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ABSTRACT

There is a need for operational decision-making methodologies applicable at local manage-
ment scales which are inclusive and enable the integration of plural values, knowledges and
perspectives of co-produced ecosystem services. Here we describe a deliberative scenario
analysis method using ‘management intervention bundles’ as distinct scenarios to assess the
perceived impact of changing management on woodland ecosystem services. We used three
hypothetical future management scenarios, Biodiversity Conservation, People Engagement
and Austerity, alongside scenarios of the Past, Present and an existing Management Plan. We
assessed the perceived impacts of these scenarios on 11 ecosystem services using local
expert workshops in six sites across Scotland. The experts were chosen to represent
a range of different perspectives, from biodiversity to the local economy, community con-
cerns and recreation. Overall, Management Plan, Biodiversity Conservation and People
Engagement scenarios performed significantly better than Past, Present and Austerity scenar-
ios. Further quantitative and in-depth qualitative analysis revealed trade-offs and noteworthy
patterns. We explore some of these key trade-offs and patterns and argue that our metho-
dology has potential to be an effective tool for local managers to support local decision-
making at management scales for co-produced ecosystem services. Our methodology
enabled a diverse group of local experts to express and deliberate a range of values,
experiences and viewpoints. This knowledge sharing and collective learning allowed the
development of shared values and perspectives, which are thought to be critical in more
equitable and inclusive decision-making.
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Introduction 2016; Fish et al. 2016). Complex, interacting factors
make it difficult to anticipate or predict the impacts of
different management approaches on even a small num-
ber of ecosystem services. However, this is precisely the
task that many land managers are facing. Land managers
must understand and consider potential synergies and
trade-offs in ecosystem services and take into account the
diversity of potential human-nature interactions as well

as the plurality of values, identities and capabilities of

The importance of ecosystems and biodiversity to
human wellbeing is now well established due to sev-
eral seminal endeavours (MEA 2005; NEA 2011;
IPBES 2019). Ecosystems are multi-functional; the
same system gives rise to multiple, material as well
as non-material, ecosystem services (IPBES 2019). It
is also now widely accepted that ecosystem services

are best conceptualised as being co-produced by peo-
ple and place (Fisher et al. 2009; Chan et al. 2012;
Fischer and Eastwood 2016).

As ecosystem services are co-produced through
human-nature interactions, the governance of land and
associated management choices will impact on which
groups of people benefit from ecosystem services or
disservices and in which way (Fischer and Eastwood

different beneficiaries (Fischer and Eastwood 2016).
Recognising and respecting plural values, catering for
different capabilities and understanding the distributive
aspects of ecosystem service co-production and asso-
ciated burdens are key principles of achieving greater
environmental justice (Schlosberg 2007; Walker 2012).
Another important consideration for land managers is
how decisions are made, known as procedural justice.
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Ways to address injustices in distribution and recognition
include decision-making structures and procedures such
as participation, deliberation, and communicative
democracy (Schlosberg 2007). To achieve greater inclu-
sivity, the Convention on Biological Diversity’s
Ecosystem Approach (CBD 2010) recommends decisions
be made at an appropriate scale, decentralised to the
lowest level, whilst IPBES (2019) advocates greater inte-
gration of local and indigenous knowledge. However,
whilst there are multiple ecosystem service assessment
and valuation approaches for different ecosystems and
scales, few have explored the effect of different manage-
ment approaches on ecosystem benefits beyond gross
land use change or management intensity (NEA 2011;
Dick et al. 2014; Sing et al. 2018; Harrison et al. 2019). As
many ecosystem services are co-produced through inter-
connected, relational processes in environmental spaces
(Church et al. 2011; Fish et al. 2016) it is therefore
important to holistically assess the spectrum of benefits
systematically, to fully understand the potential effects
and implied trade-offs of management interventions on
the ground.

In addition, many ecosystem service assessments
are based on existing quantifiable metrics, which for
cultural services are often indirect proxies for that
service (Dick et al. 2014; Olander et al. 2018;
Torralba et al. 2018). Whilst the use of existing indi-
cators and scenario archetypes enables cross-site and
multi-scale comparisons to be made at national,
regional and global levels, their relevance to inform
and assist local decision-making is questionable.
Consequently, methods to explore and understand
the impact of management on co-produced ecosys-
tem services at a local level are necessary.

So how do land managers make decisions about
the management of ecosystems in a way that is inclu-
sive of different knowledges, recognises plural values
and is more equitable in the distribution of benefits?
Recent developments on participatory and delibera-
tive methods such as participatory scenario planning,
citizen juries and deliberative multicriteria analysis
provide methodological inspiration to explore the
impacts of management interventions on co-
produced ecosystem services, as well as illuminating
the challenges (Oteros-Rozas et al. 2015; Kenter et al.
2016a, 2016b; Mavrommati et al. 2017; Nyongesa and
Vacik 2019; Saarikoski and Mustajoki 2021). For
example, due to its time-consuming nature, partici-
patory scenario analysis was found not to provide
practical, operational solutions to site managers or
communities (Waylen et al. 2015; Eastwood et al.
2017). As Waylen et al. (2015) concluded, there is
a risk that more time is spent developing scenarios
than using them. However, scenario planning pur-
ports to facilitate imaginative thinking, and
encourages people to step outside of conventional
ways of understanding issues (Shearer 2005), which

could be advantageous when exploring complex
socio-ecological systems. Scenarios are plausible
representations of possible futures, often using alter-
native drivers of change to explore a system, or alter-
native policies or management options (IPBES 2016).
It has been argued that deliberative methods allow
plural values, knowledges and perspectives associated
with complex socio-ecological systems to be articu-
lated and explored, this enabling social learning, the
elicitation of shared values, and ultimately, inte-
grated, shared decision-making (Kenter et al. 2016a,
2016b; Mavrommati et al. 2021).

