
expert judgements can deliver benefits to ecosystem service assessments; however, it may be
difficult to disentangle such perceived judgements from the underlying socio-ecological processes.
Although expert judgements are more liable to biases than other techniques due to tendencies such
as overconfidence and anchoring (Mach et al. 2017), they may also assess trade-offs and
uncertainties in ways that are not otherwise possible and can provide logical arguments to support
their judgements (Singh et al. 2017). Expert knowledge may also provide time-integrated
assessments, as opposed to momentary snapshots and can interpolate or extrapolate when
ecosystem services may not be measured directly (i.e. Martin et al. 2012). Making use of a ‘thought
experiment’, such as that used in our methodology, can extract stakeholder experience and acquired

instinct to capture estimations which could not have been measured in the field.

There were also clear differences between Farm Advisors and Environmental Regulators in
estimating utility functions. Farm Advisors scored utility functions toward lower agricultural intensity
for their own, together with the other typologies; whereas the Environmental Regulators perceived
all stakeholder groups to prefer higher agricultural intensity than the mean results suggested. Given
the natural potential of these two groups for conflict due to their competing priorities, this
misconception, or lack of understanding of the opposing group’s interests may further exacerbate
tensions (Petersen-Perlman et al. 2017). These differences are likely due to the nature of their
professions, for example, environmental regulators are driven by EU legislation to avoid declines in
ecological status of water bodies, while a priority for farm advisors is often the financial viability of
agricultural systems. This is an important point because respondents were asked to participate as
professionals and not as individuals, though it is difficult to ascertain whether personal preference

could ultimately influence their choice (Nordén et al. 2017). This is particularly true when ecosystem
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service interactions are antagonistic, which might lead to tensions and inconsistencies in

professional judgements and personal views (Barnaud et al. 2018).

If land management policies continue to increasingly focus on providing multiple ecosystem services,
farmers may end up as the main ‘losers’ due to reduced provisioning services, exacerbating conflicts
between farmers and regulators (Kovacs et al. 2015). Adapting the approach used in one-to-one
interviews here for the context of a group discussion may therefore present an opportunity for
stakeholders to articulate their utility functions and allow different organisations to improve their
mutual understanding of each other’s priorities and conflicting goals in a non-confrontational and
abstract setting (Cebridn-Piqueras et al. 2017). Reducing bias in how stakeholders view their
catchments could positively affect the capability of people to cooperate effectively and may, in turn,
help to highlight ‘win-win’ opportunities in land and water management (Vallet et al. 2018).
Although unprompted, when discussing PPFs and utility functions at the start of the exercise, a
number of Farm Advisors, Environmental Regulators and Catchment Scientists mentioned that their
work aims to change the shape of the PPF in their catchment to allow for higher agricultural
intensity without compromising ecological status. The difference in the placement of utility functions
on the threshold PPF illustrates this as utility functions shifted towards higher agricultural intensity
without compromising ecological status. This presents a potential win-win opportunity, particularly
between Farm Advisors and Environmental Managers to improve their utility functions by shifting
the PPF through land-based management techniques, such as expansion of riparian buffer zones and

agro-forestry, and increased production of legumes (Howe et al. 2014).

Arguably, the shape of the PPF can help determine how a trade-off should be managed, with more
fragile relationships, such as an exponential decline pointing towards land sparing, while a more
resilient relationship may allow more land sharing (Maskell et al. 2013). If a catchment is able to
sustain greater agricultural intensity without compromising ecological status of its water bodies, it
may be more resilient, i.e. due to deep soils buffering agricultural inputs. The tendency of Farm

Advisors to select the threshold PPF and for a number of them to disagree that increased agricultural
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intensity decreases ecological status, indicates that they believe their catchments to be relatively
resilient and able to sustain larger amounts of agriculture without impacting ecological status, or
even having a positive effect on it. This contrasted with Environmental Regulators who more
frequently identified with the logistical decay function, which represents a more fragile relationship
between the two services, and may imply that larger areas of the catchment should be given over to

land-sparing and mitigation measures to ensure good ecological status.

The ease of application and simplicity of our methodology make it a promising approach for
embedding stakeholder views into ecosystem service trade-off analysis. This is important because
even though the recognition of the nuances and complexities of ecosystem service trade-offs has
improved, quantitative evidence and an accurate characterisation of how ecosystem service
interactions manifest is needed to ensure sustainable management of ecosystems and to maximise
the benefits they provide to humans (Spake et al. 2017). Our approach also has generic
transferability to allow for the capture of views from other users, such as local residents or tourists,
as these stakeholders are often the most impacted by ecosystem service trade-offs (Turkelboom et
al. 2018). This may be especially useful in assessing the impacts of potential management options on

cultural ecosystem services, such as landscape aesthetics, which are inherently difficult to estimate.

The flexibility of this method means it may easily be applied to elicit stakeholder views on how an
ecosystem reacts to other land use changes, environmental pressures, or more specific ecosystem
services, such as increases in tree cover or point source pollution. Although our approach is limited
by only assessing the trade-off between two ecosystem services, future application of it could
include multiple conflicting objectives. The methodology could also be used in conjunction with
catchment modelling software to find optimum levels for certain ecosystem service provisioning, or
with multi-objective programming to include PPFs of a number of trade-offs (e.g. Groot et al. 2018).
Spatio-temporal simulation models such as InVEST (Han et al. 2017), ARIES (ARtificial Intelligence for
Ecosystem Services; Villa et al. 2014), or SWAT (Francesconi et al. 2016) are often used to model

ecosystem service trade-offs and their coupling to participatory research to help moderate outputs
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may provide a useful avenue for future research. We consider that this methodology could
potentially be incorporated into awareness-raising programmes in catchments as part of a
participatory approach to engage stakeholders. In doing so it could promote discussion of otherwise
implicit decision-making, build shared mutual understanding to facilitate future cooperation, or
assess whether stakeholders could be offered compensatory payments for utility losses (Brunet et
al. 2018; King et al. 2015). The ease of use of the methodology could also allow for longitudinal
analysis of how stakeholder perceptions change over time, which is an aspect of integrated
catchment management that we know very little about(Stosch et al. 2017). Finally, allowing
stakeholders to score utility functions on PPF curves offers a solution to integrating social demand
into trade-off assessments, which often defy measurement and are hence widely underrepresented

(Satz et al. 2013).

3.5. Conclusion

This study shows the importance of participatory trade-off analysis due to the differences in how
stakeholders prioritise trade-off preferences arising from ecosystem service interactions. Valuing
stakeholder knowledge as a form of expert data and integrating this into participatory decision-
making processes for land and water management thus contributes considerable value beyond
traditional approaches to ecosystem service assessments. Our results suggest that to achieve
sustainable management of socio-ecological systems it is insufficient to focus on optimising
ecosystem service trade-offs alone, as this fails to capture the social dimensions associated with
end-user interactions when balancing the often competing demands of different stakeholder groups.
Using participatory trade-off analysis can therefore reveal potential sources of conflict and/or
synergies among stakeholder groups. In turn, approaches like this can support interdisciplinary
research to better our understanding of the socio-ecological complexity of catchment systems and
the management of ecosystem service interactions to deliver multiple benefits for stakeholders with

differing environmental management remits.
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4. Catchment-scale participatory mapping identifies stakeholder
perceptions of land and water management conflicts

4.1. Introduction

Sustainable management of natural resources is under pressure from environmental and social
drivers, such as climate change and global population growth (Ye et al. 2020; Khan et al. 2021). If
landscape-scale decisions are implemented in response to environmental and social drivers without
full consideration of the socio-ecological 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 well-being (Shepherd et al. 2016; Schmeller et al. 2020).
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 (Rittel & Webber 1973; Kirschke et al. 2018). The potential for
increased land use conflict, arising when stakeholders have incompatible interests concerning land
use and resource management (Von Der Dunk et al. 2011), becomes more likely as demands and
pressures on catchments and coastal waters grow or become more diverse (Durance et al. 2016;
Mendenhall et al. 2020). Thus, identifying sustainable solutions to wicked problems requires
adaptive and integrated decision-making in land and water management (Pahl-Wostl et al. 2008;
Vasslides & Jensen 2016; Mohamad lbrahim et al. 2019), and highlights the importance of
stakeholder-focused approaches (Mason et al. 2018).

Land use conflict is frequently driven by rapid land use change (Abram et al. 2017), resource
scarcity (particularly water scarcity) (Adams et al. 2019; Hummel 2017), or power imbalances
(Boelens 2014) and can increase social tensions, political instability and, in the most extreme cases,
can lead to violent conflict (Cusack et al. 2021; Eliasson 2015). 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, socio-ecological aspects, such as noise, odour, negative visual impacts, or risks

to biodiversity conservation (Klaeboe & Sundfgr 2016; Young et al. 2005). Trade-offs are often
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expressed downstream, in lower part of the catchment (Asquith et al. 2008; Stosch et al. 2017), and
can cause severe disadvantages to affected communities or even entire national economies (Munia
et al. 2016). 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
(Elosegi & Sabater 2013; Heathwaite 2010). This puts riparian ecosystems and their critical natural
resources at risk (Albert et al. 2021), and reinforces the concept of the ‘catchment’ being the most
appropriate scale to holistically manage land and water environments (Johnson et al. 2017).
Ecosystem service mapping techniques can identify likely trade-offs between different land
management decisions in catchments (i.e. Lautenbach et al. 2013; Karabulut et al. 2016), or model
estimates of land use conflict, i.e. using spatial indicators of the potential for soil erosion and the
quality of agricultural land (Kim & Arnhold, 2018); however, there are many factors that mapping
efforts cannot take into consideration, especially socio-cultural benefits and dis-benefits (Harrison et
al. 2010). Trade-offs between ecosystem services manifest themselves in complex interactions
(Pilgrim et al. 2010) and bundles of services respond to changes in a variety of social, environmental,
economic and political drivers across both space and time (Rodriguez et al. 2006; Spake et al. 2017).
Accurately modelling and mapping ecosystem services in catchments is therefore challenging, due to
the stochastic and often non-linear and even chaotic nature of socio-ecological systems (Spears et al.
2012; Walker et al. 2003). 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 (Martinez-Harms & Balvanera 2012; Seppelt et al. 2011).

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 among stakeholders

(Darvill & Lindo 2016; Galafassi et al. 2017). Participatory research approaches can also ensure that

70



management decisions are more inclusive and socially acceptable, and are implemented more
effectively (Etienne et al. 2011; Oliver et al. 2017). 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 quantitative data. Participatory mapping studies are often used to
understand how stakeholders value ecosystem services (Brown & Fagerholm 2014; Klain & Chan
2012; Mahboubi et al. 2015; Plieninger et al. 2019; Zoderer et al. 2019), or to map, understand and
mediate conflict (Cronkleton et al. 2010; Brown & Raymond 2014; Philpot et al. 2019). 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 (Bryan et al. 2010; Brown &
Raymond 2014; Reilly et al. 2018). To date, relatively few participatory mapping studies have used
both quantitative and qualitative data to complement and validate their methodologies (Brown et

al. 2017).

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
gualitative survey. 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 among 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.

4.2, Methodology

This study developed a mixed method participatory mapping exercise coupled with a qualitative
survey 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
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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 (Fig. 4.1).

4.2.1. Study catchments

The River Spey drains an area of just under 3000 km? in the north-east of Scotland and lies within the
north-western part of the Cairngorms National Park. Land cover is dominated by moors and
heathland (29%), sparsely vegetated highlands (23%) and coniferous forest (16%; Table 4.1). 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 (Joint Nature Conservation Committee 2013). 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 (Fleming & MacDougall 2008).
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Figure 4.1: Location of the three study catchments in Scotland, UK.

In the east of Scotland, the South Esk catchment has an area of just over 600 km?, 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 a 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 (South Esk Catchment Partnership Steering Group

2009).
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Table 4.1: Land cover types in the three study catchments as a percentage of overall area covered.

(% land cover)
Land cover type

Spey Esk Ayr
Moors and heathland 29.07 3291 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

The River Ayr catchment drains an area of just under 600 km? 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 livestock erosion

of riverbanks and their direct access to watercourses.

4.2.2. 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 Regulator
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 which had local expert knowledge on the River
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Spey catchment, 13 on the South Esk and 15 on the Ayr. The full details of the stakeholder sample
selection can be found in (Stosch et al. (2019) but in summary this was based on stakeholder
knowledge of the catchment and their expertise in land and water management issues. Participants
were initially identified through a desktop study with additional stakeholders identified through

recommendations from the initial cohort.

The participatory mapping exercise and the interview were 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 interviews 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 among stakeholder groups in their catchments (see Appendix 1 for the full set of survey
guestions). Of central importance was Question 8 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 couple of participants in
the first few 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
(Jensen et al. 2019). Participants were asked to delineate around 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 (Pocewicz et al. 2012). Following the

mapping exercise, the remaining questions of the interview focused on collecting qualitative
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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. The
interviewer recorded notes of the participants’ responses to all of the questions. The interviews
were also audio recorded and transcribed, however, only the interviewer’s notes were used for the

analysis presented here.

4.2.3. Analysis

Responses from the participatory mapping exercise were digitised from the scanned paper maps to
polygons in ArcMap 10.4.1 (Esri 2016). 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 turned to raster files and resampled
to 100 m? resolution as well as ‘snapped to raster’ in their processing extent to make sure all the files
were aligned. To identify the overlapping raster squares between different respondents, the
polygons were reclassified using numbers as place holders for each participant. Numbers which were
powers of two were used, or 2" (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 between different stakeholder groups, the number
of overlapping raster squares per stakeholder group were normalised by subtracting the mean
number of rasters per participant from their stakeholder typology and dividing by the standard
deviation, which accounted for the variation in raster square selection between the stakeholder
groups and the differing scales of the catchment. The differences in overlap of participant’s
highlighted area of conflict between the stakeholder groups and between catchments were

compared using a Kruskall-Wallis statistic.

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
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landcover data in ArcMap and extracted to R using the ‘tiff’ (Urbanek 2003), ‘raster’(Hijmans 2015),
‘sp’ (Pebesma & Bivand 2005) and ‘rgdal’ packages (Bivand et al. n.d.). The ‘brick’ function was used
to extract the raster information from ArcMap into R and combined 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. 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 survey 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’.

4.3. 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 Regulator Staff (13).

4.3.1. 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
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(Fig. 4.2). In the River Spey and South Esk catchments the most commonly identified 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 survey data also suggested that there were more diverse issues in the Ayr catchment compared

to the other two catchments.

4.3.1.1. The Spey catchment

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 km?, was
identified by ten out of the fifteen Spey stakeholders. Development in and around the town was
thought to cause significant socio-ecological 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 km? 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 survey
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.

78



79



4.3.1.2. The South Esk catchment

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 survey 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 km? 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 likely 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.

4.3.1.3. The Ayr catchment

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
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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 survey 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 cattle. Five stakeholders perceived urban
development to cause a loss of prime agricultural land and flooding. And seven stakeholders voiced
concern that increases in forestry in the catchment is leading to farmers becoming frustrated by
rising land prices for rough grazing, which was being exacerbated by the Scottish Government’s
10000 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.
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Figure 4.2: Heat maps of perceived conflict in the River Spey (1), River South Esk (2) and
River Ayr catchment (3).

82



4.3.2. Stakeholder typologies and conflict

In the Ayr catchment, Water Regulator 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 (Fig. 4.3). The other
stakeholder group’s 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 Regulator Staff identified only five polygons of perceived conflict in the Ayr
catchment, with a total of 89.9 km?, whereas Environmental Regulator Staff identified 11 polygons
with a total area of 873.9 km?, Catchment Scientists identified seven polygons at 396.4 km? and Farm
advisors selected 11 polygons and the largest area with 1 008.2 km?2. This trend was similar in the
other two catchments, where Water Regulatory Staff also identified fewer, and smaller, areas of

potential conflict compared to the other three stakeholder groups.
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Figure 4.3: Heat maps of perceived conflict by Environmental Regulator Staff, Water Regulator

Staff, Catchment Scientists and Farm Advisors in the River Ayr catchment.
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4.3.3. 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 among stakeholder
groups (H =11.6, P < 0.01). The responses of Catchment Scientists were very similar to the mean
overlap of responses (Fig. 4.4). 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

Regulator Staff showed significantly less overlap within their stakeholder group.
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Figure 4.4: Difference in the overlap between stakeholder groups’ responses in the

participatory conflict mapping exercise, normalised by the mean overlap and
standard deviation (+ standard error).

4.3.4. 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 4.2). The land cover types
that were the best predictors of areas with greater perceived conflict in the model were improved

grassland and urban areas (Fig. 4.5). Coastal areas had an even larger effect; however, they had
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much greater variability associated with them compared to all other land cover types, likely due to

their smaller size.
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Difference between the coefficients of the land cover types in the final model,
modelled for the South Esk catchment (+ standard error).

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 and with the Esk being the lowest.

Results of the modelling for the four stakeholder typologies 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 Regulator Staff (Fig. 4.6). 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.
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Figure 4.6: General linear model predictions of the relationship between the number of stakeholders
from each typology 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 100 x 100 m rasters used for the analysis.

4.3.5. 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 typologies. 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).
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Table 2: GLM binomial modelling outputs of how the proportion of perceived conflict may be
explained by land cover type, catchment or stakeholder group.

Estimate Std. Error z value p-value
Intercept (Broadleaf forest and -2.68086 0.004817 -556.571 <0.001
the South Esk catchment)

-0.02543 0.003976 -6.397 <0.001
Coniferous forest

0.004865 0.004663 1.043 0.296772
Arable farmland

0.091555 0.004476 20.456 <0.001
Improved grazing

0.004407 0.004119 1.07 0.284673
Rough grazing

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

0.183985 0.053147 3.462 <0.001
Coastal areas

-0.07906 0.006352 -12.446 <0.001
Freshwater areas

0.091751 0.005148 17.823 <0.001
Urban areas

0.104696 0.00472 22.183 <0.001
Ayr catchment

0.030372 0.00424 7.162 <0.001
Spey catchment

0.350055 0.001388 252.188 <0.001
Catchment Scientists

0.335782 0.001497 224.377 <0.001
Environmental Regulator Staff

0.413825 0.001446 286.089 <0.001
Farm Advisors

0.375958 0.002527 148.752 <0.001

Water Regulator Staff

4.3.6. Future changes 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

87



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.