In this paper, we take inspiration from, and build
upon, the range of participatory and deliberative
decision-making methods available to describe the
application of a novel deliberative scenario analysis
method using ‘management intervention bundles’ as
distinct scenario archetypes to assess the perceived
impact of changing management on woodland eco-
system services. Our focus was to develop an inclu-
sive method that is appropriate for managing co-
produced ecosystem services in a practical but holistic
and systematic way. In this paper, we define delibera-
tion as a group-based process of participation, social
exchange, reflection, learning and meaningful debate
(Kenter et al. 2016b).

As well as describing the application of our
methodology across six woodland sites in three
case study areas in Scotland (Table 1), we present
our mixed-methods findings from a cross-site ana-
lysis asking: i) how different management
approaches impact on perceived ecosystem services,
ii) what similarities and differences in the impacts
of management on ecosystem services occur across
sites, and (iii) if deliberative workshops, designed
to aid assessment of such impacts and bring
together diverse, local perspectives, might be
a helpful tool for local decision-makers. We discuss
the potential of our novel deliberative scenario
method to enable the inclusion of different knowl-
edge systems, values and beliefs to inform the
decision-making of complex sites and its relation
to facilitating environmental justice.

Methodology

We used an iterative, co-creative process that
involved both researchers and local site managers
and stretched over several years, to: (i) select sites,
(ii) develop an overall approach as well as scenar-
ios representing different management approaches
(archetypes), (iii) design the workshop format
including a rationale for the selection of partici-
pants, (iv) formulate indicators to assess the sce-
narios, and (v) develop an approach to data
analysis, including an assessment of the usefulness



of the method. These different elements
described in the following sections.

are

Selection of sites and scenario development

For our study, we selected woodland sites with simi-
lar management objectives, i.e. sites with primary
objectives of biodiversity conservation and public
engagement, albeit to varying degrees. Our study
incorporated three case studies in Scotland, each
with two woodland sites (Table 1).

Overall, our method can be characterised as
a strategic, exploratory scenario approach
(Borjeson et al. 2006) where ‘management interven-
tion bundles’ representing alternative management
options are assessed and then deliberated to explore
perceived impacts on ecosystem services. Strategic
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scenarios focus on factors that managers can affect,
whilst taking external factors into account. We co-
constructed such scenarios for each site together
with the respective site managers ahead of partici-
patory deliberative workshops, to enable partici-
pants’ time to be focused on the scenario
assessment and ensuing deliberation.

We started by identifying six scenario archetypes
(Table 2), which included three future, hypothetical
‘management intervention bundles’ (biodiversity con-
servation, people engagement and austerity) alongside
scenarios of the past, present and each site’s 10-year
management plan for comparison. The hypothetical
scenarios were set in the short-term future, to coincide
with the end of each site’s management plan (10-15
years). The Austerity scenario was included following
feedback from a site manager during a pilot workshop.

Table 1. Description of the six woodland sites and summary of workshops.

Governance: Owned Workshop No. of
Case study area Site Site description and managed by ... date participants
Cumbernauld, North Cumbernauld Valley woodland in an urban area. Predominantly ~ Scottish Wildlife Trust, ~ June 2019 5
Lanarkshire Glen mature, non-native woodland. However, 65% a membership-
55°57'46"N, designated as Ancient semi-natural woodland; based wildlife and
3°57'42"W includes smaller areas of heath and grassland. No  conservation charity
official protected area status. Approx. 118.6 ha.
Forest Wood  Peri-urban woodland. Mostly oak, beech, birch, Scottish Wildlife Trust June 2019 6
55°57'01"N, underplanted with conifers (larch, Sitka spruce,
3°56'38"W Scots pine, lodgepole pine, western hemlock) in
the 1960s. Small areas of lowland peat bog,
heath and grassland. Approx. 30% recorded on
Ancient Woodland Inventory. Approx. 90 ha.
Glen Creran, Argyll and Glasdrum Rural area. Upland sessile oak and ash woodland,  NatureScot, Scotland’s  January 2019 9
Bute Wood part of a larger area designated as a Site of Nature Agency
56°33'37"N,  Special Scientific Interest (SSSI). Designated for
5°15'40"W upland oak woodland, bryophyte and lichen
assemblages, Chequered Skipper and Pearl-
bordered Fritillary butterflies). Special Area of
Conservation (SAC) for mixed woodland on base-
rich soils associated with rocky slopes and
western acidic oak woodland. Mild, wet Atlantic
rainforest. National Nature Reserve. Approx. 169
ha.
Glen Creran  Rural area. Two areas designated as part of the Forestry and Land April 2018 7
Woods Glen Creran Woods SSSI & SAC (approx. 368 ha). Scotland, a Scottish
56°35'27"N, Mixed woodland, mostly native broadleaf. Some Government agency
5°11'49"W exotic conifer plantation (Sitka and Norway
spruce). The areas designated as SSSI are notified
for upland oak woodland, bryophyte and lichen
assemblages, and Chequered Skipper and Pearl-
bordered Fritillary butterflies. The SAC is
designated for mixed woodland on base-rich
soils and western acidic oak woodland. Glen
Creran area is owned by Forestry and Land
Scotland. Approx. 2482 ha.
Loch Arkaig, Highlands Clunes and  Rural area. Ancient, mixed broad-leaved woodland Arkaig Community August 2021 9
Tom an containing patches of upland oakwood, upland Forest, managed
Eireannaich birchwood and wet woodland. Small but good and owned by the
woodland example of wet Atlantic rainforest. Approx. 6 ha. local community
(56°57"10" since 2014
N, 4°57'27"
W)
Loch Arkaig  Rural area. Semi-natural Caledonian pinewood Woodland Trust August 2021 8
Pine Forest comprising mature Scots pine, upland birchwood  Scotland, woodland
56°57'12"N, and wet woodland. No formal conservation conservation
5°05'23"W designations, but part of the Caledonian charity, (majority

Pinewood Inventory woodlands. 1027 ha across
two large woodland areas, with approx. 40%
mature non-native conifers (Sitka spruce and
lodgepole pine). Designated as Planted Ancient
Woodland Site.

landowner) and
Arkaig Community
Forest (owns
approx. 53 ha)
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Using the six archetype scenarios (Table 2) the
research team developed site-specific scenario descrip-
tions for each woodland site with input from local site
managers. We used past and present management
plans, site visits, ecological surveys, socio-economic
studies and archival documents to develop scenario
narratives. This resulted in 36 scenario narratives, six
for each site, based on the six archetype scenarios.
While writing these, the research team referred to
a checklist of selected criteria to ensure the narratives
were comparable in thematic content and style across
sites and represented the respective scenario archetype
in an effective way. Criteria on the checklist included
aspects of the natural environment (structure, character
and feel, species, management) and human use (infra-
structure, use, challenges, relevant activities and access).
An example of the site descriptions and the six scenarios
developed for one of the sites can be found in
Appendix 1. The site-specific scenarios (representing
the six archetypes) for the each of the six sites can be
viewed in the individual workshop reports accessible
from Eastwood et al. (2022).

Using benefit indicators to assess management
impact on ecosystem services: local expert
workshops

To assess the impact of the different scenarios on per-
ceived ecosystem services we conducted a deliberative
scenario workshop at each site. Whilst recognising there
is a diversity of ecosystem service definitions and termi-
nology, we focused our study on ecosystem benefits -
benefits understood as something of value to people -
following the ecosystem cascade after Haines-Young
and Potschin (2010) and Maes et al. (2012). In line
with this, the term ecosystem benefits was also the
concept that seemed easiest and least ambiguous to
use with participants in our workshops. As such, we
use the term ecosystem benefits in the remainder of this
paper.

In discussion with the site managers, we developed
our indicators to reflect ecosystem benefits that were
context-specific, relatable, and relevant at the local

scale, whilst being generalisable across the sites
(Table 3). We attempted to cover benefits arising
from a range of woodland ecosystem services, includ-
ing regulating, provisioning and cultural services,
without intending to use these categories for analyti-
cal purposes. While many of the benefits directly
matched conventional interpretations of ecosystem
services — e.g. mental restoration and spirituality
reflecting benefits connected to cultural ecosystem
services — others, such as timber, which represented
a provisioning service but also alluded to cultural
services, were less straightforward to categorise. Two
of the 11 indicators related to biodiversity associated
with Scottish woodlands that are well managed (tar-
get species: spring flowers e.g. wood anemones, vio-
lets and bluebells) and poorly managed (target
species: bracken, brambles and rhododendron, higher
scores for suppression). These biodiversity indicators
also hold significant cultural values and would there-
fore be classified as indicators of cultural (dis-)ser-
vices in many ecosystem services classifications
including CICES (Haines-Young and Potschin 2018)
and the UKNEA (Mace et al. 2011).

The use of benefit-relevant ecosystem indicators
for decision-making has been recommended by
researchers such as Olander et al. (2018). Our method
used individual and shared expert knowledge to score
and deliberate scenario performance based on parti-
cipants’ interpretations of the perceived causal links
between variables in the scenario narratives (e.g. eco-
logical conditions, access, interventions, types of ben-
eficiaries etc.) and ecosystem benefits, rather than
quantitative calculations as suggested in Olander
et al. (2018).

Participants were invited for their knowledge of
the site and local area, and included education pro-
fessionals, land managers, business owners, staff from
government agencies, researchers, environmental
NGOs and local residents. We deliberately sought
a small number of ‘local experts’ (5-9 people) with
differing knowledges, views and experiences of, and
about, the site. For example, participants attending
one workshop included local residents and managers

Table 2. The six scenario archetypes used as a basis for site-specific scenarios in the six sites.