4.3.7. 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
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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).

4.4. 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 technique
captured spatial data through participatory mapping across multiple catchments with varying land
use and environmental characteristics and from stakeholders from four key land and water
management stakeholder typologies. The heat maps of perceived conflict illustrated the complex
combination of local and landscape-scale issues present in the catchments. This enabled
guantification of how perceived conflicts differed among different catchments and groups of
stakeholders and how modelling of land cover types could predict conflict in the study catchments.
What makes this methodology novel is the focus at the catchment level, rather than focusing on
socio-political borders, and due to its consideration of a broad range of land and water management
issues, rather than focusing on a specific type of conflict. While the methodology was effective as a
tool to quantify conflict in the catchments, it also provided broader insights into stakeholder
perception which offered several advantages, such as aiding the understanding of views of different
stakeholder typologies and how they may oppose each other, as well as identifying wider issues, and
allowing examination of the potential drivers of land use conflicts, as well as likely future changes

and solutions to the issues.

The mixed method approach allowed for robust results complemented with a rich insight into the
complex issues in the study catchments. This underlines the benefits of adding a short survey to help
inform interpretation of the mapping outputs (Haworth et al. 2016). The combined methodology
provided opportunity for validation as well as clarification and elaboration of the mapping results,

which are some of the main benefits to using mixed methods in participatory mapping (Brown et al.
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2017). Another way of validating results from the heatmaps was to count the number of conflicts
and drivers mentioned in the questionnaire. In our three study catchments those counts were not
statistically different from each other; however, a study with larger stakeholder cohorts may
produce statistically significant differences between catchments for that measurement, aiding
validation of the heat maps further. 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

non-governmental 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 (Brown et al. 2020). Mapping approaches, such as the one presented here,
can also help to bridge the communication gap between lay and expert knowledge (Zolkafli et al.
2017). Our methodology could be used to capture views and perspectives of the general public
following minor modification, for example by removing or explaining terminology such as
“ecosystem services”, and by adapting the maps shown to stakeholders to include cities, towns and
landmarks, to make it easier to pinpoint areas they may want to highlight. When working with our
catchment experts, we assumed that they had a well-established knowledge of places in the
catchment. Although this was overwhelmingly the case, stakeholders struggled to immediately
locate areas at times, and so the layman may find the catchment maps disorienting without place
names. When working with expert stakeholders we would suggest to continue avoiding place names

to not draw attention to, and cause bias towards, conflict surrounding urban areas.
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4.4.1. Typologies of stakeholders and conflict

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 of 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 (Rose &

Parsons 2015).

Different typologies of stakeholders 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 typology 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 different actors in
any such participatory engagement exercise, as they will have different perspectives on issues and
likely solutions to those (Micha et al. 2018), despite this not being statistically quantifiable in the
overlap analysis. The significantly lower overlap between Water Regulator Staff was likely 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 in. The four main drivers of
conflict were also identified by all stakeholder groups and in all catchments which 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.
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4.4.2. Land cover data

Results from the regression modelling linking perceived conflict to coastal, grassland and urban 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 socio-cultural pressures (Noble et al. 2019; Stepanova 2015). 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 (Duvernoy et al. 2018; Punjabi & Johnson 2019). 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 (Couto & Olden 2018; Lees et al. 2016). The spatially constrained nature of urban and
coastal areas also likely contribute to the fact that we found conflict in those areas to be 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 (Evans et al. 2019). It is a key
contributor to impacts on ecological status and bathing water quality in Scotland, which is likely why
improved grasslands were shown to be more likely areas of conflict for the stakeholders of this study
(Aitken 2003). Arable land was not seen to be as significant, which may be due to the large impact
intensive dairy pastures are having on water quality in the Ayr catchment, whereas in other river
catchments arable farming may be considered more at risk of contributing pollutants, and hence

more likely to cause conflict.
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4.4.3. Temporal aspects of conflict

The major hotspot of conflict identified in the Esk 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 among
stakeholders (Saad-Sulonen et al. 2018), and shows how an extreme flood event which happened in
recent memory can be very significant to stakeholders, which in turn may help develop resilience to

future flooding in the catchment (McEwen et al. 2017).

As well as capturing a snapshot of current conflict, the methodology was also able to capture some
of the emerging and prospective temporal variability 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 socio-ecological benefits (Burton et al. 2018).

To elicit more of the temporal variability, the mapping exercise could be repeated again in 2-5 years
to investigate the realised longer-term outcomes and assess which conflicts were more dynamic.
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 (Oteros-Rozas et al. 2015). Another finding which illustrates the temporal
dimension of land use conflict is the historical mismanagement of mines by bankrupted mining
companies in one of the study catchments. It highlights how failure in land management can have
severe negative impacts decades into the future and illustrates the importance of managing land
and water resources responsibly. Other legacy drivers of conflict may also arise not merely due to
economic forces, but due to social failures, such as the inability of two stakeholder groups to
communicate and build a shared understanding (Paveglio et al. 2015). Previously we have shown

participants from the Farm Advisor and Environmental Regulator groups had the greatest lack of

93



understanding of the opposing group's interests, which likely exacerbates tensions between the two
groups (Stosch et al. 2019). However, the increased communication and cooperation between those
two stakeholder groups in Ayr, which is a ‘diffuse pollution priority catchment’, seems to have
alleviated conflict, rather than exacerbating it, likely due to an increased rapport and shared

understanding among individuals of the two groups as stated by stakeholders in this study.

4.4.4. 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 (Rollason et al.
2018). The Scottish Government target of expanding forestry in Scotland by 10 000 ha per year was
highlighted as a policy that is likely to 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.
(2018) 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 was 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 draw people there (Fedreheim & Blanco 2017); demonstrating that tourism
development has the potential to be a key driver of conflict (Moore et al. 2017). Other studies have
also found that an increase in the recreational use of an area can cause conflict with biodiversity
conservation (Coppes et al. 2017; Karimi & Brown 2017), or between different recreational users
(Wilkes-Allemann et al. 2015). 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
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area of the catchment. As people’s attitudes towards tourism development can diverge between
different segments of a population (Lechner et al. 2020), the Cairngorms National Park Authority
may want to carry out further research into the nuanced perceptions of space specific conflict in the
uplands to inform future national park management to reduce conflict driven by growing tourism

and recreation.

4.4.5. Using participatory conflict mapping towards more integrated catchment
management

Our methodology has revealed several hot spots 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 (Jacobs et al. 2015). As many conflicts in catchments
are inherently complex, however, the main benefit of this methodology may be as a tool to quantify
and spatially identify areas where more focused problem-solving efforts may be needed. This could
be achieved through the use of frameworks for managing conflicts, such as was developed for
conservation agencies by Young et al. (2016), or ecosystem service-based tools to critically evaluate
trade-offs and create a range of solutions to sustainably manage landscapes while considering
multiple socio-ecological benefits (Quilliam et al. 2015). A combination of the participatory approach
we have used here and ecosystem service mapping could also address the lack of sufficient primary,
scale-appropriate data and validation studies using modelled data often have (Martinez-Harms &
Balvanera 2012; Seppelt et al. 2011). Our methodology could also be used on a national scale to
identify ‘complex conflict priority catchments’, similarly to identifying ‘diffuse pollution priority
catchments’, where catchments that are experiencing multiple and exacerbating conflicts, such as
the Ayr, could benefit from a more holistic management of landscapes. Such a catchment could then
be supported through government funds to help set up ecosystem service-based catchment
management initiatives and encourage communication among stakeholders in the catchment. Many

of the participants stated that often conflicts arise due to there being a clear trade-off between two
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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
(Graversgaard et al. 2017), and stakeholder acceptance appears more related to processes than to
outputs, even when final decisions do not reflect all participants' stakes (Kochskamper et al. 2016).
Increasing dialogue among stakeholder groups would help different parties to understand each
other’s view points and lead to stakeholder empowerment and network building aiding future

cooperation (Brunet et al. 2018; Kochskdamper et al. 2016).

Our methodology may also be carried out with broader groups of stakeholders, such as NGOs or the
public, to form an engaging public participation tool for informing river basin management
consultations. As the third and final cycle of the EU Water Framework Directive’s (WFD) River Basin
Management Plans end there may be a need to redesign and improve future consultation
frameworks. Although participatory processes have been more commonly integrated into the WFD,
this is still lacking at appropriate sub-catchment scales where land and water management conflicts
arise (Pellegrini et al. 2019). A quantitative review of participation under the WFD concluded that
there is a need for determining which engagement instruments are working as current approaches
lack evidence of improving good ecological status of catchments (Rimmert et al. 2020). Rimmert et
al. also found that interactive communication in the form of deliberation or dialogue was
uncommon and structured methods of knowledge elicitation or aggregation were utilised the least,
which shows an opportunity for integrating engaging participatory methodologies such as the one

presented here into future river basin management consultations.
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4.5. Conclusions

Increasing demands on catchments to supply food, deliver water and energy security and provide
wider ecosystem services requires a holistic 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 socio-ecological 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. 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 among stakeholder groups to foster mutual

understanding and decision-making.
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5. Characterising stakeholder networks in catchments of
contrasting water management issues

5.1. Introduction

Global demographic, economic and climatological changes are increasing demand for natural
resources, which in turn impacts on ecosystems’ ability to function sustainably and remain resilient
to shocks and disasters (Hogeboom et al. 2021). Society is faced with the complex task of balancing
the often opposing demands for water, food and energy security of a growing global population
while at the same time protecting biodiversity and mitigating impacts from climate change (van den
Heuvel et al. 2020). Aquatic, riparian and coastal ecosystems host some of the most diverse
biodiversity and supply critical ecosystem services for human health and well-being (Reid et al.
2019), but they are increasingly threatened by habitat alteration, water pollution, overfishing, exotic
species introduction, fragmentation and flow regulation (Albert et al. 2021). Water resources are
also highly vulnerable to climate change and by 2050 around 50% of the world’s population could be
living in countries experiencing water stress (Schlosser et al. 2014). Due to hydrological connectivity,
river catchments often integrate multiple pressures (Elosegi & Sabater 2013), which makes them less
resilient to change and reinforces the concept of the catchment being the most appropriate scale for
holistic land and water management (Johnson et al. 2017). Catchments integrate land, water and
people with diverse roles and views and function as socio-ecological systems; thus, effective
catchment management must recognise the importance of stakeholder networks and their influence

and interactions in order to ensure long term sustainability that benefits people and catchments.

Managing the breadth of water uses and users within a catchment is a complex task, which often
necessitates a role for social, political, and economic institutions of a country (Berger et al. 2007)
and is further complicated for trans-boundary river basins. Thus, fragmentation of stakeholder
networks can arise from shifts in local jurisdiction and in turn lead to less integrated decision-making

despite high levels of awareness of shared water management issues across the catchment
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(Navarro-Navarro et al. 2017). Different stakeholder typologies (e.g. regulators, water industry
practitioners, landowners etc.) within a catchment may also express varying preferences on water
management decision-making, depending on their knowledge, values and connections to the
landscape (Garcia-Nieto et al. 2015). There is hence a growing call for more stakeholder-focused
approaches to water resource management to balance the varied and sometimes opposing demands
on water resources towards more adaptive and integrated decision-making (Mason et al. 2018;

Mohamad lbrahim et al. 2019).

Stakeholder analysis seeks to identify stakeholders (individuals, groups, or organisations, who can
affect or be affected by decision-making in a system), analyse differences among stakeholders, such
as their involvement in the decision-making process, as well as investigate relationships among
stakeholders (Reed 2008). Stakeholder analysis is also used to understand the diverse range of
potentially conflicting stakeholder interests (Prell et al. 2007; Stosch et al. 2019). In social network
analysis, actors in a social network are depicted as nodes and links are established to other actors,
allowing the analysis of the relations between nodes to identify the most influential actors and in
contrast those at the periphery of the network. Both stakeholder analysis and social network
analysis have been demonstrated as useful tools in natural resource management (Ahmadi et al.
2019). In terms of water management, stakeholder and social network analysis have been used to
analyse the structure of water governance networks (Horning et al. 2016), identify their spatial scale
mismatches (Sayles & Baggio 2017) and highlight opportunities for cooperation within them (Luzi et
al. 2008), or to analyse catchment stakeholders’ interests and spheres of influence (Ogada et al.
2017). Stakeholder network analysis has also been used to find ways to improve fishery commission
management (Mulvaney et al. 2015), mitigate impacts of climate change on water management
(Yang et al. 2018), and identify the social stability risk of large hydro engineering projects (He et al.
2018). One of the main drawbacks of common stakeholder mapping techniques is that they tend to
identify the ‘usual suspects’ and there is a danger that this may lead to the under-representation of

peripheral stakeholders (Reed et al. 2009). Engaging stakeholders involved in water management for
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social network analysis and stakeholder analysis offers potential to facilitate effective knowledge
exchange among stakeholders in a network, capitalising on important expertise and understanding
as well as highlighting differences in how stakeholders perceive and value other groups (Darvill &
Lindo 2016). This presents a gap in the research where novel techniques may be developed for
ameliorating conflicts, fairly representing diverse interests and preventing further marginalisation of

under-represented groups.

5.1.1.  Governance structure of Scottish catchment management stakeholders

A number of different stakeholder sectors impact on catchment management decision-making in
Scotland (Fig. 5.1). In terms of the governing sector, the European Commission and the Scottish
Government issue the most legislation relating to land and water management, such as the EU
Water Framework Directive, the EU Bathing Water Directive and the Scottish Government’s Climate
Change Plan aiming to increase forest planting and peat restoration. Scottish Water (Scotland's
public water and wastewater company) and the Scottish Environment Protection Agency (SEPA)
represent key regulatory stakeholders due to their central role in enforcing land and water
management in Scotland. Of the private businesses that impact catchment management, farmers
play a crucial role as they are a major abstractor of water for irrigation, but mainly due to loss of
farm nutrients and chemicals continuing to be the major cause of water courses failing to meet EU
environmental standards in Scotland and the rest of Europe (European Environmental Agency 2018).
Timber production can also intercept and acidify water and contribute to diffuse pollution with
sediments, fertilisers and pesticides (Sing et al. 2018). Energy companies strongly influence the
water environment through hydropower scheme management, mining activities and wind farm
development (Evans et al. 2010). The food and drinks industry, which has the highest rate of water
use in the UK industrial sector (Ajiero & Campbell 2018), is a major contributor to Scotland’s
economy, contributing around £14 billion annually and accounting for one in five manufacturing
jobs. This industry impacts on catchments through their use of potable water and due to impacts

from salmon farming and other fisheries management. The tourism industry contributes around £6
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billion to Scottish GDP, currently representing about 5% of total Scottish GDP. Conservation NGOs,
and especially the RSPB have an influence on decision-making through large land ownership in
Scotland and lobbying (McMorran & Glass 2013). Education and research is relevant in expanding
our knowledge of catchment systems and educating people about how best to manage them. River
and Fisheries Trusts are also a significant interest group in Scotland as fisheries are an important

national resource and as they also support education and implement mitigation measures (Malcolm

2011).
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Fig. 5.1: Flow chart of key stakeholders that have an impact on catchment management in Scotland.
Boxes outlined in bold indicate stakeholders which likely have a larger influence on catchment
management.

Here we combine stakeholder analysis and social network methodologies to elicit perceptions from
four key stakeholder typologies involved in water management across three diverse study
catchments. Using this approach, the overarching aim of this study was to characterise how
influential different stakeholders were perceived to be with respect to catchment management. We
used the data from participants’ self-reported social networks to provide further insight into the co-

occurrence of stakeholders (i.e. how often groups were named together by one participant),
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allowing core and periphery analysis of which groups had the greatest co-occurrence. This approach
represents a novel and rapid methodology for characterising stakeholder networks at the catchment
scale and could be used as a complementary methodology for enhancing other stakeholder mapping

techniques that are commonly topic-driven rather than catchment-centric.

Each actor (or node) in a network can perceive a network structure subjectively, or as a cognitive
social structure (Krackhardt 1987). Such a network can also be constructed objectively with empirical
data to compare with subjective perceptions of the network, however, cognitive social structures

are data in their own right, giving insights into insider actors’ views.

Therefore, the objectives were to: (1) assess whether participants representing four key stakeholder
groups perceive the importance of stakeholder influence in line with the existing governance
structure of Scottish catchment management; (2) determine which stakeholders are more central to
a catchment management network and which are perceived as peripheral; (3) quantify which
stakeholders are perceived to have the largest impact as well as the most positive or negative
influence on the water environment; and (4) compare outputs between the four participant groups

and the three contrasting river catchments.

5.2. Methodology

5.2.1.  Study catchments

Three catchments from across Scotland were selected on account of their diverse and contrasting
geomorphologies, land cover types, stakeholder communities, and land and water management
pressures (Figure 2). The River Spey in the north-east, the South Esk in the east and the River Ayr
catchment in the south-west of Scotland. The catchments vary in size from ~600 km? (South Esk and
Ayr) to just under 3000 km? (Spey). The River Spey and South Esk catchments are dominated by
moors and heathland, followed by sparsely vegetated land in the mountainous areas of the Spey

(23%) and arable land in the Esk catchment (31%). Dairy production is a key local industry in the Ayr
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catchment with pasture accounting for 39% of the land cover. In general, the uplands of the three
catchments are dominated by rough grazing, commercial forestry, and sporting estates, while the
lowlands accommodate arable land and improved grazing. Tourism and angling represent important
local industries, with whisky production also being significant, particularly in the Spey. There are
competing pressures on water resources in all three catchments via diffuse pollution from farming
practices and point source inputs from sewage discharge, in addition to abstraction for potable

water, large hydropower schemes, food and drink manufacture and irrigation.

To simplify, the Ayr catchment may primarily be characterised as an agricultural (and particularly a
dairy) catchment, while the Spey could be characterised as a recreation-focused catchment partly
within a national park, and the Esk as a mixture of farming (particularly arable), forestry and

recreational land uses.
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Figure 5.2: Location of the three study catchments in Scotland, UK.
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5.2.2. Sample selection and design of engagement exercise

In each of the three study catchments, three to five individuals were recruited from four key
stakeholder groups: environmental regulator staff (n=12), water industry staff (n=9), catchment
scientists (n=11) and farming representatives (n=11). A total of 43 stakeholders carried out the
engagement exercise in 2017 and contributed their local knowledge on catchments within which
they worked: 15 contributed to the River Spey catchment analysis, 13 to the South Esk and 15 to the
Ayr catchment. The full details of the stakeholder sample selection and interview approach can be

found in (Stosch et al. 2019).

The engagement exercise presented here was part of a larger conceptual modelling exercise in
which participants were asked to rank ecosystem services in their catchments, identify various
pressures on their river catchment as well as name which remediation measures were already in
place. After that, participants were asked to list all stakeholder groups (herein referred to as
stakeholders) that have an influence on catchment management within their catchment of interest.
Participants were not given a list of possible stakeholder typologies but were asked to recall
stakeholders from memory, which helped to inform analysis of which stakeholders were omitted.
After completing their list, participants were asked to then state whether they believe each
stakeholder to have either a small, medium or large influence on the management of the catchment

and whether that perceived influence is positive, negative or overall neutral.

5.2.3. Data analysis

The results from the survey were collated into two matrices; one matrix that captured each
participant’s perceived size of each stakeholder’s influence (either a 1, 2 or 3 for small, medium or
large influence, respectively), and another matrix depicting the perceived value of each
stakeholder’s influence (either a 1, 2 or 3 for negative, neutral or positive influence, respectively). As

participants were not given an a priori list of stakeholders to select from, the large number of
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elicited stakeholders (71) were collated, creating a total of 28 typologies. This was to increase
legibility of the stakeholder networks and to group together similar stakeholders, such as NGOs,
small local businesses and diverse industry. Any stakeholder group that was named by only a single
participant was omitted from the analysis. Both matrices (perceived size of the influence and
perceived value) were imported to UCINET 6 for social network analysis (Freeman et al. 2015). As
the data was collected as a 2-mode valued network we used 2-mode Centrality to calculate the
degree score. A 2-mode Categorical Core/Periphery Model was used to separate stakeholders into a
core and periphery and a Conversion Projection method was used to turn the 2-mode data into a 1-
mode affiliation matrix. A two-way ANOVA was carried out using SPSS version 28 to compare
responses (mean degree scores, mean no. of responses, mean perceived influence and mean

proportion of negative ties) among the different stakeholder groups and catchments (IBM 2021).

5.3. Results

The 43 participants identified a combined total of 28 different stakeholder groups. As stakeholders
were identified by multiple participants, 490 individual scores were collated. On average each
participant named 11 stakeholders and the exercise took around 15 minutes per respondent. The
Environmental Regulator and Local Government were named most often (35 and 27 participants,
respectively). Although the Devolved Government (15) was also mentioned widely, neither the UK
Government nor European Commission were mentioned by the participants more than once and
were hence not included in the analysis. When collating all the participant responses for all
stakeholders, most of the stakeholders received positive scores (305), followed by neutral (125) and
negative (60). Similar numbers of stakeholders were identified as having medium (193) and large
(191) influence and less as having a small influence on the catchment (106). The Devolved
Government (2.67 £ 0.15), Farmers (2.57 + 0.13), and the Environment Agency (2.48 + 0.12) had the

greatest mean size of perceived influence (Figure 5.3).
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Figure 5.3: Ranked mean size of the perceived influence of the elicited stakeholders on catchment
management in the study catchments (+ 1 standard error; 1 = small, 2 = medium, 3 = large perceived
influence).

The Environmental Regulator was elicited most frequently (35 times), followed by Local Government
(27), Water Industry (26) and River Trusts (25, Figure 5.4). Farmers (0.21), the Public Water Agency
(0.19), and Timber Industry (0.14) had the greatest proportion of perceived negative influence.
When combining responses for negative and neutral influence, Farmers (0.51), Timber Industry
(0.44) and Farm Advisors (0.42) scored highest (Table 5.1). Participants belonging to different
stakeholder typologies named a comparable number of stakeholders (Table 5.2). Participants
responding for the south Esk catchment named the fewest mean numbers of stakeholders (around

10), whereas it was around 12 in the Ayr catchment and around 13 in the Spey catchment.
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named by participants, ranked by perceived negative influence (n=43, dotted line).
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Table 5.1: Degree, mean perceived influence ( 1 standard error), and proportion of perceived negative
influence and negative and neutral influence of the 28 elicited stakeholders.

Mean perceived

Proportion of perceived

Prop. of perceived neg.

Degree influence * st. error negative influence & neutral influence
Farmers 1.81 2.57+0.13 0.21 0.51
Environ. Regulator 2.51 248 +0.12 0.07 0.16
Water Industry 1.58 2.18+0.12 0.19 0.33
Large Estates 0.81 2.15+0.14 0.05 0.26
Timber Industry 1.58 2.18+0.12 0.14 0.44
River Trusts 1.60 2.10+0.12 0 0.12
Community Trusts 0.47 1.24+0.11 0.02 0.05
Nature Cons. Agency 1.19 2.01+0.14 0.05 0.07
Small Businesses 0.47 1.63+0.12 0.12 0.21
Small Landowners 0.51 1.84+0.14 0 0.14
Historic Env. Agency 0.28 1.60+0.16 0 0.02
Farm Advisors 1.53 2.41+0.13 0 0.42
Locals 0.88 1.45+0.11 0.12 0.28
Local Gov. 1.56 2.17+0.13 0.07 0.26
Devolved Gov. 1.19 2.67+0.15 0.05 0.16
Tourists &
Recreationists 0.60 1.53+0.12 0.07 0.14
Anglers 0.58 1.35+0.09 0.00 0.07
Energy Industry 0.51 1.41+£0.10 0.12 0.14
Other Industry 0.67 1.90+0.13 0.05 0.23
Food & Drinks
Industry 0.49 1.77 £0.16 0.05 0.07
National Trust 0.07 1.06+0.11 0 0
Education & Research | 0.56 1.48 +0.10 0 0
Conservation NGOs 0.79 1.99 +0.12 0 0.05
National Parks 0.84 2.05+0.13 0 0.07
Woodlands Agency 0.12 1.22+£0.12 0 0
Tourism Industry 0.63 1.83+0.12 0.05 0.07
Catch. Mgmt. Group 0.70 1.83+0.14 0 0
Whisky Association 0.23 1.64£0.16 0 0.05
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Table 5.2: Mean number of responses, mean degree, perceived influence, and proportion of perceived
negative influence and negative and neutral influence of the three contrasting catchments and four key water
management stakeholders (+ 1 standard error). None of these statistics were significantly different between
catchments or stakeholder groups (significance of differences between the means at 0.05 level).

Environmental | Water
Ayr South Esk Spey Catchment Farm Regulator Industry

catchment | catchment | catchment | Scientists | Advisors Staff Staff
Mean number
of responses 11.53 9.92 12.53 11.27 11.18 11.55 11.44
+ st. error +0.90 +1.34 +0.98 +1.36 +0.88 +1.22 +1.68
+ st. error +0.10 +0.13 +0.09 +0.13 +0.10 +0.11 +0.18
Mean
influence 2.45 2.46 2.58 2.58 2.38 2.55 2.48
* st. error +0.09 +0.11 +0.08 +0.09 +0.14 +0.08 +0.10
Proportion of
perceived 0.04 0.04 0.02 0.02 0.06 0.02 0.03
negative
influence +0.02 +0.02 +0.01 +0.01 +0.02 +0.01 +0.02
+ st. error
Prop. of
perceived neg. 0.11 0.08 0.11 0.11 0.10 0.10 0.10
& neutral
influence +0.01 +0.02 +0.02 +0.02 +0.02 +0.03 +0.02
+ st. error
Core/Periphery
fit (correlation) 0.912 0.889 0.897 0.864 0.861 0.902 0.872

UCINET determined the stakeholders that were most commonly connected in all of the study
catchments and hence had the greatest degree score (node size) and those which formed the core of
the stakeholder network (Fig. 5.5; pink nodes). The Environmental Regulator had the largest degree
score (2.52), followed by Farmers (1.81) and River Trusts (1.60), which were closely followed by
Water Industry (1.58), Timber Industry (1.58), Local Government (1.56), and Farm Advisors (1.56).
The Devolved Government and Nature Conservation Agency both had a degree score of 1.19. These
nine stakeholders were classed within the core and the remaining 19 stakeholders were classed
within the periphery (Core/Periphery correlation coefficient = 0.9211). The stakeholders with the
highest degree scores within the periphery were Locals (0.88), National Parks (0.84), Large Estates
(0.81), Conservation NGOs (0.79), and Catchment Management Groups (0.70). Ties (connections

between stakeholder nodes) depict co-occurrence of stakeholders in participant responses. The
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greatest ties are among the core stakeholders; however, there are also moderately high ties
between National Parks and the Environmental Regulator and River Trusts, Conservation NGOs and
the Environmental Regulator and Farm Advisors, Catchment Management Groups and Local
Government and the Water Industry, the Tourism industry and several stakeholders, and Large

Estates and the Timber Industry, the Environmental Regulator and several other stakeholders.

The core stakeholders from the Ayr catchment were identical to the Esk’s eight nodes, but also
included the Nature Conservation Agency (Figure 5.6). Responses from the Spey catchment
identified ten core stakeholders. This included seven that were also selected in the Ayr catchment,
but not the Devolved Government and Farmer nodes, unlike the core groups in both the Esk and Ayr
catchments. The analysis also included three groups in the Spey network’s core that were lacking in
the other two catchments: Large Estates, Conservation NGOs and National Parks. The Whisky
Association was only named in the Spey catchment and National Parks were named in the Spey and
Esk, but not in the Ayr catchment. The Ayr was the only catchment where the Environmental

Regulator did not have the greatest degree score, with Farmers scoring slightly higher.

When comparing the core/periphery analysis between the four stakeholder typologies that the
participants belonged to, networks of the Water Industry Staff had the greatest number of nodes
within the core (11), followed by Environmental Regulator Staff (9), Catchment Scientists (8) and
Farm advisors (6) (Figure 5.7). Stakeholder nodes that were classed as being within the core across
all four participant typologies were the Environmental Regulator, Local Government, River Trusts
and the Timber Industry. The Water Industry, Farm Advisors and Farmers were classed as being
within the core by three of the four participant groups. The Devolved Government, the Nature
Conservation Agency and National Parks were classed within the core by two participant groups and
Conservation NGOs, the Food and Drinks Industry and Large Estates by one. Farm Advisors were the

only
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participant group where a stakeholder (Farmers) had a greater degree score than the Environmental

Regulator.

Figures 5.8 and 5.9 show all of the participant’s responses, i.e. which stakeholders they listed and
whether they perceived that group’s influence on their catchment as small, medium or large and
whether they thought this influence was overall positive, neutral or negative. Three participants
identified National Parks as a relevant stakeholder in the Esk catchment, while twelve did for the
Spey and none for the Ayr catchment. Respondents in the Spey catchment chose negative ties half
as often as those in the other two catchments and Farm Advisors responded with the greatest
numbers of negative ties out of all the participants, two and three times higher than Water Industry
Staff and three times greater than Environmental Regulator Staff and Catchment Scientist (Figure 5.9

and Table 5.2).
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5.4. Discussion

We combined stakeholder analysis and social network methods to provide a novel stakeholder-
mapping tool capable of identifying important distinctions between interactions among the land and
water management communities across three contrasting study catchments. The methodology used
a participatory approach to identify the perceived importance of key stakeholders and how
connected they were, and in turn helped to understand which stakeholders were considered core
versus peripheral with respect to catchment management. Stakeholder mapping exercises are often
undertaken without direct stakeholder input and therefore may reflect the biases of the researchers
with regard to who they believe has most influence and interest concerning a particular subject area
rather than the perceptions of the stakeholders themselves, leading to questions about the
legitimacy of how stakeholders are mapped and characterised (Reed et al. 2009). The catchment-
scale stakeholder mapping approach reported here therefore represents a stakeholder-driven
framework for identifying key players in catchment management. By reporting on perceived
influence of stakeholders across three different catchments accommodating varying management
issues we provide a framework that is transferable and offers advantages in that the exercise
provides a wealth of data, while it is simple, engaging and quick to carry out for each of the

participants.

We engaged stakeholders in three contrasting catchments, one characterised by dairy production,
one with mixed arable, rough grazing and forestry land use and a catchment partly within a National
Park. The differences between land use among the three catchments corresponded well with how
Farmers, the National Park and other stakeholders were represented in the stakeholder maps,
indicating that the methodology can differentiate between catchments, making the methodology
accurate and transferable. When using this methodology in practice for catchment management, a
much smaller number of participants would likely give a good insight into the stakeholder network.

Here we wanted to be able to statistically compare responses among the stakeholder typologies in
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each catchment and hence elicited responses from at least three participants for each group. The
networks depicting only results from one stakeholder typology are based on as little as nine
responses, but still have high Core/Periphery fit correlation scores. When adapting this
methodology, initially, responses from an even smaller number of key stakeholders could be
analysed to inform whether more responses are needed (if variance between responses is high), or
whether a major core stakeholder has not been invited to participate. This makes the methodology a
useful stakeholder mapping exercise, which can complement an existing portfolio of stakeholder

mapping tools in stakeholder identification and in investigating their relationships (Raum 2018).

5.4.1. Contrasting catchments and their stakeholder typologies

The number of participants mentioning National Parks as a relevant stakeholder corresponded to
the catchments’ area located within the Cairngorms National Park. A majority of the area of one
catchment is within the park’s borders, while another accommodates only a small area of the
National Park and the third catchment is located outside of any national parks. The Nature
Conservation Agency and Conservation NGOs were also more influential and part of the core in the
touristic catchment. This correlates with significant landownership of NGOs in the catchment area
and habitat provision for endangered species such as capercaillie, Scottish wildcat and golden eagle.
A stakeholder only mentioned by participants in that catchment was the Whisky Association, which
corresponds to the large number of Whisky distilleries located along the River Spey. The
Environmental Regulator was elicited most often, which reflects the Environmental Regulator’s clear
role at the heart of central catchment management issues such as diffuse pollution and flooding. The
stakeholders with the largest numbers of perceived negative influence were also associated with the
two main sources of pollution to watercourses: waste water inputs and diffuse pollution from
agriculture. These results suggest that the methodology was able to identify differences in

underlying issues in land and water management in the study catchments.
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5.4.2. Perceived magnitude and value of stakeholder influence

The Devolved Government, Farmers and the Environmental Regulator were perceived to have the
largest influence on catchment management, which was consistent within the three study
catchments. This shows, again, the central role of the Environmental Regulator in enforcing land and
water management in Scotland. Although much of the legislation protecting water resources comes
from the EU, water is a particularly critical resource for all sectors of the Scottish economy, such as
for manufacturing, energy, agriculture, food and drink and tourism, and the Scottish Government
acknowledges this through their ‘Hydro Nation’ agenda (Greig & Rathjen 2021). Farmers are also
central to catchment management in Scotland due to their use of water as well as due to diffuse
pollution from agricultural land which continues to represent a wide-scale and persistent problem in
many regions of Scotland (Scottish Government 2016). Farmers also had the greatest proportion of
perceived negative influence and the greatest proportion of the sum of neutral and negative
influence. This measure was added to the results as several participants voiced that they felt
uncomfortable about ascribing the term ‘negative’ to any stakeholder, which sometimes then led
them to select the ‘neutral’ option. If this survey was to be repeated it may be more effective to ask
whether the influence of each stakeholder was positive, neutral or negative concerning a specific
measurement, such as ‘Ecological Status’ which is well defined under the EU Water Framework
Directive and key stakeholders would be very familiar with. When comparing negative ties in each of
the catchments, participants from the Spey catchment identified half as many negative ties than
those in the other two study catchments. This may link back to greater cooperation and
understanding among stakeholders in this particular catchment or lower levels of conflict as was
identified in our previous conflict hotspot research in the study catchments (see Chapter 3).
Negotiation and joint learning helped to foster bridging social capital between farmers and Dutch
government officials that increased shared views on conservation goals (Westerink et al. 2017). The
Spey catchment was also the only study catchment where Farmers were not classed as a core

stakeholder. Perhaps this reflects a smaller influence of agricultural land management in the
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catchment causing less negative impacts on aquatic quality resulting in fewer perceived negative
ties. The Spey catchment has a large proportion of sparsely vegetated mountainous areas (23%) and
moors and heathland (29%) and smaller proportions of pasture (9%) and arable land (2%) than the

other two study catchments.

Farm Advisors were up to three times as likely as other participants to select negative ties and none
of the Farm Advisor participants perceived Farmers as having a negative influence on catchment
management. Farm Advisors are likely to have differing attitudes on what constitutes a ‘good
farmer’ relative to other catchment stakeholders as they are more understanding of farmers’
landscape values while they also assist them to comply with the increasing environmental
legislation. As society’s expectations of the farming community change from that of supporting food
security and animal welfare issues to inclusion of broader social and environmental goals (Saunders
2016), farmers may not be necessarily opposed to specific practice changes to protect
environmental quality, but may be resistant to challenges to their identity of what makes a ‘good
farmer’ (Collins 2018). Although there may also be scepticism from farmers regarding diffuse
pollution control programmes and their efficacy in Scotland (Barnes et al. 2009), there may be a shift

in how riparian environments contribute to what constitutes a ‘good farmer’ (Thomas et al. 2019).