Scenario name Description of scenario

Source

Past Past state of the site reconstructed from existing data Based on existing data, images, maps and other
documents from 1980-1990s, with feedback from site
managers

Present Present state of the site Based on existing data, with feedback from site
managers

Management plan Result of the current management approach
Biodiversity

Conservation

plausible

People Engagement

Austerity

Focus on enhancing and restoring native species and habitats,
including removing non-natives and reintroducing species if

Focus on public engagement and education, community
development and improving access for a range of actors

Only activities to fulfil legal requirements, health and safety
regulations and, if possible, income generation

Based on existing management plans, set 10-15 years
into the future, with feedback from site managers

Hypothetical, set 10-15 years into the future, with
feedback from site managers

Hypothetical, set 10-15 years into the future, with
feedback from site managers

Hypothetical, set 10-15 years into the future, with
feedback from site managers
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Table 3. Indicators of ecosystem benefits used in the local expert workshops to assess the impact of the 6 management

scenarios.

Indicator

Question to participants

1. Employment and income

Overall, how well do you think each scenario delivers with regards to employment, i.e. the number of

jobs directly or indirectly linked to the site?

2. Target species — spring flowers
anemone, violets etc.)?
3. Target species — brambles, bracken
and rhododendron
4. Timber

rhododendron?

Overall, how well do you think the scenario encourages woodland spring flowers (bluebell, wood
Overall, how well do you think the scenario suppresses species such as bramble, bracken and

Overall, how do you think each scenario will affect the actual extraction of different types of wood

materials (i.e. construction timber, wood fuel, wood for pulp, craft woods) from the site?

Carbon sequestration

Mental restoration

Spirituality

Knowledge, education, skills and
training

9. Landscape quality and character

10. Place attachment

learning?

Overall, how do you think each scenario will affect the amount of carbon stored at the site?

Overall, to what extent does each scenario promote people’s feelings of being relaxed and restored?
Overall, how well do you think each scenario delivers on opportunities for spiritual experiences?
Overall, how well do you think each scenario delivers on opportunities for training, education and

Overall, how well do you think the scenario delivers on perceived landscape quality and character?
Overall, how well do you think each scenario supports local people/visitors in forming and/or

maintaining a strong attachment to this place?

11. Natural flood management
flood management?

Overall, how well do you think each scenario provides protection from flooding, e.g. through natural

of a holiday rental property, a local café owner and
walker, a lichenologist, a resident and community
development expert, a native woodland expert and
the local wildlife ranger.

Four of the workshops (Glen Creran, Glasdrum,
Cumbernauld Glen and Forest Wood) were held face-
to-face whilst those at the Loch Arkaig and Clunes
were conducted on-line using a virtual whiteboard
(Miro). To allow familiarisation with scenario narra-
tives participants were sent copies one week before
the workshop. Following an information session, par-
ticipants were asked to subjectively score, on a scale
from 1 to 10 (1 - not at all; 10 - very much), how well
they perceived each scenario’s performance against
the 11 ecosystem benefit indicators (Table 3, see
also Appendix 2).

Our methodology used Likert scoring, often used
in questionnaires in the social sciences, to subjectively
rate statements using an interval — or as we do here,
an ordinal scale (Joshi et al. 2015). On completion of
the scoring, the individual scores for each participant
across the six scenarios and 11 indicators were repre-
sented graphically, using a different colour for each
participant (Figure 1). These 11 charts, depicting the
11 indicators across the six scenarios, formed the
basis of the first deliberative discussion amongst par-
ticipants, facilitated by the researchers (30 mins). The
purpose of the discussion was to explore and under-
stand the rationale behind any immediately visible
patterns in scoring (either across scenarios or indica-
tors), and any divergences or similarities. Following
the first deliberation, participants were given an
opportunity to revise their scores and discuss their
reasons for any changes. Another deliberation session
followed, allowing participants to discuss the scenar-
ios and potential impacts of different management
approaches on different groups of people, thus
exploring justice implications of the scenarios (45
mins). Following the second deliberation session,

participants were asked to identify their preferred
scenario (30 mins), noting their reasons and how
they would improve it. This session ended with
a short third deliberation on what a preferred future
scenario would look like.

The workshops were audio-recorded and tran-
scribed with the informed consent of the participants.
Ethics approval (reference 126/2018) for the research
was obtained from the James Hutton Institute’s
Research Ethics Committee.

Site and cross-site analysis

After each workshop, the individual numerical scores
were analysed using R 4.1.3 (R Core Team 2021) to
produce summary descriptive statistics and corre-
sponding data visualisations for the 11 benefit indi-
cators across the six scenarios. The transcripts of the
workshop discussions were analysed using NVivo 12
software. The qualitative analysis explored concepts,
links, and relationships between different scenarios
(management interventions), benefits, different stake-
holder groups, site context, as well as different per-
spectives on benefits, trade-offs and temporality.
Methodological themes were also coded and included
discussions and comments on the narratives, scoring,
preferred scenario and confidence. Descriptive statis-
tics and boxplots with key discussion points from
each workshop were written up into reports and
shared with participants and site managers, to allow
further feedback and clarification (Eastwood et al.
2022).

Subsequently, the quantitative and qualitative data
from all six sites were combined and analysed using
a sequential mixed methods design (Creswell 2003)
where key findings from the cross-site quantitative
analysis were followed by a combined analysis of the
qualitative data. Statistical tests were used to deter-
mine whether there were significant differences (at
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Figure 1. Participants (local experts) deliberating the perceived impact of management on ecosystem benefits.