Another cause of tension among stakeholders with regard to land and water management may
extend to opposing views on how their own and other stakeholders are being perceived (Stosch et
al. 2019), and be more complex than simply accommodating differing attitudes about land and
water management in general. When stakeholders are required to work together negative
stereotyping, distrust and scapegoating may arise, causing conflict and threatening the social
harmony of collaborative systems (Curseu & Schruijer 2017). Adapting the approach used here in
one-to-one interviews for the context of a group discussion could present an opportunity for
stakeholders to articulate their views in a non-confrontational and abstract setting as well as reflect

on how accurately the data represents stakeholder networks in their catchments (Cebridan-Piqueras
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et al. 2017). In doing so it could promote discussion of otherwise implicit attitudes, build shared
mutual understanding and facilitate future cooperation (Brunet et al. 2018). The UK leaving the EU
and being able to devise their own agri-environment schemes may be an opportunity to involve
stakeholders in their design and to allow farmers to embed their understanding of landscape
stewardship and their landscape values (Raymond et al. 2016). Other stakeholder engagement
exercises, such as stakeholder Delphi analysis and fuzzy cognitive mapping could also benefit from
using ‘insider knowledge’ from key stakeholders, such as is presented here, instead of relying on

desktop study to select stakeholder participants (D’Agostino et al. 2020).

5.4.3. Comparing perceived importance of stakeholders to hypothesised outcome

Participants recognised the importance of stakeholders similarly to the hypothesised diagram of
influential stakeholder typologies in Fig 5.1. Comparing the core nodes from all respondents to the
hypotheses in Section 5.1.1., a few stakeholders were identified less often as was predicted, e.g.
Food and Drinks Industry and Education and Research and Energy Industry. However, a notable
difference in expected and elicited results was that neither the UK nor the EU Commission was
mentioned by more than one stakeholder across all three catchments. Identifying which
stakeholders are missing from studies like this, in addition to those that are well recognised, can
inform on which stakeholders may be disenfranchised or marginalised, but may also provide insight
into disparities between an academic view of stakeholder networks versus what key stakeholder
groups experience on the ground. If marginalisation was identified during initial stakeholder
mapping exercises, focusing on opening two-way dialogue with stakeholders who would otherwise
be considered peripheral would benefit the stakeholder analysis (Hart & Sharma 2004). In this case,
however, stakeholders that are often identified as high influence and high interest, or ‘key players’ in
stakeholder mapping exercises were omitted by participants (Reed et al. 2009). Due to the UK
Department for Environment Food and Rural Affairs often closely liaising with the Scottish

Government, they were expected to be perceived as relatively influential. The lack of responses for
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the EU Governance structure were particularly counter-intuitive given their role in proposing and
administering relevant legislation relating to land and water management, such as the EU Water
Framework Directive, the EU Bathing Water Directive, the EU Floods Directive and EU Climate

Change targets.

The lack of responses may be methodological. When asked which stakeholders had influence on
catchment management in their respective catchments, this may have implied influence would have
to be through direct actors, rather than indirectly through legislation. The Environmental Regulator
implements most of the EU Directives and is the designated competent authority; hence
stakeholders in the catchment may perceive them as the stakeholder that influences their
catchments through regulation and enforcement. Had the methodology encouraged more
hierarchical thinking in participants, the UK Government and EU Commission would likely have been
mentioned more often; however, such a methodology may have overly focused on participants’
knowledge of the stakeholder network rather than allowed insight into their day-to-day experiences
within their catchments. When engaging participants for stakeholder mapping, surveys also often
make use of a pre-prepared list of stakeholder groups to choose from, which does not supply the
information of who might have been left out (Zingraff-Hamed et al. 2020). Arguably, our
methodology is an approach to understand the procedural interactions among land and water
stakeholders, which may show that these higher level institutions are at arm’s length when it comes
to catchment management in practice. Stakeholder analysis in the Swiss water supply and
wastewater sector showed clear dominance of local actors, while regional and especially national
actors were perceived as less important (Lienert et al. 2013). Including Scottish Government staff as
participants would have likely included the UK Government and EU Commission in the responses as
they would have more direct links due to their closer proximity on the stakeholder flow chart in
Figure 5.1. When selecting stakeholders as participants for a participatory exercise, a line needs to
be drawn at some point to decide who to involve, so it is effectively a chicken-and-egg situation. The
composition of participants will influence results, so initial selection of participants needs to have a
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clear aim in mind. In our example, we focused on participants directly involved in land and water

management and chose not to include legislators.

5.4.4. Degree and core and periphery analysis

Stakeholders that had the largest degree score and which formed the core of the network were from
across all sectors, thus showing no bias towards any specific sector. The stakeholder nodes that were
classed as being within the core across all four interviewed stakeholder typologies and across all
three study catchments may be assumed as particularly relevant for catchment management across
the country (Environment Agency, Local Government, River Trusts and the Timber Industry). Key
players in these elicited stakeholder networks included legislators and land managers similarly to
Reed et al. (2009) in their example of a stakeholder mapping exercise applied to flooding. Our results
also included River Trusts, public bodies, agencies and private businesses, which may illustrate the
heterogeneity and complexity of focusing on integrated catchment management networks as
opposed to a single water management issue. Integrating peripheral stakeholders into participatory
catchment management can help to achieve more equitable development outcomes where people
are marginalised, but may also aid behaviour change of badly networked stakeholders, which may

be of particular interest if they are likely to participate in illegal behaviours (de Lange et al. 2019).

Numbers of times stakeholders were mentioned and co-occurrence of stakeholders were used here
to determine nodes and ties in the one-mode networks. Although social network analysis would allow
a whole host of other social network analysis tools, this would also require a much more rigorous data
collection to ensure each node and tie in the network was identified (Lienert et al. 2013). Hence our
methodology has the benefits of a rapid survey with broad but still in-depth insights into stakeholder
networks. The methodology could be adapted to include elicitation of hierarchical level of
stakeholders or interest as well as influence to make it more comprehensive. Other additional criteria,
such as identifying stakeholder roles, may also be beneficially added to techniques such as the one

presented here (Heidrich et al. 2009). Alternatively this methodology could be used as a
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complementary tool for enhancing other stakeholder mapping techniques or as a preliminary
methodology for full social network analysis. For example, the methodology could be used as a quick
scoping exercise, with benefits exceeding a simple desktop study, to identify which stakeholders to
involve in any stakeholder participation exercise. On the other hand, it could provide a framework to
help catchment co-ordinators identify likely stakeholders of interest for catchments of a particular
typology without the need for further elicitation or participation. Increased understanding of
stakeholder networks can improve stakeholder communication, make implementation more effective
and make citizen science initiatives are more successful (Skarlatidou et al. 2019). It could inform who
to target for consultation in ‘active involvement’ exercises suggested under the WFD or determine
who to involve as stakeholders in a Citizens’ Jury to inform decision-making on complex science-policy

problems (Fish et al. 2013).

5.5. Conclusion

Combining stakeholder analysis and social network methods provides a novel and quick tool to
investigate stakeholder interactions, in our case concerning catchment management. Comparing
outputs from the analysis of three contrasting river catchments as well as between participants from
four key stakeholder groups allowed identification of which stakeholders are more central to the
catchment management networks as opposed to which are seen as to act more along the periphery
and to quantify perceived stakeholder influence on the water environment as well as whether that

influence was perceived to be mostly positive, neutral or negative.

Social network analysis into how information flows between the core and peripheral stakeholder
groups identified here may help provide more effective communication within Scottish land and
water management stakeholder networks. For example, communications may be targeted to highly
connected opinion leaders to leverage their influence, or communication may be facilitated between

distinct subgroups to promote peer learning (de Lange et al. 2019). Future research into social
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networks could test the hypothesis whether a more centralised network structure may be more
effective at coordinating catchment management, or whether relying on a single dominant node
within the core may lead to conflicts and lack of cooperation between other nodes. Our catchments
seem to show a mixture of those two approaches as the Environmental Regulator dominated, but
the other core nodes were also well-connected, which may give them both the advantages of being
able for rapid top-down mitigation of specific and easily identifiable threats to the system, whereas
broader connectivity may allow more effective management of other more indirect or less easily

measurable threats (Nuno et al. 2014).

Applying “fully articulated’ social-ecological network analysis to a catchment socio-ecological system
presents an innovative avenue to further investigate not just ties between social network nodes, but
also relationships in ecological networks and social-ecological ties (Sayles et al. 2019). Such research
could give insights into how collaboration among users of shared catchment resources leads to
successful management (Bodin 2017), or which social-ecological patterns are likely to facilitate
adaptations and transformations (Barnes et al. 2017). The social factors that provide resilience
within catchment management, such as flexibility, social organization, learning, and agency could
also be explored with social-ecological network approaches (Cinner & Barnes 2019). This may give
vital insights into the social dimensions of resilience in catchments to help understand likely impacts
of land management changes or climate change and help to make catchments more resilient against

future change.
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Expert and non-expert preferences for managing landscapes to
deliver multiple benefits from agri-environment measures

6.6. Introduction

The Green Revolution was one of the most important technological transformations of
the 20th century. It dramatically improved crop vyields, surpassing the demand of a growing global
population, hence substantially reducing infant mortality in the developing world, saving an estimated
100 million infants from death of starvation over four decades (Goltz et al. 2020). While such a focus
on increasing yields has alleviated hunger and poverty, it has neglected consideration of nutritional
and environmental dimensions of food production (Davis et al. 2019). Negative side-effects of the
intensification of agriculture include diminishing freshwater resources, soil, air and water pollution,
soil erosion, loss of soil fertility, decrease in nutrient density of crops and extinction of traditional
cultivars (John & Babu 2021). A significant research challenge for post-Green Revolution farming is
how to provide food security while also minimising environmental impacts and protecting human
health and well-being. Arguably at the crux of achieving sustainable global food systems is our ability
to incorporate mitigation planning and implementation to maximise ecosystem service provisioning
of farmland (Davis et al. 2019). As rivers integrate pressure from across their catchments, they are an
appropriate scale for assessing land and water management issues. Globally, water quality objectives
are still not being met in many countries, and eutrophication problems like harmful algal blooms and
hypoxia are increasing in many developing regions such as Southeast Asia (Strokal et al. 2016). Water
quality remains a key driver of land and water management, but to maximize cross-sectoral societal
objectives, it must be combined with functions for biodiversity, flooding and climate adaptation as

part of more integrated catchment management (Stutter et al. 2019).

In the European Union (EU), agri-environment measures (AEMs) are designed to partly address the
detrimental environmental impacts of agriculture. They present a majority of the conservation

expenditure in Europe, but it is disputed to what extent they are able to enhance biodiversity and
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protect aquatic environments from agricultural pollution (Batdry et al. 2015; Randall et al. 2015;
Vesterager et al. 2012). Results on the effectiveness of AEM are often contradictory as they
accommodate much variability due to a diverse range of AEM, differences in the design of AEM,
differences in the general characteristics of agroecosystems, and spatial and temporal landscape
heterogeneity (Manning et al. 2018). Ineffective spatial targeting and management of AEMs wastes
financial resources by paying farmers to implement mitigation measures where they may fail to deliver
the maximum environmental benefits (Psaltopoulos et al. 2017). Field trials have evaluated the
efficacy of mitigation measures deployed in isolation in localised experiments; however, the evidence
base to understand the relative efficacy of multiple mitigation measures deployed at the catchment
scale accommodates more uncertainty, lacking the degree of control and manipulation associated
with more reductionist field-trial settings (Jones et al. 2013). Furthermore, water quality
improvements may take decades to become detectable at larger landscape scales because of lag
effects from legacy pollution (Melland et al. 2018). Uncertainties are compounded when trying to
select mitigation measures for the delivery of multiple benefits. Increasingly, modelling is used to
explore the effects of landscape management options simultaneously, providing insight on how best
to balance ecosystem service trade-offs when dealing with multiple environmental objectives (Cord

et al. 2017; Verhagen et al. 2018; Zhang et al. 2017).

Using expert knowledge to investigate causal links between mitigation measures and ecosystem
service delivery is a way to reduce the costs of monitoring (Reed et al. 2014). A range of research
methodologies have been used to elicit expert opinion on environmental issues. Qualitative
approaches such as interviews, diary-based research, and facilitated group discussion at workshops or
via focus groups and expert panels can help to determine individual or group views (Finn et al. 2009).
Alternative semi-quantitative approaches include the use of Likert and other rating scales within
surveys or discrete choice experiments to analyse choice behaviour and determine preference scores
for alternative items (Cross et al. 2012; Mills et al. 2021). Best Worst Scaling (BWS) is a discrete choice
technique that enables large numbers of stand-alone items to be ranked. It was developed for market
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research but has been widely employed in health and social science research (Erdem et al. 2012;
Farkas et al. 2021; Lagerkvist et al. 2012; Muunda et al. 2021). Recently, BWS has also been
successfully used to evaluate mitigation measures in environmental management for forest
management (Loureiro & Dominguez Arcos 2012), and greenhouse gas mitigation in farming (Jones et
al. 2013), as well as for evaluating ecosystem services of urban forests (Soto et al. 2018), energy policy
trade-offs (Aruga et al. 2021), bioenergy generation from municipal waste (Alidoosti et al. 2021), water
resource management (Ma et al. 2021), and ecosystem and economic benefits of water body

restoration and conservation (Tyner & Boyer 2020).

In this context, we used a mixed method survey that included BWS alongside multiple choice, Likert-
scale, open-ended and ranking questions, to elicit expert views on the effectiveness of AEMs with
respect to their ability to reduce diffuse pollution on downstream water courses, increase habitat
quality to support biodiversity and attenuate flood waters. The objectives of the study were to (1)
evaluate the perceived relative effectiveness of ten AEMs to achieve multiple benefits, (2) quantify
differences in views on AEM effectiveness between expert and non-expert stakeholders, and (3)
determine the opportunities and challenges of using AEMs for multiple ecosystem service benefits in

Scottish catchments.

6.7. Methodology

6.2.1. Survey design and data collection

We designed an online survey for distribution to stakeholders with expertise in land and water
management in Scotland, with the survey period starting in February 2019. Participants were
identified initially through a desk-based exercise (using search terms “diffuse pollution”, “water
quality”, “biodiversity”, “flooding, natural flood management”, “river”, “catchment”), with additional
experts identified via recommendations from initial participants, i.e. a snowballing approach. The

survey was designed and implemented using Sawtooth SSI Web Survey software version 7 (Sawtooth

Software Inc. 2007). Emails were sent to 221 potential participants in Scotland and a flyer was
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distributed in research and higher education institutes (Appendix 1), which outlined the rationale of
the engagement exercise and the link and QR code to the online survey. To maximise survey
completion rates, the questionnaire was relatively short (ten questions plus three sets of BWS
exercises) and did not require the participants to give any personal details. The survey included a brief
introduction providing details about the project, an assurance of confidentiality and a consent form
(see Annex 2 for complete survey). The first five questions inquired about the participant’s stakeholder
group (e.g. farmer or researcher), job role, experience working in Scottish river catchments and
whether they had the greatest expertise on how land management impacts either biodiversity, diffuse
pollution, or flooding. This was followed by three sets of BWS exercises. Following completion of the
three BWS exercises, participants were asked how common they perceived the uptake of the 10 AEMs
in Scotland to be and to what extent their implementation should be increased throughout Scotland.
Next, they were asked to rank the 10 AEMs by their perceived overall benefit. Finally, participants
were asked two open-ended questions, where they could share their views on (i) which other on-farm
measures not considered in our study would support multiple benefits; and (ii) the benefits and
shortfalls of agri-environment measures and what limits their uptake in Scotland. The responses to

the open-ended questions were counted and grouped into themes according to content.

BWS, also known as Maximum Difference Scaling, allows the ranking of larger lists of items by
presenting participants with a smaller subset of the options and asks them to choose the two items
within each set that they consider the ‘best’ and ‘worst’ options for a particular scenario, or the least
or most preferred option (or important, useful, causing most concern, etc.). The pair of items chosen
as best/worst exhibits the maximum difference in preference. BWS avoids ambiguity in comparison
to approaches such as Likert scaling where multiple options may be selected as having the greatest or
lowest scores (Louviere et al. 2013). BWS surveys also reduce the likelihood of results being biased
due to acquiescence and/or extreme response bias. Acquiescence bias refers to a tendency to agree
with items on questionnaires, while extreme response bias refers to a tendency to choose items on
the ends of a scale (Shoji et al. 2021). Compared to rating and ranking exercises, BWS allows for more
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accurate judgements of comparative values, especially when presented either with a long list of items
or when the choices incorporate cognitively demanding choices (Lee et al. 2008). BWS surveys
perform better than standard rating scales not just in terms of discriminating among items but also
in discriminating among respondents on the items (Orme & Chrzan 2006). BWS is also an efficient
mechanism for capturing a large amount of information per unit of respondent effort (Orme 2010).
Taking the example of a BWS exercise with four items (A, B, C and D), by identifying A as best and D as
worst, the respondent identifies A preferrable to B, Cand D and A, B and C preferable to D. The only
unknown is how B compares to C. Thus, with just two clicks, the respondent has provided information

regarding five of the six possible paired comparisons within the set.

The ten AEMs used in our study (Table 6.1) were selected from 18 AEMs, focused on protecting water
resources, available for Scottish farms through the European Union 2018 Rural Development Agri-
Environment and Climate Scheme. These were then scored by two members of the research team on
whether they, improving water quality, had potential to provide additional environmental benefits by
also (1) increasing biodiversity, (2) attenuating flooding, (3) reducing diffuse pollution, (4) mitigating
climate change and/or (5) enhancing landscape features. Each AEM could score a maximum of ten
points and the ten highest scoring AEMs were selected for the survey, with the exception of one AEM
(‘Stubbles followed by green manure in arable rotation’) which was excluded as it was deemed too

similar to one of the other highest scoring AEM (‘Retain winter stubbles until early spring’).
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Table 6.1: The ten AEM options used in generating BWS choice cards.

No. AEM option

1 Establish and maintain rural sustainable drainage systems.

2 Convert arable land at risk for erosion or flooding to low-input grassland.

3 Create and manage hedgerows.

4 Provide alternative drinking water sources for livestock.

5 Restore and protect riverbank vegetation damaged by historic grazing and poaching.

6 Remove, lower or breach embankments to restore floodplains.

7 Retain winter stubbles until early spring.

8 Establish water margins (minimum width 3, 6 or 12 metres for burns, streams and lochs).
9 Reduce sheep stocking rates on moorlands.

10  Establish grass strips within or at the edges of arable fields (minimum width 3 metres).

As catchments are highly variable in geology, topography, land cover and land management,
participants were asked to complete the BWS exercises not based on a specific catchment, but instead
to consider the benefits of AEMs if they were implemented across farms in a ‘model Scottish
catchment’, with a mixture of typical, current farming practices. Land use in this model catchment was
therefore specified to be broadly in line with agricultural production across Scotland as a whole
consisting of 30% upland rough grazing, 15% lowland improved grazing and 10% arable agriculture

common in Scotland such as growing barley, potatoes and oilseed rape.

In our survey, a total of ten AEMs were shown to the experts in subsets depicting four AEMs at a time.
Four or five items per set are regarded as optimal for respondent evaluation, more than this may lead
to respondent fatigue (Sawtooth Software, 2007). This choice task was then repeated ten times with
different combinations of AEMs. To keep the number of AEMs per set to a manageable four options
and ensure each AEM was shown to each respondent 3-5 times, we used ten choice sets per BWS
exercise. A total of 30 sets were shown to participants to elicit their views on the likely effectiveness
of the ten different AEMs to (a) decrease diffuse pollution to downstream water courses, (b) increase

habitat quality to support biodiversity and (c) attenuate flood waters (Figure 6.1).
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Reducing Diffuse Pollution

Please picture a model Scottish catchment with a land cover of 30% rough grazing, 15% improved grazing and 10% arable agriculture.

Considering only the following 4 measures, which do you think is most likely and which is least likely to reduce diffuse pollution from farm
land to downstream water courses, assuming they were utilised widely in the catchment (in around 50% of all farms)?

(9 0f10)
most least
likely likely
Convert arable land at risk for erosion or flooding to low-input grassland. O O
Establish and maintain rural sustainable drainage systems. (@) O
Remove, lower or breach embankments to restore floodplains. O ®
Establish water margins (minimum width 3, 6 or 12 metres for burns, streams and lochs). @ O

Figure 6.1: An example of a choice set from one of the best—worst scaling exercises.

6.2.2. Statistical analysis

The BWS data were analysed through counting analysis and hierarchical Bayes (HB) score estimation.
In the counting analysis, to combine the information from best and worst judgements, the
proportion of times an option was selected as worst was subtracted from the proportion of times it
was chosen as best. The experimental design of BWS surveys ensures that each option is shown an
equal amount of time, allowing the estimation of the relative preference (or “utility”) of each of the
options. HB analysis not only provides more stable and accurate utility scores for each AEM, but also
utility scores for each AEM from every individual respondents — called part-worth utilities. HB
involves applying a statistical model using thousands of iterations to estimate part-worth utilities. It
runs a separate lower- and upper-level model for the data, hence the term “hierarchical”. In the
lower-level model, HB considers how well part-worth utilities fit each respondent’s choices while the
upper-level model estimates overall part-worth utility averages and variances for the sample
population, including the covariances between part-worths across the respondents. This improves
individual respondent estimation as it borrows information from other respondents in the sample to
stabilize the estimates for each individual. The more consistent respondents are in their responses,
less information is taken from the population characteristics. In less consistent or atypical
respondents, more information is taken from population characteristics to move them toward the

mean and stabilise their part-worths (Orme 2010). Here we used both the ‘best’ and the ‘worst’
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choices to inform HB and used 30 000 total iterations of the model, 20 000 iterations before using
results and 10 000 draws for each respondent. The HB probabilities for diffuse pollution, biodiversity
and flood mitigation responses were summed to compare the collated results to the ranking of the
AEMs from question 8, where the 10 AEMs were ranked by which had the greatest overall
environmental benefits. Both the collated HB probabilities and the mean rank from question 8 were

scaled to values from 0 to 1 by dividing by the maximum mean.

Root likelihood (RLH) is a measure of fit between utility scores and choices made by respondents to
BWS surveys and refers to how consistent respondents are in applying an evaluative strategy and
assigning ratings or choices (Orme 2010). Using utility estimates, one can predict the likelihood that
respondents would make the choices that they actually made within each choice task. RLH is the
geometric mean of estimated probabilities associated with the alternatives actually chosen by

respondents, or the n'" root of the likelihood.

Basic descriptive statistics for means, variances and distribution analysis of scores were obtained and
statistical analysis undertaken using SPSS version 28 (IBM 2021). To compare responses for different
AEMs, a non-parametric statistical test (Kruskall-Wallis) was used, as variances were often
significantly different per Levene's homogeneity of variances test and some of the BWS scores were
not normally distributed (AEM 4 in the biodiversity BWS exercise and AEM 1, 4 and 6 in the flood
mitigation BWS exercise). To estimate which particular AEMs were statistically different from each
other a James Howell post-hoc test was carried out, due to unequal variances. A significance

threshold at the 0.05 level was used for all statistical tests.

Expert stakeholders in this study were defined as those that self-identify as having the greatest
expertise in one of the three options from question 5 — diffuse pollution, biodiversity or flooding
impacts of land management. Thus, each of the participants was classed as an expert in one of the
three BWS exercises and a non-expert in the other two that considered scenarios outside of their

core field of interest. Responses from expert and non-expert stakeholders were compared using a
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non-parametric statistical test (Mann-Whitney) as the assumptions of normal distribution, equal
variances and equal sample size were not met. The Scheirer-Ray-Hare extension to the Kruskall-
Wallis test was used to analyse the effects of the interaction between the types of AEM and whether
participants were from the expert or non-expert group. In SPSS, the scores from the three BWS
exercises were ranked and replaced by numbers from 1 to n. A two-way ANOVA was then carried

out using the ranked ordinal data and the corresponding AEM and expert group.

6.8. Results

A total of 68 stakeholders (31% response rate to invitations) participated in the study, although only
54 completed the entire online survey and three sets of BWS questions. When combined, participants
scored a total of 1674 BWS sets — 584 on diffuse pollution, 550 on biodiversity and 540 on flood
mitigaton benefits of the ten AEM (Table 6.2). The participants identified as belonging to one of nine
possible stakeholder groups: Scientists (20), Environmental Regulators (14), Fisheries Trusts (7), Farm
Advisors (6), National Park Authority (3), Farmers (2), Local Authority (2), Water Industry (2) and
“Other” (12). Most stakeholders had more than 10 years experience working in their job role (40),
followed by by 5-10 years (12), 1-2 years (6), 2-5 years (5) and less than one year (3). Despite an extra
round of participant selection only about half as many stakeholders identified their greatest area of

expertise as relating to flooding (13) as compared to biodiversity (26) or diffuse pollution (27).
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Table 6.2: BWS counts analysis for diffuse pollution, biodiversity and flood mitigation BWS exercises.

AEM scored by their likely ability to reduce diffuse pollution in the model catchment
n =68, Total number of BWS sets = 584

Times Times Worst BW
Times Selected Best Count  Selected Count proportion
Item Number Shown Best Proportion Worst Proportion  difference
1. Rural Sustainable Drainage Systems 233 60 0.258 36 0.155 0.103
2. Arable land to grassland conversion 238 93 0.391 21 0.088 0.303
3. Create and manage hedgerows 232 8 0.034 150 0.647 -0.613
4. Alternative water sources for livestock 232 86 0.371 32 0.138 0.233
5. Reduce poaching of river bank 235 88 0.374 24 0.102 0.272
6. Restore floodplains 231 23 0.1 109 0.472 -0.372
7. Retain winter stubbles 233 32 0.137 43 0.185 -0.048
8. Riparian buffer zones 229 144 0.629 5 0.022 0.607
9. Reduce moorland sheep density 235 11 0.047 126 0.536 -0.489
10. Arable field grass buffer zones 238 39 0.164 38 0.16 0.004
AEM scored by their likely ability to increase bidiversity in the model catchment
n =55, Total number of BWS sets = 550
Times Times Worst BW
Times Selected Best Count  Selected Count proportion
Item Number Shown Best Proportion Worst Proportion  difference
1. Rural Sustainable Drainage Systems 220 16 0.073 96 0.436 -0.363
2. Arable land to grassland conversion 220 46 0.209 50 0.227 -0.018
3. Create and manage hedgerows 220 109 0.495 16 0.073 0.422
4. Alternative water sources for livestock 220 9 0.041 141 0.641 -0.6
5. Reduce poaching of river bank 220 71 0.323 13 0.059 0.264
6. Restore floodplains 220 65 0.295 46 0.209 0.086
7. Retain winter stubbles 220 23 0.105 85 0.386 -0.281
8. Riparian buffer zones 220 120 0.545 4 0.018 0.527
9. Reduce moorland sheep density 220 42 0.191 72 0.327 -0.136
10. Arable field grass buffer zones 220 49 0.223 27 0.123 0.1
AEM scored by their likely ability to improve flood mitigation in the model catchment
n = 54, Total number of BWS sets = 540
Times Times Worst BW
Times Selected Best Count  Selected Count proportion
Item Number Shown Best Proportion Worst Proportion  difference
1. Rural Sustainable Drainage Systems 216 101 0.468 19 0.088 0.38
2. Arable land to grassland conversion 216 64 0.296 25 0.116 0.18
3. Create and manage hedgerows 216 14 0.065 77 0.356 -0.291
4. Alternative water sources for livestock 216 5 0.023 160 0.741 -0.718
5. Reduce poaching of river bank 216 56 0.259 30 0.139 0.12
6. Restore floodplains 216 170 0.787 6 0.028 0.759
7. Retain winter stubbles 216 19 0.088 65 0.301 -0.213
8. Riparian buffer zones 216 62 0.287 15 0.069 0.218
9. Reduce moorland sheep density 216 30 0.139 102 0.472 -0.333
10. Arable field grass buffer zones 216 19 0.088 11 0.19 -0.102
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The AEMs perceived to be most common in Scotland were ‘Riparian buffer zones’ (52% common or
very common; Figure 6.2), ‘Create and manage hedgerows (51%), and ‘Alternative water sources for
livestock’ (49%). ‘Restore floodplains’ (2%), ‘Arable land to grassland conversion’ (2%) and ‘Rural

sustainable drainage systems’ (9%) were scored as being the least common.

Rare or non-existent Not very common
B Neither common nor uncommon B Common
B Very common W Don't know/not sure

Arable field grass buffer zones 20 41
Reduce moorland sheep density 20 9 15
Riparian buffer zones 11 37 5 1

Retain winter stubbles

=
=
~N
(-]
w o

Restore floodplains 7 13
Reduce poaching of river bank 25 23 7 4
Alternative water sources for livestock 25 32 17 8

Create and manage hedgerows

IE

Arable land to grassland conversion 11 1
Rural Sustainable Drainage Systems 13 9 13

0% 25% 50% 75% 100%

Figure 6.2: Percentage of the stakeholders that perceived the ten AEM as rare or non-existent (lightest
blue), not very common (light blue), neither common nor uncommon (mid-blue), common (darker
blue), very common (darkest blue), Don't know/not sure(grey); n=68.
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AEMs that were most often strongly supported by stakeholders were ‘Riparian buffer zones’ (61%)
‘Restore and protect riverbank vegetation damaged by historic grazing and poaching’ (59%),
‘Alternative drinking water sources for livestock’ (57%). The lowest support was for ‘Reducing

moorland sheep density’ (Figure 6.3).

B Strongly support B Support M Neither for nor against = Against M Strongly against

Riparian buffer zones [EJk 33 u

Retain winter stubbles

Restore floodplains

veuce posching ofriver b | ST

Alternative water sources for livestock 57 30 “

Rural Sustainable Drainage Systems [l 46 “

0% 25% 50% 75% 100%

Figure 6.3: Stakeholder perception as to whether the implementation of the ten AEM should be
increased across Scottish farms: Strongly support (dark blue), support (light blue), neither for nor
against (grey), against (amber), strongly against (orange) ; n=68.

The 68 participants suggested 117 other on-farm measures not considered in the study to support
multiple benefits in response to question 9. ‘Planting and managing trees and scrub on farms’ (i.e.
upland woodland creation, wet woodland planting, agroforestry, shelterbelts etc.) was most common
(35 participants), with riparian zone tree planting being a particularly dominant response (12). This
was followed by 27 participants mentioning ‘Improved field management’ (i.e. ploughing direction,
reducing artificial inputs (fertiliser/pesticides), ground cover etc.), Peatland/moorland restoration (9),
and wetland creation (9). On-farm biodiversity measures such as species-rich grassland and wildlife

corridors were mentioned eight times, and in-stream biodiversity and river restoration measures such
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as re-meandering, introducing large woody debris and flood-bank removal were mentioned seven

times.

Results from the HB analysis illustrate how stakeholders scored AEMs differently for their benefits to
water quality, biodiversity and flood mitigation (Figure 6.4). ‘Restoring floodplains’ was viewed as the
best option for reducing flooding and ‘riparian buffer zones’ scored highest for diffuse pollution and

biodiversity improvements, as well as moderate flood water alleviation.

Diffuse Pollution

....... Upper/Lower 95% CI
Biodiversity
------- Upper/Lower 95% Cl
) . Floodin
Rural Sustainable Drainage Upper/EOWer 95% Cl
Systems
1
Arable field grass buffer 0.9 Arable land to grassland
zones 0.8 . conversion
0.7 5

Reduce moorland sheep Create and manage

density 0 P NN . hedgerows

Alternative water sources

Riparian buffer zones for livestock

Reduce poaching of river

Retain winter stubbles
bank

g
<

Restore floodplains

Figure 6.4: Hierachichal bayes probability score of BWS responses for likely benefits of the 10 AEM
to improve diffuse pollution (blue), biodiversity (amber) and flood mitigation (green) across the
model catchment. Dotted lines indicate 95% upper and lower confidence intervals. The RLH of the
HB modelling was 0.58 for the diffuse pollution BWS exercise, 0.59 for the biodiversity part and 0.64
for the flood mitigation exercise.
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When combining the three sets of BWS scores, ‘riparian buffer zones’ scored the highest for delivering
multiple benefits (Figure 6.5, black lines). The ranking exercise (Question 8) confirmed ‘riparian buffer
zones’ as the AEM perceived as having the greatest overall ecosystem benefits and ‘reducing poaching
of the river bank’ and ‘restoring floodplains’ were ranked as second and third highest overall,
respectively. The RLH for the diffuse pollution BWS set was 0.60 + 0.02, 0.61 + 0.02 for the biodiversity
sets and 0.65 + 0.02 for the flood mitigation ones. The 10 AEMs were significantly different from one
another in all of the three BWS exercises (Table 6.3), and post-hoc analysis showed that the majority

of the AEMs were distinctly different from each other (Table 6.4).

Perceived DP+B+FM (BWS)
eeeeess Upper/Lower 95% Cl

Perceived overall benefits (ranking)

Rural Sustainable Drainage ~ **°°*°°° +/- St. error
Systems
1
Arable field grass buffer 0.9 Arable land to grassland

zones conversion

Reduce moorland sheep
density

Create and manage
hedgerows

Alternative water sources for

Riparian buffer zones 4#%¢ )
livestock

...... Reduce poaching of river

Retain winter stubbles
bank

Restore floodplains

Figure 6.5: Comparing the cumulative multiple benefits from the three BWS exercises (diffuse
pollution + biodiversity + flood mitigation (DP + B + FM) black lines with 95% confidence intervals
and the mean scores from the ranking exercise from question 8 — perceived greatest overall
environmental benefits (grey lines + standard errors (Q8). Both data sets have been normalised
(min-max) to allow direct comparison.
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Table 6.3: Kruskall-Wallis test results comparing the medians of the utility scores each of the ten
AEMs received in the three BWS exercises.