5% significance level) between scores: one-way
ANOVA was used to assess overall differences
between the scores across indicators and Bonferroni
post-hoc tests were used to determine which specific
indicators drove these differences. Overall and speci-
fic differences between sites and scenarios were
assessed using the corresponding nonparametric ver-
sions of the aforementioned tests, i.e. Kruskal-Wallis
and Dunn post-hoc tests, to account for the asso-
ciated data breaking the equal variance assumption.
In addition, we used the qualitative data (including
a feedback session) to reflect on the suitability of the
scenario approach for site managers. For example,
during the workshop discussions, our participants
commented on the credibility and usefulness of the
scenarios and the scoring method. Such comments
and reflections were integrated into the qualitative
coding (see methodological themes above) and
formed the basis of our assessment of the potential
and limitations of the deliberative scenario approach.

Results

The impact of management on ecosystem
benefits - overview

Median scores across the sites and indicators for the six
scenarios ranged from 3.0 (Austerity) to 7.0 (Manage
ment Plan, Biodiversity Conservation and People
Engagement). Austerity was thus seen to lead to the low-
est level of ecosystem benefits (Table 4), whereas the
other three future scenarios were assessed in more posi-
tive terms. Past (median = 5.0) and Present (median =
6.0) were evaluated as lying somewhere in between. There
were statistically significant differences between the three
highest scoring scenarios (Management Plan,
Biodiversity Conservation, People Engagement) and the
lowest scoring (Past, Present and Austerity).

Across all sites, Past (Table 4) co-produced low to
medium levels of perceived ecosystem benefits, with
low levels of bramble, bracken and rhododendron sup-
pression (median = 3.0) to a medium level of natural

Table 4. Median scores for the six scenarios across the 11 benefit indicators (darker shades denote higher scores).

Past

(1) Employment & Income

(2) Spring flowers

(3) Brambles, bracken & rhododendron (suppression)

(4) Timber extraction

(5) Carbon sequestration

(6) Mental restoration

(7) Spirituality

(8) Knowledge, education & skills

(9) Landscape quality & character

(10) Place attachment

(11) Natural flood management
Median of medians 5.0

Present

Management
Plan

Biodiversity
Conservation

People

Engagement  Austerity

6.0 7.0 7.0 7.0 3.0




flood management (median = 5.5). Overall, ecosystem
benefits were perceived by our workshop participants to
be on an upward trajectory over time, as management
under Present and Management Plan were regarded as
delivering increasing levels of benefits. Overall, future
management plans were perceived to deliver better than
present-day management in 10 of the 11 indicators,
with timber extraction being the only exception,
decreasing from a median of 5.0 to 4.0. Interestingly,
Loch Arkaig (highest median = 8.5) performed signifi-
cantly better than other sites under the Management
Plan scenario, whilst Clunes (a small adjacent site,
median = 6.0) performed poorly compared to other
sites (Appendix 3, Table S1). In fact, Clunes performed
significantly worse than Cumbernauld Forest Wood,
Glasdrum and Loch Arkaig across all scenarios
(Appendix 3, Table S2).

Compared to ecosystem benefits under manage-
ment plans, future management interventions that
focused on biodiversity conservation or people
engagement enhanced some perceived benefits, whilst
reducing others, indicating trade-offs (Table 4). For
example, when compared to the Management Plan
(median = 8.0), knowledge, education and skills ben-
efits were lower in the Biodiversity Conservation
scenario (median = 6.0) but increased under People
Engagement (median = 9.0).

However, the patterns observed in the cross-site
analysis did not manifest themselves equally in all
sites. Cumbernauld Glen and Forest Wood both
scored significantly better than the other four sites
in the Past (Appendix 3, Table S3), with
Cumbernauld Glen showing better scores overall for
the Past than the Present and Biodiversity
Conservation scenarios. This was possibly because
its management prior to 1995 was remembered posi-
tively, with many more people being employed to
manage the site than after 1995, when the reserve
changed ownership.

As outlined above, the three scenarios Management
Plan, Biodiversity Conservation and People Engagement
scored the same overall (Table 4). Further testing and
comparisons between sites, as well as an in-depth analysis
of the qualitative data, revealed noteworthy and signifi-
cant patterns related to the impacts of different manage-
ment interventions on ecosystem benefits.

Comparing future scenarios

Managing for biodiversity conservation

Compared to the Present, management under
Biodiversity Conservation was perceived as delivering
better for six of the eleven indicators (Table 4).
Landscape quality and the two biodiversity indicators
scored high (median = 8.0). In contrast, Biodiversity
Conservation was seen to contribute relatively little to
timber extraction (median = 4.0). In fact, across all
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sites, both timber extraction and employment scored
lower than most of the other benefit indicators under
the Biodiversity Conservation scenario.

The performance of the other benefit indicators
(Table 4) in the Biodiversity Conservation scenario across
sites was more variable. For example, in Cumbernauld
Glen, the only indicators that scored better under the
Biodiversity Conservation scenario compared to the
Past were the two biodiversity indicators, spring flowers
and suppression of bracken etc. Knowledge, education
and skills, place attachment and mental restoration were
all perceived to perform better under the Present than
under the Biodiversity Conservation scenario - in
Cumbernauld Glen, but also in Glasdrum and Glen
Creran.

Managing for Biodiversity Conservation was per-
ceived to have overall unequal effects across sites,
with Loch Arkaig scoring significantly better
(Appendix 3, Table S4) under this scenario (median
= 8.5) than Cumbernauld Glen, Forest Wood and
Glasdrum. Loch Arkaig scored very high (median =
9.0) for suppression of bracken etc., carbon stored
and landscape quality.