Water quality Biodiversity Flood mitigation
Kruskall-Wallis H 411.84 284.16 333.08
n 68*10 = 680 61*10=610 54*10 = 540
Asymp. Sig. <.001 <.001 <.001
Kruskall-Wallis test Mean Ranks
1. Rural Sustainable Drainage Systems 385.10 168.56 398.94
2. Arable land to grassland conversion 457.01 285.07 339.13
3. Create and manage hedgerows 101.10 462.57 156.80
4. Alternative water sources for livestock 448.44 108.16 62.06
5. Reduce poaching of river bank 464.66 399.89 309.81
6. Restore floodplains 182.40 329.64 483.54
7. Retain winter stubbles 295.16 196.28 195.48
8. Riparian buffer zones 592.94 500.67 360.67
9. Reduce moorland sheep density 133.19 267.69 169.74
10. Arable field grass buffer zones 344.99 336.48 228.83

No significant differences were found between the part-worth utility medians of expert and non-
expert stakeholders in water quality BWS sets (p = 0.752, U = 0.100, n = 630), biodiversity BWS sets
(p=0.178, U =0.256, n = 610), or flood mitigation BWS sets (p = 0.825, U = 0.049, n = 540). The
Scheirer-Ray-Hare extension to the Kruskall-Wallis test showed no significant effect of the
interaction between the types of AEM and whether participants were from the expert or non-expert
group. Mean part-worth utilities from expert stakeholders and non-expert stakeholders only
statistically significantly differed between AEM number 4 (‘provide alternative drinking water
sources for livestock’) in the diffuse pollution BWS responses (p = 0.046, U = 3.985, n = 68, Figure

6.6).
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Table 6.4: Games Howell post-hoc test results for the HB utility scores from the diffuse pollution,
biodiversity and flood mitigation BWS exercises. Significance of differences between the means at

0.05 level.
Diffuse pollution
1 2 3 4 5 6 7 8 9 10
1
2
3
4
5
6 <.001
7 .008 <.001 <.001 <.001 <.001 <.001
8 <001 <.001 <.001 <.001 <.001 <.001
9 <.001 <.001 .231 <.001 <.001 .887
10 .667 <.001 <.001 .004 <.001 <.001
Biodiversity
5
1
2
3
4%
5 <.001
6 <.001 .813 <.001 <.001 .308
7 .830 .002 <.001 <.001 <.001 <.001
8 <.001 <.001 .929 <.001 <.001 <.001
9 .057 .997 <.001 <.001 .001 .579 .544
10 <.001 .323 <.001 <.001 .025 1.000 <.001
Flood mitigation
4* 5 6*
1*
2 .003
3 <.001 <.001
4* (<001 <.001 <.001
5 <.001 912 <.001
6*¥ |<.001 <.001 <.001
7 <.001 <.001 .152
8 .020 .983 <.001
9 <.001 <.001 1.000
10 <.001 <.001 <.001

*data was not normally distributed
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sustainable drainage systems.
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6.9. Discussion

The multi-method approach presented here elicited expert views on the likely landscape-scale
effectiveness of AEMs with respect to their ability to reduce diffuse pollution of downstream water
courses, increase habitat quality to support biodiversity and attenuate flood waters in Scottish
catchments. To our knowledge, BWS has not previously been used for assessing expert views on the
effectiveness of AEMs to improve ecosystem service provisioning. The methodology allowed distinct
evaluation of the perceived relative effectiveness of ten AEMs to achieve multiple benefits, with
‘riparian buffer zones’ receiving the greatest overall scores for delivering environmental win-wins.
Catchment managers often deal with spatial and temporal variability, the existence of thresholds
and ‘tipping-points’ in catchment systems, non-linearity and the potential for irreversible collapse of
ecosystems when making decisions at the landscape scale (Gain et al. 2021). With inherent
uncertainty concerning the best ‘mitigation mix’ to adopt at the landscape scale in order to achieve
multiple win-wins, it is essential that those with a responsibility for decision-making have access to
the best-available expert knowledge (Jarvie et al. 2013). The BWS approach presented here can help
to inform decision-making under uncertainty, providing access to expert knowledge to help guide
policy implementation in complex catchment systems (Knol et al. 2010). While there remains
uncertainty over how effective AEMs might be when deployed at the catchment scale and under
different scenarios, this should not paralyse mitigation planning and implementation. Instead, we
need mechanisms that allow us to capitalise on the best available expert knowledge to help

prioritise and promote the use of AEMs, and BWS offers such an opportunity.

Our use of a BWS approach to evaluate landscape management options could be used for other
‘model’ catchments as part of scenario analysis, e.g., to explore how different catchment
characteristics influence AEM preferences among experts. Likewise, BWS could be deployed to
determine expert views on AEM performance for actual catchments across the UK and beyond,

where known issues are currently under debate. In the UK many catchment partnerships exist that
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are designed to achieve multiple environmental objectives and there is interest in how to integrate
different objectives to meet the needs of multiple policy drivers, e.g., the WFD and Floods Directive.
Thus, the approach could be used as a participatory stage, e.g. via focus groups or workshops using
the Delphi method, for helping to facilitate AEM selection when designing agri-environment
programmes at a national level, or used more locally to inform the decision-making of land
managers in light-touch regulated countries, such as New Zealand, where there are no AEM

subsidies available (Knook et al. 2020).

On the whole, expert and non-expert stakeholders scored the importance of different AEMs similarly
across all the BWS exercises, which likely reflects the breadth of knowledge that land and water
management stakeholders posess. This was also evident in the recruiting process, since it was
challenging to recruit flood mitigation expertise relative to diffuse pollution and biodiversity. This
was probably due to overlaps in expertise, as stakeholders initially contacted for their primary
expertise in flood mitigation, had even greater self-reported expertise in biodiversity or diffuse
pollution. Academics, for instance, find their scientific niche not only through exceptional depth of
knowledge of a specialized research domain, but also through their breadth of knowledge, with a
topical scope spanning multiple knowledge domains (Bateman & Hess 2015). A potential weakness
of eliciting expert opinion of the effectiveness of AEMs via BWS, particularly using an online
platform, is that participants need to have some experience of the AEMs to be evaluated, and may
therefore be biased towards favouring those schemes that they are more familiar with (Finn et al.
2009). The high degree of similarity between experts and non-experts highlighted here, however,
suggests the experts were not significantly biased or pushing their own agenda linked to their field of
interest. The only statistically significant difference was expert stakeholders scoring the ‘provide
alternative drinking water sources for livestock’” AEM higher than non-expert stakeholders in the
stakeholder group with expertise in diffuse pollution. This may be due to the diffuse pollution

experts’ knowledge that, although livestock poaching near water courses only degrades a very small
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area within a catchment, it significantly contributes to bank erosion and nutrient enrichment of

streams (Reaney et al. 2019).

‘Riparian buffer zones’ was the AEM that ranked highest for delivering cumulative benefits
associated with reduced diffuse pollution, increased biodiversity and flood mitigation. Furthermore,
riparian buffer zones provide a wide range of ecosystem services with benefits extending beyond
those scored in this methodology, e.g. stabilising river banks, or mitigating climate change induced
rising stream temperatures (Malcolm et al. 2008; Cole et al. 2020). Riparian margins clearly have an
important role to play in increasing broader ecosystem service provisioning of catchments and have
the potential to help land owners deliver diffuse pollution, biodiversity and flood mitigation benefits
while also remaining agriculturally productive (McCracken et al. 2012). Even if establishing riparian
buffer zones may not lead to direct improvements in ecological outcomes of a water course, it can
be viewed as a ‘no regrets’ measure as it likely moves the system in the right direction (Harris &
Heathwaite 2012). Future application of the BWS methodology could focus on riparian buffer zone
AEMs, particularly including measures involving riparian tree planting as it was the most mentioned

by participants in the open-ended part of the survey.

Using a ‘model’ Scottish catchment for the BWS surveys had the advantage of allowing participants
to generalise their responses, however, by definition this meant that the specific details of
catchment characteristics or prior land use history and management decisions were lacking (Cuttle
et al. 2016). The methodology had an added benefit of being able to recruit land and water
management stakeholders with expertise from various catchments across the country. Had the
methodology been deployed in an exemplar catchment where diffuse pollution, flooding and
biodiversity issues were understood, the approach may have been more straightforward for the
experts to engage with. Focusing on a particular catchment, however, only delivers knowledge and
information relevant to that catchment in a case study format, although clearly broad lessons can be

learned. In contrast, the approach adopted in our study captures a more generalised set of
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stakeholder views that are applicable across Scottish catchments more broadly. In future research,
our methodology could be applied to specific catchments, for example in a Scottish Environment
Protection Diffuse pollution priority catchments, or in a Demonstration Test Catchment in England

and Wales (McGonigle et al. 2014).

The cumulative ecosystem benefits (incorporating diffuse pollution, biodiversity and flood mitigation
benefits of AEMs) fell broadly in line with the multiple benefits elicited from the ranking exercise.
Due to the design of the study it was not possible to ascertain to what extent the latter was
influenced by the judgements from the BWS exercises made beforehand. Fundamentally, repeating
guestions in surveys does not lead to independent measurements due to memory effects, where
respondents recall their original answer and their memory acts as a source of bias for the following
estimates (Schwarz et al. 2020). In future applications of this methodology it might be interesting to
include a control group that only completes the ranking exercise, however, this may be a
squandering of an already relatively small pool of experts and further increase difficulty for
recruitment. These findings highlight that to avoid interference with the BWS survey it is vital that
when repeating this survey, the ordering of the questions should remain the same and ensure the
ranking question is asked after the BWS exercises to avoid memory effects biasing the most crucial

part of the survey.

BWS surveys require participants to have a good understanding of all options they are being shown
in order to produce the correct utility scores. If AEMs are more discipline-specific or less common
there may be uncertainty or lack of clarity among participants regarding their specific effectiveness.
This can lead to larger variances in an AEM’s utility scores, as was found in ‘rural sustainable
drainage systems’. This AEM might be expected to receive greater utility scores due to to the
multiple benefits of sediment and nutrient retention, flood attenuation and biodiversity (Ockenden
et al. 2012). The variability recorded therefore suggests a lack of clarity of what the AEM would

entail for experts less familiar with flood alleviation. This was reinforced through feedback from
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participants who indicated that they were not certain what types of measures this option would
include (e.g. field wetlands, or sediment traps in ditches etc.), which highlights that specific
mitigation approaches that fall under different AEM options can take varied forms that are likely to
perform differently under different field situations. Conducting the survey online had the benefits of
low costs, a standardised design and the freedom for the participants to respond in their own time;
however, a face-to-face approach would have enabled greater opportunity for explanation and may
have increased the motivation and sense of responsibility of experts (Knol et al. 2010). Conducting
our study face-to-face would have allowed further explanation on the ‘rural sustainable drainage
systems’ AEM, but it would have also required greater resource in terms of time and effort, which is
a common trade-off when designing the collection of data via survey approaches (Nayak & Narayan

2019).

The comparative nature of selecting the best and the worst AEM is a strength of BWS, but it means
the scores are somewhat arbitrary. In BWS surveys, respondents are not asked to indicate their
views on the absolute importance of the items, as they are designed to determine a relative rank
between the choices (Orme 2010). BWS studies may, however, include anchoring points as a
solution to the relativity of utility scores (Chrzan & Orme 2019). This could be an AEM with
specifically stated benefits, e.g. a sedimentation pond which removes a specified amount of
sediment, provides habitat designed for particular biodiversity benefits and has capacity to hold a
certain amount of flood water. There is also scope to extend the BWS survey to provide more
specific details on the AEMs and to incorporate a greater number of ecosystem service benefits,

such as benefits for climate change mitigation or for enhancing landscape features.

Capturing uncertainty in participants’ responses could identify the AEMs that are not just the most
likely to provide multiple benefits, but also AEMs with most certain positive impacts (Jones et al.
2018). This may be incorporated into our methodology by carrying out multiple BWS exercises,

asking respondents how the AEMs would likely perform under best-case, most-likely and worst-case
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conditions. Scenario planning may also be included to elicitate perceived multiple benefits under
uncertain future climate change and land use scenarios (Zhang et al. 2017). Bayesian belief networks
are another tool that aid decision-making under uncertainty by capitalising on expert knowledge to
fill gaps in socio-ecological modelling (Smith et al. 2018). The BWS methodology presented here may
be used as a preliminary scoping exercise to select AEMs to include in Bayesian belief networks
analysis. Hence the ability of the most promising AEMs to provide multiple ecosystem benefits could
be further specified depending on different environmental and socio-economic variables, such as

rainfall, topography, soil and land cover type (McVittie et al. 2015).

Implications for land and water management

Around the world, agri-environment schemes have often prioritised preserving biodiversity rather
than other benefits, such as water quality or flood mitigation (Clements et al. 2021). European and
North American countries are committing billions of dollars annually to AEM, but studies evaluating
biodiversity conservation effectiveness of AEMs show mixed results, and fewer than 15% of these
studies included any measure of cost-effectiveness (Ansell et al. 2016; Whittingham 2007). Besides
understanding the environmental outcomes and the cost-effectiveness of AEMs, socio-cultural
factors that might influence the quality of engagement with the schemes and the social well-being
impact of AEMs also present a research gap (Mills et al. 2021). Farmer participation in AEMs may not
only rely on payments offered vs. effort for adoption but also on the importance farmers give to
other considerations, such as environmental effect or the production potential of land (van Herzele
et al. 2013). Although not within the scope of this study, understanding the economic and cultural

dimensions of AEMs will be vital for maximising ecosystem service benefits.

Expanding the knowledge base of the effectiveness of AEMs is important; however, there is also a
need for creating schemes based on current best knowledge and recognising the value of expert
knowledge for making assessments in data-poor environments (Elliott et al. 2007). Exploring how

experts and non-experts rank AEMs delivers useful information for decision-making to support
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catchment management, but expertise is available from a range of sources. Local stakeholders
spending the majority of their time in their local area will have a greater sense and appreciation of
the landscape, in addition to their respective professional expertise (Lane et al. 2006). This
knowledge should be made use of when implementing an AEM strategy. Farmers and land managers
for instance, carry knowledge and experience from daily land management practices, going beyond
what may be scientifically observed (Oliver et al. 2012). When implementing strategies for delivering
multiple environmental benefits from AEMs it is therefore vital to include stakeholder knowledge.
So, while the approach holds promise for prioritising AEM options to be promoted at the national-
scale through programmes of measures, there are also opportunities for BWS to capture the views
from local farmers and land managers. An example of smaller-scale applications of the methodology
could be aiding decision-making for collaborative AEMs where multiple farm units implement
measures to make them effective at the landscape scale (Mckenzie et al. 2013). The United Kingdom
leaving the European Union presents a substantial opportunity to introduce AEM programmes with
increased flexibility, local targeting, practicality and output-based approaches (Klaar et al. 2020).
However, catchment management continues to be mostly driven by top-down decision-making,
resulting in uneven involvement of different stakeholders in land and water management and poor
maintenance of measures following implementation (Rollason et al. 2018). Incorporating effective
participatory methodologies with the right stakeholders at appropriate scales will significantly

impact the quality and success of any AEM programmes.

6.10. Conclusion

Agri-environment schemes were introduced in the United Kingdom in the 1980s as a response to the
widespread environmental damage and species decline caused by post-war farming practices.
Moving on from a predominate focus on biodiversity loss, schemes have been retrofitted to meet
emerging issues of agricultural land management over the years, however, academic research has an

opportunity to contribute towards the co-design of the most effective AEMs (Clements et al. 2021).
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In this study we have used expert stakeholder-derived data to consider the effectiveness of specific
agri-environment measures to decrease diffuse pollution to downstream water courses, increase
habitat quality to support biodiversity and attenuate flood waters. There is an opportunity for
innovative and engaging participatory approaches to play a key role in assessing AEMs effectiveness
for multiple ecosystem service provisioning, as well as playing a part in including expert stakeholder
knowledge in decision-making and providing a tool to foster mutual understanding. Multi-
stakeholder participatory approaches can reveal hidden “win-win” solutions in landscape-scale AEM

assessments which may otherwise be difficult or even impossible to determine.
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7. Synthesis and Findings

Many of the most pressing challenges in water management are ‘wicked problems’ as they extend
beyond traditional scales of analysis and management, and pose new uncertainties for decision-
making (Cosens et al. 2014; Lintern et al. 2020). There is a need, therefore, to move beyond
fragmented and single-issue driven responses to land and water management and towards holistic
approaches and multi-level, integrated catchment management (ICM, Rouillard & Spray 2017). Key
challenges for ICM are to establish how stakeholder knowledge can be used within existing
frameworks of knowledge creation to inform decision-making, but also to develop new mechanisms

for social learning and shared decision-making (Rollason et al. 2018).

This thesis builds on the growing contribution of stakeholder engagement and participatory research
in the field of catchment management. The research outputs deliver new insight and help to
underpin the scientific evidence base and best practice for eliciting stakeholder knowledge and
expert opinion. This was achieved through a series of novel stakeholder engagement methodologies
designed to assess ecosystem service provisioning and trade-offs within catchments, as well as
potential synergies and conflict between stakeholder groups to better manage competing demands
on catchment resources. Each data chapter provides a novel application of a tool or approach in the
context of generating wider catchment scale insight from across multiple stakeholder groups.
Results deliver engagement tools, scientific insight but also have implications for water management
policy and practical decision-making. The findings address the research priorities for integrated
catchment management identified in chapter 1, which were to (1) assess the trade-offs and
synergies between catchment uses and find ways to optimise landscape scale ecosystem service
provision in Scottish catchments; (2) quantify how stakeholder views differ between key groups of
stakeholders and across different catchments with diverse and contrasting geomorphologies, land
cover types, stakeholder communities and land and water management pressures; (3) develop

methods that can reduce stakeholder conflict by facilitating cooperation and building shared mutual
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understanding and (4) determine the practical relevance of the participatory methodologies for land
and water management planning and decision-making. Table 7.1 summarises the research findings
that map onto these aims and direction for future research. The following sections discuss the
scientific implications of the key findings and identify future research needs. The synthesis draws
together the theoretical, practical, and methodological strengths of the methodologies used and

evaluates their limitations.

7.1. Assess the trade-offs and synergies between catchment uses and find ways to optimise
landscape scale ecosystem service provision in Scottish catchments.

Eliciting a range of perspectives from land and water management stakeholders in Chapters 2-6 has
allowed assessment of differences in views among stakeholder groups and quantification of
otherwise implicit expertise and understanding which could be utilised to better manage competing
demands on catchment resources. Participatory research approaches can help facilitate effective
knowledge exchange among stakeholders (Galafassi et al. 2017), increase the inclusiveness and
social acceptability of management decisions, and ensure they are implemented more effectively
(Oliver et al. 2017). Such approaches are therefore vital for integrating social demands, which are
often not taken into account, and hence may avoid potential conflict of natural resource use and

management (Garcia-Nieto et al. 2013).

Although expert judgements are more liable to biases than other techniques due to tendencies such
as overconfidence and anchoring (Mach et al. 2017), they may share otherwise unmeasurable
insider knowledge and perspectives and can provide logical arguments to support their judgements
(Singh et al. 2017). Making use of ‘thought experiments’ (such as that used in Chapters 2, 3 and 6)
capitalised on stakeholder experience and acquired instinct to capture estimations which could not
have been measured in the field. And expert stakeholder assessments of land and water
management in specific study catchments (Chapters 4 and 5) can interpolate or extrapolate variables
that may not be measured directly, such as providing time-integrated assessments, as opposed to

momentary snapshots (Martin et al. 2012).
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Table 7.1. Summary of findings of this project mapped against research priorities identified during project formulation and future research needs.

Research
priorities

Key Findings

Future research

Assess the trade-offs
and synergies between
catchment uses and
find ways to optimise
landscape scale
ecosystem service
provision in Scottish
catchments. (1)

Chapter 3: Investigating the production possibility frontier curve of the trade-
off between two catchment uses gave insights into how best to manage the
trade-off, e.g. not to push a system past its threshold levels. Participants from
across a range of different stakeholder typologies mentioned that their work
aims towards providing greater agricultural outputs without compromising
ecological quality.