The quantitative analysis thus indicated perceived
trade-offs arising from a shift to management for
biodiversity conservation, beyond the trade-offs in
timber extraction and employment. The qualitative
analysis of workshop discussions offers possible rea-
sons. For example, the shift towards managing for
native wildlife and habitats in Cumbernauld Glen had
caused consternation amongst some residents:

A lot of people think this is just messy and it’s untidy
and it’s not what they remember. I do remember
comments being made and complaints being made
to [the forest manager] saying you know the place is
dreadful, it’s going to wrack and ruin.

In addition, the removal of non-native species at
some sites was considered a waste of money by
some participants:

I honestly don’t think for the vast majority of people
it matters whether it is conifers, or native species, or
non-native species ... We get tied up in knots about
it [...]. I think if youre just walking in a woodland,
for the general public - it’s just trees.

Where it affected individual, mature trees their
removal ‘for purist reasons’ was regarded as ‘crazy’
and ‘a sacrilege’ by some participants in Glen Creran.
It was felt that due to limited community engage-
ment in Biodiversity Conservation, benefits such as
place attachment and knowledge, education and skills
scored lower. Participants at Cumbernauld Glen and
Forest Wood suggested that children and their
families would benefit from organised activities to
connect them with woodlands, as parents’ concerns
about crime and safety had reduced opportunities for
independent outdoor play and adventure seeking.
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Managing for people engagement

Comparing the different sites there were no statistically
significant differences in the scoring of the People
Engagement scenario, which across the sites received
particularly high scores on knowledge, education and
skills (median = 9.0). Employment, place attachment as
well as knowledge, education and skills were all perceived
as performing significantly better than the other benefit
indicators.

The qualitative analysis revealed that participants
often associated interventions such as nature
engagement programmes, employment, and volun-
teering opportunities with not only learning but
also place attachment. One participant recalled the
wildflower planting they had done with their pri-

mary school:

It would be about 2007 we started doing wildflower
planting up in the Glen, that’s the first time I'd been
there and every time we’d go for a walk, I'd be like
let’s go to the Glen, let’s see if the wildflowers are
there.

They later elaborated saying that the more deeply
people were involved in projects the more people
were likely to say:

Tm part of this, 'm a small part of this bigger
picture, ... . This is my home and I helped with this’.

The connection between active involvement in woodland
management and place attachment was also mentioned
by a participant from the Clunes workshop:

If you work in a place, if you're involved in a group
that’s making a difference and changing it, if you're
going to be there on a repeat basis, those are the
things that build up place attachment.

Participants acknowledged that opportunities to
access a woodland for visual and sensory experiences
contributed to spirituality and mental restoration.
Several deliberations centred around the notion of
the ‘quality’ over ‘quantity’ of experiences, with the
notion that sites that encouraged people engagement
would have higher footfall and therefore provide
benefits to more people, including a potential boost
to direct and indirect employment for rural areas.
However, some participants argued the importance
of solitude for spirituality and mental restoration
benefits. For one participant at the Loch Arkaig
workshop enabling greater access was a matter of
social equity, stating that it was ‘anti-democratic and
elitist’ not to actively encourage people’s engagement
with woodlands.

Managing under austerity

Participants consistently scored the Austerity sce-
nario low (median of medians = 3.0, Table 4).
Statistically ~significant differences were found

between Austerity and all other scenarios, with parti-
cipants viewing this scenario as performing poorly
across all 11 benefit indicators.

However, carbon storage and natural flood man-
agement (Table 4) were perceived to perform signifi-
cantly better than several other indicators such as
employment and income, spring flowers, and the
suppression of bramble etc., scoring reasonably well
across all sites (Table 4).

Across all sites, participants discussed the lack of
accessibility associated with this scenario, referring
to physical obstructions (such as overgrown paths)
as well as emotional barriers, such as litter and fly-
tipping. The lack of access was thought to impact
people’s ability to gain place attachment or mental
restoration benefits from the woodland. This feel-
ing was echoed across all sites, where participants
commented that the scenario felt ‘claustrophobic’,
and the place ‘inaccessible’ and a ‘battle’ to get
through.

However, a divergent viewpoint became apparent
at the workshop at Loch Arkaig, where some partici-
pants saw positive aspects of the Austerity scenario.
They felt that it had spiritual value because the site’s
inaccessibility would attract fewer visitors, thus pro-
viding some solitude in the wilderness:

I probably scored the not very restored forest quite
high on that because I was like well, it'll be quiet and
if you do get out there it'll be really nice, whereas the
busy people’s forest has lots going for it but perhaps
not so much in terms of retreat for personal space.

These debates highlight the importance of personal
experience. Whilst many perceived inaccessibility as
negative, others saw it as positive for their own
personal mental restoration, spirituality, and overall
enjoyment. The trade-off between spiritual and
restorative benefits and the perceived safety was
reported in both urban and peri-urban sites, with
one participant at Cumbernauld stating that as
a trail runner, they Tike it when the site is over-
grown’ and ‘out of control’ and that their running
group used the fallen trees as obstacles to jump
over.

A deliberative scenario methodology for site
managers?

In total, 41 local experts participated in six delibera-
tive scenario workshops to explore and better under-
stand the potential impacts of diverse management
approaches on woodland benefits. The workshops
were approximately seven hours long, including
one hour of preparation at home. The workshops
allowed participants to share and learn collectively
about their different perspectives, knowledges and
values. They were also able to deliberate the



complexity and nuances of how different manage-
ment approaches could impact benefits for different
beneficiaries, discussing trade-offs and synergies
between ecosystem benefits and beneficiaries. It
revealed the complex task of getting the ‘balance
right’s by maximising benefits, minimising trade-offs
(particularly with wildlife), and enhancing inclusivity.

The initial scoring of the narratives (approximately
1% hours), whilst considered challenging by partici-
pants in the allotted time, enabled individual scores
to be displayed visually and compared quickly. As
one participant wrote on the feedback board:

‘a very effective way of rapid generation of opinions/
data - interesting to see the range of views’.

The visual display of scores gave participants the
opportunity to identify patterns and ranges in scores
across and between scenarios, indicators and scorers.
Participants readily engaged with the visual displays
and self-initiated conversations that were relevant
and of interest to them. Written participant feedback
on the methodology included:

‘works well to let individuals have their own
thoughts and then bring together for discussion’.

Workshop deliberations were detailed, nuanced,
complex, personal and wide-ranging. That partici-
pants perceived narratives differently, as well as hav-
ing their own perspectives and understandings on
interventions and relative impacts, appeared to facil-
itate and not hinder deliberation. Individual expert
knowledge about complex ecosystem processes such
as carbon sequestration and natural flood manage-
ment was shared, enabling social learning between
participants. One butterfly expert critiqued the sup-
pression of bracken as an ecosystem benefit indica-
tor for the Glasdrum site, noting that a rare
butterfly, the Pearl-bordered Fritillary, needed
some bracken to suppress grass and encourage vio-
lets as a food source for its caterpillars. This only
demonstrated the importance of local expertise and
knowledge of specific sites for determining manage-
ment impacts.

One participant commented how the process made
them realise the challenges of decision-making for
multiple benefits, especially when having to consider
a full suite of indicators, include their own and
others’ values, priorities and preferences, and then
combine these with bigger sustainability issues such
as carbon sequestration. The opportunity to listen to
other points of view during deliberations allowed
participants to think about their own perspectives
and values, and reflect, with more understanding,
on how management may affect different groups of
people. As one participant responded to a fellow
workshop participant:
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It’s just a fascinating perspective that I've not con-
sidered. ... I don’t come from that same level of
community, my perspective on it is slightly different.
Is just a really interesting contrast to how
I interpreted that question.

The workshops culminated with the participants
starting to describe and develop their preferred sce-
narios based on the six presented. Often these pre-
ferred scenarios were a combination of elements from
the Management Plan, People Engagement and
Biodiversity Conservation, with tweaks or caveats.
This exercise enabled novel ideas to be imagined,
shared and deliberated between participants. Specific
ideas included a community woodland enterprise for
Cumbernauld Glen and ambitious catchment-scale
participatory budgeting at Glen Creran.

Discussion

Our mixed-methods analysis demonstrated the per-
ceived impacts of different management approaches
in three different woodland case studies (two sites per
case study) on ecosystem benefits. As well as illumi-
nating generic trade-offs and synergies between dif-
ferent management approaches across all sites, it also
highlighted context-specific trade-offs and potential
consequences of alternative types of management on
different groups of people (see additional details in
Eastwood et al. 2022). However, over and above this,
our study also offers methodological insights. In the
following sections, we therefore focus the discussion
on our novel, deliberative methodology and the
importance of incorporating local knowledge in deci-
sion-making on ecosystem services.

Using deliberative management scenarios to
support local decision-making

Our deliberative, analytical scenario method allowed
site managers from diverse sites to assess the impact
of different management interventions on ecosystem
benefits at a human-nature interaction scale, the scale
at which many services are co-produced (Fischer and
Eastwood 2016). Our methodology enabled very dif-
ferent types of co-produced ecosystem benefits to be
assessed and deliberated systematically and holisti-
cally, in a relatively short time scale. This is some-
thing that has, to our knowledge, not been previously
attempted by researchers investigating participatory
scenario analysis or deliberative analytical processes
for ecosystem services.

Our focus on incremental management interven-
tions rooted in today’s management practice would
not be suitable for longer term strategic planning or
future horizon scanning (O’Neill et al. 2017). Our
methodology did not facilitate creative imagination
and co-creation of new, transformative futures, ones
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that are thought to be needed to make the systemic
paradigm shift for sustainable, long-term transforma-
tions (Kahane 2012; Lonsdale et al. 2015; Roy 2019).
However, our methodology supports shorter term
decision-making for site managers but where com-
plex and plural knowledges, perspectives and aspects
have to be considered simultaneously.

To enable greater participant engagement and
facilitate procedural justice, we pre-prepared scenario
narratives for each site, co-constructed with site man-
agers, rather than including scenario development as
part of the process. This proved to be a useful
approach, with all six workshops concluding by draft-
ing preferred management scenarios in the allotted
time. Our methodology enabled participants to focus
their time on assessing management interventions
and deliberating trade-offs, synergies, possible com-
promises and solutions, rather than developing sce-
narios and criteria from scratch. We feel this is an
important consideration often overlooked when try-
ing to enable more democratic assessments of ecosys-
tem services (Waylen et al. 2015; Eastwood et al.
2017; Jiren et al. 2021), and agree with Reed (2008)
that participatory processes should be designed with
the appropriate levels of engagement, based on care-
ful consideration of people’s availability and time. It
is also important for site managers and participants
to have tangible, meaningful outcomes from partici-
patory processes, an important aspect of procedural,
recognition as well as distributive justice.