Chapter 4: The catchment 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. Many
of the participants stated that often conflicts arise due to there being a clear
trade-off between two reasonable interests which are conflicting, hence
making a ‘win-win’ solution unlikely.

Chapter 5: The stakeholder mapping methodology identified core and
peripheral stakeholders in the three study catchments.

Chapter 6: ‘Riparian buffer zones’ were perceived as offering the greatest
overall benefits for diffuse pollution, biodiversity and flood attenuation.

Extending the trade-off analysis from two ecosystem services to a matrix of
multiple ecosystem services in catchments, e.g. water, food and energy
provisioning as well as regulating and cultural services.

Longitudinal analysis to track temporal shifts in stakeholder and/or catchment
citizen perceptions over time.

Incorporating certainty weightings into expert elicitation methodologies, such
as setting upper and lower bounds on parameters to highlight best- and
worst-case scenarios, rather than a single outcome. Scenario planning or
Bayesian belief networks may also integrate uncertainty of future
environmental and socio-economic variables.

Enhanced utilisation of expert opinion in environmental modelling.

Quantify how
stakeholder views differ
among key groups of
stakeholders. (2a)

Chapter 3: Four stakeholder groups perceived the trade-off demands of
other stakeholder groups differently; the largest difference in perspectives
was identified between Environmental Regulators and Farm Advisors. A
number of stakeholders did not agree that a trade-off between intensifying
agricultural production and decreasing ecological quality of a river existed to
begin with. Catchment Scientists’ responses indicated a more precise and
balanced insight into the socio-ecological system compared to other groups.
Chapter 4: 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. Catchment Scientists were the only stakeholder group to identify
all of the categories of conflict.

Chapter 5: Farm Advisors were up to three times as likely as participants
from other stakeholder groups to perceive stakeholders as having a negative
influence on catchment management. No Farm Advisors perceived Farmers
as having a negative influence on catchment management, whereas other
participants regularly scored farmers negatively.

Extend methodologies used in this thesis to quantify views from a wider range
of stakeholder typologies, i.e., non-governmental organisations or the public.

In turn, deploy these methodologies as tools for capturing views contributed
at river basin management consultations and recognise their role in
promoting more effective public participation.

Incorporating the Delphi method to support consensus building among
stakeholders and allow participants to review the results together with their
stakeholder group and/or with the entire participant group.
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Quantify how
stakeholder views differ
across different
catchments. (2b)

Chapter 4: Results from the regression modelling linked perceived conflict to
coastal, urban and grassland land use. In the agricultural catchment, conflict
was more widely identified across the catchment, and the mean proportion
of perceived conflict was greater than observed in the other study
catchments.

Chapter 5: The stakeholder mapping methodology was able to identify
differences in underlying land and water management issues between the
study catchments.

Applying methodologies used in this thesis to quantify stakeholder views to a
wider range of river catchments across the UK, EU and globally.

Develop methods that
can reduce stakeholder
conflict by facilitating
cooperation and
building shared mutual
understanding. (3)

Chapter 3: The methodology allows visualisation of otherwise implicit
differences in how stakeholder groups understood social demands.

Chapter 4: Increasing dialogue among stakeholder groups would help
different parties to understand each other’s viewpoints and lead to
stakeholder empowerment and network building aiding future cooperation as
opposed to conflict.

Chapter 5: A notable difference in expected and elicited results was that
neither the UK nor the EU Commission was mentioned by more than one
stakeholder across all three catchments.

Chapter 6: The best-worst scaling methodology was effective at assessing
multiple ecosystem service provisioning of the agri-environment measures
and presents a robust approach for including expert stakeholder knowledge in
decision-making and a possible tool to foster mutual understanding.

Carry out a Citizen’s Jury to debate trade-offs, synergies, and multiple
ecosystem service provisioning in a study catchment to provide a platform to
facilitate social learning.

Greater collaboration within the research community, (i.e. between
catchment and marine objectives or between environmental, economic and
social sciences) across political and scientific lines, as well as across national
borders.

Integrate local stakeholders into the research process, from design to
implementation, by co-producing research strategies.

Determine the practical
relevance of the
participatory
methodologies for land
and water management
planning and decision-
making. (4)

Chapter 3: The trade-off assessment may be utilised in catchment
management programmes as part of a participatory approach to engage
stakeholders. In doing so it could promote discussion of otherwise implicit
decision-making and build shared mutual understanding to facilitate future
cooperation.

Chapter 4: The Scottish Government’s target of expanding forestry in Scotland
by 10 000 ha per year was highlighted as a policy that is likely to exacerbate
conflicts and land use competition in all the study catchments.

Chapter 5: The methodology could be utilised for national-scale scoping
exercises (e.g. selecting post Brexit agri-environment schemes), or for eliciting
expertise from local farmers and land managers (e.g. aiding decision-making
for collaborative agri-environment measures implemented by multiple farms).

The participatory conflict mapping methodology could be used on a national
scale to identify ‘complex conflict priority catchments’, similar to identifying
‘diffuse pollution priority catchments’, where catchments that are
experiencing multiple and exacerbating conflicts could benefit from a more
holistic management of landscapes.

Development of decision-making frameworks which incorporate ‘outcome-
oriented objective settings’ can incorporate objectives such as maximising
multiple ecosystem service provision or improving EU WFD ecological status
as well as include socio-economic constraints, such as time, political context,
governance and cost-effectiveness to select effective management options.
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Highlighting synergies and “win-win” opportunities is vital for maximising ecosystem service
provisioning from a finite catchment area. Riparian buffer zones were perceived as offering the
greatest overall benefits for diffuse pollution, biodiversity and flood attenuation (Chapter 6).
Riparian margins clearly have an important role to play in increasing broader ecosystem service
provisioning of catchments and have the potential to help land owners deliver diffuse pollution,
biodiversity and flood mitigation benefits while also remaining agriculturally productive (McCracken
et al. 2012). In the conflict mapping exercise, participants stated that often conflicts arise due to
there being a clear trade-off between two reasonable interests which are conflicting, hence making
a ‘win-win’ solution unlikely. When facing land and water management issues with possibilities for
conflict and no clear synergies or ‘win-win’- solutions, future research could incorporate the Delphi
method into the methodologies presented here to support consensus building among stakeholders.
It is an iterative structure that allows stakeholders to express their opinions in multiple rounds,
where they may review their answers in light of other participants’ responses. This allows
stakeholders to interact remotely and at different times to allow convergence of ideas and
consensus building without biases that focus groups may cause, such as certain individuals and
themes dominating the discussion (Giuffrida et al. 2019). Delphi approaches have for instance shown
to be effective at collectively refining and vetting solutions and priorities to inform policy dialogue

on addressing water quality issues in the context of climate change (Coleman et al. 2017).

The production possibility frontier methodology gave valuable insights on how the different
stakeholder groups were prioritising the management of a land and water management trade-off
(Chapter 3). Its design was limited to two catchment uses however. Extending the trade-off analysis
to a matrix of multiple ecosystem services in catchments, e.g. water, food and energy provisioning as
well as regulating and cultural services, could also present an exciting avenue for future research.
Chapter 3 also allowed stakeholders to incorporate small, medium or large uncertainty intervals to
their responses. There is a gap for more ICM tools that incorporate uncertainty estimation into
expert elicitation methodologies. Certainty weightings, such as setting upper and lower bounds on
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parameters to highlight best- and worst-case scenarios, rather than a single outcome (Ahmed et al.
2018). Scenario planning or Bayesian belief networks also present effective methodologies for
integrating uncertainty and expert views of future environmental and socio-economic variables (Shi
et al. 2020). Finally, longitudinal analysis to track temporal shifts in the perceptions of a cohort of
stakeholders over time, although clearly challenging to secure funding for, would represent frontier
interdisciplinary research and better our understanding of the socio-ecological complexity of

catchment systems.

There are also opportunities for greater integration within the research community, such as
between catchment and marine objectives or between environmental, economic and social sciences
and even IT and engineering to make participatory methodologies even more engaging. A
particularly novel and interdisciplinary proposal is the ‘gamification’ of participatory tools, made
possible by the design of gaming interfaces as a user-friendly front-end, i.e., a graphic user interface.
This would allow a large number of participants to ‘play’ and explore the underpinning science
associated with the complexity of multiple impacts of decision-making (Turner et al. 2016). Similarly,
effective use of visual tools has potential to promote inclusive public participation (Roque de Oliveira
& Partidario 2020). Interactive and immersive tabletop interfaces have the potential to enable
stakeholders to interact with complex datasets in a natural way and promote collaborative

interaction (Ens et al. 2021; Hughes et al. 2011).

7.2. Quantify how stakeholder views differ among key groups of stakeholders and across different
catchments with diverse and contrasting geomorphologies, land cover types, stakeholder
communities and land and water management pressures.

The most conspicuous differences among stakeholders often included the Farm Advisors group. They
held opposing views on perceived trade-off demands of their own and other stakeholder groups,
and some Farm Advisor participants did not agree that a trade-off between intensifying agricultural
production and decreasing ecological quality of a river existed (Chapter 3). They were also up to
three times as likely as participants from other stakeholder groups to perceive stakeholders as

having a negative influence on catchment management; while no Farm Advisors perceived Farmers
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as having a negative influence on catchment management, whereas other participants regularly
scored farmers negatively. Some studies report on a defensive attitude of farmers in regards to
diffuse pollution and mention a lack of information on the reality and magnitude of the problems it
causes (Martinez-Dalmau et al. 2021). As society’s expectations of the farming community changes
from a focus on food security, animal welfare, and landscape heritage to inclusion of broader social
and environmental goals (Saunders 2016), however, farmers may become resistant to challenges to
their identity of what makes a ‘good farmer’ (Thomas et al. 2019; Collins 2018). As point sources of
pollution become more well-managed, agriculture is becoming the single largest contributor to
diffuse pollution in Scotland (Waylen et al. 2015). Although the ecological downstream
consequences of farm activities need to be understood and managed, there is a risk that
stereotyping, distrust and scapegoating may cause conflict and impede the ability of stakeholders to
collaborate effectively to solve land and water management issues (Curseu & Schruijer 2017).
Findings from chapter 3 identified the gulf between perceived land and water management attitudes
being greatest between Environmental Regulators and Farm Advisors, two stakeholder groups
whose close partnership will be essential to solving future land and water management issues.
Adapting the production possibility trade-off methodology to the context of a focus group discussion
between Environmental Regulators and Farm Advisors could present an opportunity for these key
stakeholders to articulate their views in a non-confrontational and abstract setting as well as reflect
on how accurately the data represents the realities in their catchments (Cebridn-Piqueras et al.
2017). This would promote discussion of otherwise implicit attitudes, and may help to build shared
mutual understanding and facilitate future cooperation (Brunet et al. 2018). Catchment Scientists’
responses indicated precise and balanced insights into the socio-ecological system compared to
other stakeholders (Chapters 3, 4 & 5), which may reflect their role as outside observers, seeking
unbiased, objective descriptions of reality (Rose & Parsons 2015). These findings indicate the special
role researchers can play as brokers to promote stakeholder cooperation and knowledge sharing and

aid implementation of innovative land management practice (Schréter et al. 2015). Farm Advisors
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also have a central role to play to act as brokers between the farming and the research communities
as they are familiar with local land management and can speak the agricultural language is key to
effective communication and knowledge exchange with the farmers (Skaalsveen et al. 2020;
Mohamad lbrahim et al. 2019). Arguably, Scientists and Farm Advisors focus on two complementary
‘broker practices’, managing the interactions between diverse knowledge systems. But whereas
research has tools for dealing with uncertainty around the link between practice and outcome,
Advisors have tools for dealing with uncertainty around multiple goals, highlighting the importance

of their close collaboration in land and water management (Love et al. 2006).

Due to the survey design of chapters 3-5 and to be able to compare groups using statistics, at least
three participants were needed within each catchment and stakeholder group, exacerbating the
already inherently difficult recruitment of stakeholder participation in environmental management
(Holifield & Williams 2019). This complication, however, proved worthwhile as the data collected in
this series of studies provided unprecedented findings into how stakeholder views vary between
different catchments and between key land and water management stakeholders. As these studies
acted as a proof of concept, future applications of the methodologies may extend recruitment to a
wider range of stakeholder typologies such as non-governmental organisations or the public. Both
expert and non-expert stakeholders can improve results in assessing ecosystem services (Asah &
Blahna 2020), but importantly opening participation to a diverse number of stakeholders can have
their voice heard, as the environment matters to local people, both experts and non-experts (Klain

et al. 2014).
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7.3. Develop methods that can reduce stakeholder conflict by facilitating cooperation and building
shared mutual understanding.

The engagement methodologies employed in chapters 2-6 involved the elicitation of expert data
from individuals, using a variety of elicitation media. Individual interviews allowed more targeted
guestioning, explanation and feedback. Although group discussions can make disciplinary biases
more explicit and discount redundant information through sharing of knowledge, they can become
dominated by individuals and over-emphasise consensus (Krueger et al. 2012). We carried out an
online survey, with the benefits of lower cost, standardisation and freedom for the participants to
respond in their own time (Page et al. 2012); as well as face-to-face interviews, which leave more
room for explanation and may increase the motivation and sense of responsibility of experts (Knol et
al. 2010). Although our methodologies focused on quantifying and characterising expert stakeholder
views, stakeholder relationships, conflict and likely solutions, additional qualitative data was useful
to cross-validate the quantitative results and to support wider understanding of the stakeholder’s
views. Stakeholders may also welcome a mixed approach as it indicates a desire to fully understand
their perspective (Dick et al. 2018). The methodologies allowed visualisation of otherwise implicit
differences in how stakeholder groups understood social demands, conflict and synergies in
catchment management. Using maps to engage stakeholders has obvious benefits for eliciting
location-based information and may also be a more accessible medium for experts with a strong
connection to the landscape such as farmers (Oliver et al. 2012). Other elicitation media, such as
petal diagrams, production possibility frontier trade-off graphs and the best-worst scaling survey
presented participants with novel exercises to engage with; however, it is vital that the results from
the mixed methods research presented here are used to inform rather than end a discussion among
stakeholders (Verhagen et al. 2018). An effective way of facilitating such a discussion could be a
Citizen’s Jury to debate trade-offs, synergies, and multiple ecosystem service provisioning (Fish et al.
2013). Here, results from chapters 2-6 and other findings could be used as evidence to present to
local citizens by expert stakeholders to provide a platform to facilitate social learning around the
challenges of catchment management and competing demands on catchment resources.
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Social distancing measures imposed to stop the spread of Covid-19 have severely affected the
process of stakeholder participation. Home-working and the lack of ‘water cooler talk’ or meeting
each other at events has severely restricted opportunities for researchers and stakeholders to
collaborate face-to-face. Digital engagement has become the new norm and can offer a greater
continuity of exchange at reduced effort and with a much lower carbon footprint (Képsel et al.
2021). Although there might be an opportunity to engage online with a wider group of stakeholders,

there is a risk of excluding certain societal groups and more local stakeholders.

Knowledge co-production with stakeholders has now become a common practice, or at least a
common ideal, to look for solutions to water governance as well as for water-related research
(Brugnach & Ozerol 2019). This was accelerated by requirements the Water Framework Directive
made on stakeholder participation; however, there is a need to find appropriate ways of stakeholder
involvement that make effective use of stakeholder knowledge and allow for interactive
communication (Llopis-Albert et al. 2017; Rimmert et al. 2020). Stakeholders views may also be
integrated into the research process at earlier stages, from design to implementation, by co-
producing research strategies (Singletary & Sterle 2020). Implementation of collaboratively
determined research questions are made extremely difficult due to the structure of much academic
funding, where there is often a need for finely specified research questions in proposals (Bell & Pahl
2018). Hence, a different approach to research funding is needed in order to support the complex
partnerships necessary for co-production (Redman et al. 2021). Collaborative research requires
experts skilled in interpersonal communication and group procedure, and the sustained
commitment of the active participation of researchers, stakeholders, and their respective
institutions (Gober 2018). Stakeholders in particular may experience fatigue if they are asked
repeatedly to volunteer substantial time from their daily management responsibilities to participate
in collaborative research projects (Lemos et al. 2018). It is therefore vital to introduce processes to
improve collaborative efficacy when designing and decision making in multi-stakeholder co-creation

(Jones 2018).
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7.4. Determine the practical relevance of the participatory methodologies for land and water
management planning and decision-making.

The findings from this thesis, identifying underlying stakeholder connections, implicit understandings
and misunderstandings within Scottish catchments signify the importance for research into
stakeholder views of land and water management, and highlight the necessity of participatory
approaches for effective catchment management. Successful land and water management utilising
integrated and interdisciplinary approaches involves identifying and developing a range of a diverse
suites of technical, design, policy and social measures (Rogers et al. 2020) and requires improved
communication and extended engagement between governments and stakeholders to better link
strategic decision-making and operational practice (Rouillard & Spray 2017). The finding from
Chapter 4, for instance, that the Scottish Government target of expanding forestry in Scotland by
10000 ha per year was highlighted as a policy that is likely to exacerbate conflicts and land use
competition in the study catchments, exemplifies the risk for conflict of policy measures, despite
woodland expansion being generally considered by stakeholders to be an overall positive initiative in
Scotland (Burton et al. 2018). Given the devolution of responsibilities for different management
bodies in the UK such as for flood protection, biodiversity conservation and river basin management
planning it may difficult to encourage managers beyond the remit of their responsibilities (Rust &
Venn 2018). To maximise ecosystem functioning of catchments it will be vital, however, to abandon
a siloed approach to water management and integrate decision-making, not just within governance
structures, but also across political and scientific lines, as well as across national borders and
broader stakeholder communities. To encourage cross-governance collaboration, steering
authorities could lower implementation barriers by setting incentives, such as funding programmes,
that offer additional advantages for both collaborating parties (Schréder et al. 2020). Scotland’s
relatively joined-up governance structure has already enabled policymakers and stakeholders to
work together effectively to build trust and cooperation, for example to facilitate the adoption of
stricter measures for tackling diffuse pollution which was not achieved in England (De Vito et al.
2020). Arguably, this favourable governance structure, it being a relatively manageably sized
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country, and the existing focus of Scotland as a ‘Hydro Nation’ puts Scotland in an exceptional
position to become a pioneer for ICM. Fostering multi-stakeholder platforms in Scottish catchments
may strengthen existing catchment management groups, create new networks for stakeholder
cooperation and negotiation and allow further integration of land and water management (Warner

2007).