By purposefully selecting a group of diverse parti-
cipants with local knowledge, we hoped to facilitate
recognition justice through the expression and delib-
eration of a range of values, experiences, and view-
points (Kenter et al. 2016a). This was achieved in all
sites although a more diverse group composition
would have been desirable in Cumbernauld. Here
we struggled to recruit residents not already con-
nected to the Scottish Wildlife Trust through volun-
teering or professional links. This issue highlights the
challenges of procedural justice, e.g. when partici-
pants are unable to attend full day workshops. In
our case, the lack of representation of residents in
Cumbernauld was compensated by the presence of
community engagement officers. However, ensuring
participants from different social groups and back-
grounds can participate meaningfully in deliberative
environmental decision-making remains a persistent
challenge. Greater equity in local decision-making
could be achieved by compensating participants for
their time where appropriate (e.g. if self-employed),
embedding a culture of civic duty with employers,
and, where needed, ensuring the provision of child-
care facilities.

What became evident was that although the scor-
ing exercise was conducted individually initially,
deliberation quickly shifted to considering, reflecting

on and debating the viewpoints and preferences of
fellow participants, and other potential users and
groups, as was also found by Mavrommati et al.
(2021). Recognising and respecting others’ perspec-
tives and values is a fundamental principle of recog-
nition justice (Schlosberg 2007). Our method proved
very effective in enabling a range of values and pre-
ferences, from the individual to societal, to be
expressed and discussed openly, shifting conversa-
tions from individual preferences to the common
good. It is such shared or collective values (the values
people hold for the communities where they live,
rather than personal or individual preferences) that
play an important role in more robust, more equita-
ble and inclusive decision-making in complex sys-
tems (Kenter et al. 2016a, 2016b; Saarikoski and
Mustajoki 2021).

The deliberative process enabled people from dif-
ferent areas of expertise to share knowledge and
collectively learn from each other. Deliberation is
increasingly seen as an important process when con-
sidering complex socio-ecological systems, especially
when people’s values and preferences may be further
formed through social learning and deliberation, as in
our study (Kenter et al. 2016a, 2016b; Mavrommati
et al. 2021). Even though some participants did not
feel they were ‘experts’ in the traditional sense, their
local knowledge was evidently valued and reflected
upon by other participants. This levelling of power
dynamics was a conscious decision to facilitate pro-
cedural and recognition justice with explicit acknowl-
edgement of local expertise. However, deliberation in
our workshops was limited to one day, which may
have impacted the participants’ (and site managers’)
ability to reflect on new understandings and embed
social learning into practice.

Local decision-making matters for ecosystem
services

The intimate knowledge and expertise of the local experts
of the sites enabled a discussion of bespoke decision-
making and targeted interventions for specific groups
(i.e. children and families) or specific areas (i.e. wilder
or more managed areas), potentially enhancing ecosys-
tem benefits and improving equity. This was, for exam-
ple, apparent when participants from the urban/peri-
urban sites (Cumbernauld) deliberated how changes in
management from well-maintained amenity woodlands
to more natural, wilder and native woodlands were
viewed negatively by some residents, exacerbating fears
around crime and safety. The local experts’ recognition
of residents’ concerns echoed research on the effects of
vegetation structure, site design and maintenance in
urban woodland on personal safety perceptions
(Jansson et al. 2013). Concerns over crime and safety,
a social justice issue, have been identified as a significant



barrier to people using woodlands, or allowing children
to do so, thus reducing opportunities for place attach-
ment, creative play, nature connection and mental
restoration (O’Brien 2005; Hand et al. 2018).

Many studies focus on landscape ecosystem ser-
vices but have less consideration for assessing impacts
of management interventions at the local level
(Torralba et al. 2018). However, as our research illus-
trates, and others have concluded (Mullin et al. 2018),
the equitable management of ecosystems at a local
level is an important consideration to achieve greater
environmental justice. Local context and knowledge
were very important when considering potential
impacts of different management interventions,
something that is increasingly accepted for urban
greenspace (Dobson and Dempsey 2019), but less so
for rural sites. However, as we have seen, detailed
local knowledge of the site and the local context,
from different perspectives and users, can be just as
important for rural sites.

Conclusions

Through our empirical study we have demonstrated
the potential of incorporating local expertise and
knowledge into decision-making at the local man-
agement scale, which we believe is essential for
realising co-produced ecosystem services. As our
results show, management choices can lead to
trade-offs and consequences for ecosystem benefits
that affect different groups of people in different
ways. Deliberative approaches incorporating local
knowledge allow such trade-offs and potential
local consequences to be identified and discussed,
management decisions to be adapted and potential
challenges to be mitigated by site managers. Our
methodology facilitated the deliberation of different
values, knowledges and perspectives, enabling social
learning to occur, and thus a greater understanding
of complex systems for more informed decision-
making. We recommend similar deliberative meth-
odologies be tested with other ecosystems and gov-
ernance structures, with the addition of
longitudinal monitoring to assess whether such
deliberative processes do indeed bring about social
learning, improved site management for co-
produced ecosystem services and more equitable
distribution of benefits for local people.
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