Figure 7.1 illustrates the complexity of interactions within socio-ecological systems and how
stakeholder engagement methods can help to quantify stakeholder views to aid understanding of
the social and ecological system in a river catchment. Due to the inherent complexities of catchment
systems, integrated catchment management may not be implemented in a standardised way but
should start with careful analysis of the local context, and existing governance arrangements and
governmentalities (Watson et al. 2019). The conflict mapping and stakeholder network mapping
technique from chapters 4 and 5 present two engaging methodologies that may be utilised for
evaluating stakeholder associations and the spatial context of land and water management issues.
The participatory conflict mapping methodology could also be used on a national scale to identify
‘complex conflict priority catchments’, similar to identifying ‘diffuse pollution priority catchments’,
where catchments that are experiencing multiple and exacerbating conflicts could benefit from a
more holistic management of landscapes. The trade-off assessment may be utilised in catchment
management programmes to help resolve issues at local scales through to catchment scales and
engage multiple stakeholders. In doing so it could promote discussion of otherwise implicit decision-
making and build shared mutual understanding to facilitate future cooperation. The BWS
methodology could be utilised for national-scale scoping exercises, such as for selecting post Brexit
agri-environment schemes; or for eliciting expertise from local farmers and land managers, for
example to aid decision-making for collaborative agri-environment measures implemented by

multiple farms (Mckenzie et al. 2013). Co-producing agri-environment schemes with land and water
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Figure 7.1: Examples of results from the stakeholder engagement methodologies developed for this thesis aimed to aid understanding of the social and
ecological system in a river catchment, assess trade-offs and synergies between catchment uses, find ways to optimise landscape scale ecosystem service
provision, and develop methods that can reduce stakeholder conflict by facilitating cooperation and building shared mutual understanding.
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management stakeholders may also be an opportunity to allow farmers to embed their
understanding of landscape stewardship and their landscape values into the effort of managing

agriculture for multiple ecosystem service provisioning (Raymond et al. 2016).

Due to the complexities of socio-ecological systems, uncertainties around the magnitude of
catchment management issues and how best to mitigate them will remain, however strategically
placed nature-based measures for multiple ecosystem service provisioning are likely the best option
to achieve holistic water resource management (Hewett et al. 2009). River restoration projects have
shown to be able to increase the ability of catchments to provide cultural and regulating ecosystem
services, without significantly affecting provisioning services (Vermaat et al. 2016) and may even
have substantial direct economic benefits and non-market values (Gerner et al. 2018). To make use
of such “win-win” scenarios, there is a need to translate interdisciplinary research on catchments
into informed decision-support tools to allow policy makers, communities, and individual
stakeholders to make better informed decisions. Including these in existing structures, such as the
Water Framework Directive River Basin Management Cycles, or agri-environment funding cycles,
and building upon positive pre-existing relationships, such as catchment management groups, may
be the best approach to ensure effective stakeholder participation and develop strong partnerships
among stakeholders (Barnhart et al. 2018). Development of decision-making frameworks which
incorporate ‘outcome-oriented objective settings’ can incorporate objectives such as maximising
multiple ecosystem service provision or improving EU Water Framework Directive ecological status
as well as include socio-economic constraints, such as time, political context, governance and cost-

effectiveness to select effective management options.



7.5. Conclusion

Integrated catchment management necessarily requires land and water to be managed in a holistic
manner, that identifies pressures on the water environment, recognises potential for conflict
between the interests of users and allows stakeholders to work together to agree common
objectives and implement solutions. Findings from this thesis highlight the importance on co-
producing knowledge in catchment research, add significantly to the evidence base of
transdisciplinary catchment research and supply a range of novel and engaging methodologies.
Although this thesis focused on Scottish catchments, there is great potential for international
transferability as both the findings and approaches have widespread applicability and relevance to
the socio-ecological functioning of catchments worldwide. The methods developed here have
potential to be used by academics as preliminary stages within their research, or as direction for
novel research discussed throughout this chapter. The approaches may also be utilised by catchment
management groups and could aid land and water managers and decision-makers consider complex

stakeholder relationships and ecosystem service interactions into the process of ICM.
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Appendix 1: Interview protocol and questionnaire Chapter 3.

The purpose of the study was explained to participants, along with confidentiality procedures on
paper which was signed to express their consent. Participants were then shown a map of their
catchments that included land cover data and were given time to familiarise themselves with the
legend.

Q1: Looking at this map, what are the three most significant ecosystem services the catchment
provides?

Q2: Can these services be supplied unimpeded by one another from the catchment or do they
compete for space?

Participants were then shown a map of their catchments that included land cover data and in which
the catchment was split by two lines into equal areas into an upstream, middle, and downstream
area.

Q3: Looking at the map, what are the three most significant ecosystem services each zone provides?
Q4: Within the zones, do these three services compete for space? Can you rank the three zones from
lowest to highest competition between land uses?

Q5: Are there pressures from stakeholder groups to increase or reduce any of these ecosystem
service provisions?

Qe6: If so, has this caused conflict with other stakeholder groups?

Q7: if not, are there any other ecosystem services or land uses which stakeholder groups want to
increase or reduce and has this caused conflict between groups?

Participants were now given a permanent marker pen and asked to draw and annotate as follows.
Q8: Which areas in the catchment do you believe to be under most conflict or pressure from
competing land use and why? You may identify these by drawing on the map, and/or selecting a land
cover type.

Q9: What are the major drivers for conflict between land use, ecosystem service provision and
stakeholders in your catchment?

Q10: What do you think could be done to reduce conflict between stakeholders in your catchment?
Q11: By 2030, what will be the major drivers for conflict between land use, ecosystem service
provision and stakeholders in your catchment?

Q12: When the United Kingdom leaves the European Union, do you expect land use, ecosystem
service provision and stakeholder conflict in your catchment to change?
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Appendix 2: Flyer for potential participants for Chapter 5.

A Scottish multi-stakeholder survey

About the project:

| am Kathleen Stosch,
currently working on my PhD
thesis at the University of
Stirling. This study will form
part of my work on how we
can balance the often
opposing demands of
different stakeholder groups
and promote greater
cooperation and more
integrated decision-making.

https://AESBWS.sawtoothsoftware.com/login.html

P 4 | Scottish Any questions about my PhD work or UNIVERSITY
»A‘ 968\)', 222’,“‘*"‘ this study, please do not hesitate to STIRLIN (0-{
Hydro: Nation' Scholais: Programine contact me: kathleen.stosch@stir.ac.uk
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Appendix 3: Online survey questions for Chapter 5.

Participant information:
Stakeholder prioritisation of agri-environment schemes and their multiple environmental benefits

This survey should take around 20 minutes and is designed to capture your knowledge on a number
of agri-environment schemes that are aimed to reduce diffuse pollution, downstream flooding and
improve biodiversity. Your responses will provide insight into the wider understanding of some of the
benefits and challenges of land and water management in Scotland.

The study forms part of my PhD studentship at the University of Stirling, which is funded by a Scottish
Government Hydro Nation Scholarship. The aim of my research is to devise strategies to promote
collaboration as opposed to conflict in managing ecosystem services in river basins and find ways to
optimise landscape-scale ecosystem service delivery in catchments.

If you have any questions about my research, please feel free to contact me (Kathleen Stosch) via phone
at 07766800934 or email at kathleen.stosch@stir.ac.uk

Thank you for participating.

Click the 'Next' button to continue...

Consent Form:

Your responses to the survey will be recorded on an anonymous online platform. The data will be
accessed, transcribed and analysed only by the interviewer (Kathleen Stosch) and will be stored only on
their password protected personal computer. We will collect no personal information from you. Your
contact details will be kept private and confidential. Identifiable information will not be used in any
publication or presentation. We will not pass your details on to any organisation or company. Individual
responses to the survey will be collated so that stakeholder group-wide generalisations can be inferred.

Please tick the boxes to indicate that:

(1 You confirm that you have read and understand the participant information explaining the
research and have had the opportunity to ask questions about the project.

0  You understand that your participation is voluntary and that you are free to withdraw at any
time and withdraw your data within two weeks without giving reason. You may decline to
answer any particular question, without giving reason.

[ You agree to take part in the study.

Click the 'Next' button to continue...

Please state what stakeholder group you belong to:
[ Environmental regulator

Farmer

Farm advisor

Fisheries trust

Local Authority

National park authority

Scientist

Water regulator

Other [...]

Y
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What is your job role?

[...]

Please estimate how many years you have worked in that (or a similar) role:
[0 Lessthan one year

1-2 years

2-5 years

5-10 years

more than 10 years

Don't know/not sure

Ooo0oood

Please name 1-3 Scottish river catchments that you have experience working in.

[...]

Click the 'Next' button to continue...

The following questions are designed to capture your knowledge on the benefits of different agri-
environment schemes for reducing diffuse pollution, downstream flooding and improving biodiversity.

Which of the following areas do you have the greatest expertise on?
0 Biodiversity impacts of land management
[1  Diffuse pollution impacts of land management
0 Flooding impacts of land management

Click the 'Next' button to continue...

The environmental benefits of agri-environment schemes
As catchments are highly variable in geology, topography, land cover and land management, please do
not answer the following questions based on a specific catchment you have in mind.

Instead, broadly consider the wider benefits of the agri-environment measures if they were implemented
across farms in a model Scottish catchment, with a mixture of typical, current farming practices.
Agricultural land use in this catchment consists of upland rough grazing (30% of land cover), lowland
improved grazing (15% land cover) as well as arable agriculture common in Scotland such as growing
barley, potatoes and oilseed rape (10% of land cover).

Please estimate the likely environmental benefits of the measures, assuming they were utilised widely in

the catchment (in around 50% of all farms) and that placement was in conjunction with best farm advice
to gain maximum benefits from the measure.

Click the 'Next' button to continue...

Your perception on the ability of agri-environment schemes to decrease diffuse pollution.

Please go through the following ten choice exercises and select the measures you estimate to be the best
and the worst at reducing diffuse pollution in the catchment.
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Click the 'Next' button to continue...

Reducing Diffuse Pollution
Please picture a model Scottish catchment with a land cover of 30% rough grazing, 15% improved grazing
and 10% arable agriculture.

Considering only the following 4 measures, which do you think is most likely and which is least likely
to reduce diffuse pollution from farm land to downstream water courses, assuming they were utilised
widely in the catchment (in around 50% of all farms)?

[Ten sets of BWS questions across ten pages with above heading]

Click the 'Next' button to continue...

Your perception on the ability of agri-environment schemes to increase biodiversity.

Please go through the following ten choice exercises and select the measures you estimate to be the best
and the worst at improving biodiversity in the catchment.

Click the 'Next' button to continue...

Supporting Biodiversity
Please picture a model Scottish catchment with a land cover of 30% rough grazing, 15% improved grazing
and 10% arable agriculture.

Considering only the following 4 measures, which do you think is most likely and which is least likely
to support biodiversity on farm land, assuming they were utilised widely in the catchment (in around 50%
of all farms)?

[Ten sets of BWS questions across ten pages with above heading]

Click the 'Next' button to continue...

Your perception on the ability of agri-environment schemes to improve flood alleviation.

Please go through the following ten choice exercises and select the measures you estimate to be the best
and the worst at alleviating flooding in the catchment.

Click the 'Next' button to continue...
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Alleviating Downstream Flooding
Please picture a model Scottish catchment with a land cover of 30% rough grazing, 15% improved grazing
and 10% arable agriculture.

Considering only the following 4 measures, which do you think is most likely and which is least likely
to alleviate downstream flooding, assuming they were utilised widely in the catchment (in around 50% of
all farms)?

[Ten sets of BWS questions across ten pages with above heading]

Click the 'Next' button to continue...

How common do you believe the current uptake of these agri-environment measures to be in
Scotland?
Restore and protect riverbank vegetation damaged by historic grazing and poaching.
[ Rare or non-existent
1 Notvery common
[0 Neither common nor uncommon
[0 Common
(1 Very common
[0 Don't know/not sure
Convert arable land at risk for erosion or flooding to low-input grassland.
[0 Rare or non-existent
[l Notvery common
[0 Neither common nor uncommon
[0 Common
(1 Very common
[0 Don't know/not sure
Establish and maintain rural sustainable drainage systems.
(1 Rare or non-existent
Not very common
Neither common nor uncommon
Common
Very common
[1 Don't know/not sure
Retain winter stubbles until early spring.
(1 Rare or non-existent
Not very common
Neither common nor uncommon
Common
Very common
(1 Don't know/not sure
Establish grass strips within or at the edges of arable fields (minimum width 3 metres).
1 Rare or non-existent
Not very common
Neither common nor uncommon
Common
Very common
(1 Don't know/not sure
Reduce sheep stocking rates on moorlands.
[1  Rare or non-existent
[l Notvery common

O o0ood O ood

I i A |
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0 Neither common nor uncommon
[0 Common
O Very common
[0 Don't know/not sure
Remove, lower or breach embankments to restore floodplains.
[1  Rare or non-existent
Not very common
Neither common nor uncommon
Common
Very common
[0 Don't know/not sure
Establish water margins (minimum width 3, 6 or 12 metres for burns, streams and lochs).
[1  Rare or non-existent
[0 Notvery common
0 Neither common nor uncommon
(1 Common
(1 Very common
00 Don't know/not sure
Create and manage hedgerows.
O Rare or non-existent
[l Notvery common
0 Neither common nor uncommon
(1 Common
[0 Very common
(1 Don't know/not sure
Provide alternative drinking water sources for livestock.
O Rare or non-existent
[l Notvery common
0 Neither common nor uncommon
(1 Common
[0 Very common
[1 Don't know/not sure

O Oooo

Click the 'Next' button to continue...

Do you think the implementation of these agri-environment schemes should be increased across farms
in Scotland?
Establish and maintain rural sustainable drainage systems.

[1  Strongly support

[1  Support
(1 Neither for nor against
[1 Against

0  Strongly against
Remove, lower or breach embankments to restore floodplains.
0  Strongly support

[1  Support
(1 Neither for nor against
[l Against

[1  Strongly against
Restore and protect riverbank vegetation damaged by historic grazing and poaching.

201



Strongly support

Support

Neither for nor against

Against
0 Strongly against

Convert arable land at risk for erosion or flooding to low-input grassland.
0 Strongly support

Oo0ooo

[l Support
[0 Neither for nor against
[0 Against

[1  Strongly against
Reduce sheep stocking rates on moorlands.
(1 Strongly support

[1  Support
1 Neither for nor against
[l Against

0 Strongly against
Establish water margins (minimum width 3, 6 or 12 metres for burns, streams and lochs).

[0  Strongly support

[l Support

(1 Neither for nor against
[ Against

[J  Strongly against
Establish grass strips within or at the edges of arable fields (minimum width 3 metres).
0 Strongly support
[l Support
0 Neither for nor against
[0 Against
0  Strongly against
Create and manage hedgerows.
[1  Strongly support

(1 Support
[ Neither for nor against
[l Against

0  Strongly against
Provide alternative drinking water sources for livestock.
0  Strongly support

[1  Support
0 Neither for nor against
[l Against

[1  Strongly against

Retain winter stubbles until early spring.
[l Strongly support

Support

Neither for nor against

Against

Strongly against

I R

Click the 'Next' button to continue...

Your perception of the overall environmental benefits of agri-environment schemes
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Please rank the 10 agri-environment schemes from the ones you perceive to have the greatest overall
benefit at the top to the measures that you think are likely to have the least overall environmental
benefits at the bottom.

In your judgement, please try to consider the overall benefits measures might offer for diffuse pollution,
flooding and biodiversity that you have already considered in the previous exercise, but also other
possible benefits, such as carbon sequestration, fishery enhancement and cultural benefits such as health
and well-being and landscape aesthetics.

Remove, lower or breach embankments to restore floodplains.

Establish and maintain rural sustainable drainage systems.

Convert arable land at risk for erosion or flooding to low-input grassland.

Reduce sheep stocking rates on moorlands.

Restore and protect riverbank vegetation damaged by historic grazing and poaching.
Retain winter stubbles until early spring.

Create and manage hedgerows.

Establish water margins (minimum width 3, 6 or 12 metres for burns, streams and lochs).
Provide alternative drinking water sources for livestock.

Establish grass strips within or at the edges of arable fields (minimum width 3 metres).

OoDoooooog

O o

[The ten measures could be dragged over to the right side of the screen to be ranked and rearranged]

Click the 'Next' button to continue...

What other measures, funded or unfunded, would you rate as very useful in providing multiple
ecosystem service benefits?

[...]

Click the 'Next' button to continue...

As a final question, we would be grateful if you could add some comments around the benefits or
shortfalls of any specific agri-environment measures as well as more general comments on which factors
limit the uptake of agri-environment schemes in Scotland.

]

Click the 'Next' button to continue...

Thank you very much for completing the survey!

Your data will be analysed once all other participants have entered their survey and the research data will
be kept anonymously and will not be identifiable in any publication. The research may be published in an
academic journal, feel free to contact Kathleen Stosch if you would like to be informed if and when the
work will be published.

We are hoping that the answers you have given will help to identify management options which are most
beneficial to different stakeholder groups in Scotland and will help towards maximising the
environmental benefits Scottish catchments provide in the future.

If you have any questions or comments about the research study at any point, please feel free to contact
Kathleen Stosch via phone at 07766800934 or email at kathleen.stosch@stir.ac.uk
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